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Welcome to Starting Out with Java: From Control Structures through Objects, 
Fifth Edition. This book is intended ior a one-semester or a two-quarter CSI 

course. Although it is written for students with no prior programming background, even 
experienced students will benefit from its depth of detail. 

Contro l Structures First, Then Objects 

This text first introduces the student to the fundamentals of data types, input and output, 
control structures, methods, and objects created from standard library classes. 

Next, the student learns to use arrays of primitive types and reference types. After ihis, the 
student progresses through more advanced topics, such as inheritance, polymorphism, the 
creation and management of packages, CUI applications, recursion, and database program­
ming. From early in the book, applications are documented with ;avadoc comments, As the 
student progresses through the text, new ]*v*doc tags ^re covered and demonstrated. 

As with all the books in the Starting Out With . . . series, the hallmark of this text is its clear, 
friendly, and easy-to-understand writing. In addition, it is rich in example programs that are 
concise and practical. 

Changes in This Edit ion 

This book's pedagogy, organization, and clear writing style remain the same as in the previous 
edition. Many improvements have been made, which arc summarized here: 

* New Java " Topics Added: This edition discusses some of the new language features 
added in Java 7. Specifically, the ability to switch on a string expression is discussed in 
Chapter 3, type inference with the diamond operator is discussed in Chapter 7, and multi-
catch exception handling is discussed in Chapter 11 • 

• New Organization: In previous editions, CiUI programming with Suing was introduced 
in Chapter 7, and then revisited in Chapter 11. Many of the reviewers requested that CiUI 
programming be postponed until inheritance had been covered- In this edition, the First 
Too/: at (1UI Applications chapter has been moved to ( lupter 12.1 lowever, the chapter 
has been written in a manner that it can still be covered immediately after Chapter 6, as 
in the previous editions. Instructors who prefer to follow the previous sequence of topics 
can still do so. (See the chapter dependency chart in Figure P-l for possible sequencing of 
the chapters.) 

xv 
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A New Chapter on Databases New to this edition is l chapter 16, Databases. This chapter 

introduces the student to databases and SQL using JavaDB. 
Expanded Coverage of (he twi tch Statement: In Chapter 3, the introduction to the switch 
statement has been rewritten, and enhanced with a flowchart- A section covering the abil­
ity to switch on a string in Java 7 has also been added. 
Coverage of Systoa.out .pr in t f Has Been Expanded: The section on System.out . p r i n t ! 
in Chapter ) his been completely rewritten, and expanded to include diagrams and cover­
age of additional format specifiers. 

Sys tm.ou t .p r i n t f Is Used for Formatting Console Output: In this edition, System, 
ou t .p r i n t f is used when numbers and strings need to be formatted for output in console 
programs. The DecimalFonMt class is still introduced, but it is used to format numbers 
in CiUI applications, 

I )iscussion of Nested I .oops Has Been h xpanded: In Chapter 4 the section on nested loops 
has been expanded to include an In the Spotlight section highlighting the use of nesred 
loops to print patterns. 
Usage of Random Numbers Has Been I xpanded: In Chapter -1 the section on random 
numbers has been expanded, and rum includes In the Spotlight sections demonstrating 
how random numbers can be used to simulate the rolling of dice, and to determine the 
results of a coin toss. 
A New Introduction [o Objects Has Been Added to Chapter 6: In Chapter <\ a new intro­
duction to objects has been added to the beginning of the chapter. The new introduction is 
much more practical and concrete than the previous introduction, discussing Java objects 
i (MI Ihe stndeni I us alread) used, I he goal ol this new introduction is to slum; in \ famil­
iar way, how programs consist of object*. This reinforces an object-oriented mind-set, and 
prepares the student to write his or her own classes. 
New Motivational Examples of (lasses \\4\x Been Added to Chapter 6: In Chapter 6, 
new motivational examples of classes have been added. One of the new examples intro­
duces a Die class that simulates a die that can be rolled in a game. Another example shows 
how a variation of the game of Cho-I Ian can he simulated with classes that represent the 
players, a dealer, and the dice. 
Equipping CiUI Applications with a Stat ic** !* Method Is Introduced Earlier: In the First 
l.uok at iiVI Applications chapter, which is now Chapter 12, the topic of equipping a 
CiUI class with a static main method has been moved to a point very early in the chapter. 
New Exercises and Programming Problems: New slu>rtcr algorithm workbench exercises, 
and new motivational programming problems have been added to main of the chapters. 

Organization of the Text 
The text teaches Java stcp-by-stcp. Each chapter covers a major set of topics and builds 
knowledge as students progress through the hook, Mthough the chapters can be Bflllly 
taught in their existing sequence, there is some flexibility. Figure P-1 shows chapter depen­
dencies. Each box represents a chapter or a group of chapters. An arrow points from a 
chapter to the chapter that must be previously covered. 

file:////4/x


Prelate x v l l 

F i g u r e P- l Chapter dependencies 

I 
ChipleVS^ -e 

(CovtrmOnM 
Java Fundamentals 

Chapter 7 
Arrays and th t 

A r r e y L i s t Claim 

Chapter 9 
Text Processing 
and Mora about 
Wrapper Classes 

Depend On 

Chapters 
A Second Look 

at Classes 
and Objects 

rndeOn 

Chapter <0 
Inheritance 

i 

I I 

Chapter 16 
Data basse 

Chapter 12 
A First Look at 

QUI Applications 

^ C^wltuteOUIt 
• h c h M M i H i o u u o t d 

- CftaitM i t 

V 
r 

Depends On 

* D«pe rtd* On Chapter 14 
Applets and More 

Depends On 

Chapter 11 
Exceptions and 

Advanced File I/O 

Depend* On Depend* On 

Cnapferia 
Advanced 

GUI Applications 

Brief Overview of Each Chapter 

C h a p t e r 1 : I n t r o d u c t i o n t o C o m p u t e r s a n d Java. I his chapter provides an introduc­

t ion co the field of computer science and covers the fundamentals of hardware, software, 

and programming languages. The elements of a program, such as key words, variables, 

operators, and punctuat ion, are discussed by examining a simple program. An overview of 

entering source code, compi l ing, and executing a program is presented. A brief history of 

Java is also given. 

C h a p t e r 2 : Java F u n d a m e n t a l s . This chapter gees scudents started in Java by introduc­

ing data types, identifiers, variable declarations, constants, comments, program output , ,\\M\ 

simple arithmetic operations. The conventions of programming style are also introduced. 

Students learn t o read console input w i t h the Scanner class and w i t h dialog boxes using 

JOptionPaaa. 

C h a p t e r 3: D e c i s i o n S t r u c t u r e s . In this chapter students explore relational operators 

and relational expressions and arc shown how to contro l the flow of a program wi th the i f , 

i f - e l s e , and i f - e l s e - i f statements. Nested i f statements, logical operators, the condit ional 

operator, and the swi tch statement arc also covered. The chapter discusses how to compare 
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Str ing objects with the equals, compareTo, equal s i gnoreCase, and compareToIgnoreCase 
methods. Formatting numeric output with the DecimalFormat class is covered, and the 
System.out.printf method is introduced. 

Chapter 4: Loops and Files. This chapter covers Java's repetition control structures. The 
while loop, do-while loop, and for loop are taught, along with common uses for these 
devices. Counters, accumulators, running totals, sentinels, and other application-related 
topics are discussed. Simple file operations for reading and writ ing text files are included. 

Chapter 5: Methods. In this chapter students learn how to write void methods, value-
returning methods, and methods that do and do not accept arguments. The concept of 
functional decomposition is discussed. 

Chapter 6: A First Look at Classes. This chapter introduces students to designing 
classes for the purpose of instantiating objects. Students learn about class fields and meth­
ods, and UMI diagrams Are introduced as a design tool. Then constructors and overloading 
arc discussed. A BankAccount class is presented as a case study, and a section on object-
oriented design is included. This section leads the students through the process of identify­
ing classes and their responsibilities within a problem domain. There is also a section that 
briefly explains packages and the import statement. 

Chapter 7: Arrays and the A r r o y L i s t Class. In this chapter students learn to create 
and work with single and multi-dimensional arrays. Numerous array-processing lech-
nu]ues arc demonstrated, such as summing the elements in an array, finding the highest and 
lowest values, and sequentially searching an array. Other topics, including ragged arrays 
and variable-length arguments (varargs), arc also discussed. The ArrayList class is intro­
duced, and Java's generic types are briefly difCOftscd and demonstrated. 

Chapter 8: A Second Look at Classes and Objects. I his chapter shows students how 
to write classes with added capabilities. Static methods and fields, interaction between 
objects, passing objects as arguments, and returning objects from methods arc discussed. 
Aggregation and the "has a" relationship is covered, as well as enumerated types. A section 
on obicct-orientcd design shows how to use CRC cards to determine the collaborations 
among classes. 

Chapter 9: Text Processing and More about Wrapper Classes. I his chapter dis-
iiisses the numcru and Charaetaj wrapper i lasses. Methods lor converting numbers to 
strings, testing the case of characters, and converting the case of characters arc covered. 
Autoboxing and unboxing arc also discussed. More s t r i n g class methods arc covered, 
including using the s p l i t method to tokenize strings. The chapter also covers the 
Str ingBuilder and StringTokenizer classes. 

Chapter 10: Inheritance. The study of classes continues in this chapter with the subjects 
of inheritance and polymorphism. The topics covered include superclasses, subclasses, how 
constructors work in inheritance, method overriding, polymorphism and dynamic binding, 
protected and package access, class hierarchies, abstract classes, abstract methods, and 
interfaces. 
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Chapter 1 1 : Exceptions and Advanced File I /O . In this chapter students learn to 
develop enhanced error trapping techniques using exceptions, I landling exceptions is cov­
ered, as well as developing and throwing custom exceptions. The chapter discusses advanced 
techniques for working with sequential access, random access, text, and binary files. 

Chapter 12: A First Look at CUI Applications. This chapter presents the basics of 
developing CUI applications with Swing. Fundamental Swing components and the basic 
concepts of event-driven programming are covered. 

Chapter 13: Advanced CUI Applications. This chapter continues the study of GUI 
application development. More advanced components, menu systems, and look-and-fcel 
are covered. 

Chapter 14: Applets and More. In this chapter students apply their knowledge of CUI 
development to the creation of applets. In addition to using Swing applet classes, AWT 
classes are discussed for portability. Drawing simple graphical shapes is discussed. 

Chapter 15: Recursion. This chapter presents recursion as a problem-solving technique. 
Numerous examples of recursive methods are demonstrated. 

Chapter 16: Databases. I his chapter introduces the student to database programming. 
The basic concepts ot database management systems and S< l̂ are first introduced. Then the 
student learns to use |1>KC to write database applications in |ava. Relational data is cov­
ered, ami numerous example programs are presented throughout the chapter. 

Features of the Text 

Concept Statements. Tach major section of the text starts with a concept statement that 
concisely summarizes the focus of the section. 

Example Programs. The text has an abundant number of complete and partial example 
programs, each designed to highlight the current topic. In most cases the programs are prac­
tical, real-world examples. 

< * 

Program Output. I ach example program is followed by a sample of its output, which 

shows students how the program functions. 

Checkpoints. Checkpoints, highlighted by the checkmark icon, appear at intervals 
throughout each chapter.They are designed to check students' knowledge soon after learn­
ing a new topic. Answers for all Checkpoint questions arc provided in Appendix K, which 
can be downloaded from the book's resource page at www.pearsonhighered.com/gaddis. 

NOTE: Notes appear at several places throughout the text. They are short explanations 
of interesting or often misunderstood points relevant to the topic at hand. 

http://www.pearsonhighered.com/gaddis
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< f l 
T I P : Tips advise the student on the best techniques for approaching different program­
ming problems and appear regularly throughout the text. 

© W A R N I N G ! Warnings caution students about certain Java features, programming tech­
niques, or practices that can lead to malfunctioning programs or lost data. 

In the Spotlight. Main of the chapters provide an hi the Spotlight 
section that presents a programming problem, along with detailed, stcp-
by-stcp analysis showing the student how to solve it. 

f» 

VldeoNotes* A scries of videos, developed specifically for this book, are available at www. 
pcnrsonhighered.com/gjddis. Icons appear throughout the text alerting the student to videos 
about specific topics. 

Case Studies. Case studies that simulate real-world business applications arc intro­
duced throughout the text and are provided on the book's resource page at www.pcarson-
highered.com/gaddis. 

Common Errors to Avoid. Fach chapter provides a list of common errors and explana­
tions o l how to avoid them. 

Review Questions and Exercises. I ach chapter presents a thorough and diverse set of 
review questions and exercises. They include Multiple Choice and True/False, Find the 
Frror, Algorithm Workbench, and Short Answer, 

Programming Challenges. Fach chapter offers a pool of programming challenges 
designed to solidify students' knowledge of topics at hand. In most cases the assignments 
present real-world problems to be solved. 

Supplements 

Student Online Resources 

Many student resources are available for this book from the publisher. The following items 
are available on the Caddis Series resource page at \vww,pcarsonhighcrcd.com/gaddis: 

• The source code for each example program in the bt>ok 
• Access ro the book s companion VidcoNotcs 
• Appendixes A - I . [listed in the Contents) 
• A collection of seven valuable Case Studies (listed in the (Contents) 
• Links to download the Ja\a™ Fdition Development Kit 

Links u>downlo,id numerous programming environments including jCRASP™, Eclipse 
TcxtPad™, NctBcans™, JCreator, and Drjava 

.-.1M 

http://pcnrsonhighered.com/gjddis
http://www.pcarsonhighered.com/gaddis
http://www.pcarsonhighered.com/gaddis
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Integrated Development Environment (IDE) Resource Kits 

Professors who adopt this text for their students can also order an accompanying kit that 
contains the following popular Java development environments: 

Java™ SF Development Kit for Windows* 

Eclipse™ SDK for Windows* 
NetBcans™ IDI 
j(,RASIm«ll>! 
Drjava IDE 
Blue) IDE 
TextPad* Text Editor for Windows* 

The kit p rov idd access to a Web site containing written and video tutorials for Retting 
started in each IDF. Fur ordering information, please contact your campus Pearson Educa­
tion representative or visit www.pearsonhighered.com/cs. 

Online Practice and Assessment w i t h MyProgrammlngLab 

MyProgrammingLab helps students fully grasp the logic, semantics, and syntax of program­
ming. Through practice exercises and immediate, personalized feedback, MyProgrammingLab 
improves the programming competence of beginning students, who often struggle with the 
basic concepts and paradigms ot popular high-level programming languages. A sell siiulv 
and homework tool, the MyPrograminmgl ab course consists of hundreds of small practice 
problems organized around the structure ot this textbook. For students, the system auto­
matically detects errors in the logic and syntax of their code submissions and otters targeted 
hints that enable students to figure out what went wrong—and why. For instructors, a com­
prehensive gradebook tracks correct and incorrect answers and stores the code inputted by 
students for review. 

MyProgrammingLab is offered to users of this book in partnership with Turing's Craft, the 
makers of the Code Lab interactive programming exercise system. For a full demonstration, 
to see feedback from instructors and students, or to get started using MyProgrammingLab 
in your course, visit www.myprogramminglab.com. 

Instructor Resources 

Hie following supplements are available to qualified instructors: 

• Answers to all of the Review Questions 
• Solutions for the Programming Challenges 
• PowerPoint Presentation slides for each chapter 

Computerized lest Kinks 
Source Code 
I ab Manual 

Student Files for the Lab Manual 

Solutions to the Lab Manual 

Visit the Pearson Instructor Resource Center lwww.pearsonhighered.com/irc) or send an 
e-mail to computing@aw.com for information on how to access these resources. 

http://www.pearsonhighered.com/cs
http://www.myprogramminglab.com
http://lwww.pearsonhighered.com/irc
mailto:computing@aw.com
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1-1 Introduction 
l lns book teaches programming using Java. |ava is a powerful language that runs on prac­
tically every type of computer. It can be used to create large applications or small programs, 
known as applets, that arc part of a Website. Before plunging right into learning Java, how­
ever, this chapter will review the fundamentals of computer hardware and software, and 
then Like .i broad look ,n compuier programming in pMicral. 

,7 
-1 

Why Program? 

CONCEPT: Computers can do many different jobs because they are programmable. 

Ever\* profession has tools that make the job easier to do. Carpenters use hammers, saws, 
and measuring tapes. Mechanics use wrenches, screwdrivers, and ratchets. Flectronics tech­
nicians use probes, scopes, and meters. Some tools arc unique and can be categorized as 
belonging to a single profession. For example, surgeons have certain tools that arc designed 
specifically for surgical operations. Those tools probably aren*t used by anyone other than 
surgeons. There are some tools, however, that are used in several professions. Screwdrivers, 
for instance, arc used by mechanics, carpenters, and many others. 

The computer is a tool used by so many professions that it cannot be easily categorized. It 
can perform so many different jobs that it is perhaps the most versatile tool ever made. To the 
accountant, computers balance books, analyze profits and losses, and prepare tax reports. 
lo the Luton worker, mmputrrs control manufacturing machines .inJ tr.uk po.hu (ion. 

To the mechanic, computers analyze the various systems in an automobile and pinpoint 
hard-to-find problems. The computer can do such a wide variety of tasks because it can 

http://tr.uk
http://po.hu
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be programmed. It is a machine specifically designed to follow instructions. Because of the 
computer's programmability, it doesn't belong to any single profession. Computers arc 
designed to do whatever job their programs, or software* tell them to do. 

Computer programmers do a very important job. They create software that transforms 
computers into the specialized tools of many trades. Without programmers, the users of 
computers would have no software, and without software, computers would not be able to 
do anything. 

Computer programming is both an art and a science. It is an art because even aspect of .1 
program should be carefully designed* Here are a few of the things that must be designed 
for any real-world computer program: 

• The logical flow of the instructions 
• The mathematical procedures 
• The layout of the programming statements 
• The appearance of the screens 
• The way information is presented to the user 
• The program's "user friendliness* 
• Manuals, help systems, and/or other forms of written documentation 

There is also a science to programming. Because programs rarely work right the first time 
they are written, a lot of analyzing, experimenting, correcting, and redesigning is required. 
This demands patience and persistence of the programmer. Writing software demands disci­
pline as well. Programmers must learn special languages such as Java because computers do 
not understand Inglish or other human languages. Programming languages have strict rules 
that must be carefully followed. 

Both the artistic and scientific nature of programming makes writ ing computer software 
like designing a car: Both cars and programs should be functional, efficient, powerful, easy 
to use, and pleasing to look at, 

13 Computer Systems: Hardware and Software 

CONCEPT: All computer systems consist of similar hardware devices and software 
components. 

Hardware 
Hardware refers to the physical components that a computer is made of. A computet; as we 
generally think of i t , is not an individual device, but a system of devices. Like the instru­
ments in a symphony orchestra, each device plays its own part. A typical computer system 
consists of the following major components: 

• The central processing unit (CPLU 
• Main memory 
• Secondary storage devices 
• Input devices 
• Output devices 

The organization of a computer system is shown in Figure I - 1 . 
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Figure 1-1 The organization of a computer system 
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I ct s take a clover look at each of these devices. 

The CPU 

At the heart of a computer is its central processing unit* or CPU. The (TMJ s job is to fetch 
instructions, follow the instructions, and product some resulting data. Internally^ the central 
processing unit consists of two parts: the control unit and the arithmetic and logic unit (ALU). 
The control unit coordinates all of the computer's operations. It is responsible for determin­
ing where to get the next instruction and regulating the other major components of the com­
puter with control signals. The arithmetic and logic unit, as its name suggests, is designed to 
perform mathematical operations. The organization of the CiPU is shown in Figure 1*2. 

Figure 1-2 The organization of the CPU 

Instruction 
(Input) 

Arithmetic 
andLog« 

Unit 

i 
Control 

Unit 

Result 
(Output) 

A program is .1 sequence of instructions stored in the computer's memory. When a computer 
is running a program, the CPU is engaged in a process known formally as the fetch/decode/ 
execute cycle. The steps in the fctch/decodc/cxccutc cycle arc as follows: 
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Vetch The CPU's control unit fetches, from main memory, the next instruction in the 
sequence of program instructions. 

Decode The instruction is encoded in the form of a number. The control unit decodes the 
instruction and generates an electronic signal. 

Execute The signal is routed to the appropriate component of the computer (such as the 
ALU, a disk drive, or some other device). The signal causes the component to 
perform an operation. 

These *teps are repeated as long as there are instructions to perform. 

M a i n Memory 

Commonly known as random-access memory, or J M M , the computer's main memory is a 
device that holds information. SpeuhialK, K \ \ 1 holds the sequences of instructions in the 
programs that are running and the data those programs are using. 

Memory is divided into sections that hold an equal amount of data. I.ich section is made of 
eight "switches** that may be either on or off. A switch in the on position usually represents 
the number I, whereas a switch in the off position usually represents the number 0. The com­
puter stores data by setting the switches in a memon location to a pattern that represents a 
character or a number. Each of these switches is known as a hit* which stands for binary 
digit* l a t h section of memory, which is a collection of eight bits, is known as a byte* Each 
byte is assigned a unique number known as an address. I he addresses are ordered from 
lowest to highest. A byte is identified by its address in much the same way a post office box 
is identified by an address, hgure 1-1 shows a series of bytes with their addresses. In the 
illustration, sample data is stored in memory. The number 149 is stored in the byte at 
address I {>, and the number 72 is stored in the byte at address 2 i . 

K A M is usually a volatile type of memory, used only for temporary storage. When the com­
puter is turned off, the contents of RAM are erased. 

Figure 1-3 Memory bytes and their addresses 
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Secondary Storage 

Secondary storage is a type of memory that can hold data for long periods of time—even 
when there is no power to the computer, Frequently used programs arc stored in secondary 
memory and loaded into main memory as needed. Important data, such .is word processing 
documents, payroll data, .ind inventory figures, is saved to secondary storage as well. 

The most common type of secondary storage device is the disk drive. A disk drive stores 
data by magnetically encoding it onto a circular disk. Hard drives* which are the most com­
mon type of disk drives, are capable of storing very large amounts of data and can access 
data quickly. Most computers have a hard drive mounted inside their case. External hard 
drives arc also available, which connect to one of the computer's communication ports. 
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Fxtcrn.il hard drives can be used to create backup copies of important data or to move data 
to another computer. 

In addition to external hard drives, many types of devices have been created for copying 
data, and for moving it to other computers. For many years floppy disk drives were popular. 
A floppy disk drive records data onto a small floppy disk, which can be removed from the 
drive. Floppy disks have many disadvantages, however. They hold only a small amount of 
data, and perform very slowly. Floppy disk drives are rarely used now, in favor of superior 
devices such as USB drives. USB drives are small devices that plug into the computers USB 
(Universal Serial Bus) port, and appear to the system as a disk drive. These drives do not 
actually contain a disk, however. They store data in a special type of memory known as flash 
memory* USB drives arc inexpensive, reliable, and small enough to be carried in your pocket. 

Optical devices such as the (7) (compact disci and the DVD (digital versatile disc) are also 
popular for data storage. Data is not recorded magnetically on an optical disc, but is 
encoded as a scries of pits on the disc surface. CD and DVD drives use a laser to detect the 
pits and thus read the encoded data. Optical discs hold large amounts of data, and because 
recordable CD and DVD drives are now commonplace, they make a good medium for 
creating backup copies of data. 

Input Devices 

Input is any data (he computer collects from the outside world. The device that collects the 
data and sends it to the computer is called an input devne. Common input devices are the 
keyboard, mouse, scanner, and digital camera. Disk drives, optical drives, and USB drives 
can also be considered input devices because programs ,md data are retrieved from them 
and loaded into the computer's memory. 

Output Devices 

Output is any data the computer sends to the outside world. It might be a sales report, a list 
of names, or a graphic image. The data is sent to an output device, which formats and pres­
ents it. Common output devices are monitors and printers. Disk drives, USB drives, and CD 
recorders can also be considered output devices because the CPU sends data to them in 
order to be saved. 

Software 
As previously mentioned, software refers to the programs that run on a computer. I here are 
two general categories of software: operating systems and application software. An operat­
ing system is a set of programs that manages the computer s hardware devices and controls 
their processes. Most all modern operating systems are multitasking, which means they are 
capable of running multiple programs at once. Through a technique called time sharing, a 
multitasking system divides the allocation of hardware resources and the attention of the 
CPU among all the executing programs. UNIX, Linux, Mac OS, and Windows arc multi­
tasking operating systems. 

Application software refers to programs that make the computer useful to the user. These 
programs solve specific problems or perform general operations that satisfy the needs of the 
user. Word processing, spreadsheet, and database packages are all examples of application 
software. 

http://Fxtcrn.il
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< * 
Checkpoint 

MyProiramminjUb* wwu\myprogramminglabxom 

1.1 Why is the computer used by so nuny different people, in so many different professions? 

1.2 I,ist the five major hardware components of a computer system. 

1-3 Internally, the CPU consists of what two units? 

1.4 Describe the steps in the fetch/decode/execute cycle. 

1.5 What is a memory address? What is its purpose? 

1.6 Fxplain why computers have both main memory and secondary storage. 

1.7 What does the term multitasking mean? 

i 1.4 Programming Languages 

CONCEPT: A program is a set o l instructions a computer follows in order to perform 
a task, \ programming language is a special language used to write 
computer programs. 

What Is a Program? 
Computers are designed to follow instructions. A computer program is a set of instructions 
that enable the computer to solve a problem or perform a task. I or example, suppose wc 
want the computer to calculate someone s gross pay. The following is a list of things the 
computer should do to perform this task. 

1. Display a message on the screen: * H o * many hours did you work?" 
2. Allow the user to enter the number of hours worked. 
3. Once the user enters a number, store it in memory 
l. Display a message on the screen: " I low much do you gel paid pel bour?" 
5. Allow the user to enter an hourly pay rate. 
6. Once the user enters a number, store it in memory 
7. Once both the number of hours worked and the hourly pay rate are entered, multiply 

the two numbers and store the result in memory. 
8. Display a message on the screen that shows the amount of money earned. The mes­

sage must include the result of the calculation performed in Step 7. 

Collectively, these instructions are called an algorithm. An algorithm is a set of well-defined 
steps for performing a task or solving a problem. Notice that these steps are sequentially 
ordered. Step I should be performed before Step 2, and so forth. It is important that these 
instructions be performed in their proper sequence. 

Although you and I might easily understand the instructions in the pay-calculating algo­
rithm, it is not ready to be executed on a computer. A computer's CPU can only process 
instructions that are written in machine language* If you were to look at a machine lan­
guage program, you would sec a stream of binary numbers (numbers consisting of only Is 
and Os). The binary numbers form machine language instructions, which the CPU interprets 
as commands. I lere is an example of what a machine language instruction might look like: 

1011010000000101 
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As you can imagine, the process of encoding an algorithm in machine language is very 
tedious and difficult. In addition, each different type of CPU has its own machine language. 
If you wrote a machine language program for computer A and then wanted to run it on 
computer B, which has a different type of CPU, you would have to rewrite the program in 
computer IVs machine language. 

Programming languages, which use words instead of numbers, were invented to ease the 
task of programming. A program can be written in a programming language, which is much 
easier to understand than machine language, and then translated into machine language. 
Programmers use software to perform this translation. Many programming languages have 
been created. Tabic I -1 lists a few of the well-known ones. 

Table 1-1 Programming languages 

Language Description 

HASH; 

FORTRAN 

COBOL 

Pascal 

C 

C++ 

OP 

|ava 

JavaScript 

Perl 

PUP 

Python 

Ruby 

Visual Basic 

Beginners All-purpose Symbolic Instruction Code is a general-purpose, proce­
dural programming language. It was originally designed to be simple enough for 
beginners to learn. 

FORmula TRANslator is a procedural language designed for programming com­

plex mathematical algorithms. 

Common Business Oriented I anguage is a procedural language designed tor 
business applications. 

Pascal is • structured, general-purpose, procedural language designed primarily 
for teaching programming. 

C is a structured, general-purpose, procedural language developed at Bell 
Laboratories. 

Based on the C language, C++ offers object-oriented features not found in C. 
C++ was also invented a: Bell 1 ahoratorics. 

Pronounced *C sharp." It is a language invented by Mi l rosoft for developing 
applnations based on the Microsoft , \ l I platform. 

Java is an object-oriented language invented at Sun Microsystems. It may be used to 
develop standalone applications that operate on a single computer, applications 
that run over the Internet from a Web server, and applets that run in a Web browser. 

JavaScript is a programming language that can be used in a Web site to perform 
simple operations. Despite its name, JavaScript is not related to Java. 

A general-purpose programming language used widely on Internet servers. 

A programming language used primarily for developing Web server applications 
and dynamic Web pages. 

Python is an object-oriented programming language used in both business and 
acidemia. Many popular Web sites contain features developed in Python. 

Ruby is a simple but powerful object-oriented programming language. It can be used 
for a variety of purposes, from small utility programs to large Web applications. 

Visual Basic is a Microsoft programming language and software development envi­
ronment that allows programmers to create Windows-based applications quickly. 
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A History of Java 
In 1991 a team was formed at Sun Microsystems to speculate about the important techno­
logical trends that might emerge in the near future. The team, which was named the Green 
Team, concluded that computers would merge with consumer appliances. Their first project 
was to develop a handheld device named "7 (pronounced star seven) that could be used to 
control a variety of home entertainment devices. In order for the unit to work, it had to use 
a programming language that could be processed by all the devices it controlled. This pre­
sented a problem because different brands of consumer devices use different processors, 
each with its own machine language. 

Because no such universal language existed, James Gosling, the team's lead engineer, created 
one. Program! written in this language, which was originally named Oak, were not trans­
lated into the machine language of a specific processor, but were translated into an interme­
diate language known as byte voile. Another program would then translate the byte code 
into machine language that could be executed by the processor in a specific consumer device. 

Unfortunately, the technology developed by the Green Team was ahead of iis time. No cus­
tomers could be found, mostly because the computer-controlled consumer appliance indus­
try was just beginning. But rather than abandoning their hard work and moving on toother 
projects, the team saw another opportunity: the Internet. The Internet is a perfect environ­
ment lor a universal programming language such as Oak. It consists of numerous different 
computer platforms connected together in a single network. 

To demonstrate the effectiveness of its language, which was renamed Java, the team used it to 
develop a Web browser. The browser, named I lot Java, was able to download and run small 
Java programs known as applets. This gave the browser the capability to display animation 
and interact with the user. ! lot|ava was demonstrated at the 1995 SunWorld conference 
before a wowed audience, later the anntmnccment was made that Netscape would incorpo­
rate Java technology into its Navigator browser. Other Internet companies rapidly followed, 
increasing the acceptance and the influence of the Java language. Today, Java is very popular 
for developing not only applets for the Internet but also stand-alone applications. 

Java Applications and Applets 
There arc two types of programs that may be created with Java: applications and applets. 
An application is a stand-alone program that runs on your computer. You have probably 
used several applications already, such as word processors, spreadsheets, database manag­
ers, and graphics programs. Although ).i\.\ n u \ be used to write these types of applications, 
other languages such as G, (.*+, and Visual Basic arc also used. 

In the previous section you learned that Java may also be used to create applets. The term 
applet refers to a small application, in the same way that the term piglet refers to a small 
pig. Unlike applications, an applet is designed to be transmitted over the Internet from a 
Web server, and then executed in a Web browser. Applets are important because they can be 
used to extend the capabilities of a Web page significantly. 

Web pages are normally written in Hypertext Markup language (HTML) . H T M L is lim­
ited, however, because it merely describes the content and layout of a Web page. H T M L 
docs not have sophisticated abilities such as performing math calculations and interacting 
with the user. A Web designer can write a Java applet to perform operations that arc 
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normally performed by an application, and embed it in a VC'cb site. When someone visits the 
Web site, the applet is downloaded to the visitor's browser and executed. 

Security 

Any time content is downloaded from a Web server to a visitor's computer, security is an 
important concern. Because Java is a full-featured programming language, at first you might 
be suspicious of any Web site that transmits an applet to your computer. After all, couldn't 
a Java applet do harmful things, such as deleting the contents of the hard drive or transmit­
ting private information to another computer? Fortunately, the answer is no. Web browsers 
run Java applets in a secure environment within your computer's memory and do not allow 
them to access resources, such as a disk drive, that are outside that environment. 

15 what Is a Program Made Of? 

CONCEPT: Nitre are certain elements thai are common 10 all programming 
language*. 

Language Elements 
All programming languages have some things m common. Tabic 1-2 lists the common ele­
ments you will find in almost every language. 

Table 1-2 The common elements of a programming language 

Language Klement Description ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Key Words 

Operators 

Punctuation 

Programmer-Defined 
Names 

Syntax 

These arc words that have a special meaning in the programming lan­
guage. They may be used for their intended purpose only. Key words 
arc also known as reserved words* 

< >perators are symbols or words that perform operations on one or more 
operands. An operand is usually an item of data, such as a number. 

Most programming languages require the use of punctuation 
characters. These characters serve specific purposes, such as marking 
the beginning or ending of a statement, or separating items in a list. 

Unlike key words, which are part of the programming language, these 
are words or names that arc defined by the programmer. They are used 
to identify storage locations in memory and parrs of the program that 
are created by the programmer. Programmer-defined names arc often 
called identifiers. 

These arc rules that must be followed when writ ing a program. Syntax 
dictates how key words and operators may be used, and where punctu­
ation symbols must appear 
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Let's look at an example Java program and identify an instance of each of these elements. 
Code Listing I • I shows the code lift ing with each line numbered. 

o NOTE: The line numbers are not pan of the program. They are included to help point 
out specific parts of the program. 

Code L is t ing 1-1 P a y r o l l . Java 

1 public c lass Payroll 

2 { 

3 public s t a t i c void main(String[] args) 

5 i n t hours - 40; 
6 double grossPay, payRate - 25.0; 
7 
8 grossPay * hours * payRate; 
9 System.out.println("Your gross pay i s S' * grossPay); 

10 » 

11 ) 

Key Words (Reserved Words ) 

Two of Javas key words appear in line I : public and class. In line 1 the words publ ic, 
s t a t i c , and void arc all key words. The word* i n t in line 5 and double in line 6 are also key 
words.These words, which are always written in lowercase,each have a special meaning in 
|ava and can only be used for their intended purpose. As you will see, the programmer is 
allowed to make up his or her own names (or certain things in a program. Key words, how­
ever, are reserved and cannot be used tor anything other than their designated purpose. Part 
of learning a programming language is learning the commonly used key words, what they 
mean, and how to use them. 

Table I »3 shows a list of the Java key words. 

Table 1-3 The Java key words 

a b s t r a c t 

a s s e r t 

boolean 

;.: CM! 

byte 

• - 1 - -

catch 

char 

c l a s s 

const 

cont inue 

de fau l t 

do 

double 

e l s e 

enum 

extends 

f a l s e 

f ina l 

f i n a l l y 

f loa t 

for 

goto 

i f 

implements 

import 

instanceof 

i n t 

i n t e r f a c e 

long 

na t i ve 

new 

n u l l 

package 

p r i v a t e 

p ro tec ted 

pub l ic 

r e t u r n 

shor t 

s t a t i c 

s t r i c t f p 

super 

switch 

synchronized 

t h i s 

throw 

throws 

t r a n s i e n t 

t r u e 

t r y 

void 

v o l a t i l e 

while 
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P rog r a m m e r - D e f i n e d Names 

The words hours, pay Rate, and grossPay that appear in the program in lines 5, 6, 8, and 9 
arc programmer-defined names. They arc not part of the Java language but arc names made 
up by the programmer. In this particular program, these arc the names of variables. As you 
will learn later in this chapter, variables are the names of memory locations that may hold 
data. 

Opera to rs 

In line 8 the following line appears: 

grossPay - hours * payRate; 

The - and • symbols arc both operators. They perform operations on items of data, known 
as operands. The * operator multiplies us two operands, which in this example arc the vari­
ables hours and payRate. The - symbol is called the assignment operator. It takes the value 
of the expression that appears at its right and stores it in the variable whose name appears 
ii its left. In this c\ implc, the operator stores in t in groUPa) variable the reside of the 
hours variable multiplied by the payRate variable. In other words, the statement says, "the 
grossPay variable is assigned the value of hours times payRate." 

t ua t l on 

Notice that lines 5, 6, 8, and 9 end with a semicolon. A semicolon in Java is similar to a 
period in I'nglish: It marks the end of a complete sentence (or statement, as i i is called in 
programming jargon). Semicolons do not appear at the end of every line in a Java program, 
however. There arc rules that govern where semicolons are ret)ui red and where they are not. 
I'art of learning Java is learning where to place semicolons and other punctuation symbols. 

Lines and Statements 
Often, the contents of a program arc thought of in terms of lines and statements. A line is 
just that—a single line as it appears in the body of a program, (,'odc I isting I I is shown 
with each of its lines numbered. Most of the lines contain something meaningful; however, 
line 7 is empty. Blank lines arc only used to make a program more readable. 

A statement is a complete instruction that causes the computer CO perform some action. 
I Icrc is the statement that appears in line 9 of Code Listing I - 1 : 

System.out.print ln("Your gross pay is $" + grossPay); 

This statement causes the computer to display a message on the screen. Statements can be a 
combination of key words, operators, and programmer-defined names. Statements often 
OCCUpy only one line in a program, but sometimes they arc spread out over more than one 
line. 

Variables 
The most fundamental way that a Java program stores an item of data in memory is with a 
variable. A variable is a named storage location in the computer's memory. The data stored 
in a variable may change while ihc program is running (hence the name "variable"). Notice 
that in Code Listing I-1 the programmer-defined names hours, payRate, and grossPay 
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appear in several places. All three of these ^rc the names of variables. The hours variable is 
used to store the number of hours the user has worked. The payRtte variable stores the 
user's hourly pay rare. The grossPty variable holds the result of hours multiplied by ptyRatc, 
which is the user's gross pay. 

Variables are symbolic names made up by the programmer that represent locations in the 
computer's random-access memory (KAM). When data is stored in a variable, it is actually 
stored in KAM. Assume that a program has a variable named length. Figure 1-4 illustrates 
the way the variable name represents a memory location. 

In Figure 1-4, the variable length is holding the value 72. The number 72 is actually stored 
in KAM at address 23f but the name length symbolically represents this storage location, If 
it helps, you can think of a variable as a box that holds data. In Figure 1-4, the number 72 
is stored in the box named length. Only one item may be stored in the box at any given 
time. If the program stores another value in the box, it will take the place of the number 72. 

Figure 1 4 A variable name represents a location in memory 
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The Compiler and the Java Virtual Machine 
When a Java program is written, it must be typed into the computer and saved to a file. A 
text editor ̂  which is similar to a word processing program, is used lor this task. I he Java 
programming statements written by the programmer AVC called source code* and the file 
they are saved in is called a source file. Java source files end with the .fara extension. 

After the programmer saves the source code to a file, he or she runs the Java compiler. A 
compiler is a program that translates source code into an executable form. During the trans­
lation process, the compiler uncovers any syntax errors that may be in the program. Syntax 
errors are mistakes that the programmer has made that violate the rules of the progra­
mming language. These errors must be corrected before the compiler can translate the 
source code. Once the program is free of syntax errors, the compiler creates another file that 
holds the translated instructions. 

Most programming language compilers translate source code directly into files that contain 
machine language instructions. These files are called executahle files because they may be 
executed directly by the computer's CPU. The Java compiler, however, translates a Java 
source file into a file that contains byte code instructions. Byte code instructions are not 
machine language, and therefore cannot be directly executed by the CPU. Instead, they are 
executed by the Java Virtual Machine. The Java Virtual Machine (JVM) is a program that 
reads |a\a hue code instructions and executes :l em as ihc\ are read, lor this reason, the 
JVM is often called an interpreter, and Java is often referred to as an interpreted language. 
Figure 1 -5 illustrates the process of writing a Java program, compiling it to byte code, and 
running it. 
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Although Java byre code is not machine language for a CPU, it can be considered as machine 
language for the JVM. You can think of the JVM as a program that simulates a computer 
whose machine language is Java byte code. 

Portabil ity 

The term portable means that a program may be written on one type of computer and then 
run on a wide variety of computers, with little or no modification necessary. Because Java 
byte code is the same on all computers, compiled Java programs are highly portable. In fact, 
a compiled Java program may be run on any computer that has a Java Virtual Machine. 
Figure 1*6 illustrates the concept of a compiled Java program running on Windows, Linux, 
Mac, and UNIX computers. 

With most other programming languages, portability is achieved by the creation of a com­
piler for each type of computer that the language is to run on. For example, in order for the 
C+ + language to be supported b\ Windows, Linux, and Mac computers, a separate C++ 
compiler must be created lor each ol those eimronmciuv < otnpilers are ten complex pro 
grams, and more difficult to develop than interpreters. For this reason, a Java Virtual 
Machine has been developed for many types of computers. 

Figure 1-5 
['rotjriirn development prm -

Figure 1 -6 Java byte code may be run on any 
computer with a |ava Virtual Machine 
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Java Software Editions 
The software that yuu use to create Java programs is referred to as the JDK ijava Develop­
ment Kit) or the SDK (Software Development Kit). There are the following different edi­
tions of the JDK available from Oracle/Sun Microsystems: 

• lava SF.—The Java Standard Edition provides all the essential software tools neces­
sary for writ ing Java applications and applets. 

• Java EF—The Java Enterprise Edition provides tools for creating large business appli­
cations that employ servers and provide services over the Vt'cb. 

• lava ME—The Java Micro Edition provides a small, highly optimized runtime envi­
ronment for consumer products such as cell phones, pagers, and appliances. 

These editions of Java may be downloaded from Oracle/Sun Microsystems by going to: 

http://java.sun.com 

o NOTE: You can follow the instructions in Appendix E, which can be downloaded from 
the book's companion Vtcb site, to install the Sun JDK on your system. You can access the 
book's companion Web site by going to www.pears4mh1ghered.con1/Kadd1s. 

4»' 

Compi l ing and Running a Java Program 
Compiling a |ava program is a simple process. Once you have installed ihe Sun JDK, go to 
your operating system's command prompt. 

T I P : In Windows click Start* go to Al l Programs, and then go to Accessories. Click 
Command Prompt on the Accessories menu. A command prompt window should open. 

VldtoMoU 

Comptlinq unci 
Running 0 |ova 

' I ' 11 1111 

At the operating system command prompt, make sure you are in the same directory or 
folder where the Java program that you want to compile is located. Then, use the javac 
command, in the following form: 

javac Filename 

Filename is the name of a file that contains the Java source code. As mentioned earlier, this 
file has the jatw extension. For example, if you want to compile the PayrolLjjva file, you 
would execute the following command: 

javac Pay ro l l . J ava 

This command runs the compiler. If the file contains any syntax errors, you will see one or 
more error messages and the compiler will not translate the file to byte code. When this 
happens you must open the source file in a text editor and fix the error. Then you can run 
the compiler again. If the file has no syntax errors, the compiler wi l l translate it to byte 
code. Byte code is stored in a file with the .class extension, so the byte code for the Payroll. 
Java file will be stored in Pay rollu lass, which wi l l be in the same directors- or folder as the 
source file. 

To run the Java program, you use the java command in the follow ing form: 

Java ClossFilename 

http://java.sun.com
http://www.pears4mh1ghered.con1/Kadd1s
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ClaasFilename is the name of the .ihss file that you wish ro execute. However, you do not 
type the .diss extension. For example, to run the program that is stored in the Pjyroll.cLiss 
file, you would enter the following command: 

java Payroll 

This command runs the Java interpreter (the JVM) and executes the program. 

VMtoHM 
Usmq an IDE 

Integrated Development Environments 

In addition to the command prompt programs, there arc also several Java integrated devel­
opment environments (IDE&h These environments consist of a text editor, compiler, debug­
ger, and other utilities integrated into a package with a single set of menus. A program is 
compiled and executed with a single click of a button, or by selecting a single item from a 
menu. Figure 1-7 shows a screen from the jCiKASI1 IDF. 

Figure 1-7 An integrated development environment (IDE) 

(HI Ldrt V *w Uuild Propel frfMQ* loon Window 

Q U f f i O X ' 6 P * » D L L ] [ » * C £ * A # H L J 

• i i. VMIrtylM * » 

to&s a a . 
0 «J»#t *Uoni<C©ci>nwl»U M 
f I I'lffHlftC blM 

f M 

l 
p u b l i c t i t t l e v j i i M l n ( S t i l n g E ) 4 i g # i 

i 
w o n • *or 

doufeW g i c « « r « ; , p * * t « L « - I f . O t 

* f r o P f l P A Y l ' 

• 3! 
OttaM WoAlwnr* 

Compi* Wtt«g#« fGHASl> •/«»*<;•* K) t f r t t f t c i M i 

^jaian L«w:1 Cotl C o d r H ? t o p i 

* & 
Checkpo in t 

MyProtrimmin|Ub" www.mypragrjmmmgtah.com 

1.8 Describe the difference between a key word and a programmer-defined symbol. 

1.9 Describe the difference between operators and punctuation symbols. 

http://www.mypragrjmmmgtah.com
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1.10 Describe the difference between a program line and a statement. 

I . I I W h y are variables called "var iable"? 

1.12 What happens to a variable's current contents when a new value is stored there? 

1.1.1 What is a compiler? 

1.1*1 What is a syntax error? 

1.15 What is byte code? 

1.16 What is the JVM? 

1-6 The Programming Process 

C O N C E P T : The programming process consists of several steps, which include design, 

creation, testing, and debugging activities. 

N o w that you have been introduced to what a program is, it's t ime to consider the process 

of creating a program. Quite often when inexperienced students .ire given programming 

assignments, they have trouble getting started because they don't know what to do first. If 

you f ind yourself in this di lemma, the fo l low ing steps may help. 

1. Clearly define what the program is to do. 
2. Visualize the program running on the computer. 

3. Use design tools t o create a model of the program. 
4 . Check the model for logical errors. 

5. r-'ntcr the code and compile it. 

6. Correct any errors found dur ing compi la t ion. Repeat Steps 5 and 6 as many times as 

necessary. 
7. Run the program wi th test data for input. 

S. Correct any runtime errors found whi le running the program. Repeat Steps 5 through 

8 as many times .is necessary. 

9. Validate the results of the program. 

These steps emphasize the importance of planning. Just as there are good ways and bad 

ways to paint a house, there arc good ways and bad ways to create a program. A good pro­

gram always begins w i t h planning. W i t h the pay-calculating algor i thm that was presented 

earlier in this chapter serving as our example, let's look at each of the steps in more detail . 

1 . Clearly d e f i n e w h a t t h e p r o g r a m I t t o do 

I his step commonly requires you to identify the purpose o f the program, the data that is to 

be input, the processing that is to take place, and the desired output . Let's examine each of 

these requirements for the pay-calculating algor i thm. 

Purpose To calculate the user's gross pay. 

Input Number of hours worked, hourly pay rate. 

Process Mu l t i p l y number o f hours worked by hour ly pay rate. The result is the user's 

gross pay. 

Output Display a message indicat ing the user's gross pay. 
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2. Visualize the program running on the computer 

Before you create a program on the computer, you should first create it in your mind. Try CO 
imagine what the computer screen wi l l look like while the program is running. If it helps, 
draw pictures of the screen, with sample input and output, at various points in the program. 
l ;or instance. Figure 1*8 shows the screen we might want produced by a program that 
implements the pay-calculating algorithm. 

Figure 1-8 Screen produced by the pay-calculating algorithm 

How ii.my hours did you work? 10 
How much do you get paid per hour? 15 
Your gross pay is $150.0 

In this step, you must put yourself in the shoes of the user. What messages should the pro­
gram display? What questions should it ask? Hy addressing these concerns, you can deter­
mine most of the program's output. 

] . Use design tools to create a model of the program 

While planning a program, the programmer uses one or more design tools to create a model 
of the program, l;or example, p$ctuU>c*nic is a cross between human language and a pro­
gramming language and is especially helpful when designing an algorithm. Although the 
computer tan*! understand pseiuhn od< , programmers often find it helpful to write an aIgo 
rithm in a language that's "almost" a programming language, but still very similar to natu­
ral language, lor example, here is pseudocode that describes the pay-calculating algorithm: 

Get payroll data. 
Calculate gross pay. 
Display gross pay* 

Although this pseudocode gives a broad view of the program, it doesn't reveal all the pro­
gram s details. A more detailed version of the pseudocode follows: 

Display "How many hours did you WOfkt* 
Input hours. 
Display "Mow much da x<*u get paid per hour?" 
Input rate. 
Store the value of hours times rate tn tl*e pay variable. 
Display the value in the pay variable. 

Notice that the pseudocode uses statements that look more like commands than the English 
statements that describe the algorithm in Section 1.4.The pseudocode even names variables 
and describes mathematical operations. 

4. Check the model for logical errors 

Logical errors are mistakes that cause the program to produce erroneous results. Once a 
model of the program is assembled, it should be checked for these errors. For example, if 
pseudocode is used, the programmer should trace through it, checking the logic of each 
step. If an error is found, the model can be corrected before the next step is attempted. 
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5. Enter the code and compile It 

Once a model of the program has been created, checked, and corrected, the programmer is 
ready to write source code on the computer. The programmer saves the source code to a file 
and begins the process of compiling it. During this step the compiler will find any syntax 
errors that may exist in the program. 

6* Correct any errors found during compilat ion. Repeat Steps 5 and 6 as 
many times as necessary 

If the compiler reports any errors, they must be corrected. Steps 5 and 6 must be repeated 
until the program is free of compile-time errors. 

7. Run the program wi th test data for Input 

Once an executable file is generated, the program is ready to be tested for runtime errors. A 
runtime error is an error that occurs while the program is running. These arc usuall) logical 
errors, such as mathematical mistakes. 

Testing for runtime errors requires that the program be executed with sample data or sam­
ple input. The sample data should be such that the correct output can be predicted, If the 
program docs not produce the correct output, a logical error is present in the program. 

8. Correct any runt ime errors found while running the program. Repeat 
Steps 5 through 8 as many times as necessary 

When runtime errors are found in a program, they must be corrected. You must identify the 
step where the error occurred and determine the cause. If an error is a result of incorrect 
logic (such as an improperly stated math formula), you must correct the statement or state­
ments involved in the logic. If an error is due to an incomplete understanding of the pro­
gram requirements, then yon must restate the program purpose and modify the program 
model and source code. The program must then be saved, recompiled, and retestcd. This 
means Steps 5 though 8 must be repeated until the program reliably produces satisfactory 
results. 

9. Validate the results of the program 

When you believe you have corrected all the runtime errors, enter test data and determine 
whether the program solves the original problem. 

Software Engineering 
"11K field of software engineering encompasses the whole process of crafting computer software. 
It includes designing, writ ing, testing, debugging, documenting, modifying, and maintaining 
complex software development projects. I.ike traditional engineers, software engineers use 
a number of tools in their craft. Here are a few examples: 

• Program specifications 
• Diagrams of screen output 

• Diagrams representing the program components and the flow of data 
• Pseudocode 
• Examples of expected input and desired output 
• Special software designed for testing programs 
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< * 

Most conintcrci.il software applications arc large and complex. Usually a team of programmers, 
not a single individual, develops them. It is important that the program requirements be 
thoroughly analyzed and divided into suhtaslcs that arc handled by individual teams, or 
individuals within a team. 

Checkpoint 
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1.17 What four items should you identify when defining what a program is to do? 

1.18 What docs it mean to "visualize a program running"? What is the value of such an 
activity? 

1.19 What is pseudocode? 

1.20 Describe what a compiler does with a program's source code. 

1.21 What is .i runtime error? 

1.22 Is a syntax error (such as misspelling a key word) found by the compiler or when 
the program is running? 

1.23 What is the purpose of testing a program with sample data or input? 

1.7 Object-Oriented Programming 

-i_ CONCEPT: Java is an object-oriented programming «>OP) language. OOP is a 
method of software development that has its own practices, concepts, 
ami vocabulary. 

There are primarily two methods of programming in u*c today: procedural and object-
oriented. The earliest programming languages were procedural, meaning a program was 
made of one or more procedures. A procedure is a set of programming statements that, 
together, perform a specific task. The statements might gather input from the user, manipu­
late data stored in the computer's memory, and perform calculations or any other operation 
necessary CO complete the procedure's task. 

Procedures typically operate on data items that are separate from the procedures. In a pro­
cedural program, the data items are commonly passed from one procedure to another, as 
shown in Figure 1-9. 

Figure 1-9 Data is passed among procedures 

Procedure A ProcodurftB 

http://conintcrci.il
http://ivww.myprogrjnimtnRLth.com
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As you might imagine, the focus of procedural programming is on the creation of proce­
dures that operate on the program's data. The separation of data and the code that operates 
on the data often leads to problems, however For example, the data is stored in a particular 
format, which consists ot variables and more complex structures that are created from vari­
ables. The procedures that operate on the data must be designed with that format in mind. 
But, what happens if the format of the data is altered? Quite often, a program s specifica­
tions change, resulting in a redesigned data format. VC'hen the structure of the data changes, 
the code that operates on the data must also be changed to accept the new format. This 
results in added work for programmers and a greater opportumt) tor bugs to appear in the 
code. 

This has helped influence the shift f rom procedural programming to object-oriented pro­
gramming (OOP). Whereas procedural programming is centered on creating procedures, 
object-oriented programming is centered on creating objects. An object is a software entity 
that contains data and procedures. The data contained in an object is known as the object's 
attributes* The procedures, or behaviors, chat an object performs arc known as the object's 
mvththh* The object is, conceptually, a self-contained unit consisting of data (attributes) 
and procedures (methods). This is illustrated in Figure 1-10. 

OOP addresses the problem of code/data separation through encapsulation and data hid­
ing. I ftt\if)$uLutott refers to the combining of data and code into a single object. DJIJ hid­
ing refers to an object's ability to hide its data from unle that is outside the object. < >nly the 
object's methods may then directly access and make changes to the object's data. An object 
typically hides us data, but allows outside code to access the methods that operate on the 
data. As shown in Figure l- l I, the objects methods provide programming statements out­
side the object with indirect acies% to the objects data. 

When an object's internal data is hidden from outside code and access to that daia is 
restricted to the object's methods, the data is protected from accidental corruption. In addi­
t ion, the programming code outside the object does not need to know about the format or 

Figure 1-10 An object contains data 

and procedures 

Figure 1-11 Code outside the object 

interacts wi th the object's methods 
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internal structure of the object's data. The code only needs to interact with the object's 
methods. When a programmer changes the structure of an object's internal data, he or she 
also modifies the object's methods so they may properly operate on the data. The way in 
which outside code interacts with the methods, however, docs not change. 

These arc just a few of the benefits of object-oriented programming. Became Java is fully 
object-oriented, you will learn much more about OOP practices, concepts, and terms as you 
progress through this hook. 

Checkpoint 
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1.24 In procedural programming, what two parts of a program arc typically separated? 

1.25 What are an object's attributes? 

1.26 What arc an object's methods? 

1.27 What it encapsulation? 

1.28 What is data hiding? 

Review Questions and Exercises 

Multiple Choice 

1. This part of the computer fetches instructions,carries out the operations commanded 
by the instructions, and produces sonic outcome or resultant Information. 
a. memory 
b. CPU 
c. secondary storage 
d. input device 

2. A byte is made up of eight 
a. CPUs 
b. addresses 
c. variables 
d. bits 

3. Each byte is assigned a unique 
a. address 
b. CPU 
C. bit 
d. variable 

4. This type of memory can hold data for long periods of time—even when there is no 
power to the computer. 
a. RAM 
b. primary storage 
c. secondary storage 
d. CPU storage 
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5. 

6. 

7. 

8. 

9. 

10. 

I I . 

12. 

If you were to look at a machine language program, you would sec 
g, Java source code 
b. a stream of binary numbers 
c. I'.nglish words 

d. circuits 

Tins type of program is designed to he transmitted over the Internet and run in a Web 
browser. 

ft, application 
b. applet 
C. machine language 
d. source code 

These arc words that have a special meaning in rhc programming language. 
ft, punctuation 
b. programmer-defined nanus 
c. kev words 
d. operators 

These are symbol* or words that perform operations on one or more operand*. 
ft, punctuation 
b. programmer-defined names 
C. key words 

d. operator! 
These character* serve specific purposes, siu h as marking the beginning or ending of a 
statement, or separating items in a Im. 
ft, punctuation 
b. programmer-defined names 
c. key words 
d. operators 

These arc word* or names that arc used to identify storage location* in memory and 
parts of the program that arc created by the programmer. 
a. punctuation 

b. programmer-defined name* 
c. key words 
d. operators 

These arc the rule* that must be followed when writ ing a program. 
a. syntax 
b. punctuation 
C. kev words 
d. operators 

This is a named storage location in the computer * memory. 
a. class 
b. kev word 
c. variable 
d. operator 
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13* The Java compiler genomics 
a, machine code 
b. byte code 
C. source code 
d. irrxn 

14. JVM stands for . 
a. Java Variable Machine 
b. Java Variable Method 
c. Java Virtual Method 
d. Java Virtual Machine 

Find the Error 

I. Ihc following pseudocode algorithm has an error. The program is supposed to ask 
the user for the length and width of a rectangular room, and then display the room's 
area, Ihc program must multiply the width by the length in order to determine the 
area. Find the error. 

area m width X length 
Display "What is the room) widthf~ 
input width. 
Display "What is the room) length?" 
Input length. 
nupUv area* 

Algorithm Workbench 

Write pseudocode algorithms for the programs described as pdhnvs: 

1. Available Credit 

A program that calculate* a customer** available credit should till ihc user for the 
following: 

• The customer's maximum amount of credit 
• The amount of credit used by the customer 

Once these items have been entered, the program should calculate and display the cus­
tomer's available credit. You can calculate available credit by subtracting the amount 
of credit used from the maximum amount of credit. 

2. Sales Tax 

A program that calculates the total of a retail sale should ask the user for the 
following: 

• The retail price of the item being purchased 
• The sales tax rate 

Once these items have been entered, the program should calculate and display the 
following: 

• The sales tax for the purchase 
• The total of the sale 
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3, Account Balance 

A program that calculates the current balance in a savings account must ask the user 
for the following: 

• The starting balance 
• The total dollar amount of deposits made 
• The total dollar amount of withdrawals made 
• The monthly interest rate 

Once the program calculate* the current balance, it should be displayed on the screen. 

Predict the Result 

I he following are programs expressed as English statements. What would each display on 
the screen if they were actual programs? 

1, The variable x starts with the value 0. 

The variable y starts with the value 5. 
Add I to X. 
Add I to y. 
Add x and y, and store the result in y. 

Display the value in y on the screen. 

2. The variable a starts wirh the value 10, 

The variable b starts with the value 2. 
The variable c starts with the value 4. 
Store the value of * times b in a. 
Store the value of b times c in c. 
Add a and c, and store the result in b. 
Display the value in b on the screen. 

Short Answer 

1. Both main memory and secondary storage are types of memory. Describe the differ­
ence between the two. 

2. What type of memory is usually volatile? 

3. What is the difference between operating system software and application software? 

4- Why must programs written in a high-level language be translated into machine lan­
guage before they can be run? 

5. Why is it easier to write a program in a high-level language than in machine language? 

6. What is a source file? 

7. What is the difference between a syntax error and a logical error? 

8. What is an algorithm? 

9. What is a compiler? 

10. What is the difference between an application and an applet? 

11• Why are Java applets safe to download and execute? 

12. What must a computer have in order for it to execute Java programs? 

13. What is the difference between machine language code and byte code? 
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14. Why docs byte code nuke Java a portable language? 

15. Is encapsulation a characteristic of procedural or object-oriented programming? 

16. Why should an object hide its data? 

17. What part of an object forms an interface through which outside code may access the 
object's data? 

18. What type of program do you use to write Java source code? 

19. Wil l the Java compiler translate a source file that contains syntax errors? 

20. What docs the Java compiler translate Java source code to? 

21. Assuming you arc using the Sun JDK, what command would you type at the operating 
system command prompt to compile the program LabAaaignment.Java? 

Assuming there arc no syntax errors in the /+ihAssignment.i.ir.i program when it is 
compiled, answer the following questions. 

a. What file will be produced? 
b. What will the file contain? 
c. What command would you type at the operating system command prompt to run 

the program? 

11 

Programming Challenge 

MyHrogremmimiab"' Visit t4WW.myprogrammingiab.com to complete nuny nf these Programming Chalknga 
online .init get instant fadback, 

1 . Your First |av« Program 

This assignment will help you get acquainted with your Java development software. I Icrc is 
the Java program you will enter: 

/ / Thia ia my firat Java program. 
public claaa HyFiratFrograa 

VMMMM 

Your First |.IV,I * 
Program publ ic a ta t i c void M in (S t r ing ( | arga) 

< 

Syatem.out.println(-Hello World!'); 

> 

I f You Arc Using the Sun JDK: 

I . Use a text editor to type the source code exactly as it is shown, lie sure to place all the 
punctuation characters and be careful to match the case of the letters as they arc 
shown. Save it to a file named MyFirstProgram./ai-j. 

1. After saving the program, go to your operating s> stem's command prompt and change 
your current directory or folder to the one that contains the Java program you just 
created. Then use the following command to compile the program: 

javac MyFiratProgram.;ava 

http://t4WW.myprogrammingiab.com
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If you typed the contents of the file exactly as shown, you shouldn't have any syntax 
errors- If you see error messages, open the file in the editor and compare your code to 
that shown- Correct any mistakes you have made, save the file, and run the compiler 
again. If you see no error messages, the file was successfully compiled. 

3* Next, enter the following command to run the program: 

Java MyFirstProqram 

He sure to use the capitalization of HyFir*tPro?raa exactly as it is shown here. You 
should see the message "I lello World!" displayed on the screen. 

I f You Are Using an IDE: 

Because there are many Java IDKs, we cannot include specific instructions for all of these. 
The following .\rc general steps that should apply to most of them. You wi l l need to consult 
your MM \ documentation for specific interactions, 

1. Start your Java IDF and perform any necessary setup operations, such as starting a 

new project and creating a new Java source file, 

2. Use the 11)1's text editor to type the source code exactly as it is shown. He sure CO 
place all the punctuation characters and be careful to match the case of the letters as 
they arc shown. Save it to a file named MyFirslPnt}irjmjM\i, 

3. After saving the program, use your IIH \ command to compile the program. If you 
i) ped the contents of the file exactK as shown, you shouldn't have any syntax errors. 
If you sec error messages, comport your code to that shown, Correct am mistakes you 
have made, save the file, and run the compiler again. If you see no error messages, the 
file was successful!) compiled. 

Use your IDF's command to run the program. You should see the message " I lello 

Wor ld! " displayed. 
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TOPICS 

2.1 The Parts of .1 |ava Program 
2.2 The pr in t and p r i n t l n Methods, and 

the Java API 
2.3 Variables and Literals 
2.4 Primitive Data Types 
2.5 Arithmetic Operators 
2.6 Combined Assignment Operators 

2.7 Conversion between Primitive Data 

Types 

2.8 Creating Named Constants with f i n a l 
2.9 The Str ing Class 
2.10 Scope 
2.11 Comments 
2.12 Programming Style 
2.13 Reading Keyboard Input 
2.M Dialog Boxes 
2.15 Common fcrrors to Avoid 

The Parts of a Java Program 

CONCEPT: A Java program has parts 1h.11 serve specific purposes. 

Java programs arc nude up of different parts. Your first step in learning Java is to learn what 
the parts arc. We wi l l begin by looking at a simple example, shown in (.ode I isting 2-1. 

Code L is t ing 2-1 (S imp le . Java) 

/ / This i s a simple Java program. 

publ ic class Simple 

< 

public s ta t i c void •a i n {S t r i ng ( | args) 

< 

System.out.printlnf"Programming is great fun!"); 
> 

9 > 

27 

http://1h.11
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4f T IP : Remember, the line numbers shown in rhc program listings arc not part of the pro­

gram. The numbers are shown so we can refer to specific lines in the programs. 

As mentioned in Chapter l t the names of Java source code files end with . / j r j .Thc program 
shown in Code l is t ing 2-1 is named Simple.java. Using the Sun Java compiler, this program 
may be compiled with the following command: 

javac Simple.Java 

I IK- compiler wilW reate another tile named SfcHpIfcf/j**, u huh Loniams the translated |ava 
byte code. This file can be executed with the following command: 

Java Simple 

<£> T IP : Kemember, you do not type the .class extension when using the $*v* command. 

The output of the program is as follows. This is what appears on the screen when the 
program runs. 

P r o g r a m O u t p u t 

Programming i d g roa t fun I 

let's examine the program line by line. Here's the statement in line I: 

/ / T h i i i t a simpla Java program. 

Other than the two slash marks that begin this line, it looks pretty much like an ordinary 
sentence. The / / marks the beginning of a comment. The compiler ignores everything from 
the double-slash to the end of the line. That means you can type anything you want on that 
line and the compiler never complains. Although comments arc not rcv|inrcd, they arc very 
important to programmers. Most programs are much more complicated than this example, 
and comments help explain what's going on. 

lane 2 is blank. Programmers often insert blank lines in programs to make them easier to 
read. Line \ reads: 

publ ic class Simple 

This line is known as a class header* and it marks the beginning of a class definition. One of 
the uses of a class is to serve as a container for an application. As you progress through this 
book, you will learn more and more about classes. For now; just remember that a lava pro­
gram must have at least one class definit ion. This line of code consists of three words: 
publ ic, class, and simple. Lets take a closer look at each word. 

• publ ic is a Java key word, and it must be written in all lowercase letters. It is known 
as an access specifier* am\ it controls where the class may be accessed from.The publ ic 
specifier means access to the class is unrestricted. (In other words, the class is "open to 
the publ ic") 

• c lass, which must also be written in lowercase letters, is a Java key word that indi­
cates the beginning of a class definition. 
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o 

• simple is the class name. This name was made up by the programmer. The class 
could have been called Pizza, or Dog, or anything else the programmer wanted. 
Programmer-defined names may be written in lowercase letters, uppercase letters* or 
a mixture of both. 

In a nutshell, this line of code tells the compiler that a publicly accessible class named 
Simple is being defined. Merc arc two more points to know about classes: 

• You may create more than one class in a file, but you may have only one public class 
per Java file. 

• When a Java file has a public class, the name of the public class must be the same as the 
name of the file (without the ./Jtu extension). For instance, the program in Code Listing 2-1 
has a public class named Simple, so it is stored in a file named SintpU'.JM'j. 

NOTE: Java is a case-sensitive language. That means it regards uppercase letters as 
being entirely different characters than their lowercase counterparts. The word Public is 
not the same as public, and Class is not the same as class. Some words in a Java pro­
gram must be entirely in lowercase, while other words may use a combination of lower 
and uppercase characters, later in this chapter you will sec a list of all the Java key 
words, \\ huh must appear in lowercase. 

line 4 contains only a single character: 

I 
Tins is tailed a left brace, or an opening brace, and is aw<x iated with the beginning of the 
class definition. All of the programming statements that are part of the class are enclosed 
in i sei ol braces. Ii you ulanCC ir tin lift HflC til dK program, line *', voifll MV iln < losing 
brace. Everything between the two braces is the hmly of the class named Simple. Mere is 
the program code again, this time the body of the class definition is shaded. 

/ / This is a simple Java program, 
public class Simple 

public static void main(String() args) 
< 

System, out. print In ("Programing is great f un! " ); 

© 

> 

> 

W A R N I N C ! Make sure you have a closing brace for even- opening brace in your 
program! 

Line 5 reads: 

public static void n*in(String| ) args) 

This line is known as a method header. It marks the beginning of a method. A method can 
be thoughc of as a group of one or more programming statements that collectively has a 
name. When creating a method, you must tell the compiler several things about it. Thai is 
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why this I ITU* contains so many words. At this point, the only thing you should be concerned 

about is that the name of the method is main, and the rest of the words are required For the 

method to be properly defined. This is shown in Figure 2*1 • 

Recall f rom Chapter I that a stand-alone Java program that runs on your computer is 

known as an appl icat ion. Even'Java appl icat ion must have a method named main. The main 

method is the starting point of an appl icat ion. 

F i g u r e 2-1 The m a i n me thod header 

Nama of *a Method 

public at«t*c vo.<J ISiringM « I ^ . I 

Tha oth«f pant of t**$ In* art r>#c*tia/Y 
tor xha method to b* property tfafmacL 

o N O T E : For the time being, all the programs you wi l l wr i te w i l l consist o f a class wi th a 

r u i n method whose header looks exactly like the one shown in Code Listing 2 - 1 . As you 

progress through this book you wi l l learn what pub l i c a t a t i c vo id and ( S t r i n g ! 1 « 9 » ) 

mean. For now, \\\%\ assume that you arc learning a " rec ipe" for assembling a Java 

program. 

Line 6 has another opening brace: 

i 

I his opening brace belongs to the main method. Remember that braces enclose statements, 

and every opening brace must have an accompanying closing brace. If you look at line 8 

you w i l l see the closing brace that corresponds wi th this opening brace. F.verything between 

these braces is the body o f the main method. 

lane 7 appears as fo l lows: 

Syatem.out .print ln("Programming ia great fun!"); 

To put i t simply, this line displays a message on the screen. The message, "Programming is 

great f u n ! " is printed w i thout the quotat ion marks. In programming terms, the group of 

characters inside the quotat ion marks is called a string literal. 

N O T E : This is the only line in the program that causes anything to be printed on the screen. 

The other lines, like pub l i c c laaa Simple and pub l i c a t a t i c vo id ma in(St r ing [ ] a rga) , 

arc necessary for the f ramework of your program, but they do not cause any screen out­

put. Remember, a program is a set of instructions for the computer. If something is to be 

displayed o i l the screen, you must use a programming statement for that purpose. 

At the end of the line is a semicolon. Just as a period marks the end of a sentence, a semico­

lon marks the end of a statement in Java. No t every line of code ends wi th a semicolon, 

however. Merc is a summary of where you do not place a semicolon: 



2.1 The Parts of a |ava Program 31 

• Comments do not have to end with a semicolon because they arc ignored by the 
compiler 

• Oass headers and method headers do not end with a semicolon because they ,irc 
terminated with a body of code inside braces, 

• The brace characters, { and ), are not statements, so you do not place a semicolon 

after them. 

It might seem that the rules for where to put a semicolon are not clear at all. For now, just 
concentrate on learning the parts of a program. You'll soon get a feel for where you should 
and should not use semicolons. 

\s has already been pointed out, lines 8 and 9 contain the closing braces for the main 
method and the class definition; 

I 
I 

Before continuing, let s review the points we just covered, including some of the more elusive 
rules. 

• Java is a case-sensitive language. It dt>e\ not regard uppercase letters ,is being the same 
character as their lowercase equivalents. 

• All Java programs must be stored in a hie u i lh a name that ends with , / J K I . 

• Comment! are ignored by the compiler. 
• A . / * I I M file may contain many classes, but may have only one publ ic class. If a 

.Java file has a public class, the class must have the same name as the file. For 
instance, if the file P I I C J . / J J U contains a publ ic c l a t s , the class's name would be 

t i t i a . 
• I very Java application program must have a method named main. 
• For every left brace, or opening brace, there must be a corresponding right brace, or 

closing brace. 
• Statements are terminated with semicolons. This does not include comments, class 

headers, method headers, or braces. 

In the sample program you encountered several special characters. Table 2-1 summarizes 
how they were used. 

Tabic 2-1 Special characters 

Characters Name Meaning 

II 

( ) 

< ) 

. . 

; 

Double slash 

Opening and closing 

parenrhescs 

Opening and closing 
braces 

Quotation marks 

Semicolon 

Marks the beginning of a comment 

Used in a method header 

Encloses a group of statements, such as the contents 
<>! A dass or j method 

Encloses a string of characters, such as a message 
that is to be printed on the screen 

Marks the end of a complete programming 
statement 



32 Chapter 2 Java Fundamentals 

Checkpo in t 

MyProxrammirjUb* wwwjnyprugrAmmmghbxom 

2.1 The following program will not compile because the lines have been mixed up. 

publ ic s t a t i c void main(String[ ) args) 

) 
/ / A crazy nixed up progran 
publ ic class Columbus 

i 
System.out.println("In 1492 Columbus sailed the ocean blue."); 
< 

) 

When [he lines are properly arranged (lie program should display [he following on 
[he screen: 

In 1492 Columbus sailed the ocean blue. 

Rearrange [he lines in the correct order. Tesi the program by entering it on ihc 
computer, compiling it, and running it. 

2.2 When the program in Question 2.1 is saved to a tile, what should the file he 
named? 

2.3 Complete the following program skeleton so it displays the message " I lello World* 
on [he screen. 

public class Hello 

< 

publ ic s ta t i c void main(Str ing[) args) 

< 

II Insert code here to complete the program 

> 

> 

2.4 On paper, write a program that wi l l display your name on (he screen. Place a com­
ment with today's date a[ the top of the program. Test your program by entering, 
compiling, and running it. 

2.5 All Java source code filenames must end with . 
a) a semicolon 
b) .clou 
c) .lava 
d) none of the above 

2.6 Every Java application program must have . 
a) a method named main 
b) more than one class definition 
c) one or more comments 
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2.2 The p r in t and p r i n t l n Methods, and t h e Java API 

-*L CONCEPT: The p r i n t and p r i n t l n method* arc used to display text output. They 
are part of the Java API, which is a collection of prewritten classes and 
method* for performing specific operations. 

In this section you will learn how to write programs that produce output on the screen. The 
simplest type of output that a program can display on the screen is console output. Console 
output is merely plain text. When you display console output in a system that uses a graph­
ical user interface, such as Windows or Mac OS, the output usually appears in a window 
similar to the one shown in I'igurc 2-2. 

Figure 2-2 A console window 

I I I ' i — a -

> j * *a 1 »*| I * 

Vt'l'oNoli 

The word console is an old computer icrm. It comes from the days when the operator of a 
large computer system interacted with the system by typing on a terminal that consisted Of 

D . . a simple screen and keyboard.This terminal was known as the console. The console screen, 
Comolr Output which displayed only text, was known as the standard output device. Today, the term stan­

dard output device typically refers to the device that displays console output. 

Performing output in Java, as well as many other tasks, is accomplished by using the Java 
API. The term API stands for Application Programmer Interface. The API is a standard 
library of prewritten classes for performing specific operations. These classes and their 
methods arc available to all Java programs. The print and println methods arc part of the 
API and provide ways lor output to be displayed on the standard output device. 

The program in Code Listing 2-1 (simple.Java) uses the following statement to print a 
message on the screen: 

System.out.println{"Programing i s great fun!"); 

System is a class that is part of the Java API. The System class contains objects and methods 
that perform system-level operations. One of the objects contained in the System class is 
named out. The out object has methods, such as print and println, for performing output 
on the system console, or standard output device. The hierarchical relationship among 
System, out, print, and println is shown in Figure 2-3. 
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Figure 2-3 Relationship among the System class, the o u t object, and the 

p r i n t and p r i n t l n methods 

System 
class 

The System class holds 
the aut object as well as 
other members. 

The out object is a member 
ol the System CMS. 

print 
The p r i n t method is a 
member ol the out object 

println 
The p r i n t l n method is a 
member of t te out object. 

I Icrc is a brier •tumnurv <>t now u .1 ' I , works together: 

• I he System class is part of the Java API. It has member ob|cus and methods for per­

forming system-level operations, such as sending output to the console. 
• The out object is a member of the Systea class. It provides methods for sending out­

put to the screen. 
• The p r i n t and p r i n t l n methods arc members of the out object. They actually perform 

the work of writ ing characters on the screen. 

This hierarchy explains why the statement that executes p r i n t l n is so long. The sequence 
Sys tem.out .p r in t ln specifies that p r i n t l n is a member of out, which is a member of 
System. 

O N O T E ; The period cli.il separates the names of the objects is pronounced "do t / 
Sy i tcm.out .pr in t ln is pronounced " \ w c t n dot out dot prim line." 

The value that is to be displayed on the screen is placed inside the parentheses. This value is 
known as an argument. For example, the following statement executes the p r i n t l n method 
using the string "King Arthur" as its argument. This will print "King Arthur* on the screen. 
(The quotation marks are not displayed.) 

System-out-printIn("King Ar thur - ) ; 

An important thing to know about the p r i n t l n method is that after it displays its message, 
it advances the cursor to the beginning of the next line. The next item printed on the screen 
wi l l begin in this position, For example, l<K>k at the program in Code Listing 2-2. 

Because each string is printed with separate p r i n t l n statements in Code Listing 2-2, they 
appear on separate lines in the Program Output. 

http://cli.il
file:///wctn
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Code List ing 2-2 

l 
2 

1 3 
4 
5 
6 
7 
8 
9 

10 

/ / This ia anothi 

( T w o L i n e s . J a v a ) 

er simple Java prograi 

public c lass TwoLines 

public s t a t i c 

< 

System.out 
System.out 

> 

} 

void main(String[ | args) 

.println)"Programming 
,pr in t ln( H I can ' t get 

i s great 
enough of 

fun! 
i t ! 

P r o g r a m O u t p u t 

Programming i s great fun I 
Z can ' t got enough of i t l 

The p r i n t Method 
The print method, which is also part of the Syitea.out ob|cct, serves .1 purpose similar to 
that of println—to display output on the screen. The print method, however, docs not 
advance the cursor to the next line after its message is displayed, look at Code I isting 2-3. 

Code List ing 2-3 ( O r e a t F u n . J a v a ) 

1 
2 
3 
4 

1 5 
6 
7 
8 
9 

10 

/ / This i s another simple Java program. 

public c lass Greatfun 

i 
public s t a t i c void main(String[1 args) 

< 

System.out.print("Programming i» • ) ; 
System.out.printIn("greet funl") ; 

> 

) 

P r o g r a m O u t p u t 

Programming i s great funl 

An important concept to understand about Code Listing 2-3 is that, although the output is 
broken up into two programming statements, this program will still display the message on 
one line. The data that you send to the print method is displayed in a continuous stream. 
Sometimes this can produce less-than-desirable results. The program in Code listing 2-4 is 
an example. 



36 Chapter 2 Java Fundamentals 

Code Listing 2-4 ( U n r u l y . J a v a ) 

I / / An unruly print ing program 
2 
i public c lass Unruly 
1 < 

public s t a t i c void main(String[] srgs) 

< 

System.out,print("These are our top s e l l e r s : * ) ; 
System.out.print)"Computer games*); 
System.out.print("Coffee"); 
System.out.printIn("Aspirin"); 10 

11 
L2 

> 

) 

Program Output 

These are our top sellers:Computer gamesCoCCeeAspirin 

The layout of the actual output looks nothing like the arrangement of the strings in the source 
code. First, even though the output is broken up into lour lines in the source code (lines 7 
through 10), it comes out on the screen as one line. Second, notice that some of the words 
that are displayed are not separated by spaces. The strings are displayed exactly as they are 
sent to the pr in t method. If spaces are to be displayed, they must appear in the strings. 

There are two ways ro fix this program. The most obvious way is to use pr in t ln methods 
instead of pr in t methods. Another way is to use escape sequences to separate the output 
into different lines. An escape sequent? starts with the backslash character (\), and is fol­
lowed by one or more control characters. It allows you to control the way output is dis­
played by embedding commands within the string itself. The escape sequence that causes 
the output cursor to go to the next line is \n. OHIC lasting 2-5 illustrates its use. 

Code Listing 2-5 ( A d j u s t e d . J a v a ) 

2 
/ / A well adjusted print ing program 

3 public c lass Adjusted 
4 < 

public s t a t i c void main(String!I *'9>) 5 
6 
7 
e 
9 

10 

11 > 

i 
System.out.print)"These are our top s e l l e r s : \ n " ) ; 
System.out.print("Computer gamea\nCoffee\n"); 
System.out.println("Aspirin") ; 

Program Output 

These are our top s e l l e r s : 
Computer games 
Coffee 
Aspirin 
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The \n characters arc called the ncwlinc escape sequence. When rhc p r in t or p r in t ln 
method encounters \n in a string, it docs not print the \n characters on the screen, but inter­
prets them as a special command to advance the output cursor to the next line. There arc 
several other escape sequences as well. For instance, \ t is the tab escape sequence. When 
pr in t or pr int ln encounters it in a string, it causes the output cursor to advance to the next 
tab position. Code listing 2-6 shows it in use. 

Code List ing 2-6 ( T a b s . J a v a ) 

1 / / Another well-adjusted print ing program 
2 
3 public c lass Tabs 
4 { 

public s t a t i c void nain(Str ing[] args) 
6 < 

System.out.print("These are our top s e l l e r s : \ n H ) ; 
8 System.out.print("\tComputer gaaes\n\tCof fee\n" ) ; 
9 System.out. pr in t ln ("UAspi r in - ) ; 

10 ) 

U ) 

Program Output 

These are our top s e l l e r s : 
Computer games 
Coffee 
Aspirin 

o NOTE: Although you have to type two characters to write an escape sequence, they are 
stored in memory as .1 single character. 

Tabic 2-2 lists the common escape sequences and describes them. 

Table 2-2 Common escape sequences 

Escape 
Sequence Name 

\n 

\ t 

\b 

\ r 

\ \ 

V 

\-

Description 

Newiine Advances the cursor to the next line for subsequent printing 

I lori/ontal tab Causes the cursor to skip over to the next tab stop 

1 Guises the cursor to back up, or move left, one position 

Causes the cursor to go to the beginning of the current line, not 
the next line 

Causes a backslash to be printed 

Causes a single quotation mark to be printed 

Causes a double quotation mark to be printed 

Backspace 

Return 

Backslash 

Single quote 

Double quote 
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© WARNING! I><> not confuse the backslash i\) with the forward slash (/). An escape 
sequence will not work if you accidentally start it with a forward slash. Also, do nor put 
a space between the backslash and the control character. 

* 
Checkpoint 

MyProp.î m*fnUb* uww.ntyprogrjntntmghhxom 

2.7 The following program will not compile because the lines have been mixed up. 

System.out.print("Success\n"); 

> 

public clan* Success 

< 

Systern.out.print("Success\n a); 
public s t a t i c void main(String( ) args) 
System.out.print("Success * ) ; 

i 
II I t ' s a mad, mad program. 
Systern.out.println("\nSuccess*); 

< 

When the lines arc arranged properly, the program should d>\pla> the following 
output on the screen: 

Program Output 

Success 
Success Success 

2,8 

2.9 

Success 

Rearrange the lines in the correct order. Test the program by entering it on the 
computer, compiling it, and running it. 

Study the following program and show what it will prim on the screen. 

/ / The Works of Wolfgang 
public c lass Wolfgang 

I 
public s t a t i c void main(String(| arga) 

< 

System.out.print("The works of WolfgangVninclude 
System.out.print("the following"); 
System.out.print("\nThe Turkish March "»; 
System.out.print("and Symphony Ho. 40 *) ; 
Sys tem.ou t .p r in t ln f in G minor*"); 

" ) ! 

) 

) 

On paper, write a program that will display your name on the first line; your street 
address on the second line; your city, state, and ZIP code on the third line; and your 
telephone number on the fourth line. Place a comment with today's date at the top 
of the program. Test your program by entering, compiling, and running it. 

file:///nThe
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2.3 Variables and Literals 

CONCEPT: A variable is a named storage location in the computer's memory. A literal 
is a value that is written into the code of a program. 

As you discovered in Chapter I , variables allow you to store and work with data in the 
computer's memory. Part of the job of programming is to determine how many variables ,i 
program wil l need and what types of data they wi l l hold. The program in Code I istmg 2-7 
is an example of a Java program with a variable. 

Code Lifting 2-7 (Var iab le . Java) 

l 

a 
i 
•i 

5 
6 
7 

1 
9 

10 

II 
12 
I 1 

/ / Thii program 1 n*a a variable. 

public claaa Variable 
1 

public a ta t ic void «ain(String| | args) 

( 

int value; 

value • 5; 
Syatem.out 
Syetem.out 

) 

1 

Program Output 

The value i i 5 

.print("The value 

.println(value); 
la " ) ; 

MHnwm 
Declaring 
variables 

Let's look more closely at this program. Here is line 7: 

int value; 

This is called a variable declaration. Variables must be declared before they can be used. A 
variable declaration tells the compiler the variable's name and the type of data it will hold. 
This line indicates the variable's name is value. The word i n t stands for integer, so value 
will only be used to hold integer numbers. Notice that variable declarations end with a 
semicolon. The next statement in this program appears in line 9: 

value • 5; 

This is called an assignment statement. The equal sign is an operator that stores the value 
on its right (in this case 5) into the variable named on its left. After this line executes, the 
value variable will contain the value 5. 

o NOTE: This line Joes not print anything on the computer screen. It runs silently behind 

the scenes. 
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Now look at lines 10 and I I: 

System.out.print("The value i s • ) ; 
System.out.println(value); 

The statement in line 10 sends the string literal "The value is " to the p r i n t method. The 
statement in line 11 sends the name of the value variable to the p r i n t l n method. When you 
send a variable name to p r i n t or p r i n t l n , the variables contents are displayed. Notice there 
are no quotation marks around value. Took at what happens in Code l ist ing 2-8. 

Code Listing 2-8 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

/ / Th is program 

< V a r i a b l e 2 . J a v a ) 

haa a variable. 

public claaa Variable2 

< 

public s ta t ic void main(String[) args) 

< 

int value; 

) 

) 

Program 

The value 

value • 5; 
Sye tern, out 
Sye tern, out 

Output 

i s value 

.print("The value i s 
•printIn("value"); 

• ) ; 

When double quotation marks arc plated around the word value it becomes a string literal, 
not a variable name. When string literals are sent to p r i n t or p r i n t l n , they arc displayed 
exactly as they appear inside the quotation marks. 

Displaying Multiple Items with the + Operator 
When the • operator is used with strings, it is known as the string concatenation operator. 
To concatenate means to append, so the string concatenation operator appends one string 
to another, l-'or example, look at the following statement: 

System.out.println("Thi» i s " + "one s t r i n g . " ) ; 

I his statement will print; 

This i s one s t r i n g . 

The + operator produces a string that is the combination of the two strings used as its oper­
ands. You can also use the • operator to concatenate the contents of a variable to a string. 
The following code shows an example: 

number " 5 ; 
System.out.println("The value ii » numbcr); 
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The second line uses the + operator to concatenate the contents of the number variable with 
the string "The value is *\ Although number is not a string, the + operator converts its value 
to a string and then concatenates that value with the first string. The output that will be 
displayed is: 

The value i s 5 

Sometimes the argument you use with pr in t or pr in t ln is too long to fit on one line in your 
program code. I lowever, a string literal cannot begin on one line and end on another. For 
example, the following will cause an error: 

/ / This i s an e r ro r ! 
System.out.println{"Enter a value tha t i s greater than zero 

and less than 10." ) ; 

You can remedy this problem by breaking the argument up into smaller string literals, and 
then using the string concatenation operator to spread them out over more than one line. 
Merc is an example: 

System.out.println("Enter a value tha t I s • * 
"greater than zero and less • # 
•than 10." ) ; 

In this statement, the argument is broken up into three strings and joined using the + opera-
ton The following example shows the same technique used when the t omenta of a variable 
are part of the concatenation: 

sum - 249; 

System.out.println{*The sum of the three * * 
"number* is " • sun); 

Be Careful w i t h Quotation Marks 
As shown in (lode listing 2-8, placing quotation marks around a variable name changes the 
program's results, In fact, placing double quotation marks around anything that is not 
intended to be a string literal will create an error of some type. For example, in Code 
I istings 2-7 and 2-8, the number 5 was assigned to the variable value. It would have been 
an error to perform (he assignment this way: 

value - *5' / / Error! 

In this statement, 5 is no longer an integer, but a string literal. Because value was declared 
as an integer variable, you can only store integers in it. In other words, 5 and " 5 " arc not the 
same thing. 

The fact that numbers can be represented as strings frequently confuses students who are 
new to programming. Just remember that strings arc intended for humans to read. They are 
to be printed on computer screens or paper. Numbers, however, arc intended primarily for 
mathematical operations. You cannot perform math on strings, and before numbers can be 
displayed on the screen, first they must be converted to strings. (Fortunately, p r in t and 
pr in t ln handle the conversion automatically when you send numbers to them.) Don't fret 
if this still bothers you. Later in this chapter we will shed more light on the differences 
among numbers, characters, and strings by discussing their internal storage. 
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More about Literals 
A literal is a value that is written in the code of a program. Literals are commonly assigned 
to variables or displayed. Code Listing 2-9 contains both literals and a variable. 

Code L is t ing 2-9 ( L i t e r a l s . Java) 

1 / / This program has l i t e ra l s and a variable. 
2 
3 public class Literals 

4 * 

public s ta t ic void main(String!) args) 
6 { 

int apples; 
8 

9 apples • 20; 
10 System.out.printlnf"Today we sold • * apples * 
11 • bushels of apples."); 
12 > 

_ ^ _ _ _ _ _ _ _ _ _ _ _ _ 

P r o g r a m O u t p u t 

Today we sold 20 bushels of apples. 

Of course, the variable in this program is apples. It is declared as an integer. Table 2-3 
shows ,i list of the literals found in the program. 

Table 2-3 Literals 

Literal 

20 

"Today we sold " 

* bushels of apples." 

Type of Literal 

Integer literal 

String literal 

String literal 

Identifiers 
An identifier is a programmer-defined name that represents some element of a program. 
Variable names and class names are examples of identifiers. You may choose your own vari­
able names and class names in Java, as long as you do not use any of the Java key words. 
The key words make up the core of the language and each has a specific purpose. Table I -3 
in Chapter I and Appendix I) (available on the book's companion Web site) show a 
complete list of Java key words. 

You should always choose names for your variables that give an indication of what they arc 
used for. You may be tempted to declare variables with names like this: 

int x; 
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More about Literals 
A literal is a value that is written in the code of a program. Literals are commonly assigned 
to variables or displayed. Code Listing 2-9 contains both literals and a variable. 

Code L is t ing 2-9 ( L i t e r a l s . Java) 

1 / / This program has l i t e ra l s and a variable. 
2 
3 public class Literals 

4 * 

public s ta t ic void main(String!) args) 
6 { 

int apples; 
8 

9 apples • 20; 
10 System.out.printlnf"Today we sold • * apples * 
11 • bushels of apples."); 
12 > 

_ ^ _ _ _ _ _ _ _ _ _ _ _ _ 

P r o g r a m O u t p u t 

Today we sold 20 bushels of apples. 

Of course, the variable in this program is apples. It is declared as an integer. Table 2-3 
shows ,i list of the literals found in the program. 

Table 2-3 Literals 

Literal 

20 

"Today we sold " 

* bushels of apples." 

Type of Literal 

Integer literal 

String literal 

String literal 

Identifiers 
An identifier is a programmer-defined name that represents some element of a program. 
Variable names and class names are examples of identifiers. You may choose your own vari­
able names and class names in Java, as long as you do not use any of the Java key words. 
The key words make up the core of the language and each has a specific purpose. Table I -3 
in Chapter I and Appendix I) (available on the book's companion Web site) show a 
complete list of Java key words. 

You should always choose names for your variables that give an indication of what they arc 
used for. You may be tempted to declare variables with names like this: 

int x; 
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The rather nondescript name, x, gives no clue as to what the variable's purpose is. 1 lerc is a 
better example. 

i n t itemaOrdered; 

The name itemaOrdered gives anyone reading the program an idea of what the variable is 
used for. This method of coding helps produce self-documenting programs., which means 
you get an understanding of what the program is doing just by reading its code. Because 
real-world programs usually have thousands of lines of code, it is important that they be as 
self-documenting as possible. 

You have probably noticed the mixture of uppercase and lowercase letters in the name 
itemaOrdered. Although all of Java's key words must be written in lowercase, you may use 
uppercase letters in variable names. The reason the 0 in itemaOrdered is capitalized is to 
improve readability. Normally "items ordered" is used as two words. Variable names can­
not contain spaces, however, so the two words must be combined. When " i tems" and 
"ordered" are stuck together, you get a variable declaration like this: 

i n t i temaordered; 

Capitalization of the letter 0 nukes itemaOrdered easier to read. Typically, variable names 
begin with a lowercase letter, and after that, the first letter ol each individual word that 
makes up the variable name is capitalized. 

TlW following are some specific rules that must be followed with all identifiers: 

• The first character must be one of the letters a-* or A - Z , an underscore (_),or a dollar 
sign ($). 

• After the first character, you may use the letters a-z or A - / , the digits 0-9, under­
scores L ) , or dollar signs tS). 

• Uppercase and lowercase characters are distinct. This means itemaOrdered is not the 
same as itemaordered. 

• Identifiers cannot include spaces. 

<? NOTE: Although the % is a legal identifier character, it is normally used for special pur­
poses. So, don't use it in your variable names. 

Tabic 2-4 shows a list of variable names and tells whether each is legal or illegal in Java. 

Table 2-4 Some variable names 

Variable Name Legal or Illegal r 

dayOfWeek 

3dGraph 

junel997 

mixture*3 

week day 

legal 

Illegal because identifiers cannot begin with a digit 

legal 

Illegal because identifiers ma> use only alphabetic letters, digits, 
underscores, or dollar signs 

Illegal because identifiers cannot contain spaces 



Chapter 2 Java Fundamentals 

Class Names 
As mentioned before, it is standard practice to begin variable names with a lowercase letter, 
and then capitalize the first letter of each subsequent word that makes up the name. It is 
also i standard practice to capitalize the first letter of a class name, as well as the first letter 
of each subsequent word it contains. This helps differentiate the names of variables from 
the names of classes. For example, payRatc would be a variable name, and Employee would 
be a class name. 

* 

« 

Checkpoint 

rVroiramminxUb* www.myproxrjmmmRljb.cum 

2.10 Hxaminc the following program. 

/ / Thie program uaea variable* and l i t e r a l s , 

public claaa BigLittle 

I 
public a t a t i c void m*in(String!| arga) 

int l i t t l e ; 
int big; 

l i t t l . - 2; 
big - 2000; 
Syatem.out.println(-Th* l i t t l * numb*r ia " + l i t t l * ) J 
System.out.println("The big number i s " • b ig) ; 

) 

) 

List the variables and literals found in the program. 

2.11 W li.n will the following program display on the screen? 

public claaa Checkpoint 

( 

public a t a t i c void nain(String(1 arga) 

( 

int number; 

number - 712; 
System.out.printlnf"The value i s " + "number"); 

> 

2.4 Primitive Data Types 

CONCEPT: There are many different types of data. Variables are classified according 
to their data type, which determines the kind of data that may be stored 
in them. 

http://www.myproxrjmmmRljb.cum
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Computer programs collect pieces of data from the real world and manipulate them in 
various ways. There arc many different types of data. In the realm of numeric data, for 
example, there arc whole and fractional numbers, negative and positive numbers, and num­
bers so large and others so small that they don't even have a name. Then there is textual 
information. Names and addresses, for instance, are stored as strings of characters. When 
you write a program you must determine what types of data it is likely to encounter. 

Each variable has a data type, which is the type of data that the variable win hold* Selecting 
the proper data type is important because a variable's data type determines the amount of 
memory the variable uses, and the way the variable formats and stores data. It is important 
to select a data type that is appropriate for the type of data that your program will work 
with. If you are writing a program to calculate the number of miles to a distant star, you need 
variables that can hold very large numbers. If you are designing software to record micro­
scopic dimensions, \ou need variables that store very small and precise numbers. If you arc 
writing a program that must perform thousands of intensive calculations, von want variables 
that can be processed quickly. The data t\pe of a variable determines all of these (actors. 

Table 2-5 shows all of the Java primitive data types for holding numeric data. 

The words listed in the left column of Table 2-5 are the key words that you use in variable 
declarations. A variable declaration rakes the following general format: 

Datatype VariablcNomc; 

Tabic 2-5 Primitive data types for numeric d<*U 

Daia Type 

byt« 

ihort 

int 

long 

float 

double 

Size 

1 byte 

2 bytes 

4 bytes 

8 bytes 

4 bytes 

8 bytes 

Range 

Integers in the range of -128 to +127 

Integers in the range of -32,768 to +32,767 

Integers in the range of -2,147,483,648 to +2,147,483,647 

Integers in the range of -9,223,372,036,854,775,808 to 
+9,223,372,036,854,775,807 

Floating-point numbers in the range of ±3.4 x 10" * to ±3.4 x 10 , 
with 7 digits of accuracy 

Floating-point numbers in the range of ±1.7 x 10" 8 to ±1.7 x 10 
with 15 digits of accuracy 

UlK 

DataType is the name of the data type and VariableName is the name of the variable. 
Here arc some examples of variable declarations: 

byte inches; 
int speed; 
short month; 
f l oa t salesCommission; 
double dis tance; 

The size column in Table 2-5 shows the number of bytes that a variable of each of the data 
types uses. For example, an i n t variable uses 4 bytes, and a double variable uses S bytes. 
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The range column shows the ranges of number* th.it may be stored in variables of each data 
type. For example, an i n t variable can hold numbers from -2,147,483,648 up to 
+2,147,483,647. One of the appealing characteristics of the Java language is that the sizes 
and ranges of all the primitive data types arc the same on all computers. 

NOTE: I hese data types are called "primitive" because you cannot use them to create 
objects. Recall from Chapter l"s discussion on object-oriented programming that an 
object has attributes and methods. With the primitive data types, you can only create 
variables, and a variable can only be used to hold a single value. Such variables do not 
have attributes or methods. 

The Integer Data Types 
The first four data types listed in Table 2-5, byte, int , short, and long, are all integer data 
types. An integer variable can hold whole numbers such as 7, 125,-14,and 6928.The program 
in Code listing 2-10 shows several variables of different integer data types being used. 

Code Listing 2-10 ( I n t e g e r V a r i a b l e s . J a v a ) 

') 

LO 

11 

12 

I i 

a 
L5 

.6 

17 

Lfl 

L9 

20 

21 

22 

23 

II This program has variables of several ol the integer types. 

public c lass IntegerVariables 

I 
public s t a t i c void main(String[ ) args) 

< 

int checking; / / Declare an int variable named checking, 
byte miles; / / Declare a byte variable named miles, 
short minutes; / / Declare a short variable named minutes. 
long days; / / Declare a long variable named days. 

checking • -20; 
miles - 105; 
minutes - 120; 
days - 189000; 
System.out.println("We have made a Journey of " + miles * 

• mi les .*) ; 
System.out .pr int ln("I t took us • • minutes • * minutes.") ; 
System.out.println("Our account balance i s S* • checking); 
System.out.println("About " • days + * days ago Columbus " 

"stood on t h i s spo t .* ) ; 

) 

Program Output 

Wc have made a journey of 105 miles. 
I t took us 120 minutes. 
Our account balance i s $-20 
About 189000 days ago Columbus stood on t h i s spot, 

http://th.it
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In most programs you will need more than one variable of any given data type. If a program 
uses three integers, Ungth, width, and area, they could be declared separately, as follows: 

int length; 
int width; 
int area; 

It is easier, however, to combine the three variable declarations: 

int length, width, area; 

You can declare several variables of the same type, simply by separating their names with 
commas. 

Integer Literals 

When you write an integer literal in your program code, Java auumes it to be of the i n t 
data type. For example, in Code Lasting 2-10, the literals -20 , 105, 120, and 189000 are all 
treated as i n t values. You can force an integer literal to be treated as a long, however, by 
suffixing it with the letter L For example, the value 57L would be treated as a long. You can 
use cither an uppercase or a lowercase I . The lowercase I looks too much like the number 
I , so you should always use the uppercase L 

© W A R N I N G ! You cannot embed commas in numeric literals. For example, the follow 
ing statement wi l l cause an error: 

number - 1,257,649; / / ERROR! 

This statement must be written as: 

numbor - 1257649; // Correct. 

Floating-Point Data Types 
Whole numbers arc not adequate for many jobs. If you arc writ ing a program that works 
with dollar amounts or precise measurements, you need a data type that allows fractional 
values. In programming terms, these arc called fhuting-fmhtt numbers. Values such as 1.7 
and -45. J16 arc floating-point numbers. 

In Java there arc two data types that can represent floating-point numbers. They arc f l oa t 
and double. The f l oa t data type is considered a single precision data type. It can store a 
floating-point number with 7 digits of accuracy. The double data type is considered a dou­
ble precision data type. It can store a floating-point number with 15 digits of accuracy. The 
double data type uses twice as much memory as the f l oa t data type, however. A f l oa t vari­
able occupies 4 bytes of memory, whereas a double variable uses 8 bytes. 

Code Listing 2-11 shows a program that uses three double variables. 

Code Listing 2-11 ( S a l e . j ava ) 

1 / / This program demonstrates the double data type. 
2 
3 public c lass Sale 
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5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 

17 ] 

public s t a t i c void main(String() args) 

< 

double pr ice , tax, t o t a l ; 

price - 29.75; 
tax - 1.76; 
t o t a l - 31.51; 
System.out.printlnf"The price of the i tea • • 

" i s " • p r ice ) ; 
System.out.println("The tax i s " • t ax ) ; 
System.out.println("The t o t a l i s " • t o t a l ) ; 

> 

\ 

Program Output 

The 
The 
The 

price of the item i s 29.75 
tax i s 1.76 
to t a l is 31.51 

Floating Point Literals 

When you write a floating-point literal in your program code, Java assume* it to be of tlie 
double data type. l;or example! in Code Listing 2-11, the literals 29.75, 1.76, and 31*5 I 
are all treated as double values. Because of this, a problem can arise when assigning a 
floating-point literal to a f l oa t variable. Java is a strongly lyfnui ljnguj$t\ which means 
that it only allows urn to store values of uunpatible data types in variables. A double 
value is not compatible with a f l o a t variable because a double can he much larger or 
much smaller than the allowable range for a f l oa t . As a result, code such as the following 
wi l l cause an error: 

float number; 
number • 23.5; / / Error! 

You can force a double literal to be treated as a f l o a t , however, by suffixing ir with the 
letter F or f. The preceding code can be rewritten in the following manner to prevent an 
error; 

float number; 
number - 23.5F; / / This wil l work. 

© W A R N I N G ! II you are working with literals that represent dollar amounts, remember 
that you cannot embed currency symbols (such as St or commas in the literal. For exam­
ple, the following statement wi l l cause an error: 

grossPay - S I , 257 .00 ; / / ERROR) 

This statement must be written as: 

grossPay - 1257.00; / / C o r r e c t . 
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Scientific and E Notation 

Floating-point literals ...in be represented in scientific notation. Take the number 47,281.97. 
In scientific notation this number is 4.728197 x 104. < 104 is equal CO 10,000, and 4.728197 
x 10,000 is 47,281.97.) 

Java uses F notation to represent values in scientific notation. In E notation, the number 
4.728197 x I04 would be 4.728197E4. Table 2-6 shows other numbers represented in 
sucmiiK and I notation. 

Table 2-6 Floating-point representations 

Decimal Notation 

247.91 

0.00072 

2,900,000 

Scientific Notation 

2.4791 x I0 2 

7.2 x 10-4 

2.9 x 10* 

E Notation 

2.4791 E2 

7.2E-4 

2.9E6 

<?' NOTE: The F can be uppercase or lowercase. 

Code Listing 2-12 demonstrates the use of floating-point literals exprcwed in E notation. 

Code Listing 2-12 (SunFacts. Java) 

1 / / This program uses E n o t a t i o n . 

2 
J pub l ic c l a n SunFacta 
4 < 

pub l ic a t a t i c void m a i n ( S t r i n g [ | args) 

6 < 
double d i a t a n c e , m a n ; 

9 
10 

n 
13 
13 
1-1 
15 
16 > 

d i s t ance • 1.495979EII; 
masa - 1.989E30; 
Sya tem.ou t .p r in t lnCThe sun i s " • d i s t a n c e • 

• meters away ." ) ; 
S y s t e m . o u t . p r i n t l n f T h e sun ' s mass i s " • mass + 

" k i l o g r a m s . " ) ; 

Program Output 

The sun i s 1.495979E11 meters away. 
The s u n ' s mass i s 1.989E30 ki lograms. 
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The boolean Data Type 
The boolean data type allows you to create variables that may hold one of two possible 
values: t rue or false, ( o d e Listing 2-13 demonstrates the declaration and assignment of a 
boolean variable. 

Code Listing 2-13 ( T r u e F a l s e . J a v a ) 

i / / A program for demonstrating boolean vaj 
2 
I public c lass TrueFalse 
4 < 

public s t a t i c void main(String[ ) args) 

6 < 
boolean bool; 

9 bool • t rue ; 
System.out.printIn(bool); 
bool • fa l se ; 

12 System.out.printIn(bool); 
13 > 

14 ) 

Program Output 

t rue 

fa lse 

Variables of the boolean data type are useful for evaluating conditions that are cither rruc 
or false- You will not be using them until Chapter 3, however, so for now just remember the 
following things: 

• boolean variables may hold only the value true or fa lse . 
• The contents of fl boolean variable may not be copied to a variable of any type other 

than boolean. 

The cha r Data Type 
The char data type is used to store characters. A variable of the char data type can hold one 
character at a time. Character literals are enclosed in single ifunUtion mjrks. The program 
in Code Listing 2-14 uses a char variable. The character literals VV and *IV arc assigned to 
the variable. 

Code Listing 2-14 ( L e t t e r s * J a v a ) 

/ / This program demonstrates the char data type, 

public c lass Let ters 

public s t a t i c void main(String[] args) 
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6 
7 
8 
9 

10 
11 
12 
13 
14 

1 

> 

) 

char l e t t e r ; 

l e t t e r - 'A ' ; 
Sys tem.out .p r in t ln ( le t te r ) ; 
l e t t e r - ' B ' ; 
Sys tem.out .p r in t ln ( le t te r ) ; 

Program Output 

A 
B 

It is important that you do not confuse character literals with string literals, which arc 
enclosed in double quotation marks. String literals cannot be assigned to char variables. 

Unicode 

Characters arc internally represented by numbers. Hath printable character, as well as many 
non-printable characters, is assigned a unique number. Java uses Unicode, which is a set ul 
numbers that are used as codes lor representing characters. I'ach Unicode number requires 
two bytes of memory, so char variables occupy two bytes. VC hen a character is stored in 
memory, it is actually the numeric code that is stored. Vt'hen the computer is instructed to 
print the value on the screen, it displays the character that corresponds with the numeric code. 

You may want to refer to Appendix B, available on the book's companion Web sue lai 
www.pcarHonhighcrcd.com/gaddi*), which shows a portion of the Unicode character set. 
Notice that the number 65 is the code for A, 66 is the code for B, and so on. Code Listing 
2-15 demonstrates that when you work with characters, you arc actually working with 
numbers. 

Code Listing 2-15 < L e t t e r s 2 . Java) 

1 / / This program demonstrates the close re la t ionship between 
2 / / characters and integers . 
3 
•I publ ic class Letters2 

5 < 
6 public s t a t i c void main(String[) arg«) 

i < 
char l e t t e r ; 

9 
10 
11 
13 

l i 
14 

15 } 

l e t t e r - 65; 
Sys tem.out .pr in t ln( le t te r ) ; 
l e t t e r - 66; 
Sys tem.ou t .p r in t ln ( le t t e r ) ; 

http://www.pcarHonhighcrcd.com/gaddi*
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P r o g r a m O u t p u t 

A 

I 

Figure 2-4 illustrates that when you think of the characters A, B, and C being stored in 
memory, it is really the numbers 65, 66, and 67 that are stored. 

Figure 2-4 Characters and how they are stored in memory 

B B S 
These characters are stored m memory m... 

00 65 00 66 00 67 

Variable Assignment and Init ial ization 
As you have already seen in several examples, a value is put into a variable with an assign-
nicnt statement, l-'or example, die following statement assigns the value 12 to the variable 
un i t iSo id : 

unitsSold - 12; 

The - symbol is called the assignment operator. Operators perform operations on data. The 
data that operators work with arc called operands. The assignment operator has two oper­
ands. In the statement above, the operands are unitsSold and 12. 

In an assignment statement, the name of the variable receiving the assignment must appear 
on the left side of the operator, and the value being assigned must appear on the right side. 
The following statement is incorrect: 

12 - unitsSold; / / ERROR! 

The operand on the left side of the = operator must be a variable name. The operand on the 
right side of the = symbol must be an expression that has a value. The assignment operator 
takes the value of the right operand and puis it in the variable identified by the left operand. 
\ssuming that length and width arc both i n t variables, the following code illustrates that 

the assignment operator's right opcranJ may be a literal or a variable: 

length - 20; 
width - length; 

It is important to note that the assignment operator only changes the contents of its left 
operand. The second statement assigns the value of the length variable to the width vari­
able. After the statement has executed, length still has the sanw value, 20. 

You may also assign values to variables as pan of the declaration statement. This is known 
as imlutUzation. (lode Listing 2-16 shows how it is done. 

The variable declaration statement in this program is in line 7: 

i n t month - 2, days - 28; 

file:///ssuming
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Code List ing 2 -16 ( I n i t i a l i z e . J a v a ) 

/ / This program show* variable i n i t i a l i z a t i o n . 

public c lass I n i t i a l i z e 

{ 
public s t a t i c void na in(St r ing[ | args) 

< 

int month - 2 , days - 28; 

System.out.println("Month 
days • 

I 

rogram Output 

Month 2 has 28 days 

• month + • has 

days.")*' 

© 

Urn staiemeni declares ihc mont h variable and imti.ili/i , n wnh ihc \.\Un: .\ and J a L i a s 
the days variable and initializes it with the value 28. As you can sec, this simplifies the pro-
grain and reduces the number of statements that must be typed by the programmer. I lere 
are examples of other declaration statements that perform initialization: 

double payRate - 25.52; 
f loat intereetRate - 12.9? J 
char itockCode • 'D ' j 
int customerNum - 459; 

Of course, there are always variations on a theme. Java allows you to declare several vari­
ables and initialize onl\ some of them, I lere is .in example of such a declaration: 

int fiightNum - 69, travclTime, departure - 10, distance; 

The variable fiightNum is initialized to 89 and departure is initialized to I O.The travelTime 
and distance variables remain uninitialized. 

WARNINCI When a variable is declared inside a method, it must have a value stored 
in it before it can be used. If the compiler determines that the program might be using 
such a variable before a value has been stored in it, an error will occur. You can avoid this 
type of error by initializing the variable with a value. 

Variables Hold Only One Value at a Time 
Remember, a variable can hold only one value at a time. When you assign a new value to a 
variable, the new value takes the place of the variable's previous contents, l:or example, 
look at the following code. 

int x • 5; 
System.out .pr int ln(x); 
x - 99; 
System.oat.printIn(x >; 

file:///./Un
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In this code, the variable x is initialized with the value 5 and its contents are displayed. Then 
the variable is assigned the value 99. This value overwrites the value 5 that was previously 
stored there. The code wi l l produce the following output: 

S 
99 

« 
Checkpo in t 

MyProjrammirgUb" u'«'«'. niyprugrjmmingljb.com 

2.12 Which of the following arc illegal variable names a n j why? 

99bot t lo i 
july97 
theSaleerigurerorriacalYear98 
rid 

grade report 

2.13 Is the variable name Salea the same as salea? Why or why not? 

2.14 Refer to the Java primitive data types listed in Table 2-5 for this question. 
a) If a variable needs to hold whole numbers in the range U to 6,000, what prim­

itive data type would be best? 
b| If a variable needs to hold whole numbers in the range -40,000 to +40,000, 

what primitive data type would be best? 

c) Which of the following literals use more memory? 22.1 or 22. IP? 

2.15 l l o w w o u l d t h c i H i m b c r 6 . i l x I01 he represented in I ; notation? 

2.16 A program declares a f loa t variable named number, and the following statement 
causes an error. What can be done to fix the error? 

number • 7.4; 

2.17 What values can boolean variables hold? 

2.18 Write statements that do the follow nig: 
a) Declare a char variable named le t te r . 
b) Assign the letter A to the l e t t e r variable. 
c) Display the contents of the Letter variable. 

2.19 What are the Unicode c o d a for the characters C V F ' , and W"? (You may need to 
refer to Appendix B on the book's companion Web site, at www.pcarsonhighcrcd. 
com/gaddis.) 

2.20 Which is a character literal, ' B ' or -B-? 

2.21 What is wrong with the following statement? 

char le t ter - "Z": 

2.5 Arithmetic Operators 

-i CONCEPT: There arc many operators for manipulating numeric values and 
performing arithmetic operations. 

http://niyprugrjmmingljb.com
http://llowwouldthciHimbcr6.il
http://www.pcarsonhighcrcd
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VKfcoNoi* 

Simple Math 
Expressions 

Java offers A multitude of operators for manipulating data. Generally, rlicrc arc three types 
of operators: unary ^ binary t and ternary. These terms reflect the number of operands an 
operator requires. 

Unary operators require only a single operand. For example, consider the following expression: 

-5 

Of course, vvc understand this represents the value negative five. Vtc can also apply the 
operator to a variable, as follows: 

-number 

This expression gives the negative of the value stored in number. The minus sign, when used 
this way, is called the negation operator. Because it requires only one operand, it is a unary 
operator. 

Binary operators work with two operands. The assignment operator is in this category. 
Ternary operators, as you may have guessed, require three operands. Java has only one ter­
nary operator, winch is discussed in Chapter 3, 

Arithmetic operations are very common in programming. Table 2-7 shows the arithmetic 
operators in Java, 

Table 2-7 Arithmetic operators 

Operator 

* 

-

• 

/ 

I 

Meaning 

Addition 

Subtraction 

Multiplication 

Division 

Modulus 

Type 

Binary 

Binary 

Binan 

Binary 

Binarv 

Example 

t o t a l - co f t • tax; 

cost • t o t a l - tax; 

tax - coat * ra te ; 

salePricc - o r i g i na l / 2 ; 

remainder » value 1 3; 

Each of these operators works as you probably expect. The addition operator returns the 
sum ot its two operands. Here are some example statements that use the addition operator: 

amount • 4 + 8; 
t o t a l • price + tax; 
number • number + 1; 

/ / Assigns 12 t o amount 
/ / Assigns pr ice + tax to to t a l 
/ / Assigns number + 1 to number 

The subtraction operator returns the value ot its n^lu operand subtracted from its left oper­
and, I Icrc are some examples: 

temperature • 112 - 14; 
sale • price - discount; 
number • number - 1; 

/ / Assigns 98 t o temperature 
/ / Assigns pr ice - discount to sale 
/ / Assigns number - 1 to number 

The multiplication operator returns the product of its two operands. I lere are some examples: 

markup - 12 * 0.25; / / Assigns 3 t o markup 
commission - sales # percent; / / Assigns sa les * percent to commission 
population • population # 2; / / Assigns population * 2 to population 
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The division operator returns the quotient of its left operand divided by its right operand. 
I terc are some examples: 

points - 100 / 20; 
teams • players / maxEach; 
half • number / 2; 

/ / Assigns 5 t o points 
/ / Assigns players / maxEach to teams 
/ / Assigns number / 2 to half 

The modulus operator returns the remainder of a division operation involving two integers. 
The following statement assigns 2 to leftover: 

leftover - 17 % 3; 

Situations arise where you need to get the remainder of a division. Computations that detect 
odd numbers or arc required to determine how many items are left over after division use 
the modulus operator 

The program in Code Listing 2-17 demonstrates some of these operators used in a simple 
payroll calculation. 

Code Listing 2-17 (Wages. Java) 

J 

\ 

•i 

•• 

6 

J 

B 

9 

0 

l 

2 

1 
* 

5 
16 

n 
18 
19 
20 
2] 

II Thii program ca lcula tes hourly wages plus overtime, 

public claaa Wagea 

I 
public a t a t i c void nain(Str ing[] args) 
( 

7 
8 
9 

10 
11 
12 
13 
14 
15 

double regularWagea; / / 
double baaePay - 25; / / 
double regularHours - 40; / / 
double overtiroeWagea; / / 
double overtimePay - 37.S; / / 
double overtimeHours - 10; / / 
double totalWages; / / 

regularWagea • baaePay • regu 

The calculated regular wages. 
The base pay r a t e . 
The houra worked leaa overtime. 
Overtine wagea 
Overtiae pay ra te 
Overtiat houra worked 
Total wagea 

rHoura; 
overtimeWages • overtimePay • overtiaeHours; 
totalWages • regularWagea + overtiaeWages; 
System.out.printing "Wages for t h i s week are S" * 

totalWages); 

) 

Program Output 

Wages for t h i s week are $1375.0 

t ode I i sting 1 \ \ a leu lates rhc total \v ages an hotirK pi J worker earned in one W€tk< 
As mentioned in the comments there arc variables for regular wages, base pay rate, regu­
lar hours worked, overtime wages overtime pay rate, overtime hours worked* and total 
wages. 



2,5 Arithmetic Operators 57 

Line 15 in the program multiplies basePay times regularHours and stores the result, which 
is 1000, in regularWages: 

regularWages - baseFay * regularHours; 

1 inc 16 multiplies overtiaePay times overti»eHours and stores the result, which is 375, in 
overtimeWagea: 

overtimeWages • overtimePay * overtineHours; 

l ine 17 adds the regular wages and the overtime wages and stores the result, 1375, in 
totalWages: 

totalWagea • regularWages + overtineWages; 

The pr in t ln statement in lines 18 and 19 displays the message on the screen reporting the 
week's wages. 

Integer Division 
When both operands of the division operator are integers, the operator will perform integer 
division. This means the result of the division will be an integer as well. If there is a remain­
der, it will be discarded. For example, look at the following code: 

doable number; 
number " 5 / 2 ; 

lhis code divides 5 b\ 2 and assigns the result :<» tin B0ftb<M \anaMi\ What valiu will bl 
stored in number? You would probably assume that 2.5 would be stored in number because 
that is the result your calculator shows when you divide 5 by 2. However, that is not what 
happens when the previous Java code is executed. Because the numbers 5 and 2 are both 
integers, the fractional part of the result will be thrown away, or truncated* As a result, the 
value 2 will be assigned to the number variable. 

In the previous code, it doesn't matter that number is declared as a double because the frac­
tional part of the result is discarded before the assignment takes place. In order for a divi­
sion operation to return a floating-point value, one of the operands must be of a 
floating-point data type. For example, the previous code could be written as follows: 

double number; 
number • 5.0 / 2; 

In this code, 5.0 is treated as a floating-point number, so the division operation will return 
a floating-point number. The result of the division is 2.5. 

Operator Precedence 
It is possible to build mathematical expressions with several operators. The following state­
ment assigns the sum of 17, x, 21 , and y to the variable answer: 

answer • 17 + x + 21 + y; 

Some expressions are not that straightforward, however. Consider the following statement: 

outcome - 1 2 + 6 / 3 ; 
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What value wi l l be stored in outcome? The 6 is used as an operand for both the addition and 
division operators. The outcome variable could be assigned cither 6 or 14, depending on 
when the division takes place. The answer is 14 because the division operator has higher 
precedence than the addition operator. 

Mathematical expressions are evaluated from left to right. When two operators share an 
operand, the operator with the highest precedence works first. Multiplication and division 
have higher precedence than addition and subtraction, so the statement above works like this: 

L 6 is Jivided by 1, yielding a result of 2 
2> 12 is added to 2, yielding a result of 14 

It could be diagrammed as shown in Figure 2-5. 

Figure 2-5 Precedence illustrated 

outcome - 12 • 6 / 3 

IV 
outcom* - 12 • 2, 

: 
outcome - 14 

Tabic 2-8 shows the precedence of the arithmetic operators. The operators at the top of the 
tabic have higher precedence than the ones below them. 

Tabic 2-8 Precedence of arithmetic operators (hiqhest to lowest) 

Highest Precedence » - (unary negation) 

• / % 

Lowest Precedence • • -

The multiplication, division, and modulus operators have the same precedence. The addi­
tion and subtraction operators have the same precedence. If two operators sharing an 
operand have the same precedence, they work according to their associativity. Associativity-
is cither left to right or right to left. Table 2-9 shows the arithmetic operators and their 
associativity. 

Table 2-9 Associativity ot arithmetic operators 

Operator Associativity 

- (unary negation) Right to left 

* / * Left to right 

+ - Left to right 
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Tabic 2-10 shows some expressions and their values. 

Table 2-10 Some expressions and their values 

Expression 

5 * 2 - 4 

1 0 / 2 - 3 

8 • 12 • 2 - 4 

4 + 17 I 2 - 1 

6 - 3 - 2 * 7 - 1 

Value 

13 

a 
28 

4 

6 

Grouping with Parentheses 
Parts of a mathematical expression may be grouped with parentheses to tone sonic operations 
to be performed before others. In the statement below, the sum of a, b, c, and d is divided by 4.0. 

average " ( a * b + c + d ) / 4.0; 

Without the parentheses, however, d would be divided by 4 and the result added to a, b, 
and c. Table 2-1 I shows more expressions and their values. 

Tabic 2-11 More expressions and their values 

Expression 

(5 • 2) • 4 

10 / (5 - 3) 

8 • 12 • (6 - 2) 

(4 + 17) % 2 - 1 

(6 - 3) • (2 • 7) / 3 

Value 

21 

5 

56 

0 

9 

& In the Spotlight: 
Calculating Percentages and Discounts 

Determining percentages is a common calculation in computer programming. Although 
the % symbol is used in general mathematics to indicate a percentage, most programming 
languages (including Java) do not use the % symbol for this purpose. In a program, you 
have to convert a percentage to a floating-point number, just as you would if you were 
using a calculator. l:or example, 50 percent would be written as 0.5 and 2 percent would 
be written as 0.02. 

Let's look at an example. Suppose you earn $6,000 per month and you are allowed to 
contribute a portion of your gross monthly pay to a retirement plan. You want to determine 
the amount of your pay that will go into the plan if you contribute 5 percent, 8 percent, or 
10 percent of your gross wages. To make this determination you write a program like the 
one shown in (."ode Listing 2-18. 
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Code Listing 2-18 ( C o n t r i b u t i o n . J a v a ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 

II 
19 
20 
21 
22 
23 
24 
25 
26 
27 
21 
29 
30 
31 
32 

/ / This program ca lcula tes the amount of pay tha t 
/ / wil l be contributed to a retirement plan if 5%, 
/ / 8%, or 10% of monthly pay i s withheld. 

public c lass Contribution 

< 

public s t a t i c void main(String[] args) 

i 
II Variables to hold the monthly pay and 
/ / the amount of contr ibut ion, 
double monthlyPay - 6000.0; 
double contr ibut ion; 

/ / Calculate and display a 5t contr ibut ion, 
contribution - monthlyPay • 0.05; 
System.out.println("5 percent i s S" • 

contribution • 
• per month.")j 

/ / Calculate and display an 81 contribution. 
contribution - monthlyPay • 0.08; 
System.out.println("8 percent i s 5" • 

contribution • 
" per month.") | 

/ / Calculate and display a 101 contribution, 
contribution - monthlyPay • 0 . 1 ; 
System.out.println("10 percent i s S" • 

contribution • 
• per month."); 

Program Output 

5 percent i s S300.0 per month. 
8 percent i s S480.0 per month. 
10 percent i s S600.0 per month. 

Lines 11 and 12 declare two variables: monthlyPay and contribution. The monthlyPay vari­
able, which is initialized with the value 6000.0, holds the amount of your monthly pay. The 
contribution variable will hold the amouni of a contribution to the retirement plan. 

The statements in lines 15 through 18 calculate and display 5 percent of the monthly pay. 
The calculation is done in line 15, where the monthlyPay variable is multiplied by 0.05. The 
result is assigned to the contribution variable, which is then displayed by the statement in 
lines 16 through 18. 
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Similar steps arc taken in lines 21 through 24, which calculate and display 8 percent of the 
monthly pay, and lines 27 through 30, which calculate and display 10 percent of the 
monthly pay. 

Calculating a Percentage Discount 

Another common calculation is determining a percentage discount. Tor example, suppose i 
retail business sells an item that is regularly priced at $59, and is planning to have a sale 
where the item s price will he reduced by 20 percent. You have been asked to write a pro­
gram to calculate the sale price of the item. 

To determine the sale price you perform two calculations: 

• F ind you get the amount of rhc discount, which is 20 percent of the item's regular 
price. 

• Second, you subtract the discount amount from the item's regular price. This gives you 
the sale price. 

(ode Listing 2-19 shows how this is done in Java. 

Code Listing 2-19 ( D i s c o u n t . Java) 

/ / Thii program ca lcu la t e ! the ia lc price of an 
/ / item that i i regularly priced a t $59, with 
/ / a 20 percent discount subtracted. 

publ ic class Discount 

{ 

public s t a t i c void main(String[] args) 

i 
II Variables to hold the regular pr ice , the 
/ / amount of a discount, and the sale price* 
double regularPrice • 59.0; 
double discount; 
double sa lePr ice ; 

/ / Calculate the amount of a 20% discount* 
discount • regularPrice * 0 .2; 

/ / Calculate the sale price by subtracting 
/ / the discount from the regular pr ice . 
salePrice • regularPrice - discount; 

/ / Display the r e s u l t s . 
System.out.println("Regular p r i ce : $' + regularPrice}; 
System.out.println("Discount amount $' + discount); 
System.out.println("Sale p r i ce : $' • sa lePr ice) ; 
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Program Output 

Regular price: $59.0 
Discount amount $11.8 
Sale price: $47.2 

lines II through 13 declare three variables. The re^ularPrice variable holds the item's regu­
lar price, and is initialized with the value 59.0. The discount variable will hold the amount of 
the discount once it is calculated. The salePrice variable will hold the item's sale price. 

Line 16 calculates the amount of the 20 percent discount by multiplying regularPrice by 
0.2. The result is stored in the discount variable. Line 20 calculates the sale price by sub­
tracting discount from regularPrice. The result is stored in the salePrice variable. The 
statements in lines 23 through 25 display the items regular price* the amount of the dis­
count, and the sale price. 

The Math Class 
The Java AIM provides a class named Hath, which contains numerous methods that are use­
ful for performing complex mathematical operations. In this section we will briefly look at 
the Math.pow and Math.sqrt methods. 

The Math. pow Method 

In Java, raising a number to a power requires the Hath.pow method. I lere is an example of 
how the Hath.pow method is used: 

result - Math.powH.O, 2*0); 

I lie method takes two double arguments. It raises the first argument to the power of the 
second argument, and returns the result as a double. In this example, 4.0 is raised to the 
power of 2.0. This statement is equivalent to the following algebraic statement; 

result = 42 

I lere is another example of a statement using the Math.pow method. It assigns 1 times 61 to x: 

x - 3 * Mat.h.pow<6.0, 3*0); 

And the following statement displays the value of 5 raised to the power of 4: 

System.out.println(Math.pow(5• <), 4.0)); 

The Math. s q r t Method 

The Math.sqrt method accepts a double value as its argument and returns the square root 
ot the value. I lere is an example of how the method is used: 

result - Math.sqrt(9.0); 

In this example the value 9.0 is passed as an argument to the Math.sqrt method.The method 
will return the square root of 9.0, which is assigned to the result variable. The following 
statement shows another example. In this statement the square root of 25.0 (which is 5.0) 
is displayed on the screen: 

System.out.println(Math.sqrt(25,0)); 
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< * 

For more information about the Math class, see AppenJix <i, available on the book's com­
panion Web sue at w ww. pea r\on high crcd.com/gadJis. 

Checkpoint 

MyPro|r*mminj[l.«b* wwiv.myprti^rjmmnifiUbxom 

2.22 Complete the following tabic by writ ing the value of each expression in the Value 
column. 

Expression 

6 + 3 * 5 

1 2 / 2 - 4 

9 + 14 * 2 - 6 

5 + 19 % 3 - 1 

(6 + 2) * 3 
14 / {11 - 4) 

9 + 12 * (8 - 3) 

Value 

2.23 Is the division statement in the following code an example of integer division or 
floating-point division? What value will be stored in portion? 

double portion; 
portion a 7 0 / 3 i 

2.6 Combined Assignment Operators 

CONCEPT: The combined assignment operators combine the assignment operator 
with the arithmetic operators. 

Quite often, programs have assignment statements of the following form: 

x - x • 1; 

On the right side of the assignment operator, I is added to x. The result is then assigned to 
x, replacing the value that was previously there. Effectively, this statement adds I to x. Here 
is another example: 

balance - balance • deposit ; 

Assuming that balance and deposi t arc variables, this statement assigns the value of 
balance + deposit to balance. The effect of this statement is that deposit is added to the 
value stored in balance. I lerc is another example: 

balance • balance - withdrawal; 

Assuming that balance and withdrawal are variables, this statement assigns the value of 
balance - withdrawal to balance. The effect of this statement is that withdrawal is sub­
tracted from the value stored in balance. 

http://crcd.com/gadJis
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If you have not seen these types of statements before, they might cause some initial confu­
sion because the same variable name appears on both sides of the assignment operator. 
Table 2-12 shows other examples of statements written this way. 

Table 2-12 Various assignment statements (assume x = 6 in each statement) 

Statement W l u u l l l W Value of x after the Statement 

x - x + 4 ; 

x • x - 3; 

x • x * 10; 

x • x / 2 ; 

x • x % 4 

Adds 4 to x 

Subtracts $ from x 

Multiplies x by 10 

Divides x by 2 

Assigns the remainder of x ' 4 to x 

10 

3 

60 

3 

a 

These types of operations arc common in programming. For convenience, \.i\ i offers a spc-
i i . i l set ol operators JcstgncJ specificall> for these jobs. l.iWc l-\ 1 shows tin- mmbrnvii 
assignment operators, also known as nimfxiuml uperatnrs. 

Table 2-13 Combined assignment operators 

Ope rata 

/ • 

Example Usage 

x • - 5; 

y — 2; 

z • • 10} 

a / - b; 

c »- 3j 

Equivalent To 

x • x • 5» 

y - y - 2 ; 

z - z * 10; 

• • a / b ; 

C • c » 3 ; 

< * 

As you can see, the combined assignment operators do not require the programmer to type 
the variable name twice.The following statement: 

balance • balance * depoait; 

could be rewritten as 

balance +• deposit ; 

Similarly, the statement 

balance - balance - withdrawal; 

could be rewritten as 

balance - - withdrawal; 

Checkpoint 

MyProjrammirgUb* wivw.myprogrjmminghhxom 

2.24 Write statements using combined assignment operators to perform the following: 
a) Add 6 to x 
b) Subtract 4 from amount 

http://ii.il
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c) Mult iply y by 4 
d) Divide t o t a l by 27 
e) Store in x the remainder of x divided by 7 

Conversion between Primitive Data Types 

CONCEPT: Before a value can be stored in a variable, the value'1, data type must be 
compatible with the variable's data type. Java performs some conversions 
between data types automatically, but does not automatically perform any 
conversion thai can result in (he loss of data. Java also follows a set of 
rules when evaluating arithmetic expressions containing mixed data types. 

Java is a strtmgly typed language. This means that before a value is assigned to a variable, 
Java checks the data types of the variable and the value being assigned to it to determine 
whether they arc compatible. For example, look at the following statements: 

int x; 
double y 
x - y; 

- 2.5; 

The assignment statement is attempting to store a double value (2.5) in an i n t variable. 
When the Java compiler encounters this line of code, it wi l l respond with an error message. 
(The Sun JDK displays the message "possible loss of precision.") 

Not .ill assignment statements that mix data types are rejected by the compiler, however. 
Tor instance, look at the following program segment: 

int x; 
short y 
x - y; 

• 2; 

This assignment statement, which stores a ihor t in an i n t , will work with no problems. So 
why docs Java permit a ihor t to be stored in an i n t , but does not permit a double to be 
stored in an int? The obvious reason is that a double can store fractional numbers and can 
hold values much larger than an i n t can hold. If Java were to permit a double to be assigned 
to an i n t , a loss of data would be likely. 

Just like officers in the military, the primitive data types are ranked. One data type outranks 
another if it can hold a larger number. Tor example, a f l o a t outranks an i n t , and an i n t 
outranks a short . Figure 2-6 shows the numeric data types in order of their rank. The 
higher a data type appears in the list, the higher is its rank. 

Figure 2-6 Primitive data type ranking 

double 
float 
long 
i n t 
short 
byte 

Highest Rank 
A 
T 
1 

Lowest Rank 
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In assignment statements where values of lower-ranked data types arc stored in variables of 
higher-ranked data types* Java automatically converts the lower-ranked value to the higher-
ranked type. This is called a widening conversion. For example, the following code demonstrates 
a widening conversion, which takes place when an int value is stored in a double variable: 

double x; 
int y - 10; 
x - y; / / Performs a widening conversion 

A furrowing conversion is the conversion of a value to a lower-ranked type- For example, 
converting a double to an int would be a narrowing conversion. Because narrowing con­
versions can potentially cause a loss of data, Java docs not automatically perform them. 

Cast Operators 

The cast operator lets you manually convert a value, even if it means that a narrowing 
conversion will take place. Cast operators arc unary operators that appear as a data type 
name enclosed in a set of parentheses. I he operator precedes the value being converted. 
I lere is an example: 

x • (int)numbcr; 

I he i isi opcraioi in this statement is the word int inside the parentheses, h returns the 
value in number, converted co an int. This converted value is then stored in x. If number 
were a floating-point variable, such as a float or a double, the value that is returned would 
be truncated* which means the fractional part of the number is lost. The original value in 
the number variable is not changed, however. 

Tabic 2-14 shows several statements using cast operators. 

Table 2-14 Example uses of cast operators 

Statement 

littleNum - (ahort)bigNum; 

x • {iong)3.7; 

number - (int)72.567; 

value - (float)x; 

value - (byte)number; 

Description 

I he cast operator returns the value in bigNum, converted to a 
short. The converted value is assigned to the variable littleNum. 

The cast operator is applied to the expression 3.7. The operator 
returns the value J, which is assigned to the variable x. 

I he cast operator is applied to the expression 72.567. I he opera 
tor returns 72, which is used to initialize the variable number. 

The cast operator returns the value in x, converted to a float. 
The converted value is assigned to the variable value. 

The cast operator returns the value in number, converted to a 
byte. The converted value is assigned to the variable value. 

Note that when a cast operator is applied to a variable, it does not change the contents of 
the variable. It only returns the value stored in the variable, converted to the specified data 
type-
Recall from our earlier discussion that when both operands of a division are integers, the 
operation will result in integer division. This means that the result of the division will be 



2.7 Conversion between Primitive Data Types 67 

.in integer, with any fractional part of the result thrown away. For example, look at the 
following code: 

int pies • 10, people • 4; 
double piesPerPerson; 
piesPerPeraon - pies / people; 

Although 10 divided by 4 is 2.5, this code wi l l store 2 in the piesPerPerson variable. Itci ausc 
both pies and people are i n t variables, the result wi l l bean in t ,and the fractional pare wi l l 
be thrown away. We can modify the code with a cast operator, however, so it gives the cor­
rect result as a floating-point value: 

piesPerPerson - (double)pies / people; 

Ihc variable pies is an i n t and holds the value 10. The expression (double)pies returns the 
value in pies converted to a double. This means that one of die division operator's operands 
is a double, so the result of the division wi l l be a double. The statement could also have been 
written as follows: 

piesPerPerson - pies / (double)people; 

In this statement, the cast operator returns the value of the people variable converted to a 
double. In either statement, the result of the division is a double. 

D W A R N I N G ! I he i .ut operator can be applied to an entire expression enclosed in 
parentheses* For example* l«>ok at the following statement: 

piesPerPerson • ( d o u b l e ) ( p i e * / p e o p l e ) ; 

This statement docs not convert the value in p i ts or people to a double, but converts the 
result of the expression pies / people. If this statement were used* an integer division opera­
tion would still have been performed. I lere's why: "Hie result of the expression p ie i / people 
is 2 (because integer division takes place). The value 2 converted to a double is 2.0. To prevent 
the integer division from taking place, one of the operands must be converted to a double. 

Mixed Integer Operations 
One of the nuances of the Java language is the way it internally handles arithmetic opera-
tions on i n t , byte, and short variables. When values of the byte or short data types are used 
in arithmetic expressions, they are temporarily converted to i n t values. The result of an 
arithmetic operation using only a mixture of byte, short, or i n t values will always be an i n t . 

Tor example, assume that b and c in the following expression ATC short variables: 

b + c 

Although both b and c are short variables, the result of the expression b + c is an in t . This 
means that when the result of such an expression is stored in a variable, the variable must 
be an i n t or higher data type. For example, look at the following code: 

short firstNunber • 10, 
secondNuinber • 20, 
thirdNumber; 
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/ / The following statement causes an e r ro r ! 
thirdNumber - firatNumber + secondNumber; 

When this code is compiled, the following statement causes an error: 

thirdNumber - firatNumber • secondNuaber; 

The error results from the fact that thirdNunber is a short . Although firatNumber and 
secondNumbor are also short variables, the expression firatNumber * sccondNumber results 
in an int value. The program can be corrected if thirdNumber is declared as an int , or if a 
cast operator is used in the assignment statement, as shown here: 

thirdNumber - (short)(firstNumber • sccondNumber); 

Other Mixed Mathemat ical Expressions 
In situations where a mathematical expression has one or more values of the double, f loat, 
or long data types, Java strives to convert all of the operands in the expression to the same 
data type* l e t s look at the specific rules that govern evaluation of these types of expressions. 

1. If one of an operator's operands is a double, the value of the other operand will be 
converted to a double- The result of the expression will be a double. For example, in the 
following statement assume that b is a double and c is an int: 

a - b • c; 

The value in c will be converted to a double prior to the addition. The result ot the 
addition will be a double, so the variable a must also be a double. 

2. If one of an operator*s operands is a f loat, the value of the other operand will be con­
verted to a f loat . The result of the expression will be a f loat . For example, in the 
following statement assume that x is a short and y is a f loat: 

2 - x * y ; 

The value in x will be converted to a float prior to the multiplication. Hie result of the 
multiplication will W A float, s<> the variable .: THUS; also he cithci a double or a float. 

3. If one of an operator's operands is a long, the value of the other operand will be con­
verted to a long. The result of the expression will be a long. For example* in the fol­
lowing statement assume that a is a long and b is a short: 

c • a - b ; 

I he variable b will be converted EO i Loog prior :•» the subtraction. I lu result ot the 
subtraction will be a long, so the variable c must also be a long, float, or double. 

Checkpoint 
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2.25 The following declaration appears in a program: 

abort totalFay, baseFay - 500, bonus • 1000; 

The following statement appears in the same program: 

totalPay - basePay * bonus; 

a) Will the statement compile properly or cause an error? 
b | If the statement causes an error, why? Mow can you fix it? 

< * 
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2.26 The variable * is a f l oa t and the variable b is a double. Write a statement that wi l l 
assign the value of b to a without causing an error when the program is compiled. 

2.8 Creating Named Constants with f i n a l 

CONCEPT: The f i n a l kev word can he used in a variable declaration to make the 
variable a named constant. Named constants arc initialized with a value, 
and that value cannot change during the execution of the program, 

Assume that the following statement appears in a banking program char calculates data 
pertaining to loans: 

amount - balance * 0.069; 

In such a program, two potential problems arise. Hirst, it is not clear to anyone other than 
the original programmer what 0.069 is. It appears to be an interest rate, but in some situa­
tions there arc fees associated with loan payments. I low can the purpose of tins statement 
be determined without painstakingly checking the rest of the program? 

The second problem occurs if this number is used tn other calculations throughout the pro­
gram and must be changed periodically. Assuming the number is an interest rate, what if the 
rate changes from 6.9 percent to 8.2 percent? The programmer would have to search 
through the source code for every occurrence of the number. 

Itoth ol these problems can be addressed b> using named constants, \ njmat tumhmt is a 
variable whose value \\ ri\\x\ only and cannot be changed during the program's execution, 
You can create such a variable in Java by using the f i n a l key word in the variable declara­
tion. The word f i n a l is written |nst before the data type. I lere is an example: 

f inal double INTERESTJIATE - 0.069; 

This statement looks just like a regular variable declaration except that the word f i n a l 
appears before the data type, and the variable name is written in all uppercase letters. It is 
not required that the variable name appear in all uppercase letters, but many programmers 
prefer to write them this way so they are easily distinguishable from regular variable names. 

An initialization value must be given when declaring a variable with the f i n a l modifier, or 
an error wi l l result when the program is compiled. A compiler error wi l l also result if there 
are any statements in the program that attempt to change the value of a f i n a l variable. 

An advantage of using named constants is that they make programs more self-documenting. 
The following statement: 

amount - balance * 0.069; 

can be changed to read 

amount - balance * INTERESTJIATE; 

A new programmer can read the second statement and know what is happening. It is evident 
that balance is being multiplied by the interest rate. Another advantage to tins approach is that 
widespread changes can easily be made to the program. I r t \ say the interest rate appears in a 
do/en different statements throughout the program. VC'hen the rate changes, the initialization 
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value in the definition of the nameJ constant is the only value that needs to be modified. If the 
rate increases to 8.2 percent, the declaration can be changed to the following: 

f inal double INTEREST_RATE • 0.082; 

The program is then ready to be recompiled. Every* statement that uses INTEREST_RATE wi l l 

use the new value. 

i 

The Math . PI Named Constant 

The Math class, which is pari of ihe Java API, provide* a predefined named constant. 
Math .P I . This constant is assigned the value .1.14159265358979323846, which is an 
approximation of the mathematical value pi . For example, look at the following statement: 

area • Math.PI * radiu* * radius; 

Assuming the radius variable holds the radius of a circle, this statement uses the Hath.PI 
constant to calculate the area of the circle. 

For more information about the Math class, see Appendix G, available on the book's com­

panion Web site at www.pcjrsoiihighered.com/gaddis. 

2.9 The S t r i n g Class 

i CONCEPT: The S t r i n g class allows you to create objects for holding strings, h also 
has various methods that allow you to work with strings. 

You have already encountered strings and examined programs ih.it display them on the 
screen, hut let's take a moment to make sure you understand what a string is, A string is a 
sequence of characters. It can he used to represent any type of data that contains text, such 
.is names, addresses, warning messages, and so forth. String literals arc enclosed in double-
quotation marks, such as the following! 

"Hollo World" 
"Jo« Mahoney" 

Although programs commonly encounter strings and must perform a variety of tasks with 
them, Java docs not have a primitive data type for storing them in memory. Instead, the Java 
API provides a class for handling strings. You use this class to create objects that are capable 
of storing strings and performing operations on them. Before discussing this class, let's 
briefly discuss how classes and objects are related. 

Objects Are Created f r o m Classes 
Chapter I introduced you to objects as software entities that can contain attributes and 
methods. An object's attributes arc data values that arc stored in the object. An object's meth­
ods arc procedures that perform operations on the object's attributes. Before an object can be 
created, however, it must be designed by a programmer. The programmer determines the 
attributes and methods that arc necessary, and then creates a class that describes the object. 

You have already seen classes used as containers for applications. A class can also be used to 
specify the attributes and methods that a particular type of object may have. Think of a class 

http://www.pcjrsoiihighered.com/gaddis
http://ih.it
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as a "blueprint" that objects may be created from. So a class is not an object, but a description 
of an object- When the program is running, it can use the class to create, in memory, as many 
objects as needed. lach object that is created from a class is called an instance of the class. 

<s l T I P : Don't worry if these concepts seem a little fuzzy to you. As you progress through 
this book, the concepts of classes and objects wi l l be reinforced again and again. 

The S t r i n g Class 
The class that is provided by the Java API for handling strings is named Str ing. Ihc first 
step in using the Str ing class is to declare a variable of the Str ing class data type. Mere is 
an example of a Str ing variable declaration: 

St r ing name; 

< $ • 

TIP: The S in s t r i ng is written in an uppercase letter. By convention, the first character 
of a class name is always written in an uppercase letter. 

This statement declares M M as a s t r i ng variable. Remember that Str ing is a class, not a 
primitive data type. Let's briefly look at the difference between primitive type variables and 
class type variables. 

Pr imi t ive Type Variables and Class Type Variables 
A variable of any type can be associated with an item of data. Primitive type ranahles hold 
the actual data items with which they are associated. For example, assume that number is an 
i n t variable. The following statement stores the value 25 in the variable: 

number - 2 5 ; 

This is illustrated in Figure 2*7. 

Figure 2-7 A primitive type variable holds the data with which it is associated 

The number va* aWe holds 
the actual data * th «ticft 
itisassocated 

75 

A class type variable di«s not hold the actual data item that it is associated wi th, but holds 
the memory address of the data item it is associated with. If name is a Str ing class variable, 
then name can hold the memory addre« of a Str ing object. This is illustrated in Figure 2*8. 

Figure 2 8 A s t r i n g class variable can hold the address of a S t r i n g object 

The name variable 
can hold the address 
ol a S t r ing object 

A St r i ng object 

addr«M 
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When a class type variable holds the address of an object, it is said that the variable references 
the object. For this reason, class type variables arc commonly known as reference variables. 

Creating a S t r ing Object 
Any time you write a string literal in your program, Java will create a Str ing object in 
memory to hold it. You can create a Str ing object in memory and store its address in a 
String variable with a simple assignment statement. I lerc is an example: 

name - "Joe Mahoney; 

I lerc, the string literal causes a String object to be created in memory with the value "Joe 
Mahoney" stored in it. Hun the assignment operator fCOTCfl the address of that object in the 
name variable. After this statement executes, it is said that the name variable references a 
String object. This is illustrated in Figure 2-9. 

Figure 2-9 The name variable holds the address of a S t r i n g object 

The nan* vanab 6 
holds lha address 
of a S t r ing ob)od 

. . I IF. 'V, 

A Str ing object 

-»[ *Jo« Mahoney" 

Yon can also use ihc - operator to initialize a String variable, as shown here: 

String name - "Joe Mahoney"; 

This statement declares nam as a Str ing variable, creates a String object with the value 
"Joe Mahoney" stored in it, and assigns the object's memory address to the name variable. 
Code Listing 2-20 shows s t r ing variables being declared, initialized, and then used in a 
pr in t in statement. 

Code Listing 2-20 ( S t r i n g D e m o . J a v a ) 

/ / A simple program demonstrating String objects . 

public c lass StringDemo 

I public s t a t i c void nain(String[ ] 
< 

String greeting • "Good morning, "j 
String name • "Herman-; 

System.out.println(greeting + naae); 

1 1 > 

12 > 

P r o g r a m O u t p u t 

Good morning, Herman 
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Because the string type is a class instead of a primitive data type, it provides numerous 
methods for working with strings. For example, the s t r ing class has a method named 
length that returns the length of the string stored in an object. Assuming the name variable 
references a string object, the following statement stores the length of its string in the vari­
able atringsize (assume that stringSize is an int variable): 

stringSize • name,length)); 

This statement calls the length method of the object that name refers to. To call a method 
means to execute it. The general form of a method call is as follows: 

rcfcrcnceVariablc.acthodt arguments. . .) 

reterenceVariablc is the name of a variable that references an object, method is the 
name of a method, and arguments. . . is zero or more arguments that arc passed to the 
method. If no arguments are passed to the method, as is the case with the length method, a 
set of empty parentheses must follow the name of the method. 

The String class's length method returns an int value. This means that the method sends .in 
int value back to the statement that called it. This value can he stored in a variable, displayed 
on the screen, or used in calculations, (.ode Listing 2-21 demonstrates the length method. 

Code Listing 2-21 ( S t r i n g L a n g t h . J a v a ) 

1 / / Thii program demonstrate! the String claaa'a length 
2 
I public class StringLangth 
4 < 

publ ic s ta t i c void main(Str ing[] args) 
6 
7 

rtbod, 

< 

9 
10 
11 
12 
I I 
14 ) 

String name - "Herman"; 
int stringSize; 

stringSize • name.lengthf); 
System.out.println(name * • has " + stringSize + 

• characters."); 

Program Output 

Herman has 6 characters. 

O NOTE: The String class's length method returns the number of characters in the string. 
including spaces. 

You will study the String class methods in detail in Chapter 9, but let's look at a few more 
examples now. In addition to length. Table 2-15 describes the charAt, toLowerCase, and 
toUpperCase methods. 
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Table 2-15 A few s t r i n g class methods 

Method 

charAt(index) 

length)) 

toLowerCasc( 

toUpperC«c() 

Description and Example 

The argument index is an int value and specifies a character position in ilic 
string. The first character is at position 0, the second character is at position 
I, and so forth. The method returns the character at the specified position. 
The return value is of the type char. 
Example: 

char l e t t e r ; 
String nam - "Herman"; 
l e t t e r - nam.charAt(3); 

After this code executes, the variable l e t t e r will hold the character 'm\ 

This method returns the number ot characters in the string. The return value 
is of the type int . 
Example: 

i n t atr ingSize; 
String name - "Herman"; 
atringSize - name.length|); 

After this code executes, the atringSize variable will hold the value 6. 

I his method returns a new string that is the lowercase equivalent of ilic 
string contained in the calling object. 
Example: 

String bigNane - "HERMAN"; 
String littleName - bigNamc.toLoverCasc)); 

After this code executes, the object referenced by littleName will hold the 
string "hennan*. 

I Ins method returns A new string that is the uppercase equivalent of the 
string contained in the calling object. 
Example: 

String littleName • "herman"; 
String bigName - littleName,toUpperCaae()j 

After this code executes, the object referenced by bigName will hold the string 
-HERMAN*, 

The program in Code Listing 2-22 demonstrates these methods. 

Code Listing 2 2 2 ( S t r i n g M e t h o d s . Java) 

/ / This program demonstrates a few of the String methods, 

public c lass StringMethods 
{ 

public s t a t i c void main(String[] args) 

{ 
String message - "Java i s Great Pun!"; 
String upper - message.toUpperCase(); 
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9 
10 

11 
12 
13 
14 
15 
16 
17 

IB 
19 ; I 

String lower - message.toLowerCase(); 
char l e t t e r • message.charAt(2); 
int s tr ingSize • message-length!); 

System.out-println(message); 
System.out.printIn(upper); 
System.out.println(lower); 
Sys tem.out .p r in t ln ( le t te r ) ; 
System.out .pr int ln(s t r ingSize) ; 

} 

P r o g r a m O u t p u t 

Java 
JAVA 
Java 
i j 
V 

11 

i i 
IS 

i l 

Great Fun! 
GREAT FUN! 
great fun I 

< * 
Checkpoint 

MyfVojr»mmin(Ltb* untuv.myprogrjtntnittghhxom 

2.27 Write a statement chat declares a Str ing variable nanieJ c i t y . I he variable should 
be initialized so ic references an object with the string "San Francisco". 

2.28 Assume that stringLength is an in t variable. Write a statement thai stores the 
length of the string referenced by the c i t y variable (declared in Checkpoint 2.27) 
in stringLength. 

2.29 Assume that oneChar is a char variable. VCViie a statement that stores the first char­
acter in the string referenced by the c i t y variable (declared in Checkpoint 2.27) in 
oneChar. 

2.30 Assume that upperCity is a Str ing reference variable. Write a statement that stores 
the uppercase equivalent of the string referenced by the c i t y variable (declared in 
Checkpoint 2.27) in upperCity. 

2.31 Assume that lowcrCity is a Str ing reference variable. Write a statement that stores 
the lowercase equivalent of the string referenced by the c i t y variable (declared in 
Checkpoint 2.27) in lowerCity. 

2.10 

*L 

Scope 

CONCEPT: A variable's scope is the part of the program that has access to (In­

variable. 

Every variable has a scope. The scope of a variable is the part of the program where the 
variable may be accessed by its name. A variable is visible only to statements inside the 
variable's scope. The rules that define a variable's scope are complex, and you arc only 
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inrroduccd to the concept here. In other chapters of the book we revisit this topic and 
expand on it. 

So far, you have only seen variables declared inside the main method. Variables that are 
declared inside a method are called local variables. Later you will learn about variables 
that arc declared outside a method, but for now, let's focus on the use of local vari-
ablea. 

A local variable's scope begins at the variable's declaration and ends at the end of the 
method in which the variable is declared. The variable cannot be accessed bv statements 
that are outside this region/Mm means that a local variable cannot he accessed hy code that 
is outside the method, or inside the method but before the variable's declaration. The pro­
gram in Code Listing 2-23 shows an example. 

Code Listing 2-23 ( S c o p e . Java) 

/ / This program c a n ' t find i t s var iable . 

public c lass Scope 

i 
public s ta t ic void main(String[) args) 

( 
System.out.println(value); / / ERROR! 

8 int value - 100; 

3 > 
10 > 

The program does not compile because it attempts to send the contents of the variable 
value to pr in t ln before the variable is declared. It is important to remember that the com­
piler reads your program from top to bottom. If it encounters a statement that uses a vari­
able before the variable is declared, an error will result. To correct the program, the variable 
declaration must be written before any statement that uses it. 

o NOTE: 11 you compile this program, the compiler will display an error message such 
as "cannot resolve symbol." This means that the compiler has encountered a name for 
which it cannot determine a meaning. 

Another rule that you must remember about local variables is that you cannot have two 
local variables with the same name in the same scope. For example, look at the following 
method. 

public s t a t i c void main(String[1 args) 

I 
/ / Declare a variable named number and 
/ / display i t s value. 
int number - 7; 
System.out.printIn(number); 
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/ / Declare another variable naned number and 
/ / display i t s value. 
int number - 100; / / ERROR!!! 
System.out.printing number); / / ERROR!!! 

I 
Thi l method declares a variable named niutoer and initializes it with the value 7. The vari­
able's scope begins at the declaration statement and extends to the end of the method. 
Inside the variable's scope a statement appears that declares another variable named number. 
This statement wi l l cause an error because you cannot have two local variables with the 
same name in the same scope. 

2.11 Comments 

CONCEPT: Comments are notes ot explanation that document lines or sections 
of a program. Corn merits arc part of the program, but the compiler 
ignores them. They are intended for people who may he reading the 
source code. 

Comment! are short notes that are placed in different parts of a program, explaining how 
those parts of the program work. Comment* are not intended for the compiler, They arc 
intended for programmers to read, to help them understand the code. The compiler skips all 
of the comments that appear in a program. 

As a beginning programmer, you might resist the idea of wri t ing a lot of comments in 
your programs. After al l , i t s a lot more fun to write code that actually docs something! 
I lowcvcr, it's crucial that you take the extra time to write comments. They wi l l almost 
certainly save you time in the future when you have to modify or debug the program. 
Fvcn large and complex programs can be made easy to read and understand if they arc 
properly commented. 

In |ava there are three types of comments: single-line comments, multiline comments, and 
documentation comments. Let's briefly discuss each type. 

Single-Line Comments 

You have already seen the first way to write comments in a Java program. You simply place 
two forward slashes ( / / ) where you want the comment to begin. The compiler ignores 
everything from that point to the end of the line, (-ode lasting 2-24 shows that comments 
may be placed liberally throughout a program. 

Code Listing 2 24 (Comment 1 . Java ) 

1 / / PROGRAM: Commentl.Java 
2 II Written by Herbert Dorfmann 
1 II This program calculates company payroll 
4 
5 public c lass Commentl 
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6 < 
•1 i 

8 
9 

10 
11 
12 
13 
14 

15 > 

public s t a t i c void main(String[] args) 

t 

> 

double payRate; / / Holds the hourly pay ra te 
double hours; / / Holds the hours worked 
int employeeNumber; / / Holds the employee number 

/ / The Remainder of This Program i s Omitted. 

In addition to telling who wrote the program and describing the purpose of variables, com­
ments can also lx* used to explain complex procedures in your code. 

MultMlne Comments 

The second type of comment in Java is the multi-line comment. Muttt-hw nmments start 
with /* (a forward slash followed by an asterisk) and end with */ (an asterisk followed by 
a forward slash). I vcmhmg between these markers is ignored. Code Listing 2-25 illustrates 
how nuiln-line comments mav be used. 

Code Listing 2-25 (Comment2 . Java ) 

1 / • 
2 PROGRAM: C o m m e n t * . J a v a 

3 Written by Herbert Dorfmann 
This program ca lcula tes company payroll 

*/ 

6 
public c l a s s Comment2 

B { 
' public s t a t i c void main(String[ | args) 

0 < 
double payRate; / / Holda the hourly pay rate 
double hours; / / Holds the hours worked 
int employeeNumber; / / Holds the enployee number 

/ / The Remainder of This Program i s Omitted. 
> 

> 

Unlike a comment started with / / , a multi-line comment can span several lines. This 
makes it more convenient to write large blocks of comments because you do not have 
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to mark every line. Consequently, the multi- l ine comment is inconvenient for wr i t ing 
single-line comments because you must type both a beginning and an ending comment 
symbol. 

Remember the following advice when using multi-line comments: 

• IW careful not to reverse the beginning symbol with the ending symbol. 
• Be sure not to forget the ending symbol. 

Many programmers use asterisk* or other characters to draw borders or boxes arounJ their 
comments. I his helps ;o MMI . I IK separate the comments Mom surrounding code. I hese are 
called block comments. Table 2-16 shows four examples of block comments. 

Tabic 2-16 Block comment* 

/ 

• This program demonstrates tha 
• way to write comments. 

iiiilllllllllllllllllllilllllllHIII 

H This program demonstrates the 

/ / way to write comments. 

I l l l l l i i i i i i i i i i i i i i i i i i l l l l l l l l l l l l 

II 

II 

This program demonstrates the * 

way to write comments. * 

II 

II 

//— 

This program demonstrates the 

way to write comments. 

Documentat ion Comments 

I he third [ypc ol comment is known ,is A documentation icininicm, Doatmottation ami 
mtttts can be read and processed by a program named ;avadoc, which comes with the Sun 
JDK. The purpose of the Javadoc program is to read Java source code files and generate 
attractively formatted I I T M I - files that document the source code. If the source code files 
contain any documentation comments, the information in the comments becomes part ol 
the H T M L documentation. The H T M L documentation files mav be viewed in a Web 
browser. 

Any comment that starts wi th / • • and ends wi th • / is considered a documentation 
comment. Normal ly you write a documentation comment just before a class header, 
giving a brief description of the class. You also wri te a documentation comment juit 
before each method header, giving a brief description of the method. For example, 
Code Listing 2-26 shows a program with documentation comments. This program has 
• documentation comment just before the class header, and just before the main method 
header. 
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C o d e L i s t i n g 2 - 2 6 ( C o m m e n t 3 . J a v a ) 

1 

2 

i 

A 
5 

6 

B 

9 

10 

11 

12 

; I 

15 

17 

LB 
• '.' 

This c lass c rea tes a program chat ca l cu la tes company p a y r o l l , 

7 

public c l a s s Comments 

< 

The main method i s the program's s t a r t ing point 
•/ 

pub l i c s t a t i c vo id m a i n ( S t r i n g ( | args) 

\ 

double payRate; 
double hours; 
int employeeNumber; 

/ / Holds the hour ly pay ra te 

/ / Holds the hours worked 

/ / Holds the eaployee number 

/ / The Remainder of This Program i s Oautted. 

I 

You run the Javadoc program f rom the operating cyttem command prompt . I Icrc is the 

m-iu-r.il form.K of the javadoc command: 

javadoc SourceFiJe.Java 

S o u r c e F i J • . J a v a is the name of a Java source code f i le, including the .Java extension. The 

file wi l l be read by javadoc and documentat ion w i l l be produced for it. For example, the 

fo l lowing command w i l l produce documentation for the Comment!.Java source code f i le, 

which is shown in Code Listing 2-26: 

javadoc Comment3.Java 

After this command executes, several documentation files wi l l be created in the same direc­

tory as the source code f i le. One o f these files w i l l be named imiex.html. Figure 2-10 shows 

the iniivx.blml file being viewed in a Web browser. Notice that the text that was writ ten in 

the documentation comments appears in the f i le. 

< » 

T I P : When you wr i te a documentat ion comment for a method, the H T M L documenta­
t ion file that is produced by javadoc wi l l have two sections for the method: a summary 
section and a detail section.The first sentence in the methods documentation comment is 
used as the summary of the method- Note that javadoc considers the end of the sentence 
as a period fo l lowed by a whitcspace character. For this reason, when a method descrip­
t ion contains more than one sentence, you should always end the first sentence wi th a 
period fo l lowed by a whitcspace character. The method's detai l section w i l l contain all o f 
the description that appears in the documentation comment. 
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Figure 2-10 Documentation generated by j avadoc 

4- C<K 

All Clitt«t Trtt Dtpf tcattd Intftx 
0 > M »»(ATCWli 

Class Comment3 

TIM cLm vi*«if» Apvofm fc* <jkO*trt | 

Constructor SiMMan 
n 

Method Summary 
r ^ l * v*H 

Nl .t 

If you look at the JDK documentat ion, which arc H T M L files that you view in a Web 
browser, you w i l l sec that they arc formatted tn the same way as the files generated 
by javadoc. A benefit of using Javadoc to document your source code is that your 
documentation wi l l have the same professional look and feel as the standard Java 
documentation. 

Ffom this point forward in the book, wc will use documentation comments in the example 
source code. As we progress through various topics, you will see additional uses of docu­
mentation comments and the javadoc program. 

< * 
Checkpoint 

MyProtramnurtjUtT WU'tV.myprogrjttimhtgbb.Com 

2.32 I low do you write a single line comment? I low do you write a multi-line comment? 
I low do you write a documentation comment? 

2.33 I low arc documentation comments different from other types of comments? 
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2.12 Programming Style 

-i CONCEPT: Programming style refers to the was a programmer uses spaces, 
indentations, blank lines, and punctuation characters to visually arrange a 
program s source code. 

In Chapter I, you learned that syntax rules govern the way a language may be used. The 
syntax rules of Java dictate how and where to place key words semicolons, commas, braces, 
and other elements of the language. The compiler checks for syntax errors, and if there arc 
none, generates byte code. 

When the compiler reads a program it processes it as one long stream of characters. The 
compiler doesn't care that each statement is on a separate line, or that spaces separate 
operators from operands. I lumans,on the other hand, find it difficult to read programs that 
aren't written in a visually pleasing manner Consider Code Listing 2-27 for example, 

Code Listing 2 2 7 (Compact . J a v a ) 

1 public c l a n Compact {public i t a t i c void u i n J S t r i n g | ] a rgs) ( in t 
2 shares-220; double averagePrice-14.67; Systea.out .pr int lnf 
3 "There ware "*sharea*" aharaa sold a t S*+averagePrice+ 

. 4 • par share.");>> 

Program Output 

Thara were 220 iharei sold a t $14.67 per share. 

Although the program is syntactically correct (it doesn't violate any rules of Java), it is very 
difficult to read. The same program is shown in Code Listing 2-28, written in a more under­
standable style. 

Code Listing 2-28 ( R e a d a b l e . J a v a ) 

1 / • • 
2 This example i s much more readable than Coapact.Java. 
3 • / 
4 
5 public c lass Readable 

6 { 

public s t a t i c void main(String[ ] args) 
8 * 
9 int shares - 220; 

10 double averagePrice - 14*67; 
11 
12 System.out.printIn("There were • # shares # 
13 • shares sold a t $- + 
14 averagePrice + " per sha re . " ) ; 



2.12 Programming Style *U 

15 } 
16 } 

Program Output 

There were 220 shares sold a t $14.67 per share 

The term programming style usually refers to the way source code is visually arranged. It 
includes techniques for consistently putting spaces and indentations in a program so visual 
cues arc crcared. These cues quickly tell a programmer important information about a pro­
gram. 

For example, notice in Code Listing 2-28 that inside the class's braces each line is indented, 
and inside the main method's braces each line is indented again. It is a common program­
ming style CO indent all the lines inside a set of braces, as shown in Figure 2*11. 

Figure 2-11 Indentation 

This «x*mpi* !• nu?h mow madabl* than Coopftrt.java 

public e l m Y«4d*blft 

^^ItkibUt: atatio void waitUfcrlogll *I*J*I 

i^F a^F u u - I )UI«I - 220/ 

/ « " • « 

5S 
: pi in?Ln *Th«r* wmrm * • aharaa * 

-JJftJ^J' an*i*a told «t I* 

Another aspect ut programming style is how to handle statements that are too long to fit on 
one line. Notice that the pr in t ln statement is spread out over three lines. F.xtra spaces arc 
inserted at the beginning of the statement's second and third lines, w huh indicate that they 
are continuations. 

When declaring multiple variables of the same type with a single statement, it is a common 
practice to write each variable name on a separate line with a comment explaining the 
variable's purpose. I Icre is an example: 

int fahrenheit , 
ce l s ius , 
kelvin; 

/ / To hold the Fahrenheit temperature 
/ / To hold the Celsius temperature 
/ / To hold the Kelvin teaperature 

You may have noticed in the example programs that a blank line is inserted between the 
variable declarations and the statements that follow them. This is intended to separate the 
declarations visually from the executable statements. 

There are many other issues related to programming style. They will be presented through­
out ihc book. 
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2*13 Reading Keyboard Input 

1— CONCEPT; Objects of the S c a n n e r class can he used to read input from the keyboard. 

Previously we discussed the System.out object, and how it refers to the standard output 
device- The Java API has another object, System.in, which refers to the standard input 
device. The standard input device is normally the keyboard. You can use the System.in 
object to read keystrokes that have been typed at the keyboard. However, using System.in 
is not as simple and straightforward as using System.out because the System,in object 
reads input only as byte values. This isn't vers' useful because programs normally require 
values ot other data types as input. To work around this, you can use the System, in object 
in conjunction with an object of the Scanner class. The Scanner class is designed to read 
input from a source (such as System, in), and it, provides methods that you can use to retrieve 
the input formatted as primitive values or strings. 

First, you create a Scannor object and connect it to the System, in object. I lere is an example 
of a statement that does just that: 

Scanner keyboard - new Scanner(System.in); 

let 's dissect the statement into two parts. The first part of the statement, 

Scanner keyboard 

declares a variable named keyboard. The data type of the variable is Scanner, Because 
Scanner is a class, the keyboard variable is a class type variable. Kecall from our discussion 
on s t r i n g objects that a class type variable holds the memory address of an object. 
Therefore, the keyboard variable will be used to hold the address of a Scanner object. Ihe 
second part of the statement is as follows: 

• new Scanner(System.in); 

The first thing we see in this part of the statement is the assignment operator <->. The 
assignment operator will assign something to the keyboard variable. After the assignment 
operator we see the word new, which is a Java key word. The purpose of the new key word 
is to create an object in memory. The type of object that will be created is listed next. In this 
case, we see Scanner (System, in) listed after the new key word. This specifics that a Scanner 
object should he created, and it should be connected to the System, in object. The memory 
address of the object is assigned (by the -operator) to the variable keyboard. After the state­
ment executes, the keyboard variable will reference the Scanner object that was created in 
memory. 

Figure 2-12 points out the purpose of each pari of this statement. Figure 2-13 illustrates 
how the keyboard variable retereiucs .in ob|eu ol the Scanner J a s v 
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Figure 2 - 1 2 The parts of the statement 

This declare* a variable 
named keyboard. The 
variable can reference 

an objoct ol the Scanner 
class 

This creates a Scanner 
object w\ memory. The 

object w l read input Irom 
Syatea. in . 

Scanner keyboard - new Scanner(System.in) ; 

The - operator assigns the address 
o' the Scanner otqect to »*e 

keyboard variable* 

Figure 2 1J The k e y b o a r d variable references a S c a n n e r object 

The keyboard variable 
can hold the address 
Of a Scanner object. 

address 

A scanner ob|ect 

*TMi5c*fln#rotyocf 
<* configurwd to /ead 
input Prom Sy*t<m. in 

o N O T E : In the preceding code, WC chose keyboard as the variable name. I here is nothing 

special about the name keyboard. Wc simpK chose that name because we w i l l use the 

variable to reaJ input f rom the keyboard. 

The Scanner class has methods for reading strings, bytes, integers, long integers, shor t 

integers, f l o a t s , and doubles. For example , (he f o l l o w i n g code uses an object of the 

Scanner class to read an i n t value f rom the keyboard and assign the value to the number 

variable. 

i n t number; 
Scanner keyboard - nev Scanne r (Sys t ev . i n ) ; 
Sys t em.ou t .p r in t ( "En te r an i n t e g e r va lue : " ) ; 
number - keyboard .next In t (> ; 

The last statement shown here calls the Scanner class's n e x t l n t method* The n e x t l n t 

method formats an input value as an i n t , and then returns that value. Therefore, this state­

ment formats the input that was entered at the keyboard as an i n t , and then returns it. The 

value is assigned to the number variable. 

Tabic 2-17 lists several o f the Scanner class's methods and describes their use. 
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Table 2 - 1 7 Some of the scanner class methods 

Method 

nextByte 

nextDoubie 

nextFloat 

nextlnt 

ncxtLinc 

nextLong 

nextShort 

Example and Descript ion 

Example Usage: 

byte x ; 

Scanner keyboard • new Scanner(System.in); 
System.out.print("Enter a byte value: " ) ; 

x - keyboard .nex tBy te f ) ; 

Description: Returns input AS A byte. 

Example Usage: 

double number; 
Scanner keyboard - new Scanner(System.in) ; 

Sys tem.ou t .p r i n t ) "En te r a double va lue : " ) ; 

number - keyboard.nextDoubie() ; 

I Ascr ipt ion: Returns input as a double. 

Example Usage: 
float number; 
Scanner keyboard - new Scanner(System.in); 
System.out.print("Enter a float value: " ) ; 

number - keyboa rd .nex tF l oa tU ; 

Descript ion: Returns input AS A f l o a t . 

Example Usage: 

int number; 
Scanner keyboard - new Scanner(System.in); 
System.out.print("Enter an integer value: 
number * keyboard.nextlnt(); 

Description: Returns input as j n inf.. 

Example Usage: 

String name; 
Scanner keyboard • new ScannerfSystem. in) ; 

System.out,print("Enter your name: *)« 
name • keyboard.ncxtLinc(); 

Descript ion: Returns input as a S t r i n g . 

Example Usage: 

long number; 
Scanner keyboard - new Scanner(System.in); 
System.out.print("Enter a long value: * ) ; 
number - keyboard.nextLongf); 

Descript ion: Returns input as a long. 

Example Usage: 
short number; 
Scanner keyboard - new ScannertSystcm.in); 
System.out.print("Enter a short value: M); 
number • keyboard.nextShort()* 

Descript ion: Returns input as a shor t . 

) ; 
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Using t h e i m p o r t S t a t e m e n t 

There is one last detail about the Scanner class that you must know before you will be ready 
to use it. The Scanner class is nut automatically available to your Java programs. Any pro­
gram that uses the Scanner class should have the following statement near the beginning of 
the file, before any class definition: 

import Java.uti l .Scanner; 

I'his statement telK the |ava compiler where in the |ava libran to hn.l the sc.nmci class, 
and makes it available to your program. 

Code Listing 2-29 shows the Scanner class being used to read a Str ing, an i n t , and a 
double. 

Code List ing 2 -29 ( P a y r o l l . J a v a ) 

1 
2 
i 

•i 

s 
I 
7 

I 
9 

10 
11 
12 
I) 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
12 
33 

import Java.ut i l .Scanner; / / Needed for the Scanner clai 

/ * * 

This program demonstrates the Scanner c l a s s . 
* / 

public c lass Payroll 

{ 
public s t a t i c void nain(Str ing(] args) 

I 
String name; 
int hours; 
double payRate; 
double groiiPay; 

/ / To hold a m 
II Houri worked 
/ / Hourly psy ra te 
/ / Gross pay 

/ / Create a Scanner object to read input. 
Scanner keyboard - new Scanner(System.in); 

II Get the u se r ' s name. 
System.out .pr int ) "What, i t your naae? * ) ; 
name - keyboard.nextLinef); 

/ / Get the number of hours worked th i s week. 
System.out.print(HHow many hours did you work t h i s week? " ) ; 
hours - keyboard.ncxtlnt() ; 

/ / Get the u se r ' s hourly pay r a t e . 
System.out.print("What i s your hourly pay rate? H ) ; 
payRate • keyboard.nextDoublef); 

/ / Calculate the gross pay. 
grossPay • hours * payRate; 



Chapter 2 Java Fundamentals 

34 
35 
36 
17 
38 > 

/ / Display the resul t ing information. 
System.out .pr in t lnfHel lo , • + nane); 
System.out.printlnfYour gross pay i s S" + grossPay); 

Program Output with Example Input Shown In Bold 

What i s your name? Joe Mahoney [Enter] 
How many hours did you work t h i s week? 40 (Enter) 
What i s your hourly pay rate? 20 [Enter] 
Hello, Joe Mahoney 
Your gross pay is $800.0 

o NOTE: Notice that each Scanner class method that we used waits for the user to press 
key is pressed, the cursor auto-the [Enier) key before it returns a value. When the 

matically moves to the next line for subsequent output operations. 

Reading a Character 
Sometimes you will want to read a single character from the keyboard. l:or example, your 
program might ask the user a yes/no question, and specif) that he or she type Y for yes or 
N for no. The Scanner class does not have a method for reading a single character, however. 
The approach that we will use in this book for reading a character is to use the Scanner 
class's next Line method to read a string from the Lc> board, and then use the String class's 
charAt method to extract the first character of the string. I his will be the character that the 
user entered at the keyboard, I lere is an example: 

String input; / / To hold a l ine of input 
char answer; / / To hold a single character 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(System.in); 

/ / Ask the user a question. 
System.out.print("Are you having fun? (Y-yes, H«no) "J; 
input - keyboard.nextLine(); / / Get a l ine of input, 
answer - input.charAt(0); / / Get the f i r s t character . 

The input variable references a S t r ing object. The last statement in this code calls the 
String class's charAt method to retrieve the character at position 0, which is the first char­
acter in the string. After this statement executes, the answer variable will hold the character 
that the user typed at the keyboard. 

Mixing Calls to nextLine with Calls to Other 
Scanner Methods 
When you call one of the Scanner class's methods to read a primitive value, such as nextlnt 
or nextDouble, and then call the nextLine method to read a string, an annoying and hard-
to-find problem can occur. For example, look at the program in Code Listing 2-30. 
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Code List ing 2 -30 ( I n p u t P r o b l e m . J a v a ) 

i 

-

i 
•i 

5 

6 

7 

8 

9 

10 

II 

L2 

1 ) 

i - i 

LS 

16 

17 

LI 

L9 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

JO 

)I 

)2 

JJ 

14 

35 

import Java.ut i l .Scanner; / / Needed for the Scanner c lass 

/ * 

* / 

This program has a problem reading input. 

public c lass InputProblem 

public s t a t i c void main(String[1 args) 

< 

String name; / / To hold the user ' s n 
int age; / / To hold the user ' s age 
double income; / / To hold the u se r ' s inc 

/ / Create a Scanner object to read input. 
Scanner keyboard • new ScannerfSystw.in) ; 

/ / Get the u se r ' s age. 
System.out.printCWhat i s your age? m)t 
age • keyboard.nextlntf); 

/ / Get the u se r ' s income 
System.out.print("What i s your annual income? 

income • keyboard.nextDoublef); 

/ / Get the u se r ' s name. 
System.out.print("What i s your name? " ) ; 
name - keyboard.nextLinef); 

/ / Display the information back to the user. 
System.out.println("Hello, • • name * " . Your age ii 

age * • and your income i s $" + 
income); 

) ; 

> 

Program Output with Example Input Shown In Bold 

What ia your age? 24 [Enter] 
What i s your annual income? 50000.00 [Enter] 
What i s your name? Hello, . Your age i s 24 and your income i s $50000.0 

Notice in the example output that the program first allows the user to enter his or her age. 
The statement in line 20 reads an int from the keyboard and stores the value in the age 
variable. Next, the user enters his or her income. The statement in line 24 reads a double 
from the keyboard and stores the value in the income variable. Then the user is asked to 
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enter his or her name, but it appears that the statement in line 28 is skipped. The name is 
never read from the keyboard. This happens because of a slight difference in behavior 
between the nextLine method and the other scanner class methods. 

When the user types keystrokes at the keyboard, those keystrokes arc stored in an area of 
memory that is sometimes called the keyboard buffer. Pressing the [Enter] key causes a new-
line character to be stored in the keyboard buffer. In the example running of the program in 
Code Listing 2-10, the user was asked to enter his or her age, and the statement in line 20 
called the nextint method to read an integer from the keyboard buffer. Notice that the user 
typed 24 and then pressed the I Enter 1 key. The nextint method read the value 24 from the 
keyboard buffer, and then stopped when it encountered the newline character. So the value 
24 was read from the keyboard buffer, but the newline character was not read. The newline 
character remained in the keyboard buffer. 

Next, the user was asked to enter his or her annual income* The user typed 50000.00 and 
then pressed the (Enter] key. When the nextDouble method in line 24 executed, it first encoun­
tered the newline character that was left behind by the nextint method. Tins does not cause 
a problem because the nextDouble method is designed to skip any leading newline charac­
ters it encounters. It skips over the initial newline, reads the value 50000.00 from the key­
board buffer, and stops reading when it encounters the next newline character. This newline 
character is then left in the keyboard buffer. 

Next, the user is asked to enter his or her name. In line 2X the nextLine method is called. 
The nextLine method, however, is not designed to skip over an initial newline character. 
If a newline character is the first character that the nextLine method encounters, then 
nothing will be read. Because the nextDouble method, back in line 24, left a newline 
character in the keyboard buffer, the nextLine method will not read any input. Instead, 
it will immediately terminate and the user will not IK given a chance to enter his or her 
name. 

Although the details of this problem might seem confusing, the solution is easy. The pro­
gram in (.ode Listing 2-31 is a modification of Code I isting 2*10, with the input problem 
fixed. 

Code Listing 2-31 ( C o r r a c t a d l n p u t P r o b l m . Java) 

1 import ]eve.ut i l .Scanner; / / Needed for the Scanner c lass 
2 
3 /» 

This program correc t ly reads numeric and s t r ing input. 
5 • / 
6 

public c lass CorrectedInputProblem 

a { 
9 public s ta t ic void main(String[] args) 

10 < 
String name; / / To hold the user's name 
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12 
I) 
U 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
10 

n 
12 

13 

M 

35 
36 
)7 

JH 

int age; / / To hold the user ' s age 
double income; / / T o hold the user ' s inc 

/ / Create a Scanner object to read input. 
Scanner keyboard • new Scanner(System.in); 

/ / Get the u se r ' s age. 
System.out.print)"What i s your age? " ) ; 
age - keyboard.nextlnt(); 

/ / Get the u se r ' s income 
System.out.printCWhat i s your annual income? " ) | 
income • keyboard.nextDoublef); 

/ / Consume the remaining newline. 
keyboard.nextLinef); 

/ / Get the u se r ' s name. 
System.out.print("What i s your naae? " ) ; 
name • keyboard.nextLine!); 

/ / Display the information back to the user. 
System.out.printlnf"Hello, " * nam* • " . Your age ii 

age » • and your income i s S" * 
income); 

- • 

I 

Program Output with Example Input Shown In Bold 

What i s your age? 24 [Enter] 
what i s your annual income? 50000.00 [Enter] 
What i s your name? Mary Simpson [Enter] 

Hullo, Mary Simpson. Your age i s 24 and your income i s $50000.0 

Notice that after the user's income is read by the nextDouble method in line 24, the nextLine 
method is called in line 27. The purpose of this call is to consume, or remove, the newline 
character that remains in the keyboard buffer. Then, in line 31 , the nextLine method is 
called again. This lime it correctly reads the user's name. 

O NOTE: Notice that in line 27, where we comumc the remaining newline character, we 
do not assign the method's return value to any variable. This is because we are simply 
calling the method to remove the newline character, and we do not need to keep the 
method's return value. 
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2.14 Dialog Boxes 

i CONCEPT: The JOpt ionPane class allows you lo quickly display a dialog box, 
which is a small graphical window displaying a message or requesting 
input. 

A dialog box is a small graphical window that displays a message to the user or requests 
input. You can quickly display dialog boxes with the JOptionPane class. In this section we 
will discuss the following types of dialog boxes and how you can display them using 
JOptionPane: 

• Message Dialog A dialog box that display* a message; an OK button is also dis­
played 

• Input Dialog A dialog box that prompts the user for input and provide* l text 
field where input is typed; an OK button and a Cancel button are 
also displayed 

Figure 2-14 shows an example of each type of dialog box. 

Figure 2-14 A message dialog and an input dialog 
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The JOptionPane class is not automatically available to your Java programs. Any program 
that uses the JOptionPane class must have the following statement near the beginning of 
the file: 

import javax.awing.JOptionPane; 

This statement tells the compiler where to find the JOptionPane class and makes it available 
to your program. 

Displaying Message Dialogs 
The showHeasageDialog method is used to display a message dialog. Here is a statement 
that calls the method: 

JOptionPane.showMessageDialog(null, "Hello World"); 
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The first argument is only important in programs that display other graphical windows. 
You will learn more about this in Chapter 12, Until then, we will always pass the key word 
m i l l .is the first argument. This causes rhc dialog box to be displayed in the center of the 
screen. The second argument is the message that wc wish to display in the dialog box. This 
code will cause the dialog box in Figure 2-15 to appear. When the user clicks the OK but­
ton, the dialog box wi l l close. 

Figure 2 15 Message dialog 

HUKOWCMU 

Displaying Input Dialogs 
An input dialog is a quick and simple way to ask the user to enter data. You use the 
JOptionPane class's showlnputDitlog method to display an input dialog. I he following code 
calls the method: 

Str ing name; 

name - JOptionPane.»howInputDialog("Enter your name."); 

The argument passed to the method is a message to display in the dialog box. This state­
ment wi l l cause the dialog box shown in Figure 2*16 to be displayed in the center of the 
screen. If the user clicks the OK button, naae wi l l reference the string value entered by the 
user into the text field. If the user clicks the Cancel button, name will reference the special 
value nu l l . 

Figure 2-16 Input dialog 
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An Example Program 
Ihc program in Code l ist ing 2-12 demonstrates how to use both types of dialog boxes. 

This program uses input dialogs to ask the user to enter his or her first, middle, and last 
names, and then displays a greeting with a message dialog. When this program executes, the 
dialog boxes shown in Figure 2-17 will be displayed, one at a time. 
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Code Listing 2-32 (NameaDia log . J a v a ) 

1 

2 

i 

i 

5 

6 
7 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

L7 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

12 
13 
34 

35 

36 

17 

import javax.swing.JOptionPane; 

This program demonstrates using dialogs with 
JOptionPane. 

B public c lass NamesDialog 

< 

public s t a t i c void nain(Str ing[] args) 

< 

String tirstName; / / The use r ' s f i r s t naae 
String middleName; / / The use r ' s Middle nane 
String lastNane; / / The use r ' s l a s t name 

/ / Get the u se r ' s f i r s t name. 
firstNamc -

JOptionPane.showInputDialog("Wh*t i s • • 
"your f i r s t naae? " ) ; 

/ / Get the u se r ' s middle name. 
middleName • 

JOptionPane.showInputDialog("What i s " • 
"your middle naae? ')] 

tt Get the u se r ' s l a s t name. 
lastName -

JOptionPane.showInputDialogCWhat i s • • 
•your l a s t naae? " ) ; 

/ / Display a greeting 
JOptionPane.showMesaageDialogfnull, "Hello " • 

tirstName • • • 4 aiddleNaae * 
- - + lastNane); 

System.exit(0); 

Notice the last statement in the aain method: 

System.exit(0); 

This statement causes the program to end, and is required if you use the JOptionPane class 
to display dialog boxes. Unlike a console program, a program [hat uses JOptionPane does 
not automatically stop executing when the end of the main method is reached, because the 
JOptionPane class causes an additional task to run in the JVM. If the System.exit method 
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is not cal led, this task, also known as a thread, w i l l continue to execute, even after the end 
of the main method has been reached. 

The System.exi t method requires an integer argument. This argument is an exit code that 

is passed back to the operating system. Al though this code is usually ignored, it can be used 

outside the program to indicate whether the program ended successfully or as the result of 

.i failure. I he \alue (» tradit ional!) indicate! thai the program ended siieeess'nlK. 

Converting String Input to Numbers 
Unlike the Scanner class, the JOptionPane class does not have different methods for reading 

values of different data types as input . The ihowlnpu tD ia log method always returns the 

file:///alue
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user's input as a s t r ing , even if the user enters numeric data- For example, if the user enters 
the number 72 into an input dialog, the showInputDialog method will return the string 
"72". This can be a problem if you wish to use the users input in a math operation because, 
as you know, you cannot perform math on strings. In such a case, you must convert the 
input to a numeric value. To convert a string value to a numeric value, you use one of the 
methods listed in Table 2*18, 

Table 2-18 Methods for converting strings to numbers 

Method Use This Method To . . . Example Code 

Byte.parscBytc 

Float.paraeFloat 

Integer .paraelnt 

Long.paraeLong 

Short.parieShort 

Convert a string to a byte. 

Double.paraeDouble Convert a string to a double. 

Convert a string to a f loat . 

Convert a string to an int . 

Convert a string to a long. 

Convert a string to a abort. 

byte num; 
nun - Byte.parseByte(atr); 

double num; 
nua - Double.parseDouble(str); 

f loat nura; 
nua - F loa t .pa r t eF loa t ( a t r ) ; 

int num; 
nua - In t ege r .pa rae ln t ( s t r ) ; 

long nua; 
nua - Long.paraeLong(str); 

abort num; 
nua - Short .paraeShort(a t r ) ; 

o NOTE: The method* in Table 2-18 are pan of Java'* wrapper classes, which you wil 
learn more about in Chapter 9. 

I Icre is an example of how you would use the In teger .parae ln t method to convert the 
value returned from the JOptionPane.ahovInputDialog method to an int : 

int number; 
String a t r ; 
a t r - JOptionPane.ahowInputDialogCEnter a nuaber."); 
number • In t ege r .pa rae ln t ( a t r ) ; 

After this code executes, the number variable will hold the value entered by the user, con­
verted to an int . Here is an example of how you would use the Double.paraeDouble method 
to convert the user's input to a double: 

double pr ice; 
String a t r ; 
a t r • JOptionPane.ahowInputDialogf"Enter the r e t a i l p r i c e . " ) ; 
price - Double.paraeDouble(atr); 

After this code executes, the pr ice variable will hold the value entered by the user, con­
verted to a double. Code Listing 2-33 shows a complete program. This is a modification of 
the Payroll , java program in Code Listing 2-29. When this program executes, the dialog 
boxes shown in Figure 2-18 will be displayed, one at a time. 
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Code Listing 2-33 (Payro l lDia log . Java) 

i 

a 
3 

•I 

5 
6 
7 
8 

9 

10 

11 
L2 
I) 
i-i 
15 
16 
I? 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
12 
33 
14 

35 
36 
37 
18 
39 
40 
-11 
42 
43 
-i-i 

45 
46 
47 

import javax.swing.JOptionPane; 

This program demonstrates using dialogs with 
JOptionPane. 

* / 

public c lass PayrollDialog 
i 

public s t a t i c void main(String[) args) 
< 

String inputs t r ing; 
String name; 
int hours; 
double payRate; 
double grossPay; 

/ / Por reading input 
// The use r ' s naae 
/ / The number of hours worked 
/ / The use r ' s hourly pay ra te 
/ / The use r ' s gross pay 

/ / Get the u se r ' s name. 
name - JOptionPane.shovInputDialogf'What i s • • 

"your name? *) ; 

/ / Get the hours worked, 
inputstr ing -

JOptionPane.showInputDialogfHow many hours " * 
' d id you work t h i s week? ")j 

/ / Convert the input to an i n t . 
hours - In teger .parse ln t ( inputs t r ing) ; 

/ / Get the hourly pay ra te , 
inputstr ing -

JOptionPane.ehowInputDialogftfhat i s your " * 
"hourly pay rate? "M 

/ / Convert the input to a double. 
payRate - Double.parseDouble(inputstring); 

/ / Calculate the gross pay. 
grossPay - hours * payRate; 

/ / Display the r e s u l t s . 
JOptionPane.showMessageDialoglnull, "Hello • * 

name * ". Your gross pay i s $" • 
grossPay); 

/ / End the program. 
System.exit(0); 

49 ) 
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2.34 What is the purpose of the fo l low ing types of d ia log boxes? 

Message dialog 

Input dialog 

2.35 Wr i te code that w i l l display each of the dialog boxes shown in Figure 2-19. 

F i g u r e 2 - 1 9 Dialog boxes 

•I 

http://www.ntyfmtfir.winiingUb.com
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2.36 Write code that displays an input dialog asking the user to enter his or her age. 

Convert the input value to an i n t and store it in an i n t variable named age. 

2.37 What import statement do you wr i te in a program that uses the JOptionPane class? 

2.15 Common Errors to Avoid 
• Mismatched braces, quotat ion marks, or parentheses. In this chapter you saw that the 

statements making up a class def in i t ion are enclosed in a set of braces. Also, you saw 

that the statements in | method are also enclosed in a set of braces. For every opening 

brace, there must be a closing brace in the proper locat ion. The same is true of double-

quotat ion marks that enclose str ing literals and single-quotation marks that enclose 

character literals. Also, in a statement that uses parentheses, such as a mathematical 

expression, you must have a closing parenthesis for every opening parenthesis. 

• Misspell ing key words. Java w i l l not recognize a key word that has been misspelled. 
• Using capital letters in key words. Kemember that Java is a case-sensitive language, 

and all key words are wr i t ten in lowercase. Using an uppercase letter in a key w o r d is 

the same as misspelling the key word . 

• Using a key word as a variable name. The key words are reserved for special uses; they 

cannot be used tor any other purpose. 

• Using inconsistent spelling of variable names, l a c h time you use a variable name, it 

must be spelled exactly as it appears in its declaration statement. 

• Using inconsistent case of letters in variable names. Ilecause Java is a casc-scnsitivc 

language, it distinguishes between uppercase and lowercase letters. Java w i l l not 

recogni/e a variable name that is not wr i t ten exactly as it appears in its declaration 

statement. 

• Inserting a space in a variable name. Spaces are not al lowed in variable names, Instead 

of using a two-word name such as gross pay, use one w o r d , such as grossPay. 

• Forgetting the semicolon at the end of a statement. A semicolon appears at the end of 

each complete statement in Java. 

• Assigning a d o u b l e literal to a f l o a t variable- Java is a strongly typed language, 

which means that it only al lows you to store values of compatible data types in vari­

ables. Al l f loat ing-point literals are treated as doubles, and a double value is not com­

patible w i t h a f l o a t variable. A f loat ing-point literal must end wi th the letter I or P in 

order to be stored in a f l o a t variable. 

• Using commas or other currency symbols in numeric literals. Numeric literals cannot 

contain commas or currency symbols, such as the dol lar sign. 

• Unintentional ly performing integer division. Vfhen both operands of a division state­

ment are integers, the statement w i l l result in an integer. If there is a remainder, it wi l l 

be discarded. 

• Forgetting to group parts of a mathematical expression. If you use more than one 

operator in a mathematical expression, the expression w i l l be evaluated according to 

the order of operations. If you wish to change the order in which the operators are 

used, you must use parentheses to group part o f the expression. 

• Inserting a space in a combined assignment operator. A space cannot appear between 

the two operators that make a combined assignment operator, 

• Using a variable to receive the result o f a calculation when the variable's data type is 

incompatible wi th the data type of the result. A variable that receives the result o f a 

calculation must be o f a data type that is compatible wi th the data type of the result. 
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Incorrectly terminating a multi-line comment or a documentation comment. Mul t i ­
line comments and documentation comments arc terminated by the • / characters. 
Forgetting to place these characters at a comment's desired ending point, or acciden­
tally switching the * and the / , wi l l cause the comment nor to have an ending point, 
Forgetting to use the correct i m p o r t statement in a program that uses (he Scanner 
class or the JOp t i onPane class. In order for the Scanner class to be available to your 
program, you must have the import java.ut i l .Scanner; statement near the top of 
your program file. In order for the JOptionPane class to be available to your program, 
you must have the import javax.swing. JOptionPane; statement near the top of the 
program file. 

When using an input dialog to read numeric input, not converting the s h o w l n p u t -
D i a l o g methods return value to a number. The showInputDialog method always 
returns the user's input as a string. If the user enters a numeric value, it must be con­
verted to a number before it can be used in a math statement. 

Review Questions and Exercises 
Multiple Choice and True/False 

I. Every complete statement ends with a _ 
ft, period 
b. parenthesis 
c. semicolon 
d. ending brace 

2. The following data 

72 

"Hollo World* 
2.8712 

are all examples of • 
ft, variables 
b. literals 
c. strings 

d. none of these 

3. A group of statements, such as the contents of a class or a method, are enclosed in 

ft, braces o 
b. parentheses ( ) 
c. brackets [ ) 
d. any of these wi l l do 

4. Which of the following are not valid assignment statements? (Indicate all that apply.] 
ft, t o t a l - 9; 
b. 72 • amount; 
c. profit - 129 
d. le t ter - l tT | 
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5. Which of the following arc not valid p r i n t l n statements? (Indicate all that apply.] 
a. System.out.println * "Hello World"; 
b. System.out.println("Have a nice day"); 
C. out.System.println{value); 
d. p r m t l n . out (Programming i s great fun); 

6. The negation operator is . 
a. unary 
b. binary 
c. ternary 
d. none of these 

7. This key word is used to declare a named constant. 
a. constant 
b. namedConstant 
c. f inal 
d. concrete 

8. These characters mark the beginning of a multi-line comment. 
a. / / 
b. / • 
c. •/ 
d. / • • 

9. These characters mark the beginning of a single-line comment. 
a. / / 
b. / • 
i . • / 

d. /•• 
10. These characters mark the beginning of a documentation comment. 

a. / / 
b. /• 
c. • / 

d. /•• 
11. Which Scanner class method would you use to read a string as input? 

a. nextString 
b. nextLine 
c. readString 
d. getLine 

12. Which Scanner class method would you use to read a double as input? 
a. nextDouble 
b. getDouble 
c. readDouble 
d. None of these; you cannot read a double with the Scanner class 

I 1. You can use this class to display dialog boxes. 
a. JOptionPane 
b. ButferedReader 
c. InputStreamReader 
d. DialogBox 
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14. When Java converts a lower-ranked value to a highcr-ranlced type, it is called a(n) 

a. 4-bit conversion 
b. escalating conversion 
c. widening conversion 
d. narrowing conversion 

15. This type of operator lets you manually convert a value, even if it means that a nar­
rowing conversion will take place* 
a. cast 
b. binary 
C. uploading 

d. dot 

16. True or hike: A left brace in a Java program is always followed by a right brace later 
in the program. 

17. True or lake: A variable must be declared before it can be used. 

18. True or False: Variable names may begin with a number. 

19. True or False: You cannot change the value of a variable whose declaration uiM the 
f i n i . kev word. 

20. True or False: Comment! that begm with / / can be processed by jevedoc. 

2 I. True or lake: It one of an operator's operands is i double, and the other operand is an 

i n t , Java wi l l automatically convert the value of the double to an i n t . 

Predict the Output 

What w ill the following code segments print on the screen? 

1. int freeze • 32, boil • 212; 
freeze • 0; 
boil - 100; 
System.out.println(freeze * *\n"* boi l * " \n"( ; 

2. i n t x - 0f y - 2; 
x - y * 4; 
System.out.println(x * "\n" • y • " \n" ) ; 

3. System.out.print("I am the incredible") ; 
System, out . pr int ("computingVninachine*); 
System.out.printfNnand I v i l l \naaaze\n)~; 
System.out.printIn("you."); 

4. System.out.print("Be carefulAn)*; 
System.out .pr int fThis might/n be a t r i ck • ) ; 
System.out .printIn("quest ion.*); 

5. i n t a, x - 23; 
a - x t 2; 
System.out.println(x + "\n" * a ) ; 

Find the Error 

There arc a number of syntax errors in the fo l lowing program. Locate as many 
as you can. 
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*/ What's wrong with t h i s program? /* 
public MyProgram 

{ 
public s t a t i c void main(String[] a rgs ) ; 

> 

int a, b, c \ \ Three integers 
• - 3 
b - 4 
e • a + b 
System.out.printing 'The value of c i s ' • C); 

Algor i thm Workbench 

I . 

2. 

3. 

4. 

5. 

6. 

Show how the double variables temp, weight, an J age tan be Jet tared in one statement. 

Show how the int variables months, days, and years may be declared in one state­
ment, with months initialized to 2 and years initialized to 3. 

Write assignment statements that perform the following operations with the variables 
a, b, and c. 
a. Adds 2 to a and stores the result in b 
b. Multiplies b times 4 and stores the result in a 
c. Divides a by 1.14 and stores the result in b 
d. St)b(nKtl H from b and stores the result in a 
c. Stores the character 'K ' in c 
f. Stores the Unicode todc for'B' in c 

Assume the variables result, w, x, y, and z are all integers, and that w ~ 5, x - 4, 
y • 8, and z • 2. What value will be stored in result in each of the following statements* 

a. resul t - x • y; 
b. resul t • z • 2; 
c. resul t * y / x; 
d. resul t - y - i ; 
c. resul t • v % 2j 

I low would each of the following numbers be represented in l:. notation? 
a. 3.287 * 10* 

12 

»-3 
b. -9.7865 « 10 

c. 7.65491 « 10' 

Modify the following program so it prints two blank lines between each line of text. 

public c lass 
< 

public s t a t i c void main(String(] args) 

< 
System.out.print)"Hearing in the d is tance") ; 
System.out.print("Two mandolins l ike creatures in the" ) ; 
System.out.print("dark"); 
System.out.print("Creating the agony of ec s t a sy . " ) ; 
System.out-printlnf" - George Barker"); 

> 

> 
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7. What wi l l the following code output? 

int apples - 0, bananas • 2, pears • 10; 
apples +- 10; 
bananas • • 10; 
pears / - 10; 
System-out-println(apples * • • * 

bananas * • • 4 
pears) ; 

8. What wi l l the following code output? 

double d - 12.9; 
i n t i • ( in t )d ; 
System.out .pr in t ln( i ) ; 

9. What wi l l the following code output? 

String message - "Have a great day!"; 
System.out-printIn(message.charAt(5)); 

10. What wi l l the following code output? 

String message • "Have a great day!"; 
System.out.printIn(message.toUppcrCasej)); 
System-out.printIn(message); 

11. Convert the following pseudocode to Java code. IW sure to declare the appropriate 
variables. 

Store 20 in the speed variable. 

Store tO in the time variable. 

Multiply speed by time and store the result m the distance variable, 

Dispiry the contents of the distant I rariable, 

12. (Convert the following pseudocode to Java code. Be sure to declare the appropriate variables, 

Store 172.S in the force variable* 

Store 27.S in the area variable. 

I hvide area by force and store the result in the pressure variable, 

Oisphy the contents of the pressure variable. 

I 1. Write the code to set up all the necessary objects for reading keyboard input. Then 
write code that asks the user to enter his or her desired annual income. Store the input 
in a double variable. 

14. Write the code to display a dialog box that asks the user to enter his or her desired 
annual income. Store the input in a double variable. 

15. A program has a f l oa t variable named t o t a l and a double variable named number. 
Write a statement that assigns number to t o t a l without causing an error when compiled. 

Shor t Answer 

1. Is the following comment a single-line style comment or a multi-line style comment? 

/• This program was wr i t t en by M. A. Codevriter •/ 

2. Is the following comment a single-line style comment or a multi-line style comment? 

/ / This program was wr i t t en by H. A. Codevriter 

3. Describe what the phrase "self-documenting program* means. 
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4. What is meant by "case-sensitive"? Why is it important for a programmer to know 
that Java is a case-sensitive language? 

5. Briefly explain how the print and println methods are related to the System class and 
the out object. 

6. What does a variable declaration tell the Java compiler about a variable? 

7. Why are variable names like x not recommended? 

8. What things must be considered when deciding on a data type to use for a variable? 

9. Briefly describe the difference between variable assignment and variable initialization. 

10. What is the difference between comments that start with the / / characters and com­
ments that start with the /* characters? 

1 1, Briefly describe what programming style means. Why should your programming style 
be consistent? 

12. Assume that a program uses the named constant Pi to represent the value .J. 14. The 
program uses the named constant in several statements. What is the advantage of 
using the named constant instead of the actual value *.14 in each statement? 

I) . Assume the file Sales Average, java is a Java source file that contains documentation 
comments. Assuming you are in the same folder or directory as the source code file, 
what command would yon enter at the operating system command prompt to gener­
ate the HTM I documentation files' 

14. An expression adds a byte variable and a short variable. Of what data type will the 
result be? 

Programming Challenges 

ftyYoirimminjUtT Visit uniniKmyprogramminglab.COm to COmpkt* many of these Programming Challenges 
Onlim ttttdgit instant fealhatk. 

1 . Name, Age, and Annual Income 

Write a program that declares the following: 

• a String variable named name 
• an int variable named age 
• a double variable named annualPay 

Store your age, name, and desired annual income as literals in these variables. The program 
should display these values on the screen in a manner similar to the following: 

My name is Joe Mahoney, my age i s 26 and 
I hope to earn $100000.0 per year. 

2. Name and Initials 

Write a program that has the following String variables: firstNane, raiddleName, and 
lastName. Initialize these with your first, middle, and last names. The program should also 
have the following char variables: f i r s t l n i t i a l , n iddlelni t ia l , and l a s t ln i t i a l . Store 
your first, middle, and last initials in these variables. The program should display the con­
tents of these variables on the screen. 

http://uniniKmyprogramminglab.COm
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3. Personal Informat ion 

Write a program that displays the following information, each on a separate line: 

• Your name 
• Your address, with city, state, and / I P 
• Your telephone number 
• Your college major 

Although these items should be di-.pl.iycd on separate output lines, use only a single p r i n t l n 
statement in your program. 

4. Star Pattern 

Write a program that displays the following pattern: 

t 

• • • 

• • • 

5. Sum of Two Numbers 

Write a program that stores the integers 62 and 99 in variables, and stores their sum in a 

variable named t o t a l . 

6. Sales Prediction 

The last ( oast sales division of a company generates 62 percent of total sales. Ilascd on 
that percentage, write a program that wi l l predict how much the last (.oast division wi l l 
generate if the company has S4.6 mill ion in sales this year. Hint: Use the value 0.<>2 to 
represent <>1 percent. 

7. Land Calculation 

One acre of land is equivalent to 43,560 square feet. Write a program that calculates the 
number of acres in a tract of land with 389,767 square feet. Hint: Divide the size <-/ the 
tract of LHUI by the size of MI acre to net the number of acres. 

8. Sales Tax 

Write a program that wi l l ask the user to enter the amount of a purchase. The program 
should then compute the state and county sales tax. Assume the state sales tax is 4 percent 
and the county sales tax is 2 percent. The program should display the amount of the pur­
chase, the state sales tax, the county sales tax, the total sales tax, and the total of the sale 
(which is the sum of the amount of purchase plus the total sales tax). Hint: Use the value 
0.02 to represent 2 percent, and 0.04 to represent 4 percent, 

9. Miles per Gallon 

* " A car's miles-per-gallon (MI'Ci) can be calculated with the following formula: 
The Miles-per-

Gjlton Problem AfP(»" = Miles driven I Gallons of gas used 

http://di-.pl.iycd
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Write .1 program that asks the user (or the number of miles driven a n j the gallons of gas 
used. It should calculate the car's milcs-per-gallon and display the result on the screen. 

10. Test Average 

Write | program that asks the user to enter three test scores. The program should display 
each test score, as well as the average of the scores. 

1 1 . Circuit Board Profit 

An electronics company sells circuit boards at a 40 percent profit. If you know the retail 
price of a circuit board, you can calculate its profit with the following formula: 

Profit = Retail price x 0.4 

Write a program that asks the user for the retail price of a circuit board, calculates the 
amount ol profit earned for that product, and displays the results on the screen. 

12. String Manipulator 

Write a program that .isks the user to enter the name of his or her favorite city. Use a Str ing 
variable to store the input.The program should display the following: 

• The number of characters in the citv name 
w 

• The name of the city in all uppercase letters 
• The name of the city in all lowercase letters 
• The first character in the name of the dt ) 

13. Restaurant Bill 

Write a program that computes the tax and tip on a restaurant bi l l . The program should ask 
the user to enter the charge for the meal. The tax should be 6.75 percent of the meal charge. 
The tip should be 15 percent of the total after adding the tax. Display the meal charge, tax 
•mount, tip amount, and total bill on the screen. 

14. Stock Commission 

Kaihryn bought 600 shares of stock at a price of $21.77 per share. She must pay her stock­
broker a 2 percent commission for the transaction. Write a program that calculates and 
displays the following: 

• The amount paid for the stock alone iwithout the commission) 
• The amount of the commission 
• The total amount paid (for the stock plus the commission) 

15. Energy Drink Consumption 

A soft drink company recently surveyed 12,467 of its customers and found that approxi­
mately 14 percent of those surveyed purchase one or more energy drinks per week. Of those 
customers who purchase energy drinks, approximately 64 percent of them prefer citrus-
flavored energy drinks. Write a program that displays the following: 

• The approximate number of customers in the survey who purchase one or more 
energy drinks per week 

• The approximate number of customers in the survey who prefer citrus-flavored energy 
drinks 
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16. Word Came 

Write a program that plays a word game with the user. The program should ask the user to 
enter the following: 

• His or her name 
• His or her age 
• The name of a city 
• The name of a college 
• A profession 
• A type of animal 
• A pet's name 

After the user has entered these items, ihe program should display the following story, 
inserting the users input into the appropriate locations: 

There once was a pcrion named MAME who lived in CUT. At the age of AQE, 
NAME went to college at COLLEGE- NAME graduated and went to work as a 
PROFESSION. Then, NAME adopted a<n) ANIMAL naned PETNAME. They both lived 
happily ever after! 

17. Stock Transaction Program 

I m month Joe purchased some stock in Acme Software, Inc. Here are the details of the 
purchase 

• Ihe number of shares that Joe purchased was 1,000. 
• When Jot purchased the stock, he paid $32.87 per share. 
• Joe paid Im stockbroker a commission that amounted to 2% of the amount he paid 

for the stock, 

Two weeks later Joe sold the stock. I lerc arc the details of the sale: 

• The number of shares that Joe sold was 1,000. 
• I le sold the stock for $33.92 per share. 
• 1 le paid his Stockbroker UlOthcr commission that amounted to 2% of the amount he 

received for the stock. 

Write a program that displays the following information: 

• The amount of money Joe paid for the stock. 
• The amount of commission Joe paid his broker when he bought the stock. 
• The amount that Joe sold the stock for. 
• The amount of commission Joe paid his broker when he sold the stock, 
• Display the amount of profit that Joe made after selling his stock and paying the two 

commissions to his broker. (If the amount of profit that your program displays is a 
negative number, then Joe lost money on the transaction.) 
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On the Web: Case Study—Calculating 
Sales Commission 

f The i f Statement 

CONCEPT: The I f statement is used to create a decision structure, which allows a 
program to have more than one path of execution. The i f statement 
causes one or more statements to execute only when a boolean expression 
is true. 

Vc)- > N" '• 

In all the programs you have written so far, the statements are executed one after the other, 
in the order they appear. You might think of sequentially executed statements as the steps 

-. you take as you walk down a road, To complete the journey, you must start at the beginning 
Statement and ™kc each step, one after the other, until you reach your destination. This is illustrated 

in Figure 3-1. 

Hl*> 
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Figure 3-1 Sequence structure 
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The type of code shown in Figure 3-1 is called a sequence structure* because the statements 
are executed in sequence, without branching off in another direction. Programs often need 
more than one path of execution, however. Many algorithms require a program to execute 
some statements only under certain circumstances. This can be accomplished with a deci­
sion structure. 

In a decision structures simplest form, a specific KClOfl is taken only when a condition 
exists. If the condition does not exist, the action is not performed. The flowchart in Figure 3-2 
shows the logic ol .i decision structure. The diamond symbol represents ,i yes/no question or 
a true/false condition. If the answer to the question is yes (or if the condition is true)* the 
program How follows one path, which leads to an action being performed. If the answer to 
the question is no (or the condition is false), the program flow follows another path, which 
skips the action. 

Figure 3-2 Simple decision structure logic 

In the flowchart, the action "Wear a coat" is performed only when it is cold outside. If it is 
not cold outside, the action is skipped. The action is conditionally executed because it is 
performed only when a certain condition (cold outside) exists. Figure 3-3 shows a more 
elaborate flowchart, where three actions are taken only when it is cold outside. 
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Figure 3-3 Three-action decision structure logic 
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One way to code a decision structure in Java is with the i f statement. I lere is the general 
format of the i f statement: 

i t IBooLeanExpreaaion) 
statement; 

The i f statement is simple in the way it works: The Bool**nExpr*j*tion that appears inside 
the parentheses must he a boolean expression. A boolean expression is one that is cither 
t rue or fa lae. If the boolean expression is t r ue , the very next statement is executed. 
Otherwise, it is skipped. The atatcment is conditionally executed because it executes only 
under the condition that the expression in the parentheses is true. 

Using Relational Operators to Form Conditions 
Typically, the boolean expression that is tested by an i f statement is formed with a rela­
tional operator. A relational operator determines whether a specific relationship exists 
between two values. Tor example, the greater than operator (>} determines whether one 
value is greater than another. The equal to operator (••) determines whether two values arc 
equal. Table •'-1 lists all ol the |.n \ relational operators. 

Table 3-1 Relational operators 

Relational Operators 
(in Order of Precedence) 

< 

> • 

< • 

• • 

1-

Meaning 

Greater than 

l.css than 

Greater than or equal to 

Less than or equal to 

Equal to 

Not equal to 
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All of the relational operators arc binary, which means they use two operands. Here is an 
example of an expression using the greater than operator: 

length > width 

This expression determines whether length is greater than width. If length is greater than 
width, the value of the expression is t rue. Otherwise, the value of the expression is false. 
Because the expression can be only t rue or fa lse, it is a boolean expression. Hie following 
expression uses the less than operator to determine whether length is less than width: 

length < width 

Table 3-2 shows examples of several boolean expressions that compare the variables x and y. 

Table 3 2 boolean expressions using relational operators 

Expression Meaning 

x > y Is x greater than y? 

x < y Is x less than y? 

x >• y Is x greater than or equal to y? 

x <• y Is x less than or equal to y? 

x • • y Is x equal to y? 

x ! • y Is x not equal to y? 

Two of the operators, >- and <-, test for more than one relationship. The >- operator deter­
mines whether the operand on its left is greater than or equal to the operand on its right. 
Assuming that a is 4, b is 6, and c is 4, both of the expressions b >• a and a >- c arc t rue, 
but a >• 5 is fa lse. When using this operator, the > symbol must precede the • s\ mbol, and 
there is no space between them. The <- operator determines whether the operand on its left 
is less than or equal to the operand on its right. Once again, assuming that a is 4 , b is 6, and 
c is 4, both a <- c and b <• 10 are t rue, but b <- a is fa lse. When using this operator, the 
< symbol must precede the - symbol, and there is no space between them. 

The — operator determines whether the operand on its left is equal to the operand on its right. If 
both operands have the Mine value, the expression is true. Assuming that a is 4, the expression 
a - - 4 is true and the expression a ™ 2 is false. Notice the equality operator is two - symbols 
together. Don't contuse this operator with the assignment operator, which is one - symbol. 

The ! • operator is the not equal operator. It determines whether the operand on its left is 
not equal to the operand on its right, which is the opposite of the — operator. As before, 
assuming a is 4, b is 6, and c is 4, both a ! - band b ! - c are t rue because a is not equal to 
b and b is not equal to c. However, a ! - c is fa lse because a is equal to c. 

Putting It All Together 
Let's look at an example of the i f statement: 

i f (sales > 50000) 
bonus - 500.0; 
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Nits statement uses the - operator to determine whether M l M is greater ili.ut $0,000. It tin-
expression sales > 50000 is t rue, the variable bonus is assigned 500.0. If the expression is 
fa lse , however, the assignment statement is skipped. The program in Code Listing 3-1 
shows another example. The user enters three test si ores and the program calculates their 
average. II the average is greater than 95, the program congratulates the user on obtaining 
a high score. 

Code Listing 3-1 ( A v e r a g e S c o r e . J a v a ) 

a 
i 
•i 

5 
6 

7 

B 
9 

10 

11 
la 
11 
i-i 

LS 
LI 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
II 
i a 
33 

H 

35 
36 
37 
38 

import javax.swing.JOptionPane; / / Needed for JOptionPane 

/ . . 

This program demonstrates the i t statement. 
» / 

public c lass AverageScore 

{ 

public s t a t i c void main(String[] args) 

( 

double score 1; / / To hold score I I 
double score2; / / To hold score 12 
double score}; / / To hold score 13 
double average; / / To hold the average score 
String input; / / To hold the u se r ' s input 

/ / Get the f i r s t t e s t score . 
input - JOptionPane.showInputDialogi"Enter score I I : " ) ] 
scorel • Double.parseDouble(input); 

/ / Get the second score. 
input • JOptionPane.showInputDialogi"Enter score 12:"); 
score2 - Double.parseDouble(input); 

/ / Get the th i rd t e s t score . 
input • JOptionPane.showInputDialogi"Enter score 13:"); 
score3 • Double.parseDouble(input); 

/ / Calculate the average score. 
average • (scorel • score? + score}) / 3.0; 

/ / Display the average score. 
JOptionPane.showMessagcDialog(null, 

"The average is " • average); 

/ / If the score was greater than 95, l e t the user know 
/ / t h a t ' s a great score, 
if (average > 95) 
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39 
40 
41 
42 
43 
44 > 

JOptionPane.showMessageDialog(mil l , 

•Tha t ' s a great s c o r e ! " ) ; 

System.exit(O); 

Figures 3-4 and 3-5 show examples of interaction w i t h this program. In Figure 3-4 the aver­

age of the test scores is not greater than 95. In Figure 3-5 the average is greater than 95. 

Figure 3-4 Interaction w i t h the AverageScore p roq ram 

This Input dialog bo* appears first 
The user enters 82 and then clicks on 
the OK button. 

* • * 

I EflM * ( « * • * 1: 
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This Input dialog box appoars next. 
Tho user antors 76 and thon clicks on 
the OK button. 

h r u 
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This Input dialog box appears next. 
Tho u$or ontors 91 and thon clicks on 
tho OK button. 

• w HS 
«p j Eftfttsestet 

— ' * i 

This message dialog box appears 
next- The average ol the three test 
scores Is displayed 
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F igure 3-5 Interaction with the AverageScore program 

This input dialog box appears lirst. 
The user enlers 92 and then clicks on 
the OK button. 

* 1 : 

OK 

This input dialog box appears next. 
The user enlers 98 and then clicks on 
the OK button. 

Th*t input dialog box appears next. 
The user enters 100 and then dtcks on 
the OK button, 
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This message dialog box appears 
next. The average of the thre* last 
scores Is displayed. The user clicks 
on the OK button. 

This message dialog box appears next 
because the average is greater than 
95. 

The code in lines .18 through 40 causes the congratulatory message to be printed: 

if (average > 95) 
JOptionPene.showHessageDialog(null, 

'That's a great score!-); 

Figure 3-6 shows the logic of this i f statement. 

Tabic i-1 shows other examples ot ; t suicniems and their outcomes. 
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Figure 3-6 Logic of the i f statement 

Fast 

Display That's 
a great score'* 

T 

Table 3-3 Other examples of i f statements 

Statement Outcome 

i f (hour* > 40) 
overTime - t rue ; 

if {value < 32) 
Syatom.out.printIn("Invalid number*)j 

If hour* is greater than 40, assigns true to tlic 
boolean variable overTime. 

If value is lew than 32, displays the message 
"Invalid number". 

Programming Style and the i f Statement 
Even though an i f statement usually spans more than one line, it is really one long state­
ment. For instance, the following i f statements are identical except for the style in which 
the) arc written: 

if (value > 32) 
Syatern.out.println("Invalid number. -); 

if (value > 32) Sya ten .ou t .p r in t ln f lnva l id number-"); 

In both of these examples, the compiler consider* the i f statement and the conditionally 
executed statement as one unit, with a semicolon properly placed at the end- Indentions and 
spacing arc for the human readers of a program, not the compiler. Here are two important 
style rules you should adopt for writ ing i f statements: 

• The conditionally executed statement should appear on the line after the i f statement. 
• The conditionally executed statement should be indented one level from the i f 

statement. 

In most editors, each time you press the tab key, you are indenting one level. By indenting 
the conditionally executed statement, you are causing it to stand out visually. This is so you 
can tell at a glance what part of the program the i f statement executes. This is a standard 
way of wri t ing i f statements and is the method you should use. 
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Be Careful wi th Semicolons 
You Jo not put a semicolon after the if (expression) portion of an if statement, as illus­
trated in Figure 3-7. This is because the if statement isn't complete without its condition­
ally executed statement. 

Figure 3-7 Do not prematurely terminate an i f statement with a semicolon 

if (expression) 
statement; 

No semicolon here 

Semicolon go«s here 

If yon prematurely terminate an if statement with a semicolon, the compiler will not dis­
play an error message, but will assume that you are placing a null ttdNtmiit there. The mill 
statement, which is an empty statement that does nothing, will become the conditionally 
executed statement. The statement that you intended to be conditionally executed will be 
disconnected from the if statement and will always execute. 

l:or example, look at the following code: 

int x • 0, y • lOj 

/ / The following if statement i s preMtureiy 
/ / terminated with a semicolon. 
If {x > y); 

System.out.printlnfx • " i s greater than • • y ) | 

The if statement in this code is prematurely terminated with a semicolon. Ilccausc the 
println statement is not connected CO the if statement, it will always execute. 

Having Multiple Conditionally Executed Statements 
The previous examples of the if statement conditionally execute a single statement. The if 
statement can also conditionally execute a group of statements, as long as they are enclosed 
in a set of braces. Enclosing a group of statements inside braces creates a block of state­
ments. 1 lere is an example: 

if (sales > 50000) 

< 

bonus • 500.0; 
commissionRate • 0.12; 
daysOff ** 1; 

> 

II sales is greater than 50,000, this code will execute all three of the statements inside the 
braces, in the order they appear. If the braces are accidentally left out, however, the if state­
ment conditionally executes only the very next statement. Figure 3-8 illustrates this. 
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Figure 3-8 An i f statement missing its braces 

These statements are 
always executed. 

if (sales > 50000) 
bonus • 5 00 . 0; -*• 
commissionRate - 0.12; 
daysOff •• 1; 

Only this statement is 
conditional y executed. 

Flags 
A flag is a boolean variable that signals when some condition exists in the program. When 
the flag variable is set to fa lse, it indicates the condition docs not yet exist. When the flag 
variable is sec to t rue, it means the condition does exist. 

!;<>r example, suppose a program similar to the previous test averaging program has a 
boolean variable named highScore. The variable might be used to signal thai a high score 
has been achieved by the following code: 

i f (average > 95) 

highScore • t rue ; 

later, the same program might use code similar to the following to test the highScore vari­
able, in order to determine whether a high score has been achieved: 

i f (highScore) 

S y s t e m . o u t . p r i n t l n f T h a f i a high score ! " ) ; 

You will find Hag variables useful in many circumstances, and we wi l l come back to them in 
future chapters. 

Comparing Characters 
You can use the relational operators to test character data as well as numbers. I or example, 
assuming that ch is a char variable, the following code segment uses the == operator to 
compare it to the character'A': 

i f (ch - - 'A ' ) 
System.out.println("The le t ter i s A."); 

The '.= operator can also be used with characters to test for inequality. For example, the fol­
lowing statement determines whether the char variable ch is not equal to the letter W: 

if (ch !- 'A') 
System.out.println("Not the letter A."); 

You can also use the >, <, >", and <- operators to compare characters. Computers do not 
actually store characters, such as A, B, C, and so forth, in memory. Instead, they store 
numeric codes that represent the characters. Recall from Chapter 2 that Java uses Unicode, 
which is a set of numbers that represents all the letters of the alphabet (both lowercase and 
uppercase), the printable digits 0 through 9, punctuation symbols, and special characters. 
When a character is stored in memory, it is actually the Unicode number that is stored. 
When the computer is instructed to prim the value on the screen, it displays the character 
that corresponds with the numeric code. 
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o NOTE: Unicode is an international encoding system that is extensive enough to repre­
sent all the characters of all the world's alphabets. 

« 

In Unicode, letters are arranged in alphabetic order. Because 'A' comes before 'B', the numeric 
OKIC lor the character ".V is less ih.ui the code fof the character 'B*. I I he cock fof ' V is 6S 
and the code for'B' is 66. Appendix B, available for download from this hook's companion 
Web site, lists the codes for all of the printable English characters.) In the following if state­
ment, the boolean expression'A' < 'B' is true: 

if {'A' < *B*) 
System.out.prinelnf"A i s lei than B."»; 

In Unicode, the uppercase letters come before the lowercase letters, so the numeric code for 
'A' (65} is less than the numeric code for 'a ' (97). In addition, the space character (code 32) 
comes before all the alphabetic characters. 

Checkpoint 

MyProgr*mmiinLab" U'U'W.niy{tragr,imminghb.ct>nt 

3.1 Write an if statement that assigns 0 to x when y is equal to 20. 

1.2 Write an if statement that multiplies payRate by 1.5 if hours is greater than 40, 

3.3 Write an if statement that assigns 0.2 to cosaission if sa les is greater than or 
equal to 10000. 

M Write an if statement that sets the variable fees to 50 if the boolean variable max is 
true. 

3.5 Write an if statement that assigns 20 to the variable y and assigns -10 to the van 
able i if the variable x is greater than 100. 

3.6 Write an if statement that assigns 0 to the variable b and assigns I to the variable c 
if the variable a is less than 10. 

.1.7 Write an if statement that displays "Goodbye" if the variable mycharacter contains 
the character ' D \ 

3.2 The if-else Statement 

CONCEPT: The i f - e l se statement will execute one group of statements if its boolean 
expression is t rue, or another group if its boolean expression is false. 

The i f-else statement is an expansion of the if statement. I lere is its format: 

if (BooleanExpreaaion) 
Btatement or block 

e l se 
statement or bloc* 

I ike the if statement, a boolean expression is evaluated. If the expression is t rue, a statement 
or block of statements is executed. If the expression is fa l se , however, a separate group 

ViekoNot* 

The i f - e l se 
M.itnnrri 
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of statements is executed. The program in Code Listing 3-2 uses the i f -e lse statement to 
handle a classic programming problem: division by zero. In Java, a program crashes when 
it divides an integer by 0. When a floating-point value is divided by 0, the program doesn't 
crash. Instead, the special value Inf in i ty is produced as the result of the division. 

Code Listing 3-2 ( D i v i s i o n . J a v a ) 

import Java.uti l .Scanner; / / Needed for the Scanner c lass 

/ " 

This program demonstrates the i t - e l s e statement 
• / 

public c l a s s Division 

< 

public s t a t i c void main(String[) args) 

< 

double numberl, number2; / / Division operands 
double quotient; / / Result of division 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System.in); 

/ / Get the f i r s t number. 
System.out.print("Enter a number: " ) ; 
number 1 • keyboard.nextDoublef); 

/ / Get the second number. 
System.out.print(*Enter another number: * ) ; 
number2 - keyboard.nextDouble(); 

if (number2 « 0) 

< 

System.out.println("Division by zero i s not poss ib l e . " ) ; 
System.out.println("Please run the program again and " ) ; 
System.out.println("enter a number other than ze ro . " ) ; 

> 

e l se 

i 
quotient • number1 / number2; 
System.out.print("The quotient of " + nuaberl) ; 
System.out.print(" divided by " + nunber2); 
System.out.println(" i s " + quot ient) ; 

> 

9 > 
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Program Output w i t h Example Input Shown In Bold 

Enter a number: 10 [Enter] 
Enter another number: 0 [Enter] 
Division by zero is not possible. 
Please run the program again and 
enter a number other than zero. 

Program Output w i th Example Input Shown In Bold 

Enter a number: 10 [Enter] 
Enter another number: 5 [Enter] 
The quotient of 10 divided by 5 is 2.0 

The value of number2 is rested before the division \s performed. If ihe user enters 0, the block 
of statements ion trolled by the i f clause executes, displaying a message that indicates the 
program cannot perform division by zero. Otherwise, the else clause takes control, which 
divides number* by number2 and displays the result. Figure .1-9 shows the logic of the i f -
else statement, 

Figure 3-9 Logic of the i f - e l s e statement 

CMpJay number I 
cMdtdby 
f\ Limb* r J 

9* Checkpoint 

MyProgramminxUb" wivw.myprnRrjninuitgUh.com 

J.8 Write .in if-else statement that assigns 20 to the variable y if the variable x is 
greater than 100. Otherwise, it should assign 0 to the variable y. 

3.9 Write an i f -else statement that assigns 1 to x when y is equal to 100. Otherwise, it 
should assign 0 to x. 

3.10 Write an if-else statement that assigns 0.10 tocosnission unless sales is greater 
than or equal to 50000.0, in which case it assigns 0.2 to commission. 

.1.11 Write an i f -else statement that assigns 0 to the variable b and assigns I to the vari­
able c if the variable a is less than 10. Otherwise, it should assign -99 to the vari­
able b and assign 0 to the variable c. 

http://wivw.myprnRrjninuitgUh.com
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3 , 33 Nested i f Statements 

CONCEPT: To test more than one condition, an i f statement can be nested inside 

another i f statement. 

Sometimes an i f statement must be nested inside another i f statement. For example, consider 
a banking program that determines whether a bank customer qualifies for a special, low inter­
est rate on a loan. To qualify, two conditions must exist: (I > the customer's salary must be at 
least $30,000, and (2) the customer must have held his or her current job for at least two 
years. Figure 3-10 shows a flowchart for an algorithm that could be used in such a program. 

Figure 3-10 Logic of nested i f statements 
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If we follow the flow of execution in the flowchart, we see that the expression salary >- 30000 
is tested. If this expression is false, there is no need to perform further tests; we know that 
the customer docs nor quality for the special interest rate. If the expression is true, however, 
we need to test the second condition. This is done with a nested decision structure that tests 
the expression yearsOnJob >• 2, If this expression is true, then the customer qualifies for 
the special interest rate. If this expression is false, then the customer docs not quality, (.ode 
Listing 3-3 shows the complete program. Figures 3-11, 3-12, and 3-13 show what happens 
during three different sessions with the program. 

Code Listing 3-3 (LoanQual i f i e r . Java) 

I import javax.swing.JOptionPanc; / / Needed for JOptionPane c l a s s 
2 

3 / " 
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This program demonstrates a nested if statement. 
* / 

public c lass LoanQualifier 

< 

public s t a t i c void main(String[1 args) 

I 
double salary; / / Annual salary 
double yearsOnJob; / / Years at current job 
String input; / / To hold s t r ing input 

/ / Get the u se r ' s annual sa la ry . 
input • JOptionPane.showInputDialogf'Enter your " • 

"annual s a l a r y . " ) ; 
salary • Double.parseDouble(input); 

/ / Get the number of years a t the current job. 
input • JOptionPane.showInputDialogJ"Enter the number of " + 

"years a t your current job*"); 
yearsOnJob • Double.parseDoublelinput); 

/ / Determine whether the user qual i f ies for the loan. 
if (salary >- 30000) 

{ 
if (yearsOnJob >- 2) 

{ 
JOptionPenc.showHessagcDialoq(null# "You qualify " * 

"for the loan ." ) ; 

I 
else 

i 
JOptionPane.showMessageDialoqfnull, "You aust have • + 

"been on your current job for at leas t " + 
"two years to qua l i fy . " ) ; 

> 

> 

else 

I 
JOptionPane.showKessageDialoginull, "You must earn • + 

"at leas t $30,000 per year to qua l i fy . " ) ; 

System.exit(0); 

) 
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Figure 3-11 Interaction with the LoanQual i f i e r program 

This input dialog box appears first. 
The user enters 35000 and dicks on 
the OK button 

This input dialog box appears next. 
The user enters 1 and clicks on the 
OK button. 

This message dialog box appears 
next 
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Figure 1<12 Interaction with the LoanQual i f i e r program 

This input dialog box appears first 
The user enters 25000 and clicks on 
the OK button 

This Input dialog box appears next 
The user enters 5 and dicks on the 
OK button. 

This message dialog box appears 
next. 
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Figure 3-13 Interaction with the LoanQualifier program 

This Input dialog box appears first ? 

The user enters 35000 ana cicks on 
the OK button 

This Input dialog box appears next 
The user enters 5 and clicks on the 
OK button 

This message dtatog box appears 
next. 

imc 

1 r 
« , . K -

*• -r 

-

The first if statement (which begins in line 26) conditionally executes the second one 
(which begins in line 28). The only way the program will execute the second if statement is 
for the salary variable to contain a value that is greater than or equal to 10,000. When (his 
is the case, the second if statement will test the yecrsOnJob variable. II u contains a value 
that is greater than or equal to 2, a dialog box will be displayed informing the user that he 
or she qualifies for the loan. 

It should be noted that the brace* used in the if statements in this program are not required. 
They could have been written as follow*: 

if (eaUry >• 30000) 
if (yearsOnJob >- 2) 
JOptionPane.showHcssagcDia log (null, "You qualify ** * 

"for the loan."); 
•lee 

JOptionFane.showMessageDialog(null, "You Bust have " • 
"been on your current job for at least " + 
"two years to qualify."); 

- 1 " 
JOptionPane.showMessageDialog(null, "You must earn " * 

"at least $30,000 per year to qualify."); 

Not only do the braces make the statements easier to read, but they also help in debugging 
code. When debugging a program with nested if-else statements, it s important to know 
which if clause each else clause belongs to. The rule for matching else clauses with if 
clauses is this: An else clause goes with the closest previous if clause that doesn't already 
have its own else clause. This is easy to see when the conditionally executed statements are 
enclosed in braces and are properly indented, as shown in Figure 3-14. Each else clause 
lines up with the if clause it belongs to. These visual cues arc important because nested if 
statements can be very long and complex. 
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Figure 3 -14 A l ignment of i f and e l s e clauses 
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Test ing a Series o f Condi t ions 

hi the previous example, you saw how a program can use nested decision structures to 

test more than one cond i t ion . It is not uncommon for a p rogram to have a series of condi ­

t ions to test, and then per form an act ion depending on which condi t ion is true. One way 

to accomplish this it to have a decision structure w i t h numerous other decision structures 

nested inside i t . For example, consider the program presented in the fo l l ow ing /'/ the 

Spotlight section. 

& In the Spotlight: 
Multiple Nested Decision Structures 
Suppose one of your professors uses chc fo l lowing 10-point grading leak for exams: 

Test Score 

90 and above 

80-89 

70-79 

60-69 

Below 60 

Grade 

A 

h 

C 

D 

F 

Your professor has asked you to wr i te a program that w i l l a l low a student to enter a test 

score and then display the grade for that score. Here is the a lgor i thm that you w i l l use: 

Ask the user to enter a test score. 
Determine the grade in the following manner: 
If the score ts less than 60, then the grade is E 

Otherwise, if the score ts less than ?0t then tl?e grade ts D. 
Otherwise, if the score is less than 80, then the grade is C 
Otherwise, if the score ts less than 90t then the grade ts B. 
Otherwise, the grade is A. 
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You decide that the process of determining the grade wi l l require several nested decision 
structures, as shown in Figure 3-15. Code Listing 3-4 shows the complete program. The 
code for the nested decision structures is in lines 23 through 5 l . Figures 3-I6 and J-I7 
show what happens in two different sessions with the program. 

Figure 3-15 Nested decision structure to determine a grade 

Code Listing 3-4 (NestedDeclslon.Java) 

1 import javax.awing.JOptionFane; / / Needed for JOptionPane 
2 

3 /** 
4 This program asks the user to enter a numeric t e s t 
5 score and displays a l e t t e r grade for the score. The 
6 program uses nested decision s t ruc tu res 
7 to determine the grade. 
8 * / 

10 publ ic class NestedDecision 
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public s t a t i c void nain(Str ing[] args) 

< 

i n t testScore; / / Numeric t e s t score 
String input; / / To hold the u se r ' s input 

/ / Get the numeric t e s t score. 
input • JOptionPane.showInputDialogfEnter your numeric " * 

" tes t score and I wil l t e l l you the grade: " ) ; 
testScore - In teger .parse ln t ( input ) ; 

/ / Display the grade. 
if ( testScore < 60) 

< 

JOptionPane.shovMessageDialog(null, "Your grade i s F . f l ) ; 

> 

e l se 

< 

if ( testScore < 70) 

< 

JOpr.ionPane.showM«ssageDialog(null, "Your grade i s D.") ; 

) 
e l se 

< 

if ( testScore < 80) 

< 

JOptionPane.showHessageDialog(nullf "Your grade i s C.")j 

> 

e l se 

< 

if ( testScore < 90) 

< 

JOptionPane.shovMessageDialog(null, "Your grade i s B . ' ) ; 

) 

e l se 

< 

JOptionPane.8howMessageDialog(null, "Your grade i s A.") ; 

System.cxit(0); 

> 
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Figure 3-16 Interaction with the NestedDecision program 

This message dialog oo» 
appears next. 

This Input dialog box appears f 
first. The user enters 80 and 
then clicks the OK button 
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Figure 3-17 Interaction with the NestedDecision program 

This Input dialog box appears 
first. The user enters 72 and 
thon chchs The OK Qutton 

This message dialog Dox 
appears next. 
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3.12 Write nested if statements that perform the following test: If anountl is greater 
than 10 .HIJ anount2 is less than 100, display the greater of the two. 

\. I \ Write code that tests the variable x to determine whether it is greater than 0. If x is 
greater than 0, the code should test the variable y to determine whether it is less 
than 20. If y is less than 20, the code should assign 1 CO the variable 2. If y is not 
less than 20, the code should assign 0 to the variable 2. 

3*4 The if-else-if Statement 

CONCEPT: The i f - e l s e - i f statement tests a series of conditions. It is often simpler 
to test a scries of conditions with the i f - e l s e - i f statement than with a 
set of nested i f - e l s e statements. 

Fvcn though (!odc listing 3-4 is a simple example, the logic of the nested decision structure 
is fairly complex. You can alternatively test a series of conditions using the i f - e l s e - i f 
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VidtoftJolt 

The if-
t l i t - i f 

Statement 

statement. The if-else-if statement makes certain types of nested decision logic simpler to 
write. I lerc is the general format of the if-else-if statement: 

If expression^ is true these 
statements are executed, and the rest 
oftlie structure ts ignored. 

if (expression^) 
i 

statement 
statement 
etc. 

> 

else if (expression_2\ 

{ 
statement 
statement 
etc. 

> 

insert as many else if clauses as necessary-
else 

statement These statements are executed if none 
statement ? 4 if the expressions above are true. 
ttt J 

1 

} 
Otherwise, if expression J is true 
t\>ese statements are executed, and 
tl>e rest of the structure is ignored. 

When the statement executes, expression^! is tested. If expression^] is true, the block 
ol statements that immediately follows is executed, and the rest of the structure is ignored. 
If expression^! is false, however, the program jumps to the next else if clause and tests 
expression^?. If it is true, the block of statements chat immediately follows is executed* 
and then the rest of the structure is ignored. This process continues, from the top of the 
structure to the bottom, until one of the expressions is found to he true. If none ol the 
expressions .ire true, the last else clause takes over and the block of statements immedi­
ately following it is executed, 

The last else clause, which does not have an if statement following it, is referred to as the 
trailing else. The trailing else is optional, but in most cases you will use it. 

o NOTE: The general format shows braces surrounding each block of conditionally exe­
cuted statements. As with other forms of the if statement, the braces are required only 
when more than one statement is conditionally executed. 

Code Listing 3-5 shows an example of the if-else-if statement. This program is a modifi­
cation of Code Listing 3-4, which appears in the previous in the Spotlight section. The 
output of this program is the same as (.ode Listing 3*4. 
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Code Listing 3-5 ( T e s t R e s u l t s . J a v a ) 

import javax.swing.JOptionPane; / / Needed for JOptionPane 

/## 

This program asks the user to enter a numeric t e s t 
score and displays a l e t t e r grade for the score. The 
program uses an i f - e l s e - i f statement to determine 
the l e t t e r grade. 

* / 

public c lass TestResults 

{ 
public s t a t i c void main(String[1 args) 

i 
int testScore; / / Numeric t e s t score 
String input; / / To hold the u se r ' s input 

/ / Get the numeric t e s t score . 
input • JOptionPane.showInputDialogpEnter your numeric " * 

" tes t score and I wil l t e l l you the grades *)* 
testScore • In teger .parse ln t ( input ) ; 

/ / Display the grade, 
i t ( testScore < 60) 

JOptionPane.showHessageDialogfnull, 
e lse if (testScore < 70) 

JOptionPane.showMeesageDialog(null, 
e lse if ( testScore < 80) 

JOptionPane.showMessageDialog(null, 
e lse if ( testScore < 90) 

JOptionPane.showMessageDialog(null, 
e lse 

JOptionPane»showMessageDialog(null, 'Your grade i 

System.exit(O); 

Your grade i 

Your grade i 

Your grade i 

Your grade i 

s F. " ) 

S D.H ) 

S C " ) 

S B.«) 

s A . - ) 

Let's analyze how the i f -e l se - i f statement in lines 2\ through M works, l-irst, the expres­
sion testScore < 60 is tested in line 23: 

-> if ( testScore < 60) 
JOptionPane.showMessageDialog(nullf 'Your grade i s F . " ) ; 

e lse if ( testScore < 70) 
JOptionPane.showMessageDialog(nullf 'Your grade i s D.") ; 

e lse if ( testScore < 80) 
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JOptionPane.showMessageDialog(null, "Your grade i s C."J; 
e l se if ( testScore < 90) 

JOptionPane.showMessageDialog(null, "Your grade i s B."J; 
e l se 

JOptionPane.showMessagcDialog(null, "Your grade i s A."); 

If tes tScore is less than 60, the message -Your grade i s F . " is displayed and the rest 
of the i f - e l s e - i f statement is skipped. If tes tScore is not less than 60, the e l s e clause 
in line 25 takes over and causes the next i t statement to be executed: 

i s r . - j*-

>; 

if (testScore < 60) 
JOptionPane.showMessageDiaiogtnull, "Your grade 

-» e l se if ( testScore < 70) 
JOptionPane.showMeesageDialogtnull, "Your grade i s D 

else if (testScore < 80) 
JOptionPane.showMeesageDialogtnull, "Your grade i s C 

else if (testScore < 90) 
JOptionPane.showMeesageDialogtnull, "Your grade i s B 

else 
JOptionPane.showKessageDialog(null, "Your grade i s A.") ; 

>; 

>; 

The first if statement handled all of the grades less than 60, so when this if statement 
executes, tes tScore will have a value of 60 or greater. If tes tScore is less than 70, the 
message "Your grade i s D." is disponed and the rest of the i f - e l s e - i f statement is 
skipped. This chain of events continues until one of the expressions is found to be true, or 
the last e lse clause at the end of the statement is encountered. 

Notice the alignment and indentation that are used with the i f - e l s e - i f statement: The 
starting if clause, the e lse if clauses, and the trailing e l se clause are all aligned, and the 
conditionally executed statements are indented. 

Using the Trail ing else to Catch Errors 

The trailing e l se clause, which appears at the end of the i f - e l s e - i f statement, is option.il, 
but in many situations vou will use it to catch errors. For example, (.ode listing 1-5 will 
assign the grade 'A* to an> test score that is 90 or greater What if the highest possible test 
score is 100? We can modify the code as shown in (jnle Listing 1-6 so the trailing else 
clause catches any value greater than 100 and displays an error message. Figure VI8 shows 
what happens when the user enters a test score that is greater than 100. 

Code Listing 3-6 ( T r a i l i n g E l e e . J a v a ) 

import javax.swing.JOptionPane; / / Needed for JOptionPane 

/ • • 

This program asks the user to enter a numeric t e s t 
score and displays a l e t t e r grade for the score. The 
program displays an e r ror message if an invalid 
numeric score i s entered. 

8 • / 
9 

http://option.il
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Q public c lass TrailingElse 

< 

public s t a t i c void main(String[) args) 

int tcstScore; / / Numeric t e s t score 
String input; / / To hold the u se r ' s input 

/ / Get the numeric t e s t score* 
input - JOptionPane»showlnputDialog("Enter your numeric " * 

" tes t score and I wi l l t e l l you the grade: " ) ; 
testScore - In teger .parse ln t ( input ) ; 

/ / Display the grade, 
i t ( testScore < 60) 

JOptionPane.showMessageDialog(null, "Your grade i s P . " ) ; 
e lse if (testScore < 70) 

JOptionPane.showMessageDialog(null, "Your grade i s D."); 
e lse if (testScore < 80) 

JOptionPane.showHessageDialog(null, "Your grade i s C.*}; 
e lse if ( testScore < 90) 

JOptlonPane.showKessageDialog(null, "Your grade i s B.")# 
else if ( testScore <- 100) 

JOptlonPane.showHeiiageDialog(null, "Your grade i s A,M); 
e lse 

JOptlonPane.showHesiageDialog(null# "Invalid score . " ) ; 

System.cxit(0); 

Figure 3-18 Interaction with the NestedDecision program 

This Input dialog box appears 
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The i f - e l s e - i f Statement Compared to a Nested Decision Structure 

You never have to use rhc i f - e l se - i f statement because its logic can be coded with nested 
i f - e l s e statements, \ lowcver, a long scries of nested i f - e l s e statements has two particular 
disadvantages when you are debugging code: 

• The code can grow complex and become difficult to understand. 
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^ 

• Because indenting is important in nested statements, a long scries of nested i f - e l se 
statements can become too long to be displayed on the computer screen without hori­
zontal scrolling. Also, long statements tend to "wrap around" when printed on paper, 
making the code even more difficult to read. 

The logic of an i f - e l s e - i f statement is usually easier to follow than that of a long series of 
nested i f - e l s e statements. And, because all of the clauses are aligned in an i f - e l s e - i f 
statement, the lengths of the lines in the statement tend u> be shorter. 

Checkpoint 

MyftofriromuigLitT tvtvu'.myproghwimingljbxom 

.V14 What will the following program display? 

public claim Checkpoint 

I 
public s t a t i c void na in(St r ing( | args) 

int funny - 7, serious - 15; 
funny - i c r iou i % 2; 
if (funny !• 1) 

i 
funny • 0; 
serious - 0; 

) 
c l i c if (funny - - 2) 

< 

funny • 10; 

serious - 10; 

) 

•IN 

< 

funny • 1; 
serious * 1; 

> 

Syttern.out.printLn(funny + " " + ser ious) ; 

> 

} 

3.15 The following program is used in a bookstore to determine how many discount 
coupons A i ustomer gets, (Complete the table that appears after the program. 

import javax.swing.JOptionPane; 
public c lass Checkpoint 

I 
public s t a t i c void oain(Str ing() args) 

( 

int books, coupons; 
String input; 
input - JOptionPane.showInputDialog("Row many books • * 

"are being purchased? *); 
books - In teger .parse ln t ( input ) ; 



3.5 Logical Operators US 

i t (books < 1) 
coupons • 0; 

e l se if (books < 3) 
coupons • 1; 

• I s * if (books < 5) 
coupons • 2; 

• I s * 
coupons • 3; 

JOpt ionPane.shovMessageDialog(null, 
"The number of coupons t o give i s 
coupons); 

System.exit(0); 

> 

If ch 
(his 

I 
2 
I 
•I 

5 

10 

e customer purchases 
many books . . . 

(his many coupons 
arc given. 

3.5 Logical Operators 

CONCEPT: Logical operators connect two or more relational expressions into one or 
reverse the logic ol an expression. 

Java provides two binary logical operators, &t and | | , which arc used to combine two 
boolean expressions into a single expression. It also provides the unary ! operator, which 
reverses the truth of a boolean expression. Table .5-4 describes these logical operators. 

Table 3-4 Logical operators 

Operator 

66 

II 

Meaning Effect 

AND Connects two boolean expressions into one. Both expressions must 
be true for the overall expression to be t rue . 

OK Connects two boolean expressions into one. One or both expres­
sions must be t rue for the overall expression to be true. It is only 
necessary* for one to be true, and it does not matter which one. 

NOT The ! operator reverses the truth of a boolean expression. If it is 
applied to an expression that is t rue, the operator returns false. If it 
is applied to an expression that is fa lse , the operator returns true. 
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Tabic 1-5 shows examples of several boolean expressions that use logical operators. 

Tabic 3-5 boolean expressions using logical operators 

Expression Meaning 

x > y at a < b 

x • - y | | x • • z 

l(x > y) 

Is x greater than y AND is a less than b? 

Is x equal to y OK is x equal to z? 

Is the expression x > y NOT true? 

Let's take a close look at each of these operators. 

The afc Operator 

The aa operator is known as the logical AND operator. It takes two boolean expressions as 
operands and creates a boolean expression that is t rue only when both subexpressions arc 
true. I Icre is an example of an if statement that uses the i t operator: 

If (temperature < 20 aa minutea > 12) 

I 
System.out.println("The temperature i s in the " + 

"danger zona.") ; 

In tins statement the two boolean expressions tenperature < 20 and minutea > 12 arc com­
bined into a single expression. The message will be displayed only if temperature is less 
than 20 AND minutea is greater than 12. If either boolean expression is ta lae, the entire 
expression is ta lae and the message is not displayed. 

Table 1-6 shows a truth table for the at operator. The truth table lists expressions showing 
all the possible combinations of t rue and false connected with the u operator, The result­
ing values of the expressions arc also shown. 

Table 3-6 Truth table for the a a operator 

Expression Value of the Expression 

t rue fct false 

false at true 

false aa false 

t rue a t true 

false 

false 

false 

true 

As the tabic shows, both sides of the a t operator must be t rue for the operator to return a 
true value. 

The i s operator performs short-circuit evahution. Here's how it works: If the expression 
on the left side of the a* operator is fa lse , the expression on the right side will not be 
checked. Because the entire expression is false if only one of the subexpressions is fa lse , 
it would waste CPU time to check the remaining expression. So, when the t& operator 
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finds th.ir the expression on its left is fa lse , it short-circuits and does not evaluate the 
expression on its right. 

The && operator can be used to simplify programs that otherwise would use nested i t state­
ments. The program in Code Liscing 3-7 is a different version of the LoanQualif ier pro­
gram in Code listing 3-3, written to use the && operator. Figures 3-19 and 3-20 show the 
interaction during two different sessions with the program. 

Code List ing 3-7 ( L o g i c a l A n d . Java;) 

import javax.awing.JOptionPane; / / Needed for JOptionPane c lass 

/ . . 

This program demonstrates the logical fcfc operator. 
* / 

9 
10 
M 

L2 
13 
14 
15 
16 
17 
18 
L9 

public c lass LoglealAnd 

B ( 
public s t a t i c void na in(St r ing( | args) 

I 
double salary; 
double yearsOnJob; 
String input; 

/ / Annual salary 
/ / Years a t current Job 
/ / To hold s t r ing input 

/ / Get tho use r ' s annual sa lary . 
input - JOptionPane.ahowInputDialogf"Enter your " * 

"annual s a l a r y . " ) ; 
salary • Double.parseDouble(input); 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 } 

/ / Get the number of y e a n a t the current job. 
input - JOptionPane.ahowlnputDialoqf'Enter the number of " + 

•yeara at your current job . " ) ; 
yearsOnJob • Double.paraeDoublefinput); 

/ / Determine whether the uaer qua l i f i e r for the loan. 
if (salary >- 30000 fcfc yearsOnJob >• 2) 

< 

JOptionPane.•howMc8«ageDialog(null, "You qualify • * 
"for the loan ." ) ; 

) 

clue 

< 

JOptionPane.showMessageDialog(null, "You do not " + 
"qualify for the loan . " ) ; 

) 

System.exit(0); 

» 
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F i g u r e 3 - 1 9 Interaction w i t h the L o g i c a l A n d program 

This input dialog box appears firsl 
The user enters 50000 and ricks on 
the OK button 

This Input dialog box appears next 
The user enters I and dicks on the 
OK button. 

? 
:a*t 

wv . * — J 
1 

O D 

7 *• t i t a w t a tfyvmt mfn* twiHr * * 

I « l.c—| 

This messago dialog box 
appears next 

-

F i g u r e 3 -20 Interaction w i t h the L o g i c a l A n d program 

This Input dialog Do* appears ftfti 
Tho u u ' enters 50000 and clicks on 
tho OK button. 

This Input dialog box appears next 
The user enters 4 and clicks on the 
OK button. 

This messago dialog box appears 
next 

7 

1 
N i r-* m a * * * * * * 

1 * — 

- H 

'mm (TO 

• 

• 

hMi tmum+m&f*m*Sf\M m *•#*** 

« 

LaJ c-cj 

BB 

I In message "Yo i l u a l i f y Co* the L M B < " i l displayed onlv \\ Hen both the expressions 

• a l a r y >- 30000 and yearsOnJob >• 2 arc t r u e . If either o l these expressions is f a lae , the 

message "You do not q u a l i f y l o t the. l o a n . " is displayed. 

You t a n also use logical operators w i t h boolean variables. For example, assuming that 

i s V a l i d is a boolean variable, the fo l low ing i f statement determines whether i s V a l i d is 

t rue and x is greater than 90. 

i f ( ieValid U x > 90) 
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The 11 O p e r a t o r 

The 11 operator is known as the logical OK operator. It takes two boolean expressions as 
operands and creates a boolean expression that is t rue when either of the subexpressions 
is true. I Icre is an example of an if statement that uses the 11 operator: 

i t (temperature < 20 | | temperature > 100) 

( 

System.out.println("The teaperature i s in the * * 
"danger zone.") ; 

) 

The message will be displayed if temperature is less than 20 OR temperature is greater than 
100. If cither relational test is t rue, the entire expression is t rue . 

Table 3-7 shows a truth table for the 11 operator. 

All it takes tor an OK expression to be t rue is for one side of the 11 operator CO He true. It 
doesn't matter if the other side is fa lse or true. Like the i t operator, the 11 operator per­
forms short-circuit evaluation. If the expression on the left side of the 11 operator is true, 
the expression on the right side will not be checked. Because it is necessary for only one of 
the expressions to be t rue, it would waste CPU time to check the remaining expression. 

Tabic 3-7 Truth (able for the 11 operator 

I xprt ssion 

t rue | | fa lse 

fa lse | | t rue 

fa lse | | false 

t rue t rue 

Value 

t rue 

t rue 

false 

t rue 

The program in Code Listing 3-8 is a different version of the previous program, shown in 
Code listing 3*7. This version uses the 11 operator to determine whether salary >• 30000 
is tru« OK ycaraOnJob >• 2 is t rue . If either expression is true, then the person qualifies 
for the loan. Figure 3*21 shows example interaction with the program. 

Code Listing 3-8 ( L o g i c a l O r . J a v a ) 

import javax.swing.JOptionPane; / / Needed for JOptionPane c lass 

This program demonstrates the logical | operator. 
* / 

public c lass LogicalOr 

public s t a t i c void main(String[) args) 
10 { 
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double salary; 
double yearsOnJob; 
String input; 

/ / Annual salary 
/ / Years a t current job 
/ / To hold s t r ing input 

/ / Get the u se r ' s annual sa lary . 
input • JOptionPane.showInputDialogfEnter your • + 

"annual s a l a r y . " ) ; 
salary • Double.parseOouble(input); 

/ / Get the number of years a t the current job. 
input - JOptionPane.showInputDialog<*Enter the number of • * 

"years a t your current job." 
yearsOnJob - Double.parseDouble<input); 

/ / Determine whether the user qua l i t i e s (or loan, 
i t (salary >- 30000 | | yearsOnJob >- 2) 

{ 
JOptionPane.showMessageDialogfnull, "You qualify " * 

"for the loan.*) ; 

> 

e l se 

{ 
JOptionPane.shovMessageDialogfnull, "You do not " + 

"qualify for the loan . " ) ; 

System.exit(O); 

* > 

Figure 3-21 Interaction with the Logica lOr program 

This input dialog box appears first. 
The user entors 20000 and clicks on 
Ihe OK button, 

~ TO 

7 w » » i » m w > 
3M0Q 

m C M 

This input dialog box appears next. 
The user enters 7 and ckks on the 
OK button. 

• H I I K I ^ K y i a K i K i ^ 

j , 

This message dialog box appears 
next. 

I r*. 

B 
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The ! Operator 

The ! operator performs a logic.il NOT operation. It is a unary operator that takes a 
boolean expression as its operand and reverses its logical value. In other words, if the 
expression is t rue, the ! operator returns false, and if the expression is fa lse, it returns 
true. I lerc is an i f statement using the l operator: 

if (!(temperature > 100)) 
System.out.println("This i s below the maximum temperature."); 

First, the expression (temperature > 100) is tested and a value of either t rue or false is the 
result. Then the 1 operator is applied to that value. If the expression (temperature > 100) 
is true, the 1 operator returns false. If the expression (temperature > 100) is fa lse, the ! 
operator returns true. The previous code is equivalent it) asking: "Is the temperature not 
greater than 100?" 

Table 3-8 shows a truth table for the ! operator. 

Table 3-8 Truth table for the ! operator 
Expression 

(true 

lfalse 

Value 

false 

true 

The Precedence of Logical Operators 
Like other operators, the logical operators have orders of precedence and associativity. 
Tabic 3*9 shows the precedence of the logical operators, from highest to lowest. 

Table 3-9 Logical operators in order of precedence 

i 

I I 

The ! operator has a higher precedence than many of Java's other operators. You should 
always enclose its operand in parentheses unless you intend to apply it to a variable or a 
simple expression with no other operators. For example, consider the following expressions 
(assume x is an i n t variable with a value stored in it): 

! ( x > 2) 

IX > 2 

The first expression applies the ! operator to the expression x > 2. It is asking "is x not 
greater than 2?" The second expression, however, attempts to apply the ! operator to x only. 
It is asking "is the logical complement of x greater than 2?" Because the ! operator can only 
be applied to boolean expressions, this statement would cause a compiler error. 

http://logic.il
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The i t and 11 operators rank lower in precedence than the relational operators, so prece­
dence problems arc less likely to occur. If you arc unsure, however, it doesn't hurt to use 
parentheses anyway. 

(a > b) 44 (x < y) isthesjmejs a > b M x < y 
{x « y) | | (b > a) is the same as x — y | | b > a 

The logical operators evaluate their expressions from left to right. In the following expres­
sion, a < b is evaluated before y — z. 

a < b | | y — z 

In the following expression, y — z is evaluated first, however, because the u operator has 
higher precedence than 11. 

a < b | | y - - i 44 U > j 

This expression is equivalent to the following: 

(a < b) | | u y •• 2) « <» > j ) ) 

Table H O shows the precedence of all the operators we have discussed so far. This table 
includes the assignment, arithmetic, relational, and logical operators. 

Table 3-10 Precedence of all operators discussed so (ar 

Order of Precedence 

1 

2 

3 

4 

5 

6 

7 

8 

Operators 

- (unary negation) I 

• / * 

• -

< > < • > • 

- - 1-

fcfc 

II 
. + . — . - / - %. 

Description 

Unar\ negation, logical NOT 

Multiplication, division, modulus 

Addition, subtraction 

I ess than, greater than, less than or 
equal to, greater than or equal to 

I'qual to, not equal to 

logical AND 

logical OK 

Assignment and combined assignment 

Checking Numeric Ranges with Logical Operators 
Sometimes you will need to write code that determines whether a numeric value is within a 
specific range of values or outside a specific range of values. When determining whether a 
number is inside a range, it's best to use the 44 operator. For example, the following i f state­
ment checks the value in x to determine whether it is in the range of 20 through 40: 

if (x >- 20 44 x <- 40) 
System.out.printIn(x • " i s in the acceptable range.") ; 

The boolean expression in the i f statement wi l l be true only when x is greater than or equal 
to 20 AND less than or equal to 40. The value in x must be within the range of 20 through 
40 for this expression to be true. 
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* 

When determining whether a number is outside a range, it's best to use the 11 operator. The 
following statement determines whether x is outside the range of 20 through 40: 

i£ (x < 20 | | x > 40) 

System.out.println(x • " i s outside the acceptable range. -); 

It's important not to get the logic of these logical operators confused, l o r example, the 
boolean expression in the following i f statement would never test t rue: 

if (x < 20 t l x > 40) 
System.out.println(x • * i s outside the acceptable range."); 

Obviously, x cannot be less than 20 and at the same time be greater than 40. 

Checkpoint 

M)fPro|r*mmmglab" wu'iv.myfmigrjmmmiihh.tom 

3.16 The following truth table shows various combinations of the values true and fa lse 
connected by a logical operator. Complete the table by circling T or r to indicate 
whether the result of such a combination is true or fa lse. 

logical Expression 
true i t false 
true fct true 
false i t true 
false 14 false 
true | | false 
true | | true 
false | | true 
false | | false 
I true 
!false 

Result { true or false) 
T r 
T r 
T r 
T r 
T r 
T r 
T r 
T F 

T r 

3.17 

3.18 

3.19 

T F 
Assume the variables a = 2, b = 4 , and c = 6. Circle the T or F for each of the follow­
ing conditions to indicate whether it is t rue or false. 

a - - 4 | | b > 2 T F 
6 <- c t t a > 3 T F 
1 I* b (t c I* 3 T F 
a >• -1 | | « <- b T F 
!(a > 2) T F 

Write an i f statement that displays the message "The number i s va l i d " if the vari­
able speed is within the range 0 through 200. 

Write an i f statement that displays the message "The number i s not va l i d " if the 
variable speed is outside the range 0 through 200. 

3.6 Comparing S t r i n g Objects 

CONCEPT: You cannot use relational operators to compare Str ing objects. Instead 
you must use a Str ing method. 

You saw in the preceding sections how numeric values can be compared using the relational 
operators. You should not use the relational operators to compare Str ing objects, however. 



144 Chapter 3 Decision Structures 

Remember that a s t r ing object is referenced by a variable that contains the object's mem­
ory address. When you use a relational operator with the reference variable, the operator 
works on the memory address that the variable contains* not the contents of the s t r ing 
object. For example, suppose a program has the following declarations: 

String naroel • "Mark"; 
String naroe2 • "Mary"; 

And later, the same program has the following if statement: 

if (namel • - name2) 

The expression namel • • nam2 will be false, but not because the strings "Mark" and "Mary" 
are different. The expression will be false because the variables namel and name2 reference 
different objects. Figure 3*22 illustrates how the variables reference the String objects, 

Figure 3-22 The namel and namc2 variables reference different S t r i n g objects 

The namel variable 
holds Ihe address Of 

a St ring Object 

A • : . : . M < > ! > / i T 

-Mark1 

The i f statement compares 
these two addH 

The namcJ variable 
holds the address of 

• S t r ing object 
**>«» 

A s t r i n g object 

"Mary" 

To compare the contents of two s t r ing objects correctly, you should use the String class's 
equals method. Ihe general form of the method is as follows: 

Stringrteferencel.equals(StringffeferenceJ) 

StringReferencei is a variable that references a Str ing object, and StringReterence2 is 
another variable that references a String object. The method returns t rue if the two strings 
are equal, or false if they are not equal. Here is an example: 

if (name 1.equals(namc2)) 

\ssuming that namel and name2 reference String objects, the expression in the if statement 
will return t rue if they arc the same, or fa lse if they arc not the same. The program in Code 
Listing 3-9 demonstrates. 

Code Listing 3-9 ( S t r i n g C o m p o r e . j a v a ) 

This program correc t ly compares two String objects using 
3 the equals method. 

file:///ssuming
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4 * / 

6 public c lass StringCompare 

7 i 
public s t a t i c void Bain(String[1 args) 

9 < 
10 String namel - "Hark", 
11 namc2 * "Hark", 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 

33 
34 
35 
36 
37 

38 
39 

4 0 

J 
\ 

name3 • "Mary"; 

/ / Compare "Mark" and "Mark" 

i f (namel.equals(name2)) 

i 
System.out .pr in t ln(namel * • and " • name2 t 

• a r e the same." ) ; 

> 

e l s e 

< 

System.out .pr in t ln(namel * " and " * naaw2 + 

" a r e HOT the M M . " ) J 

) 

/ / Compare "Hark" and "Mary" 

i f (namel.equals(namei)) 

< 

System.out .pr in t ln(namel * • and " • name 3 • 
" a re the same . " ) ; 

} 
e l s e 

< 

System.out .pr in t ln(namel • • and " • nameJ + 
• a r e HOT the s a n e . - ) ; 

> 

Program Output 
Mark 
Mark 

and 
and 

Mark a re the same. 
Mary a re HOT the same. 

You can also compare String objects to string literals. Simply pass the string literal as the 
argument to the equals method, as follows: 

if (namel.equals)"Mark" )) 
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To determine whether two strings are not equal, simply apply the ! operator to the equala 
methods return value. I lerc is an example: 

if (inamel.equals)"Mark"n 

The boolean expression in this if statement performs a not-equal-to operation. It deter­
mines whether the object referenced by nanei is not equal to "Mark". 

The Str ing class also provides the conpareTo method, which can be used to determine 
whether one string is greater than, equal to, or less than another string. The general form of 
the method is as follows: 

StringReference.compareTQ(QtherString) 

stringRctercnce is a variable that references a Str ing object, and OtherString is cither 
another variable that references a String object or a string literal. The method returns an 
integer value that can be used in the following manner: 

• If the method's return value is negative, the string referenced by Stringfle/erence (the 
calling object) is less than the othwstring argument. 

• II the method's return value is 0, the two strings are equal. 
• If the method s return value is positive, the string referenced by stringfla/aranca (the 

calling object) is greater than the otttwstring argument, 

lor example, assume that namel and namc2 are variables that reference String objects. The 
follow ing i! statement uses the conpareTo method to compare iltc MI mgv 

if (namal .compareTo(na*M2) « 0) 
System.out.println("Tha nanaa a r t tha aaaa.*) ; 

Also, the follow ing expression compares the siring referenced bv namel to the string literal 
"Joe-i 

if (narael.compareTo("Jo«") — 0) 
Sys tea .ou t .p r in t ln fThc names are the aaaa ." ) ; 

The program in Code listing J-10 more fiill\ demonviratt-s L lie conpareTo method. 

Code Listing 3-10 ( S t r i n g C o m p a r a T o . J a v a ) 

/ • • 

This program compares two String objects using 
the conpareTo method. 

• / 

public c lass StringCompareTo 

< 

8 public s t a t i c void nain(Str ing[] args) 

9 < 

10 String namel - "Mary", 
11 name2 - "Hark"; 
12 
13 / / Compare "Mary" and "Mark" 
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14 
15 
16 
17 
18 

if (namel.compareTo(naae2) < 0) 

( 
System.out.printlnfnamel • • i s less than " + name2); 

) 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 > 

< 

1 

< 

> 

) 

else if (namel. comparcTo(na»e2) • • 0) 

System.out.println(naawl + " is equal to " + namc2); 

e lse if (namel.compareTo(nane2) > 0) 

System.out.println(namel + • i s greater than • + name2); 

Program Output 

Mary is i greater than Mark 

let 's take I closer look at this program. When you use the compareTo method to compare 
two strings, the strings are compared character by character. This is often called a lextto-
Rhif)hit\tl comparison. The program uses the coapareTo method to compare the strings 
"Mar ) " and "Mark", beginning with the first, or leftmost, characters. I his is illustrated 
in Figure 3-23. 

Figure 3-23 String comparison of "Mary" and "Mark* 

M a | r | y 

I I I 
M | a | r | k 

I Icrc is how the comparison takes place: 

1. The " M " in "Mary" is compared with the " M " in "Mark." Because these are the same, 
the next characters arc compared. 

2. The "a" in "Mary" is compared with the "a" in "Mark." Because these arc the same, 
the next characters arc compared. 

3. The "f" in "Mary" is compared with the "r" in "Mark." Because these are the same, 
the next characters arc compared. 

4. The "y" in "Mary" is compared with the "k" in "Mark." Because these are not the 
same, the two strings are not equal. The character "y" is greater than "k*\ so it is 
determined that "Mary" is greater than "Mark." 

II one of the strings in a comparison is shorter than the other, Java can only compare the 
corresponding characters. It the corresponding characters arc identical, then the shorter 
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string is considered less ch.in the longer string. l:or example, suppose ilic strings "I lu;h" .nul 
" H i " were being compared. The string " M i " would be considered less than " I l igh" because 
it is shorter. 

Ignor ing Case In Str ing Comparisons 
The equals and compareTo methods perform case -sensitive comparisons, which means that 
uppercase letters arc not considered the same as their lowercase counterparts. In other 
words, "A" is not the same as "a " . This can obviously lead to problems when you want to 
perform case-insensitive comparisons. 

The Str ing class provides the equalsIgnoreCase and coapareTolgnoreCase methods. These 
methods work like the equals and compareTo methods, except the case of the characters in 
the strings is ignored. For example, the program in Code Listing 3-11 asks the user to enter 
the "secret word," which is similar to a password. The secret word is "PROSIM RO", and 
the program performs a case-insensitive string comparison to determine whether the user 
has entered it. 

Code L is t ing 3-11 ( S e c r a t W o r d . Java ) 

l 
i 

I 

< 

9 

6 
7 

6 

9 

10 

11 

12 

13 

14 

15 

L6 

17 

IS 

LS 

20 

21 

22 

a t 
2A 

2', 

26 

27 

import Java .u t i l .Scanner ; / / Needed l o r the Scanner c lass 

This program demonstrates a case insensi t ive s t r ing comparison. 

• / 

public c lass SecretWord 

< 

public s t a t i c void nain(Str ing[] args) 

< 

String input; / / To hold the u se r ' s input 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(SystesKin); 

/ / Prompt the user to enter the secret word. 
System.out.print("Enter the secret word: • ) ; 
input - keyboard.nextLine(); 

/ / Determine whether the user entered the secret word, 
if (input.equalsIgnoreCaseCPROSPERO')) 

i 
System.out.println("Congratulations! You know the 

"secret word! ') ; 

> 

else 

< 
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System.out.println("Sorry, that i s HOT the 
29 "secret word! ' ) ; 
30 } 

31 ) 

32 > 

Program Output with Example Input Shown In Bold 

Enter the secret word: Ferdinand [Enter] 
Sorry, that i s NOT the secret word I 

Program Output with Example Input Shown In Bold 

Enter the secret word: Proipero [Enter] 
CongratuiationsI You know the secret wordl 

* 

The compareToIgnoreCase method works exactly like the compareTo method, except the 
case of the characters in the strings being compared is ignored. 

Checkpoint 

MypfoifimniKmiab' wwu\myprit^ramnun^l.ibxom 

1.20 Assume the variable name references .1 s t r ing object. \XYuc an if statement that dis­
plays "Do I know you?" if the String oh|cu contains "Timothy". 

1.21 Assume the variables nanel and name 2 reference two different s t r ing objec t , . mi 
taming different strings. VC'ritc code that displays the strings referenced by these 
variables in alphabetical order. 

3.22 Modify the statement you wrote in response to Checkpoint 1.20 so it performs a 
^ ,isc insensitive comparison. 

3.7 More about Variable Declaration and Scope 

CONCEPT: I In- scope of a variable is limited to the block in which it is declared. 

Recall from Chapter 2 that a local variable is a variable that is declared inside a method. 
Java allows you to create local variables just about anywhere in a method. l*'or example, 
look at the program in Code Listing 1-12. The main method declares two s t r ing reference 
variables: firstName and lastName. Notice that the declarations of these variables appear 
near the code that first uses the variables. 

Code List ing 3-12 ( V a r i a b l e S c o p e . J a v a ) 

1 import javax.swing.JOptionPane; / / Heeded for JOptionPane 
2 
i / ** 

This program demonstrates how variables may be declared 
in various locations throughout a program. 

file:///XYuc
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6 

7 

8 

9 

10 

n 
12 

I i 

: • ; 

15 

L6 

17 

18 

LS 

20 

21 

22 

23 

24 

25 

26 

public c lass VariableScope 

< 

public s t a t i c void main(String[) args) 

< 

/ / Get the u se r ' s f i r s t name. 
String firstName; 
firstName - JOptionPane.showInputDialog("Enter your * + 

• f i r s t name.*); 

/ / Get the u se r ' s l a s t name. 
String XastName; 
lastName - JOptionPene.showInputDialog<*Enter your • • 

" las t name."); 

JOptionPane.showMessageDialog(null, "Hello, • + firstName # 
• • * UstNaae); 

System.exit(0>; 

Although it is a common practice to declare all of a methods local variables ar the begin­
ning of the method, it ii possible to declare them at later points. Sometimes programmers 
declare certain variables near the part of the program where thev are used in order to make 
their purpose more evident. 

Recall from Chapter 2 that a variable s scope is the part of the program where the variable's 
name may be used. A local variable's scope always starts at the variable's declaration, and 
ends at the closing brace of the block of code in which it is declared. In Code lasting 3-12t 

the firstName variable is visible only to the code in lines I i through 24. The lastName vari­
able is visible only to the code in lines 18 through 24. 

<? NOTE: When a program is running and it enters the section ot code that constitutes a 
variable's scope, it is said that the variable "comes into scope." This simply means the 
variable is now visible and the program may reference it. Likewise, when a variable 
"leaves scope" it may not be used. 

3.8 The Conditional Operator (Optional) 

CONCEPT: You can use the conditional operator to create short expressions that 
work like i f - e l se statements. 

The conditional operator is powerful and unique. Because it takes three operands, it is con­
sidered a ternary operator. The conditional operator provides a shorthand method of 
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expressing; a simple i f - e l s e statement. The operator consists of the question mark (?) 
and the colon <:). You use the operator to write a conditional expression, in the fol lowing 
format: 

BoolcanExprcaaion 7 Valael: Valuc2; 

The BooleanExpreaaion is like the boolean expression in the parentheses of an i f statement. 
If the BvolcinExpreaaion is true, then the value of the conditional expression is Valuel. 
Otherwise, the value of the conditional expression is Value2.1 (ere is an example of a state­
ment using the conditional operator: 

y - x < 0 ? 10: 20; 

This preceding statement performs the same operation as the following i f - e l s e statement: 

if (x < 0) 
y - 10; 

d i e 
y - 20j 

The conditional operator gives you the ability to pack decision-making power into a con­
cise line of code. With a little imagination it can be applied to many other programming 
problems. For instance, consider the following statement: 

System.out.println("Your grade i t : " * 
(•core < 60 ? T a i l . - : -Pass.")); 

Converted to an i f -e lae statement, it would be written as follows: 
i f (•core < 60) 

System.out.println("Your grade ia : r a i l . ' ) ; 
• I s * 

System.out.println("Your grade ia : Pass ." ) ; 

o NOTE: The parentheses are placed around the conditional expression because the + 
operator has higher precedence than the ?: operator, Without the parentheses, the + 
operator would concatenate the value in score with the string "Your grade i t : •• 

Tor a complete example using the conditional operator, sec the program named 
ConsultMtt(*Jhirgc$.iJt\i in this chapters source code folder, available tor download from 
the book's companion Website (wwAv.pearsonhighered.com/gaddis). 

< * 
Checkpoint 

MyProjr*mmmjLab* www.myprogrjmmmg.fab.com 

3.23 Rewrite the following i f -e l se statements as statements that use the conditional 
operator, 
a) i f (x > y) 

z - 1; 
e l s e 

z - 20; 

http://wwAv.pearsonhighered.com/gaddis
http://www.myprogrjmmmg.fab.com
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b) if (temp > 45) 

popu la t i on - base * 10; 
e l a e 

popu la t i on • base • 2; 

c) i f (hours > 40) 

wages *- 1.5; 

• l s « 
wages *- 1; 

d) if ( resu l t >- 0) 
S y s t e m . o u t . p r i n t l n ( " T h e r e s u l t i s p o s i t i v e . " ) ; 

e l s e 
S y s t e m . o u t . p r i n t l n f " T h e r e s u l t i s n e g a t i v e . " ) ; 

i 3.9 The switch Statement 

- i CONCEPT: The switch statement lets the value of a variable or expression determine 
where the program will branch to. 

The switch statement is a multiple alternatne ifdsJOM ttriuture. It allows you io icsi the 
value of a variable or an expression and then use that value io determine which statement 
or set of statements to execute. Figure J-24 shows an example of lum .1 multiple altcrn.ui\e 
decision structure looks in a flowchart. 

Figure 3-24 A multiple alternative decision structure 

Display "January" 

Default 

Display "February"/ / Display 'March' 
Display 'Error: 
Invalid month" 

In the flowchart, the diamond symbol shows sonth, which is the name of a variable. If the 
month variable contains the value I, the program displays January. If the month variable 
contains the value 2, the program displays February. If the month variable contains the 
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value 1, the program displays March. If the aonth variable contains none of these values, the 
action that is labeled Default is executed. In this case, the program displays Error: Invalid 
month* 

Here is the general format of a switch statement in Java: 

The teac Express ion IS 
a variable Of expression 

switch (teatExpreaatoni 
( 

case valve_l: 
statement; 
statement; 
etc. 
bTMkj 

esse v«iu«_2i 
statement; 
statement; 
etc. 
b tcak ; 

Inert M many? A** 

Theee statements are executed 
r— If the test Express ion IS 

equal lo\*alue_l* 

Theee statements are executed 
tithe testExpreaeion ts 
equal to valuers* 

case vatue^Nt 
statement; 
statement; 
etc. 
break; 

dafault : 
statement; 
statement: 
etc. 
break; 

rftf* teaedpresaJcn ts 
equal to valu*_K. 

These statements are executed 
tt the teatExpress ton is not 
equal to any ot the case values. 

The first line of the statement starts with the word switch, followed by a testExpreasion, 
which is enclosed in parentheses. The testExpreae ion is a variable or an expression that 
gives a char, byte, short, int , or string value. (If you arc using a version of Java prior to 
Java 7y the testExpreasion cannot be a string.) 

Beginning at the next line is a block of code enclosed in curly braces. Inside this block of 
code is one or more case sections. A case section begins with the word case, followed by a 
value, followed by a colon. Each case section contains one or more statements, followed by 
a break statement. After all of the case sections, an optional default section appears. 

When the switch statement executes, it compares the value of the testExpreasion with the 
values that follow each of the case statements (from top to bottom). When it finds a case 
value that matches the teatExpression's value, the program branches to the case statement. 
The statements that follow the case statement arc executed until a break statement is 
encountered. At that point, the program jumps out of the switch statement. If the 
CestExpression does not match any of the case values, the program branches to the default 
statement and executes the statements that immediately follow it. 
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<?s O T E : Each of the case values must be unique. 

For example, the following code perform* the same operation as the flowchart in Figure i-24, 
\ssuinc month is an int variable. 

iwitch (month) 

case Li 
Syetern.out.printing "January"); 
break; 

case 2: 
Systern.out.println("February"); 
break; 

case 3: 

System.out.printIn("March"); 
break; 

default: 
System.out.printIn("Error: Invalid month"); 
break; 

i 

In this example the teMtExpreMMion is the month variable. The month variable will be evalu­
ated and one of the following actions will take place: 

• If the value in the month variable is I, the program will branch to the case 1: section 
and execute the System, out . printing "January") statement that immediately follows 
it. The break statement then causes the program to exit the switch statement, 

• If the value in the month variable is 2, the program will branch to the case 21 section 
and execute the System, out . printing "February") statement that immediately follows 
it. The break statement then causes the program to exit the switch statement, 

• It the value in the month variable is 1. the program will branch to the case 3: section 
and execute the System.out.println("March") statement that immediately follows it. 
The break statement then causes the program to exit the switch statement. 

• If the value in the month variable is not 1, 2 , or 1, the program will branch to the 
de fau l t : section and execute the Sys tem.out .pr in t ln("Error : Invalid month") 
statement that immediately follows it. 

The switch statement can be used as an alternative to an if-else-if statement that com­
pares the same variable or expression to several different values. For example, the previ­
ously shown switch statement works like this i f-else-if statement: 

if (month — 1) 

System.out.printIn("January"); 

> 

file:///ssuinc
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e l se if {month — 2) 

< 

System.out.print In("February"); 

> 

•1st if (month — 3) 

< 

System.out.println{"March"); 

> 

else 
< 

System.out.println("Error: Invalid month"); 

O NOTE: The default section is optional. If you leave it out, however, the program wil 
have now here to branch to if the teatExpresaion doesn't match any of the case values. 

The program in Oidc Listing .1-11 shows how a simple switch statement works. 

Code Listing 3-13 (SwitchDaao. Java) 

a 
J 

•i 

7 

8 

9 
10 

11 

L2 

I i 

l-i 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

import java.ut i l .Scannarj / / Needed for Scanner clasi 

/ • • 

This program demonstrates the switch statement 

* / 

public class SwitchDemo 

public s t a t i c void aain(String[1 args) 

< 

int number; / / A number entered by the user 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(System.in); 

/ / Get one of the numbers I , 2, or 3 from the user 
System.out.print("Enter 1, 2, or 3: " ) ; 
number - keyboard.nextlnt() ; 

/ / Determine the number entered, 
switch (number) 

{ 

case It 
System.out.println("You entered l a " ) ; 
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25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 > 

break; 

case 2: 

Sys tem.ou t .p r in t l n ( "You entered 2 . ' ) ; 

break; 

case 3: 

Sys tem.ou t .p r in t l n ( "You entered 3 . " ) ; 

break; 

defau l t : 

Sys tem.ou t .p r i n t l n f"That 's not 1 , 2, or 3! 

> 

1 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n In Bold 

Enter 1 , 2, or 3: 2 [Enter] 

You entered 2. 

P r o g r a m O u t p u t w i t h Example I n p u t S h o w n In Bold 

Enter 1 

That 's : 

, 2, or 31 I [Enter] 

not 1 , 2, or 3! 

' ) ; 

Notice the b r « k statements that are in the c«s« l , c u « 2, and case 1 sections, 

•wi tch (number) 

case 1i 
System.out.println("You entered 1."); 
break;4 

case 2i 
System.out.printing"You entered 2 . " ) ; 
break)4 

case 3i 
System.out.printing"You entered 3."); 
break) «-

default: 
System.out.println("That's not 1, 2, or 31"); 

> 

The case statements show the program where to start executing in the block and the 
break statements show the program where to stop. Without the break statements, the 
program would execute all of the lines from the matching case statement to the end of 
the block. 

o NOTE 
need a 
tency. 

: The default section (or the 
break statement. Some progra 

last case senior 
mmers prefer to 

i if there is 
put one th< 

no default) does not 
•re anyway for consis-
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The program in Code Listing 3-14 is a modification of Code lasting 3-13, without the 
break statements. 

Code Listing 3-14 < NoBreaks. j ava) 

i 

2 

i 
A 

5 

6 

7 

I 
9 

10 
u 

import Java.util.Scanner; / / Needed for Scanner cl< 

/ * * 

This program demonstrates the switch statement. 
* / 

pubiic ciass NoBreaks 
< 

public s ta t ic void nain(String[] args) 
i 

int number; / / A number entered by the user 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 

22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 

> 

1 

Program 
Enter 1, 
You 
You 
You 

/ / Create a Scanner ob jec t for keyboard i n p u t . 
Scanner keyboard • new Scanner(Sys tem. in) ; 

/ / Get one of the numbers 1, 2, o r 3 froa the u se r . 
Sys t em.ou t .p r in t ( "En te r 1, 2, o r 3i " ) ; 
number • k e y b o a r d . n e x t l n t ( ) ; 

/ / Determine the nuaber e n t e r e d . 
switch (number) 

i 
case 1i 

System.out .pr in t lnf"You en te red 1."); 
case 2t 

System.out .pr in t lnf"You en te red 2 . " ) ; 
case 3: 

System.out .pr in t lnf"You en te red 3 . " ) ; 
d e f a u l t : 

S y s t e m . o u t . p r i n t l n f " T h a t ' s not 1, 2, o r 3l"»j 

> 

i Output with Example Input Shown In Bold 
2, or 3: 1 [Enter) 

entered 1. 
entered 2. 
entered 3. 

T h a t ' s not 1, 2, or 3t 



ISh Chapter 3 Decision Structures 

Program Output w i t h Example 

Enter 1, 2, or 3 
You entered 3. 
That 's not 1, 2, 

: 3 [Enter] 

or 3! 

I n p u t S h o w n In Bo ld 

Without the break statement, chc program "falls through" all ot the statements below the one 
with the matching case expression. Sometimes this is what you want. For instance, the pro­
gram in Code lasting .1-15 asks the user to select a grade of pet food. The available choices arc 
A, B, and C The switch statement will recognize either uppercase or lowercase letters. 

Code Listing 3-1S ( P e t f o o d . J a v a ) 

1 import java.ut i l .Scanner; / / Needed for the Scanner c lass 
2 
3 / • • 

This program demonstrates a switch statement. 
5 •/ 
6 
7 public c lass Petfood 

B { 
9 

10 

n 
12 

13 
14 
15 
L6 
17 
18 
L9 
20 
21 
22 
23 
24 
25 
26 
27 

28 
28 

10 

» 

32 

33 
34 

35 

public s t a t i c void main(Str ing[ | args) 

< 

String input} / / To hold the u se r ' s input 
char foodGradc; / / Grade of pet food 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(Systeo.in); 

/ / Prompt the user for a grade of pet food. 
System.out.println("Our pet food i s available in 

"three grades :" ) ; 
System.out.print("A, D, and C. Which do you want 

"pricing for? • ) ; 
input - keyboard.nextLine(); 
toodGrade • input.charAt(O); 

/ / Display pricing for the selected grade, 
switch(foodGrade) 

< 

case ' a ' : 
case ' A ' : 

System.out.println("30 cents per l b . " ) ; 
break; 

case ' b ' : 
case ' B ' : 

System.out.printlnf"20 cents per l b . " ) ; 
break; 
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36 

37 

38 

39 

40 

41 

42 

43 

44 
> 

) 

case ' c ' : 

case ' C * : 

S y s t e m . o u t . p r i n t l n ( " 15 cents per l b . " ) ; 

break; 

d e f a u l t i 

S y s t e m . o u t . p r i n t l n ( " I n v a l i d c h o i c e . " ) ; 

} 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n In Bold 

Our 

A, 
20 

pet food i s a v a i l a b l e i n three grade* : 

B, and C. Which do you want p r i c i n g l o r? b [Enter) 

cents per l b . 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n In Bold 

Our 

A, 
20 

pet food i s a v a i l a b l e i n three grades: 
D, and C. Which do you want p r i c i n g fo r? B (Enter] 

cents per l b . 

When the user enters V the corresponding case has no statements associated with it, so the 
program tails through to the next case, which corresponds with lA\ 

case ' « ' : 
case * V : 

System.out.println(*30 cents per l b . - J; 
break; 

The same technique is used for 'b' and V . 

If you are using a version of Java prior to Java 7, a twi tch statement's teatExprcaaion tan 
be a char, byte, short, or i n t value. Beginning with Java 7, however, the teatExprmaaion 
can also be a String. The program in O K I C I isting J-16 demonstrates. 

Code L i s t i ng 3-16 ( S e a s o n s . Java) 

1 import Java.util .Scanner; 
2 
3 /** 

This program t rans la tes the English names of 
5 the seasons into Spanish. 

6 * / 
7 

8 publ ic class Seasons 

9 { 
public s t a t i c void main(String[] args) 

1 1 < 
12 String input; 

13 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 > 

> 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System,in); 

/ / Get a day from the user. 
System.out.print)"Enter the name of a season: "); 
input • keyboard.nextLine(); 

/ / Translate the season to Spanish. 
switch (input) 
< 

case "spring": 
System.out.println("la primavera"); 
break; 

case "summer": 
System.out.println("el verano"); 
break; 

case "autumn": 
case "fall": 

System.out.println("el otono"); 
break; 

case "winter'i 
System.out.printIn("el invierno"); 
break; 

default! 
System.out.println("Please enter one of these words:\n" 

• "spring, summer, autumn, f a l l , or winter."]; 

> 

Program Output w i th Example Input Shown In Bold 

Enter the 
•1 verano 

Program 

Enter the 
e l otono 

name of a season: summer [Enter] 

Output w i th Example Input Shown In Bold 

name of a season: fall [Enter] 

< * 
Checkpoint 

MyProtr̂ mifijUb̂  uwu\myprogrjmmittgljhxom 

.1.24 Complete the following program skeleton by writing a switch statement that dis­
plays "one" if the user has entered I, "two" if the user has entered 2, and "three" if 
ihc user has entered 3. If a number other than lf 2, or 3 is entered, the program 
should display an error message. 

import Java.util.Scanner; 
public class Checkpoint 

i 
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public s t a t i c void main(String(1 args) 

< 

int userNum; 
Scanner keyboard • new Scanner(System.in) ; 
System.out.print("Enter one of the numbers • • 

• 1 , 2, or 3: " ) ; 
userNum • keyboard.nextlnt(); 
/ / 

/ / Write the switch statement here . 
/ / 

> 

> 

3.25 Rewrite the following i f - e l s e - i f statement as a switch statement. 

if (select ion - - •*•) 
System.out.printIn("You selected A . ' ) ; 

e l se if (select ion — 'B') 
System.out.println("You selected B.") ; 

e l se if (select ion • - 'C ' ) 
System.out.println("You selected C.") ; 

e l se if (select ion — 'D') 
System.out.println("You selected D."»; 

e l se 
System.out.println("Mot good with l e t t e r s , eh?">| 

1.26 I \plain why you cannot convert the following i f - e l s e - i f statement into a switch 
statement. 

i t (temp « 100) 
x - 0; 

e l se if (population > 1000) 
x - 1; 

e l se if ( ra te < .1) 
x - - l j 

3.27 What is wrong with the following switch statement? 

/ / This code has e r r o r s ! ! ! 
switch (temp) 

< 

case temp < 0 i 
System.out.printlnfTenp i s nega t ive ." ) ; 
break; 

case temp • 0: 
System.out.println("Tesq> i s ze ro . " ) ; 
break; 

case temp > 0 : 
System.out.println("Teap i s p o s i t i v e . " ) ; 
break; 

> 

file:///plain
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i.2# What will the following code display? 

int funny • 7, serious • 15; 
funny • serious * 2; 
switch (funny) 
{ cast 0 t 

System.out.println(*That i s funny."); 
break; 

C«S« 30: 
System.out.println(*That i s s e r ious . " ) ; 
break; 

case 32: 
System.out.println("That i s seriously funny."); 
break; 

default : 
System.out.printIn(funny); 

} 

3.10 The System.out.printf Method 

-i CONCEPT: The System.out.priatf method allows you to format output in a variety 
of ways. 

When you display numbers with the System, o u t . p r i n t In or System, out . p i i n t nut hod, 
you have little control over the way the numbers appear. l:or example, a value of the double 
data type can be displaved with as many as 15 decimal places, as demonstrated by the fol­
lowing code: 

double number - 10.0 / 6.0; 
System.out.println(number); 

This code will display: 

1.666666666666667 

Quite often, you want to format numbers so they are displayed in a particular way. For 
example, you might want to round a floating-point number to a specific number of decimal 
places, or insert comma separators to make a number easier to read. Fortunately, Java gives 
us a way to do just that, and more, with the System.out.printf method. The method's gen­
eral format is as follows: 

System.out.printf(FormatString. ArgumentList) 

In the general format, Formatstring is a string that contains text, special formatting speci­
fiers, or both. Argument Li st is a list of zero or more additional arguments, which will be 
formatted according to the format specifiers listed in the format string. 

The simplest way you can use the System.out.printf method is with only a format string, 
and no additional arguments. \ Icrc is an example: 

System.out.printf("I love Java programming.\n"); 
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The form.it string in this example is "I love Java programing.\n". 'Pus method call docs 
not perform any special formatt ing, however. It simply print*, the string 
"I love Java programing.\n". Using the method in this fashion is exactly like using the 
System.out.print method. 

In most cases you will call the System.out.print* method in the following manner: 

• I he format string will contain one or more format specifiers. A format specifier is a 
placeholder for a value that will be inserted into the string when it is displayed. 

• After the format string, one or more additional arguments will appear. P.ach of the 
additional arguments will correspond to a format specifier that appears inside the 
format string. 

The following code shows an example: 

double s a l t s - 12345.67; 
System.out.printf("Our sales are If for the day.\n", s a l e s ) ; 

Notice the following characteristics of the System.out.printf method call: 

• Inside the format string, the If is a format specifier. The letter f indicates that a floating­
point value will be inserted into the siring when it is displayed. 

• following the format string, the sales variable is passed as an argument. This argu­
ment corresponds to the if format specifier that appears inside the format string. 

When the System.out.printf method executes, the tf will not he displayed on the screen. In 
us place, the value of the sales argument will be displayed. I Icre is the output of the code: 

Our sales are 12345.670000 for the day. 

The diagram in I'igurc 3-25 shows how the sa les variable corresponds to the tf formal 
specifier. 

Figure 3-2S The value of the sales variable is displayed in the place of the I f format specifier 

System.out.printf("Our sales ie If for the day.Vn", sa les ) ; 

Mere is another example: 

double tempi - 72.5, temp2 - 83.7; 
System.out.printf("The temperatures are %f and If degrees. \n", tempi, temp2); 

Hirst, notice that tins example uses two If format specifiers in the format string. Also notice 
that two additional arguments appear after the format string. The value of the first argu­
ment, tempi, will be printed in place of the first If, and the value of the second argument, 
temp2, will be printed in place of the second If. The code will produce the following output: 

The temperatures are 72.500000 and 83.700000 degrees. 

There is a one-to-one correspondence between the format specifiers and the arguments that 
appear after the format string. The diagram in Figure 3-26 shows how the first format 
specifier corresponds to the first argument after the format siring (the tempi variable), MM\ 

http://form.it
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Figure 3-26 The format specifiers and their corresponding arguments 

0 

System.out .printf ("The tempeiatuies are %f and %f degrees, \:t ' , tempi, ternp2l; 

© 

the second format specifier corresponds to the second argument after the format string (the 
temp2 variable). 

The following code shows another example: 

double valuel • 3.0; 
double value2 • 6.0; 
double value3 • 9.0; 
System.out.printf("%f If %f\n", valuel , value2, valueJ); 

In the System.out.printf method call, there arc three formal specifiers and three additional 
arguments after the format string. This code will produce the following output: 

3.000000 6.000000 9.000000 

The diagram in ligurc 3-27 shows how the format specifiers correspond to the arguments 
that appear alter the format string. 

Figure 3-27 The format specifiers and their corresponding arguments 

© © 

System.out.printf tm \ t t f %f\n", veiuel , value2, v«iue3)j 

9 

The previous example! demonstrated how to format floating-point numbers with the %f 
format specifier. The letter f in the format specifier is a conversion character that indicates 
the data type of the argument that is being formatted. You use the f conversion character 
with any argument that is a f loat or a double. 

If you want to format an integer value, you must use the %d format specifier. The d conver­
sion character stands for decimal integer, and it can be used with arguments of the in t , 
short, and long data types. Here is an example thai displays an int : 

Int hours - 40; 
System,out.printf("I worked td hours t h i s veek.Vn", hours); 
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In rhis example, the id format specifier corresponds with the hours argument. This code 
will display the following: 

I worked 40 hours th i s week. 

Mere is an example that displays two int values: 

int doqs - 2; 
int cats - 4; 

System.out.print!("We have td doqs and Id cats.Nn", dogs, c a t s ) ; 

This code will display the following: 

We have 2 doqs and 4 c a t s . 
Keep in mind that if must be used with floating-point values, and id must be used with 
integer values. Otherwise, an error will occur at runtime. 

Format Specifier Syntax 
In the previous examples you saw how format specifiers correspond to the arguments that 
appear after the format string. Now you can learn how to use format specifiers to actually 
format the values that they correspond to. When displaying numbers, the general s\ nt.iv for 
writing a format specifier is: 

\[tlags|(width||.precision|conver*ion 

The items that appear inside brackets arc optional. Merc is a summary of each item: 

• %—All format specifiers begin with a % character. 
• flags—After the I character, one or more optional flags may appear. Mags cause ihc 

value to be formatted in a variety of ways. 
• widtft—After any flags, you can optional!) specify the minimum field width for the 

value. 
• .precision—If the value is a floating-point number, after the minimum field width, 

you can optionally specify the precision. This is the number of decimal plates ihai the 
number should be rounded to, 

• conversion—All format specifiers must end with a conversion character, such as f for 
floating-point, or d for decimal integer. 

let 's take a closer look at each of the optional items, beginning with precision. 

165 

Precision 
You probably noticed in the previous examples that the if format specifier causes floating­
point values to be displayed with six decimal places. You can change the number of decimal 
points that arc displayed, as shown in the following example: 

double temp - 78.42819; 
System.out.printf("The temperature i s 1.2f degrees. \n", temp); 

Notice that this example doesn't use the regular if format specifier, but uses l .2f instead. 
The .2 that appears between the l and the f specifics the precision of the displayed value. It 
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will cause the value of the temp variable to be rounded to two decimal places. This code will 
produce the following output: 

The temperature is 78.43 degrees. 

The following example displays the same value, rounded to one decimal place: 

double temp - 78.42819; 

System.out.printf("The temperature is t . l f degrees.\n", temp); 

This code will produce the following output: 

The temperature is 78.4 degrees. 
The following code shows another example: 

double valuel - 123.45678; 
double value2 - 123.45678; 
double valu«3 - 123.45678; 
System.out.printf{-\At 1.21 l.3f\n", valuel, value2, value3»; 

In this example, valuel is rounded to one decimal place, value2 is rounded to two decimal 
places, and value3 is rounded to three decimal places.This code will produce the following 
output: 

123.5 123.46 123.457 

Keep in mind that you can specify precision only with floating-point point values. If you 
specify a precision with the id format specifier, an error will occur at runtime. 

Specifying a Minimum Field Width 
A format specifier can also include a minimum (icU width, which is the minimum number 
of spaces that should be used to display the value. The following example prints a floating­
point number in a field that is 20 spaces wide: 

double number - 12345.6789; 
System.out.printf<"The number is:%20f\n", number); 

Notice that the number 20 appears in the format specifier, between the % and the f. This 
code will produce the following output: 

The number ist 12345.678900 

In this example, the 20 that appears inside the If format specifier indicates that the number 
should be displayed in a field that is a minimum of 20 spaces wide. I his is illustrated in 
Figure 3-28. 

Figure 3-28 The number is displayed in a field that is 20 spaces wide 

The number i s : 12345.678900 
1 1 ' 
The numbef is display*! in a 
fi«4d that is 20 
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In this case, the number that is displayed is shorter than the field in which it is displayed. 
The number 12345,678900 uses only 12 spaces on the screen, but it ts displayed in a field 
that is 20 spaces wide. When this is the case, the number will be right-justified in the field. 
If a value is too large to fit in the specified field width, the field is automatically enlarged to 
accommodate it. The following example prims a floating-point number in a Held thai is 
only one space wide: 

double number - 12345.6789; 
System.out.printf("The number ie:%lf\n", number); 

The value of the number variable requires more than one space, however, so the field width 
is expanded to accommodate the entire number. This code will produce the following 
output: 

The number i n 12345.678900 

You can specify a minimum field width for integers, as well as for floating-point value*. The 
following example displays an integer with a minimum field width of six characters: 

int number - 200; 
System.out.printf("The number is:t6d* 

I Ins i ode will dispLn the following 

The number i s : 200 

numbers-

Combining Min imum Field Wid th and Precision in the Same 
Format Specifier 

When specifying the minimum field width and the precision ol I lloatmg-point number in 
the same format specifier, remember that the field width must appear first, followed by the 
precision. For example, the following code dlipUyi a number in a field of 12 spaces, 
rounded to two decimal places: 

double number - 12345.6789; 
System.out.printf("The number i s : t l 2 . 2 f \ n " , number); 

This code will produce the following output: 

The number i s : 1234S.68 

Field widths can help when you need to print numbers aligned in columns. For example, 
look at < ode Fisting 3-17. Fach of the variables is displayed in a field that is eight spaces 
wide, arid rounded to two decimal places. The numbers appear aligned in a column. 

Code Listing 3-17 ( C o l u m n s . Java) 

* * 

This program displays * variety of 
f loating-point numbers in a column 
with thei r decimal points al igned. 

* / 

public c lass Columns 
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8 { 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 > 

public s t a t i c void main(String[) args) 

< 

1 

/ / Declare a variety of double var iables . 
double mini - 127.899; 
double num2 - 3465.148; 
double num3 - 3.776; 
double num4 - 264.821; 
double num5 - 88.081; 
double num6 - 1799.999; 

/ / Display each variable in a f ie ld of 
/ / 8 spaces with 2 decimal places. 
System.out.printf("%8.2 f\n", nun;); 
System.out.print t("% 8.2 f\n", nun2); 
System.out.print t("% 8.2 f\n", nuni); 
System.out.print t("% 8.2 f\n", nua4); 
System.out.printf("18.2f\n", nu«5); 
System.out.printf("18.2f\n", nun6); 

Program Output 

127 
3465 

3 
264 
88 

IBUU 

,90 
.15 
.76 
.82 
.08 
.00 

Flags 
There arc several optional flags that you can insert into a format specifier to cause a value to 
be formatted in a particular way. In this book, we will use flags for the following purposes: 

• To display numbers with comma separators 
• To pad numbers with leading zeros 
• To left-justify numbers 

If you use a flag in a format specifier, you must write the flag before the field width and the 
precision. 

Comma Separators 

Large numbers are easier to read if they arc displayed with comma separators. You can for­
mat a number with comma separators by inserting a comma (,) flag into the format speci­
fier. Here is an example: 

double amount - 1234567.89; 
System.out.printf("%,f\n", amount); 
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This code will produce the following output: 

1,234,567.890000 

Quite often, you will want to format a number with comma separators, and round the num­
ber to a specific number of decimal places. You can accomplish this by inserting a comma, 
followed by the precision value, into the \t format specifier, as shown in the following 
example: 

doable sales - 28756.89; 
System.out.print*("Sales for the month are %,.2f\n", s a l e s ) ; 

This code will produce the following output: 

Sales tor the month are 28,756.89 

Code Listing M S demonstrates how the comma separator and a precision of twodccim. i l 
places can be used to format a number as a currency amount. 

Code Listing 3-18 (CurrencyFormat . Java) 

1 /** 
2 This program demonstrates how to use the System.out.printf 

method to format a number as currency. 
4 • / 

5 
t> publ ic class CurrencyFormat 

1 i 
publ ic Static void main(St.ring[ | args) 

9 < 

10 double monthlyPay • 5000.0; 
11 double annualPay • monthlyPay • 12; 
12 System.out.printf("Your annual pay i s $%,.2f\n", annualPay); 
13 } 
14 > 

Program Output 

Your annual pay is $60,000.00 

The following example displays a floating-point number with comma separators, in a field 
of 15 spaces, rounded to two decimal places: 

double amount - 1234567.8901; 

System.out.printf{"%,15.2f\n", amount); 

This code will produce the following output: 

1,234,567.89 

The following example displays an i n t with a minimum field width of six characters: 

int number - 200; 

System.out.printf("The number is:»6d", number); 

http://oftwodccim.il
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This code wi l l display the following: 

The number i s : 200 

The following example displays an i n t with comma separators, with a minimum field width 
of 10 characters: 

int number - 20000; 
System.out.printf("The number is:%,10d", number); 

I his code wi l l display the following: 

The number i t : 20,000 

Padding Numbers w i th Leading Zeros 

Sometime*, when a number is shorter than the field in which it is displayed, you wane to 
pad the number with leading zeros. If you insert a 0 flag into a format specifier, the resulting 
number will be padded with leading zeros, if it is shorter than the field width. The following 
code shows an example: 

double number - 123*4; 
System.out.printf("The number is;%06.1f\n", number); 

This code wi l l produce the following output: 

The number isi000123.4 

The diagram in Figure 1-29 shows the purpose of each part of the format specifier in the 

previous example. 

Figure 1 29 Format specifier that pads with leading zeros 

Minimum Hold w(th o(8 i 
System.out.printf("The number is :%08. I f \n* , number); 

IT 
Pad wth leading «ros — *— Round to one decimal place 

The following example displays an i n t padded with leading zeros, with a minimum field 
width of seven characters: 

int number - 1234; 
System.out.printf("The number is : I07d", number); 

This code wi l l display the following: 

The number is:0001234 

The program in Code Listing l-l l> shows another example. This program displays a variety 
of floating-point numbers with leading zeros, in a field of nine spaces, rounded to two deci­
mal places. 
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Code List ing 3-19 ( L e a d i n g Z e r o s . J a v a ) 

i 

-

3 

•1 

5 

6 

7 

8 

9 

10 

II 

L2 

1 ) 

i-i 

LS 

16 

17 

LI 
L9 
20 
21 

/ * * 

This program displays numbers padded with leading zeros. 
* / 

public c lass LeadingZeros 
< 

public s t a t i c void na in(St r ing[ | args) 

( 

/ / Declare a variety of double var iables . 
double number 1 - 1.234; 
double number2 - 12.345; 
double number3 • 123.456; 

/ / Display each variable with leading 
/ / zeros, in a field of 9 spaces, rounded 
/ / t o 2 decimal places. 
System.out.printf("»09.2f\n", nuaberl); 
System.out.printf("t09.2f\n", nuaber2); 
System.out.printf("»09.2f\n", nuaber3); 

I 

Program Output 

000001.23 
000012.35 
000123.46 

Lef t -Just i fy ing Numbers 

By default, when a number is shorter than the field in which it is displayed, the number is 
right-justified within that field. If you want a number to be left-justified within its field, you 
insert a minus sign (-) flag into the format specifier. I JR IC Listing 1-20 shows an example. 

Code List ing 3-20 ( L e f t J u s t i f l e d . J a v a ) 

This program displays a variety of 
numbers l e f t - j u s t i f i e d in columns. 

V 

public c lass LeftJustif ied 

{ 
public s t a t i c void main(String[] args) 

9 < 
/ / Declare a variety of int var iables . 
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1 1 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 > 

i n t numl • 123; 
i n t num2 - 12; 
i n t num3 • 45678; 
i n t num4 - 456; 
i n t num5 - 1234567; 
i n t num6 - 1234; 

/ / Display each variable l e f t - j ua t i f i ed 
/ / in a f ie ld of 8 spaces. 
System.out.printf("%-8d%-8d\n", nual, nua2); 
System.out.printf("%-8d%-8d\n", nua3, nua4); 
System.out.printf("%-8d%-8d\n", nun5, nua6); 

> 

P r o g r a m O u t p u t 

123 
45678 
1234567 

12 
456 
1234 

Formatting String Arguments 
If you wish to print a siring argument, use the t s formal specifier* I lore is an example: 

String name - "Ringo"; 

System.out.printf("Your name i s %s\n", name); 

Tim code produces the following output! 

Your name i s Ringo 
You can also use a field width when printing strings. For example, look at the following 
code: 

String name I • "George**; 
String name2 • "Franklin"; 
String name3 • "Jay"; 
String name4 • "Ozzy"; 
String nameS • "Carmine"; 
String name6 - "Dee"; 
System.out.printfI"»l0*%l0s\n", namel, name2); 
System.out.printf("»lO*%lOs\n", name3, name4); 
System.out.printf("%10s%10s\n", nameSf name6); 

The %10s format specifier prints a string in a field that is ten spaces wide. This code displays 
the values of the variables in a table with three rows and two columns, la th column has a 
width of ten spaces. Here is the output of the code: 

George 
Jay 

Carmine 

Frank l in 
022y 

DM 
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Notice that the strings arc right-justified. You can use the minus flag (-} to left-justify a 
string within its field. The following code demonstrates: 

String namel • "George"; 
String name 2 • "Franklin"; 
String narae3 • "Jay"; 
String name4 • " 0 « y " ; 
String name5 • "Carmine"; 
String namefi - "Dee"; 
System.out .printf(M-10st-10t\n*, n 
System.out.printf("»-10al-10a\n", n 

Sys tem.out .pr in t f (" l - i0a l - i0s \n" # nine* 

Here is the output of the code: 

1. 
1, 
5, 

n « 2 ) j 
n « e < > ; 

M " M ; 

George 
Jay 

Carmine 

Frankl in 
Ozzy 
Dee 

The following example slums how you can print arguments of different data types: 

int hours • 40; 
double pay - hours * 25; 
String name • "Jay"; 
System.out.prtntf("Name: I s , Hours; %d. Pay: $ t , . 2 f \n" , 

t, hours, pay); 

In this example, wc arc displaying a String* an int , and a double. 'I lie code will produce the 
following output: 

Name: Jay, Hours: 40, Pay: $1,000.00 

<? NOTE: The format specifiers we have shown in this section are the basic ones. Java 
provides much more powerful format specifiers for more complex formatting needs. The 
AIM documentation gives an overview of (hem all. 

* 
Checkpoint 

MyProKranmi.njtUb" www.myprogrjmmingljb.com 

1.29 Assume the following variable declaration exists in a program: 

double number - 1234567.456; 

Wrice a statement that uses System.out.printf to display the value of the number 
variable formatted as: 

1,234,567.46 

J. JO Assume the follow ing variable declaration exists in a program: 

double number - 123.456; 

Write a statement that uses System.out.printf to display the value of the number 
variable rounded to one decimal place, in a field that is 10 spaces wide. (Do not use 
comma separators.) 

http://www.myprogrjmmingljb.com
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.1.11 Assume the following variable declaration exists in a program: 

double number • 123.456; 

Write a statement that uses System.out.printf to display the value of the number 
variable padded with leading zeros, in a field that is eight spaces wide, rounded to 
one decimal place. (Do not use comma separators.) 

3-32 Assume the following variable declaration exists in a program: 

int number • 123456; 

Write a statement that uses System.out.printf to display the value of the number 
variable in a field that is 10 spaces wide, with comma separators. 

3.33 Assume the following variable declaration exists in a program: 

double number - 123456*789; 

Write a statement that uses System.out.printf to display the value of the number 
variable left-justified, with comma separators, in a field that is 20 spates wide, 
rounded to two decimal places. 

3.34 Assume the following declaration exists in a program: 

String name - "James"; 

Write a statement that uses System.out.print* to display the value of name in a 
field that is 20 spaces wide, 

3*11 Creating Objects w i th the DecimalFormat Class 

CONCEPT: l l ie DecimalFormat class can be used to format the appearance ol floating­
point numbers rounded to a specified number of decimal places. It is 
useful (or formatting numbers that will be displayed in message dialogs. 

In the previous section you learned how to format console output with the System, out. pr in t f 
method. I lowcvcr, if you want to display formatted output in a graphical interface, such as 
a message dialog, you will need to use a different approach. In this section we will discuss 
the DecimalFormat class, which can be used to format numbers, regardless of whether they 
are displayed in the console window, or in a nKssagc dialog. 

The DecimalFormat class is part of the ]ava API, but it is not automatically available to your 
programs. To use the DecimalFormat class you HUM have the following import statement at 
che top of your program: 

import Java.text.DecimalFormat; 

This statement makes the class available to your program. Then, in the part of the program 
where you want to format a number, you create a DecimalFormat object. I lere is an example: 

DecimalFormat formatter • new DecimalFormat{sIO.OOH); 

Let's dissect the statement into two parts. The first part of the statement is as follow*; 

DecimalFormat formatter • 

This declares a variable named formatter. The data type of the variable is DecimalFormat. 
Because the word DecimalFormat is not the name of a primitive data type, Java assumes it to be 
the name of a class. Recall from i chapter 2 that a variable of a class type is known as a reference 
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variable, and it is used to hold the memory address ol an object. When a reference variable hold* 
Ml object's memory address, it is said that the variable references the object. So, the formatter 
variable will be used to reference a DecimalFormat object. The • operator that appears next 
assigns the address of an object that is created by theseconvl pan ol the statement as follows: 

new DecimalFornat("IO.OO"»; 

This part of the statement uses the key word new, which creates an object in memory. After the 
word new, the name Decimal Format appears, followed by some data enclosed in a set of parenthe­
ses. I he name Dec imalFormat specifies that an object of the Dec imalFormat class should be created. 

Now let's look at the data appearing inside the parentheses. When an object is created, a spe­
cial method known as a constructor is automatically executed. The purpose of the constructor 
is to initialize the object's attributes with appropriate data and perform any necessary setup 
operations. In other words, it constructs the object. The data that appears inside the parenthe­
ses is an argument that is passed to the constructor. When you create a DecimalFormat object, 
you pass a string that contains a formatting pattern to the constructor. A formatting pattern 
consists of special characters specifying how numbers should be formatted. In this example 
the string " to . 00" is being passed to the constructor This string will be assigned to one of the 
object's internal attributes. After the statement executes, the formatter variable will reference 
the object that was created in memory. This is illustrated in Figure 1-10. 

Figure 3-30 The format te r variable references a DecimalFormat object 

Tho format t u varab * 
holds I'm uddfoss of a 
DectmalFornuL object 

APecimairoirrjt object 

aridrr^s 

1 ach character in the formatting pattern corresponds with a position in a number. The lirst 
two characters, 10, correspond to the two digits before the decimal point, the period indi­
cates the decimal point, and the characters 00 correspond to two digits after the decimal 
point. The • character specifies that a digit should be displayed in this position if it is pres­
ent. If there is no digit in this position, no digit should be displayed. The 0 character also 
specifies that a digit should be displayed in this position if it is present. ! lowever, if there is 
no digit present in this position, a 0 should be displayed. The two zeros that appear after the 
decimal point indicate that numbers should be rounded to two decimal places. 

Once you have properly created a DecimalFormat object, you call its format method MK\ 
pass tin number you wish to formal î  an argument. You KAV pass either \ floating poini 
value or an integer value to the method.) The method returns a string containing the for­
matted number. For example, look at the program in Code Listing 3-21. The program's 
output is shown in Figure 3-31. 

Codc List ing 3-21 (Forma t 1 . J a v a ) 

1 import javax.swing.JOptionPanc; 
2 import Java.text.DecimalFormat; 
3 
4 / * * 

This program uses the DecimalFormat c l a s s to display 
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6 
i 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

IB 
19 
20 
21 

22 
23 
24 

25 
26 
27 

• / 

formatted numbers in a message d i a l o g . 

pub l ic c l a s s Formatl 

< 

) 

publ ic s t a t i c void main(S t r ing[ ] a rgs ) 

< 

double numberl - 0.166666666666667; 
double lumber2 - 1.666666666666667; 
double number3 - 16.666666666666667; 
double number; - 166.666666666666667; 

/ / Crea te a DecinalPornat o b j e c t . 

DecimalPormat formatter - new DecinalFormat("*0.00"); 

/ / Display the formatted v a r i a b l e c o n t e n t s . 
JOptionPane.showHessageDialog(null, formatter .format(number1)) 
JOptionPane.showHessageDialog(null, formatter . format(number2)) 
JOptionPane.showHessageDialog(null, formatter .format(number3)) 
JOptionPane.showmessageDialog(null , formatter .format(number4)) 

> 

F i g u r e 1-11 Outpu t ol Code Listing 3-21 

This is displayed by the 
statement in line 22. 

This is displayed by the 
statement in line 23. 

This is displayed by the 
statomont m lino 24, 

This Is displayed by the 
statement m line 25. 

f 
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H^ 



3.11 Creating Objects with the DecimalFormat Class 177 

Notice the subtle difference between the output of the I character and the 0 character in the 
formatting pattern: 

• If the number contains a digit in the position of a l character in the formatting pat­
tern, the digit will be displayed. Otherwise, no digit will be displayed. 

• If the number contains a digit in the position of a 0 character in the formatting pat­
tern, the digit will be displayed. Otherwise, a 0 will be displayed. 

For example, look at the program in Code Listing 3-22.This is the same program as shown 
in Code Listing 1-21, but using a different format pattern. Ihc program's output is shown 
in l-'igurc 3-32. 

Code List ing i 22 (Forma12 . j avo) 

1 import javax.swing.JOptionPanc; 
import Java.text.DecimalFormat; 

3 
4 /** 

This program uses the DecimalFormat c l a s s to display 
6 formatted numbers in a message dialog. 
7 */ 

9 
10 
11 

u 
13 

14 

15 

16 

17 

IM 

I1* 

20 

21 

22 

a i 
24 

25 

26 

21 

pu 

< 

blic c lass Format2 

public s t a t i c void main(String[) args) 

I 
double numberl 
double number2 
double number3 
double number4 

0.166666666666667; 
1.666666666666667; 
16.666666666666667; 
166.666666666666667; 

/ / Create a DecimalFormat object . 
DecimalFormat formatter • new DecimalFormatf"00.00"|; 

/ / Display the formatted var iable contents . 
JOptionPanc.showMessageDialog(null, formatter.format(number1)) 
JOptionPanc.showMessageDialogfnull, formatter.format(number2)) 
JOptionPane.showMessageDialog(null, formatter.format(number3)) 
JOptionPane.showMessageDialog(null, formatter.format(number4)) 
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Figure 3 - 3 2 Ou tpu t of Code Listing 3-22 

This is displayed by the 
Statement in line 22 

This is displayed by the 
statement in line 23. 

This Is displayed by Ihe 
statement in line 24. 

This is displayed by Ihe 
statement In line 25 

© • l«7 

H 
* * » 

( ! ) l U f 

0 

You c m insert .1 comma into (be format pattern to create grouping separators in formatted 

numbers. The program in Code l i s t i ng 3*23 demonstrate*. The program's output is shown 

in Figure 3-33. 

Code List ing 3-23 ( F o r m a t 3 . J a v a ) 

1 import javax.swing.JOptionPane; 
2 import Java.text.DecinalFormat; 
3 
4 /•• 
5 This program uses the DecimalFornat claaa t o display 
6 formatted numbers in a message dialog. 
7 • / 

9 public c lass Formats 
10 < 

public s t a t i c void main(String[] args) 
12 < 

13 double number 1 - 123.899; 
14 double number2 - 1233.899; 
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L5 

16 
17 
18 
19 
20 
21 
22 
11 
24 
25 
26 
27 
28 
29 

double number3 - 12345.899; 
double number4 - 123456.899; 
double numbers - 1234567.899; 

/ / Create a DecimalFormat object . 
DecimalFormat formatter • new DecimalFormat!"•* " 0 . 0 0 " ) ; 

/ / Diiplay the formatted var iable contents . 
JOptionPane.showMessageDialogfnull 
JOptionPane.showMessageDialogfnull 
JOptionPane.showMessageDialogfnull 
JOptionPane.showMessageDialogfnull 
JOptionPane.showHeaaageDialogfnull 

formatter.format(number1) 
formatter.format(number2) 
formatter.format(number3) 
formatter. format (number•)) 
formatter.format(number51 

Figure 3-33 Output of Code Listing 3-23 

This Is displayed by the 
statement In hne 23 

This Is displayed by the 
statement In hne 24. 

This Is displayed by the 
statement In line 2S 

This Is displayed by the 
statement In hne 26. 

This is displayed by the 
statement In line 27. 
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You can also format numbers as percentage by writing rhc % character at the last position 
in the format pattern. This causes a number to be multiplied by 100, and the % character is 
appended to its end.The program in (.'ode Listing 3-24 demonstrates.The program*s output 
is shown in Figure 3-34. 

Code Listing J 24 (Forma t4 . j o v a > 

I 
2 
i 

6 
7 

import javax.awing.JOptionPane; 
import Java.text.DecimalFormat; 

/ • • 

This program uses the DecimalFormat c lass t o display 
formatted numbers in a message dialog. 

• / 

9 
10 
n 
12 

i l 

H 
L9 
16 
17 
IB 
L9 
20 
21 
22 
23 

public c lass Format* 

i 
public S ta t i c void nain(String[1 args) 

{ 
double number1 - 0.12; 
double number2 - 0-05; 

/ / Create a DecimalFormat object . 
DecimalFormat formatter - new DecinalForoatfMOt*); 

/ / Display the formatted variable contents. 
JOptionPane.showMessageDialoq(mill# formatter.format(number1)); 
JOptionPane.shovMessageDialog(null, formatter.format(number2)); 

Figure 3-54 Ou tpu t of Code Listing 3-24 

This is displayed by the 
statement in line 20 

This is displayed by the 
statement in line 21. 

< i? 

« 

• 

H 
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3.35 Assume that the double variable nunber holds the value 459.6329. What format pattern 
would you use with a DecinalFormat object to display the number as 00459,633? 

i. i6 Assume that the double variable number holds the value 0.179. What format pattern 
would you use with a DecimalForvat object to display the number as .IS? 

3.37 Assume that the double variable nuaber holds the value 7634869.1. What format 
pattern would you use with a DecinalFormat object to display the number as 
7,634,869.10? 

CASE STUDY; This book's companion Web site (www.pearsorilnnhered.com/gaddis) 
provides a valuable case study, Calculating Sales Commission, that demonstrates how 
sales commissions may be calculated using various commission rates. The commission 
rate is determined by the amount of sales. 

3.12 Common Errors to Avoid 
The following list describes several errors that are commonly committed when learning this 

chapter's topics. 

• Using • instead of • • to compare primitive values. Remember, - is the assignment 
operator and - - tests for equality. 

• Using • • instead of the equals method (o compare Str ing objects. You cannot use the 
• • operator to compare the contents of a Str ing object with another string. Instead 
you must use the equals or comparcTo method. 

• Forgetting (o enclose an i f statements boolean expression in parentheses. Java 
requires that the boolean expression being tested by an i f statement is enclosed in a 
set of parentheses. An error will result if you omit the parentheses or use any other 
grouping characters. 

• Writ ing a semicolon at the end of an i f clause. When you write a semicolon at the end 
of an i f clause, |.u.t assumes that the conditionally executed statement is a null or 
empty statement. 

• Forgetting to enclose multiple cond i t iona l executed statements in braces. Normally 
the i f statement conditionally executes only one statement. To conditionally execute 
more than one statement, you must enclose them in braces. 

• Omitting the trailing else in an i f - e l s e - i f statement. This is not a syntax error, but 
can lead to logical errors. If you omit the trailing else from an i f - e l se - i f statement, 
no code will be executed if none of the statement's boolean expressions are true. 

• Not writ ing complete boolean expressions on both sides of a logical t t or | | operator. 
You must write a complete boolean expression on both sides of a logical i t or | 
operator. For example, the expression x > 0 t t < 10 is not valid because < 10 is not a 
complete expression. The expression should be written as x > 0 t t x < 10. 

• Trying to perform case-insensitive string comparisons with the Str ing class's equals 
and compareTo methods. To perform case-insensitive string comparisons, use the 
Str ing class's equalsIgnoreCase and conpareToXgnoreCase methods. 

• Using a SwitchExpression that is not an i n t , short, byte, or char. The switch state­
ment can only evaluate expressions that are of the i n t , short , byte, or char data types. 

http://www.myprogrjmmingbh.eont
http://www.pearsorilnnhered.com/gaddis
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• Using a CaM*Sxpvssioa (hat is not a literal or a f i n a l variable, ftccausc the compiler 
must determine the value of a CascExpression at compile time, CaacExprcssions must 
be either literal values or f i n a l variables. 

• Forgetting to write a colon at the end of a cast statement. A colon must appear after 
the CaavExpreaaion in each caae statement. 

• Forgetting to write a break statement in a cat* section. This is not a syntax error, hut 
it can lead to logical errors. The program docs not branch out of a awitch statement 
until it reaches a break statement or the end of the awitch statement. 

• Forgetting to write a defaul t section in a twitch statement* This is not a syntax error, 
but can lead to a logical error. If you omit the defaul t section, no code will be exe­
cuted if none of the CaseExpressions match the Svitchffxpression. 

• Reversing the ? and the : when using the conditional operator. When using the condi­
tional operator, the ? character appears first in the conditional expression, then the : 
character. 

• When formatting a number with Sya te* .ou t .p r in t f t wri t ing the flags, field width, 
and precision in an incorrect order. 

• When writ ing a format specifier for the Sys tw .ou t . p r i n t f method, using the wrong 
tvpe indicator ( I f • floating-point, id • integer, %s • string). 

• Forgetting to pass a formatting string to a Deciaalroraat object's constructor. The 
formatting string specifies how the object should format any numbers that are passed 
to the format method. 

Review Questions and Exercises 
Multiple Choke and True/False 

1, The i f statement is an example of a . 
a. sequence structure 
b. decision structure 
c. pathway structure 
d. class structure 

2, I his type of expression has a value of cither t rue or false. 
a. binary expression 
b. decision expression 
c. unconditional expression 
d. boolean expression 

3, >, <, and « are . 
a. relational operators 
b. logical operators 
c. conditional operators 
d. ternary operators 

, and 4. 66, arc 
a. relational operators 
b. logical operators 
c. conditional operators 
d. ternary operators 



5. 

6. 

7. 

8. 

% 

10. 

I I . 

12. 

13. 

Review Questions and Exercises 

This is .in empty statement that does nothing. 
a. missing statement 
b. virtual statement 
C. nu l l statement 
d. conditional statement 

To create a block of statements, you enclose the statements in these. 
a. parentheses( j 
b. square brackets 11 
c. angled brackets <> 
d. braces (> 

Ibis is a boolean variable that signals when some condition exists in the program. 
a. flag 
b. signal 
C. sentinel 
d. siren 

1 low does the character \V compare to the character 'B'? 
a. '/V is greater than 'B' 
b. W i s less than "B' 

C. 'A' is equal to B' 
d. You cannot compare characters 

This is an i f statement that appears inside another i f statement. 
a. nested i f statement 
b. tiered i f statement 

c. dislodged i f statement 
d. structured i f statement 

An e l i e clause always goes with 

a. the closest previous i f clause that doesn't already have its own else clause 
b. the closest i f clause 
c. the i f clause that is randomly selected by the compiler 
d. none of these 

When determining whether a number is inside a range, it's best to use this operator. 
a. u 
b. ! 
c II 
d. ? : 

This determines whether two different Str ing objects contain the same string. 
a. the — operator 
b. the • operator 
c. the equals method 
d. the stringCotipare method 

lhe conditional operator takes this many operands. 
a. one 
b. two 
c. three 
d. four 

189 
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14. This section of a switch statement is branched to if none of the case expressions 
match the switch expression. 
a. e lse 
b. default 
C. case 
d. otherwise 

15- You can use this method to display formatted output in a console window. 
a. Format.out.println 
b. Console.format 
C. System.out.printf 
d. System.out.formatted 

16. True or lalsc: I he - operator and the - - operator perform the same operation. 

17. True or Hake: A conditionally executed statement should be indented one level from 
the if clause. 

18. True or halsc: All lines in a conditionally executed block should be indented one level. 

19. True or False: When an if statement is nested in the if clause of another statement, 
the only time the inner if statement is executed is when the boolean expression of the 
outer if statement is true. 

20. True or False: When an if statement is nested in the e l se clause of another statement, 
the only time the inner if statement is exemted is when the boolean expression of the 
outer if statement is true. 

21. True or False: The scope of a variable is limited to the block in which it is defined. 

Find the Error 

Find the errors in the following code: 

1. / / Warning! This code contains ERRORS! 
if (x — l ) j 

y - 2; 
e l se if (x — 2); 

y - 3, 
e l se if (x - - 3); 

y - 4, 

2. / / Naming! This code contains an ERROR! 
if (average - 100) 

System.out,printIn("Perfect Average!"); 

3. / / Warning! This code contains ERRORS! 
if (num2 — 0) 

System.out.println("Division by zero i s not poss ib le .* ) ; 
System.out.printlnf"Please run the program again " ) ; 
System,out,println("and enter a number besides ze ro . " ) ; 

e l se 
Quotient • nunl / num2; 
System.out,printf"The quotient of " • Numl); 
System.out.print(* divided by * • Nua2 • " i s " ) ; 
System.out.println(Quotient); 
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S. 

10. 

/ / Warning] This code contains ERRORS! 
switch (score) 
{ 

case (score > 90): 
grade - 'A ' ; 
break; 

caae(score > 80): 
grade - ' b ' ; 
break; 

caselscore > 70): 
grade - 'C; 
break; 

case (score > 60): 
grade - ' D ' ; 
break; 

default : 
grade - ' f ; 

> 

The following statement should determine whether x is not greater than 20. What is 
wrong with ii? 
if (lx > 20) 

The following statement should determine whether count is within the range of 0 
through 100. What is wrong with u* 
i t (count >- 0 | | count <• 100) 

The following statement should determine whether count is outside the range of 0 
through 100. What is wrong with it? 
if (count < 0 u count > 100) 

The following statement should assign 0 to z if a is less than 10; otherwise, it should 
assign 7 to z. What is wrong with it? 

X • (a < 10) : 0 ? 7; 

Assume that partNumber references a String object. The following if statement should 
perform a case-insensitive comparison. What is wrong with it? 

If (partNumber.equals("BQ789W4-n 

available - t rue; 

What is wrong with the following code? 

double value - 12345.678; 
System.out.printf("*.2d", value) ; 

Algorithm Workbench 

1. Write an if statement that assigns 100 to x when y is equal to 0. 

2. Write an i f-else statement that assigns 0 to x when y is equal to 10. Otherwise, it 
should assign 1 to x. 
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3. Using the following chart, write an if-elsc-if statement that assigns .10, .15, or .20 
to commission, depending on the value in sales. 

Sales Commission Rate 

Up to $10,000 

$10,000 to SI 5,000 15% 

Over $15,000 20% 

4. Write an if statement that sets the variable hour* to 10 when the boolean flag vari­
able minimum is equal to t rue . 

5. Write nested if statements that perform the following tests: If amountl is greater than 
10 and amount2 is less than 100, display the greater of the iwo. 

6. Write an if statement that prints the message "The number is valid" if the variable 
grade is within the range 0 through 100. 

7. Write an if statement that prints the message "The number is valid" if the variable 
temperature is within the range -50 through 150. 

8. Write an if statement that prints the message "The number is not valid" if the vari­
able hour* is outside the range 0 through 80. 

9. Write an i f -e lse statement that displays the s t r ing objects t i t l e l and t i t l e 2 in 
alphabetical order. 

10. Convert the following if-else-if statement into a twitch statement: 

if (choice - - 1) 

< 

System,out.println("You selected 1."); 

> 

e l se if (choice - - 2 | | choice — 3) 

< 

System.out.println("You selected 2 or 3 .") ; 

> 

e l se if (choice • • 4) 

< 

System.out.println("You selected * . " ) ; 

) 

else 
< 

System.out.println("Select again p l ea se . " ) ; 

> 

I I. Match the conditional expression with the i f -e lse statement that performs the same 
operation. 
a. q - x < y ? a + b : x * 2 ; 
b. q - x < y ? x # 2 : a + b; 
c. q - x < y ? 0 : 1; 

i* <* < y> 
q - 0; 

e lse 
q - 1; 
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i< <x < y) 
q - a • b; 

else 

q - x * 2; 
if (x < y) 

q • x • 2; 
else 

q - • + b; 

12. Assume rhc double variable number contains the value 12345.67S9. Write a statement 
that uses System.out.pr int! to display the number as 12345.7. 

13. Assume the double variable number contains the value 12345.67S9. Write a statement 
that uses System.out.pr int! to display the number as 12,345.68. 

14. Assume the i n t variable number contains the value 1234567. Write a statement that 
uses System.out.printf to display the number as 1,234,567. 

15. Assume tli.it the double variable njnber hold-* the value 0.0329. What format pattern 
would you use with the Dec iM lFo ru t class to display the number as 00000.03 i? 

16. Assume that the double variable number holds the value 456198736.3382. What for­
mat pattern would you use with the DeciaalFormat class to display the number as 
456,198,736.34? 

Short Answer 

1. Fxplam what is meant by the phrase "conditionally executed," 

2. Explain why a misplaced semicolon can cause an i f statement to operate incorrectly 

3. Why is it good advice to indent all the statements inside a set of braces? 

•I. What happens when you compare two s t r i ng objects with the — operator? 

5. Explain the purpose of a flag variable. Of what data type should a flag variable be? 

6. What risk docs a programmer take when not placing a trailing else at the end of an 
i f - e lse - i f statement? 

7. Briefly describe how the t t operator works. 

8. Briefly describe how the 11 operator works. 

9. Why arc the relational operators called "relational"? 

10. When docs a constructor execute? What is its purpose? 

Programming Challenges 

MyProjrammmjUb" Visit www.myprogramminglab.com to complete many uf these Programming Oiattcnges 
online and get instant feedback. 

1 . Roman Numerals 

Write a program that prompts the user to enter a number within the range of I through 10. 
The program should display the Roman numeral version of that number. If the number is 

outside the range of I through 10, the program should display an error message. 

http://tli.it
http://www.myprogramminglab.com
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2. Mag ic Dates 

The date June 10, I960, is special because when \vc write it in the following format, the 
month times the Jay equals the year: 

6/10/60 

Write a program that asks the user to enter a month |in numeric form!, a day, and a two-
digit year. The program should then determine whether the month times the day is equal 
to the year. If so, it should display a message saying the date is magic. Otherwise, it should 
display a message saying the date is not magic. 

3. Body Mass Index 

Write a program that calculates and displays a persons bod) mass index (BMI).The BMI is 
often used to determine whether a person with a sedentary lifestyle is ovcrweiglu or under­
weight for his or her height. A person's BMI is ^adulated with the following formula: 

BMI - Weight x 703 / Height2 

where weight is measured in pounds and freight is measured in inches. The program should 
display a message indicating whether the person has optimal weight, is underweight, or is 
overweight. A sedentary person's weight is considered optimal if his or her BMI is between 
I 8.5 and 25. If the BMI is less than 18.5, the person is considered underweight, II the BMI 
value is greater than 25, the person is considered overweight. 

4. Test Scores and Grade 

Write a program that has variables to hold three test scores. The program should ask the 
user to enter three test scores and then assign the values entered to the variables. The pro­
gram should display the average of the test stores and the letter grade that is assigned for 
the test score average. Use the grading scheme in the following table: 

Test Score Average Letter Grade 

90-100 

80-89 

70-79 

60-69 

Below 60 

\ 

B 

C 
D 

F 

5. Mass and Weight 

Scientists measure an object's mass in kilograms and its weight in Ncwtons. If you know the 
amount of mass that an object has, you can calculate its weight, in Ncwtons, with the fol­
lowing formula: 

Weight - Mass X 9.8 

Write a program that asks the user to enter an object's mass, and then calculate its weight. 
If the object weighs more than 1,000 Newtons, display a message indicating that it is too 
heavy. If the object weighs less than 10 Newtons, display a message indicating that the 
object is too light. 
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VktooNo'* 

The Time 
Calculator 

Problem 

6. Time Calculator 

Write .1 program that asks the user to enter a number of seconds. 

• I here arc 60 seconds in a minute. If the number of seconds entered by the user is 
greater than or equal to 60, the program should display the number of minutes in that 
many seconds. 

• There are 3,600 seconds in an hour. If the number of seconds entered by the user is 
greater than or equal to 3,600, the program should display the number of hours in 
that many seconds. 

• There are 86,400 seconds in a day. If the number of seconds entered by the user is 
greater than or equal to 86,400, the program should display the number of clays in 
that many seconds. 

7. Sorted Names 

Write a program that asks the user to enter three names, and then displays the names sorted 
in ascending order. For example, if the user entered "Charlie", "I.eslic", and "Andy", the 
program would display: 

Andy 
Charlie 
Leslie 

8. Software Sales 

A software company sells a package that retails for $99. Quantit> discounts arc given 
according to the following tahlc: 

Quantity Discount 

10-19 

20-49 

50-99 

100 or more 

20% 

30% 

40% 

50% 

Write a program that asks the user to enter the number of packages purchased. The pro­
gram should then display the amount of the discount lif any) and the total Amount of the 
purchase after the discount. 

9. Shipping Charges 

The Fast Freight Shipping Company charges the following rates: 

Weight of Package Rate per 500 Miles Shipped 

2 pounds or less 

Over 2 pounds but not more than 6 pounds 

Over 6 pounds but not more than 10 pounds 

Over 10 pounds 

Si.10 

S2.20 

S3.70 

$3.80 
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The shipping charges per 500 miles arc not prorated. For example, if a 2-pound package is 
shipped 550 miles, the charges would he $2.20. Write a program that asks the user to enter 
the weight of a package and then displays the shipping charges. 

10. Fat Cram Calculator 

Write a program that asks the user to enter the number of calories and fat grams in a food 
item. I h c program should display the percentage of the calories that come from fat. One 
gram of fat has 9 calories; therefore: 

Calories from fat - Fat grams * 9 

Ihc percentage of calories from fat can be calculated as follow s: 

Calorics from fat + Total calorics 

If the calorics from fat are less than 10 percent of the total calorics of the food, it should 

also display a message indicating the food is low in fat. 

o NOTE: Ihc number of calorics from fat cannot be greater than the total number of 
calorics in the food item. If the program determines that the number of calorics from fat 
is greater than the number of calorics in the food ttcm, it should display an error message 
indicating that the input is invalid. 

1 1 . Running the Race 

Write a program thai asks for the names of three runners and the time, in minutes, it took 
each of them to finish a race. The program should display the names of the runners in the 
order that they finished. 

12. The Speed of Sound 

Ihc following table shows the approximate speed of sound in air, water, and steel: 

Medium Speed 

Air 

Water 

Steel 

1,100 feet per second 

4,900 feet per second 

16,400 feet per second 

Write a program that asks the user to enter "a i r " , "water", or "steel", and the distance that 
a sound wave will travel in the medium. The program should then display the amount of 
time it will take. You can calculate the amount of time it takes sound to travel in air with 
the following formula: 

Time = Distance* 1,100 

You can calculate the amount of time it takes sound to travel in water with the following 

formula: 

Tone = Distance 14,900 
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You can calculate the amount of time it takes sound to travel in steel with the following 
formula: 

Time - Distance/ 16,400 

13. Internet Service Provider 

An Internet service provider has three different subscription packages for its customers: 

Package A: For $9.95 per month 10 hours of access are provided. Additional hours 
arc $2.00 per hour. 

Package B: For $13.95 per month 20 hours of access are provided. Additional hours 
arc $1.00 per hour. 

Package G For $19.95 per month unlimited access is provided. 

Write a program that calculates a customer's monthly bi l l . It should ask the user to enter 
the letter of the package the customer has purchased (A, B, or CI and the number of hours 
that were used. It should then display the total charges. 

14. Internet Service Provider, Part 2 

Modify the program you wrote for Programming Challenge 13 so it also calculates and 
displays the amount of money Package A cUMomcrs would save it the) purchased Package 
B or I., and the amount of money Package l l customers would save if the) purchased Pack­
age C H there would he no savings, no message should be printed. 

15. Bank Charges 

A bank charges a base fee of $10 per month, plus the following check fees for a commercial 

checking account: 

$. 10 each for less than 20 checks 
$.08 each tor 20-39 checks 
$.06 each for 40-59 checks 
$.04 each tor 60 or more checks 

Write a program that asks for the number of checks written for the month. The program 
should then calculate and display the bank's service fees for the month. 

16. Book Club Points 

Serendipity Booksellers has a book club that awards points to its customers based on the 
number of books purchased each month. The points are awarded as follows: 

If a customer purchases 0 books, he or she earns 0 points. 
If a customer purchases I book, he or she earns 5 points. 
If a customer purchases 2 books, he or she earns 15 points. 
If a customer purchases 3 books, he or she earns 30 points. 
If a customer purchases 4 or more books, he or she earns 60 points. 

Write a program that asks the user to enter the number of b*>oks that he or she has pur­
chased this month and then displays the number of points awarded. 
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TOPICS 

4.1 

4.2 
4.3 

4.4 
4.5 
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The Increment and Decrement 
Operators 
The while Loop 
Using the while Loop (or Input 

Validation 
The do-while Loop 
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4.7 Nested Loops 
4.8 The break and continue Statements 
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4.10 Introduction to file Input and Output 
4.11 Generating Random Numbers with 

the Random Class 
4.12 Common fcrrors to Avoid 

4.1 The Increment and Decrement Operators 

CONCEPT: ** and — are operators (hat add and subtract one from their operands. 

To increment a value means to increase it by one, and to decrement a value means to 
decrease it by one. Both of the following statements increment the variable number: 

number - number • 1; 
number +• 1; 

And number is decremented in both of the following statements: 

number • number - 1; 
number - • 1; 

Java provides a set of simple unary operators designed just for incrementing and decrement­
ing variables.The increment operator is • • and the decrement operator is - - .The following 
statement uses the •+ operator to increment number: 

number++; 

And the following statement decrements number: 

number--j 

I ' M 
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O NOTE: The expression number** is pronounced "number plus plus," and number-
is pronounced "number minus minus," 

The program in Code Listing 4-1 demonstrates the • • and — operators. 

C o d e L i s t i n g 4-1 ( i n c r e m e n t D e c r e m e n t . J a v a ) 

1 / " 
This program demonstra tes the • • and - -

3 */ 

5 pub l ic c l a s s IncrementDecrement 

6 < 

publ ic s t a t i c void main(St r ing( ) a rgs ) 
B { 

i n t number - 4; II number s t a r t s out 
10 

/ / Display the value in number. 

opera tors • 

with 4 

12 Sys tem.ou t .p r in t In("number i s " + number); 
S y s t e m . o u t . p r i n t l n ( " I w i l l increment 

/ / Increment number. 
16 number**) 

/ / Display the value in number again 
System.out .pr int ln("Now, number i s * 

20 S y s t e m . o u t . p r i n t l n ( " I w i l l decrement 

22 / / Decrement number. 
23 number--; 

/ / Display the value in number once i 
System.out .pr int ln("Now, number i s * 

27 > 

28 > 

P r o g r a m O u t p u t 

number i s 4 
I w i l l increment number. 
Now, number i s 5 
I w i l l decrement number. 
Now, number i s 4 

number .") ; 

• 

* number); 
number .") ; 

nore. 
* number); 

The statements in Code Listing 4-1 show the increment and decrement operators used in 
postfix mode, which means the operator b placed t f te i the variable. I he operators also 
work in prefix made* where the operator is placed before the variable name as follows: 
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••number; 

--number; 

In both postfix and prefix mode, these operators add one to or subtract one from their 
operand. Code listing 41 demonstrates this. 

Code List ing 4-2 ( P r e f i x . J a v a ) 

I 

a 

•i 

5 
6 
7 

e 
9 

10 

11 

12 

1) 

14 

15 

16 

1? 

II 

I1* 

20 

21 

22 

2 I 

,-\ 

25 
26 
27 

This program demonstrates the ++ and — operators 
in prefix mode. 

• / 

public c lass Prefix 

< 

public s t a t i c void nain(Str ing[] args) 

i 
int number - 4; / / number s t a r t s out with 4 

/ / Display the value in number. 
System.out.println("number i s " * number); 
System.out.println("I wil l increment number."); 

/ / Increment number. 
++number; 

/ / Display the value in number again. 
System.out.println("Now, number is • * number); 
System.out .print ln("I wil l decrement number."); 

/ / Decrement number, 
--number; 

/ / Display the value in number once again. 
System.out.println(*Now, number la * * number); 

} 

29 } 

P r o g r a m O u t p u t 

number i s 4 
I wil l increment number. 
Now, number i s 5 
I wil l decrement r 
Now, number i s 4 

lumber-
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The Difference between Postfix and Prefix Modes 
In Code Listings 4-1 and 4-2, the statements number++ and ++number increment the vari­
able number, while the statements number-- and --number decrement the variable number. 
In these simple statements it doesn't matter whether the operator is used in postfix or 
prefix mode. The difference is important, however, when these operators are used in 
statements that do more than just increment or decrement. For example, look at the 
following code: 

number • 4; 
System.out - printIn(number**)-

The statement that calls the println method does two things; (1) calls println to display 
the value ol numbei, and ill iiu rements numbei. Rm \\ huh happens first? I he pi i ntln 
method will display a different value if number i\ incremented first than if number is incre­
mented last. The answer depends upon the mode of the increment operator. 

Postfix mode causes the increment to happen after the value of the variable is used in the 
t spression. In the previously shown statement, the println method will display 4 and then 
number will be incremented to 5. Prefix mode, however,causes the increment to happen first. 
I lere is an example: 

number - 4j 
Syetern.out.printIn(++number); 

In these statements, number is incremented to 5, then println will display the value in number 
(which is 5). |;or another example, look at the following code: 

int x - I, 
y • x++; 

y; 
/ / Postfix increment 

I he first statement declares the variable x (initialized with the value 11 and the variable y. 
The second statement does the following: 

• It assigns the value of x to the variable y, 
• The variable x is incremented. 

The value that will be stored in y depends on when the increment takes place, because the 
++ operator is used in postfix mode, it acts after the assignment takes place. So, this code 
will store I in y. After the code has executed, x will contain 2. Let's look at the same code, 
but with the ++ operator used in prefix mode as follows: 

int x • 1, y; 
y • ++x; / / Prefix increment 

The first statement declares the variable x (initialized with the value I) and the variable y. In 
the second statement, the •+ operator is used in prefix mode, so it acts on the variable 
before the assignment takes place. So, this code will store 2 in y. After the code has exe­
cuted, x will also contain 2. 
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4.1 What wi l l the following program segment* display? 

a) x - 2; 

y - X++; 

System.out.println(y); 

b) x - 2; 

System.out.println(x»*); 

c> x - 2; 

System.out.printIn<--x); 

d) x - 8; 

y - x--; 
S y s t e m . o u t . p r i n t l n < y ) ; 

4.2 The w h i l e Loop 

VlH-oNtit. 

The while 

CONCEPT: A loop is part of a program (hat repeals. 

In (Jiapter 3, you were introduced to the concept of control structures, which direct the 
flow of a program. A /«o/> is a control structure that causes a statement or group of state­
ments to repeat. Java has three looping control structures: the while loop, the do-while 
loop, and the tor loop. I he difference among each of these is how they control the repeti­
tion. In this section wc will focus on the while loop. 

I he while loop has two important pans: d > a boolean expression that is tested for a t rue 
or f a l ie value, and (2) a statement or block of statements that is repeated as long as the 

Loop expression is true. Figure 4-1 shows the logic of a while loop. 

Figure 4-1 Logic of a w h i l e Loop 

True 
Statement(s) 

False 

I Icre is the general format of the while loop: 

while (BooleonExpreaaion) 
Statement; 

http://www.myprogrammhigtjhxum
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In the general format, BooleanExpreaa ion is any valid boolean expression, and Statement is 
any valid Java statement. The first line shown in the format is sometimes called the loo ft 
header. It consists of the key word while followed by the BooleanExpreaa ion enclosed in 
parentheses. 

I lore's how the loop works: The BooleanExpreaaion is tested, and if it is t rue, the Statement 
is executed. Then, the BooleanExpreaaion is tested again. If it is t rue, the Statement is exe­
cuted. This cycle repeats until the BooieanFxpression is false. 

The statement that is repeated is known as the Itotfy of the loop. It is also considered a con­
ditionally executed statement, because it is only executed under the condition that the 
BooleanExpreaaion is t rue . 

Notice there is no semicolon at the end of the loop header. Like the if statement, the while 
loop is not complete without the conditionally executed statement that follows it. 

If you wish the while loop to repeat I block of statements, the format is as follows: 

while {BooleanExpreaaion) 

i 
Statement; 
sr.'iremtntj 
/ / Place as many statements here 
/ / as necessary. 

> 

The while loop works like an if statement that executes over and over. As long as the 
expression in the parentheses i\ t rue , the conditionally executed statement or block 
will repeat. The program in Code Listing 4-5 uses the while loop to print "I Icllo" five 
times. 

Code Listing 4-3 ( W h i l e L o o p . Java) 

/ • • 

This program demonstrates the while loop, 

public c lass WhileLoop 

public s t a t i c void main(String[1 args) 

a < 
9 in t number - 1; 
0 

while (number <- 5) 

< 

System.out.println("Hello">; 

number**; 

> 
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16 
17 
18 } 

19 > 

System.out .print ln(-That 's a l l ! " ) ; 

Program Output 

Hello 
Hello 
Hello 
Hello 
Hello 
That's a l l ! 

Let's take a closer look at this program. An integer variable, number, is declared and initial­
ized with the value I . The while loop begins with the following statement: 

while {number <- 5) 

I'h s siatcincm tests iIn- variable MHbtl Ml determine whether n is less than or equal to 5. U 
it is, then the statements in the bod\ ol the loop .ire executed .is followv 

Syitem.out.printing 
number**; 

Hel lo ' ) ; 

The first statement in the body or the loop prints the word "1 lel lo". The second statement 
uses the increment operator to add one to number. This is the last statement in the body ot 
the loop, so after it executes, the loop starts over. It tests the boolean expression again, .IIKI 

if it is true, the statements in the body of the loop are executed. This cycle repeats until the 
boolean expression number <• 5 is false, as illustrated in l-igurc 4-2. 

Figure 4-2 The w h i l e Loop 

Tett that boolean expression 

I—*• while (number <• 5) 
< 

S y s t e m . o u t . p r i n t I n ( ' H e l l o ' ) ; 
number*•; 

if the boolean expression 
it true, perform those statomonts. 

> 

After executing the body of the loop, start over. 

Each repetition of a loop is known as an iterjlum. This loop will perform five iterations 
because the variable number is initialized with the value I , and it is incremented each time 
the body of the loop is executed. When the expression number <- 5 is tested and found to be 
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false, the loop will terminate and the program will resume execution at the statement that 
immediately follows the loop. I:igurc 4- i shows the logic of this loop. 

In this example, the number variable is referred to as the loop amtrol variable because ii 
controls the number of times that the loop iterates. 

Figure 4-J Logic of the example w h i l e loop 

Print "He o* Add 1 to 
number 

The whi le Loop Is a Pretest Loop 
The while loop is known as a pretest loop, which means it tests its expression before each 
iteration. Notice the variable declaration of number in Code Listing 4-3: 

int number - 1; 

The number variable is initialized with the value I. If number had been initialized with a 
value that is greater than 5, as shown in the following program segment, the loop would 
never execute: 

int number - 6; 
while (number <- 5> 

< 

System.out.println(-Hello-); 
number++; 

An important characteristic of the while loop is that the loop will never iterate if the boolean 
expression is false to start with. If you want to be sure that a while loop executes the first 
time, you must initialize the relevant data in such a way that the boolean expression starts 
out as true. 

Infinite Loops 
In all but rare cases, loops must contain a way to terminate within themselves. This means 
that something inside the loop must eventually make the boolean expression false. The 
loop in Code Listing 4-3 stops when the expression number <- 5 is false. 
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If a loop docs not have a way of slopping, it is called an infinite loop. An infinite loop con­
tinues to repeat until the program is interrupted. I Icrc is an example of an infinite loop: 

int number - 1; 
while {number <• 5) 

< 

System*out.printing"Hello"); 
) 

Ih'sis.H! niliii'ti' \HI;> because •: Joes no: contain .i statement tint i hanges ihc \alue ol rhe 
number variable. F ach time the boolean expression is tested, number will contain the value I. 

It\ also possible u> create 111 infinite loop b> accidental!) placing a semicolon after the first 
line of the while loop. I lere is an example: 

int number • 1} 
while (number <- 5) ; / / This semicolon i s an ERROR! 

< 

System.out.printlnf"Hello"); 
number••; 

The semicolon at the end of the first line is assumed to he a null statement and discount ts 
the while statement from the block that comes after it. To the compiler, this loop looks like 
the following: 

while (number <- 5) ; 

This while loop will forever execute the null statement, which does nothing. The program 
will appear to have "gone into space** because there is nothing to display screen output or 
show activity. 

Don't Forget the Braces w i th a Block of Statements 
If you arc using a block of statements, don't forget to enclose all of the statements in a set 
of braces. If the braces are accidentally left out, the while statement conditionally executes 
only the very next statement. For example, look at the following code: 

int number - 1; 
/ / This loop i s missing i t s braces! 
while (number <- 5) 

System.out.println("Hello"); 
number++; 

In this code the number** statement is not in the body of the loop. Because the braces arc 
missing, the while statement executes only the statement that immediately follows it. This 
loop will execute infinitely because there is no code in its body that changes the number 
variable. 

file:///alue
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Programming Style and the w h i l e Loop 
It's possible to create loops that look like the following: 

while (number <- 5) { System.out.printlnj "Hello"); number**; } 

Avoid this style of programming. The programming style you should use with the while 
loop is similar to that of the if statement as follows: 

• If there is only one statement repeated by the loop, u shoulJ appear on the line after 
the while statement and be indented one additional level. The statement can option­
ally appear inside a set of braces. 

• If the loop repeats a block, each line inside the braces should be indented. 

This programming style should visually set the body of the loop apart from the surrounding 
code. In general, you'll find a similar style being used with the other types of loops pre­
sented in this chapter. 

® In the Spotlight: 
Designing a Program with a while Loop 
A project currently underway at Chemical Lab*. Inc., requires that a substance be continu­
ally heated in a vat. A technician must check the substance's temperature even* 15 minutes. 
If the subsume'* temperature does not exceed 102.5 degrees Celsius, then the technician 
lines nothing. I lowcvcr, if the temperature is greater than 102.5 degrees Celsius, the techni­
cian must turn down the vat's thermostat, wait 5 minutes, and check the temperature again. 
The technician repeats these steps until the temperature docs not exceed 102.5 degrees 
Celsius. The director of engineering has asked you to write a program that guides the tech­
nician through this process. 

I Icrc is the algorithm: 

/. Prompt the user to enter the substance's temperature. 
2. Repeat the following steps as long as the temperature is greater than 102.$ degrees 

Celsius: 
(a) Tel! the technician to turn down the thermostat, wait 5 minutes, and check the 

temperature again. 
(h) Prompt the user to enter the substance's temperature, 

i. After the hop finishes, tell the technician that the temperature is acceptable and to 
check it again in 15 minutes. 

After reviewing this algorithm, you realize that Steps 2(a) and 2(bl should not be performed 
if the test condition (temperature is greater than 102.5) is false to begin with. I lie while 
loop will work well in this situation, because it will not execute even once if its condition 
is false. Code Listing 4-4 shows the program. 

Code Listing 4-4 (CheckTemperature. Java) 

1 import Java.util.Scanner; 
2 
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3 /** 
4 This program a s s i s t s a technician in the process 
5 of checking a substance's temperature. 
6 */ 
7 public c lass ChcckTcmpcrature 
8 { 
9 public s t a t i c void main(String[] args) 

10 < 
i i f inal double MAXJTEMP - 1 0 2 . 5 ; / / Maximum temperature 
12 double temperature; / / To hold the temperature 
13 
14 / / Create a Scanner object for keyboard input. 
15 Scanner keyboard - new ScannerjSystem.in); 
16 
17 / / Get the current temperature. 
11 System.out.print("Enter the substance 's Celsius temperature: " ) ; 
19 temperature * keyboard.nextDoubleU; 
20 
21 / / As long as necessary, ins t ruc t the technician 
22 / / t o adjust the temperature. 
23 while (temperature > HAXJTEMP) 
24 { 
25 System.out.println("The temperature i s too high. Turn the" ) ; 
24 System.out.printlnf"thermostat down and wait 5 minutes.") ; 
27 System.out.printlnf"Then, take the Celsius temperature again"); 
21 System.out.print("and enter i t here: " ) ; 
29 temperature - keyboard.nextDoubleU; 
30 ) 
31 
32 / / Remind the technician to check the temperature 
33 / / again in 15 minutes. 
34 System.out.println("The temperature i s acceptable ." ) ; 
35 System.out.println("Check i t again in 15 minutes.") ; 
36 } 
37 } 

P r o g r a m O u t p u t w i t h Example I n p u t Shown In Bold 

Enter the substance's Celsius temperature: 104.7 [Enter] 
The temperature i s too high. Turn the 
thermostat down and wait 5 minutes. 
Then, take the Celsius temperature again 
and enter i t here: 103.2 [Enter] 
The temperature i s too high. Turn the 
thermostat down and wait 5 minutes. 
Then, take the Celsius temperature again 
and enter i t here: 102.1 (Enter) 
The temperature i s acceptable. 
Check i t again in 15 minutes. 

Loop 203 
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Checkpo in t 
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4.2 I low many times will "Hello world" be printed in the following program segment? 

int count • 10; 
while (count < 1) 

t 
System.out.println("Hello World"); 
count++; 

) 

4..) ! low many times wi l l * I love Java programming!" be printed in the following 
program segment? 

int count - 0; 
while (count < 10) 

Syetem.out.println("I love Java programing!) ; 

4.3 Using the w h i l e Loop for Input Validation 

CONCEPT: The while loop a n be used lo create input routines (hal repeat until 
aeeeptable data is entered. 

Perhaps the most famous saying of the computer industry is "garbage in, garbage out." The 
integrity of a program's output is only as gtn>d as its input, so you should try to make sure 
garbage docs not go into your programs, htfrut validation is the proses* of inspecting data 
given to a program by the user and determining whether it is valid. A good program should 
give clear instructions about the kind of input that is acceptable, and not assume the user 
has followed rhose instructions. 

The while loop is especially useful for validating input. If an invalid value is entered, a loop 
can require that the user reenter it as many times as necessary. For example, the following 
loop asks for a number in the range of 1 through 100: 

input • JOptionPane,»hovInputDtalog("Enter a number " * 

"in the range of 1 through 100."); 
number - In teger .parse ln t ( input ) ; 
/ / Validate the input, 
while (number < 1 | | number > 100) 

< 

input - JOptionPane.fhowInputDialogt'Invalid input. " + 
"Enter a number in the range of • * 
"1 through 100."); 

number - In teger .parse ln t ( input ) ; 

This code first allows the user to enter a number. This takes place just before the loop. If the 
input is valid, the loop wi l l not execute. If the input is invalid, however, the loop will display 
an error message and require the user to enter another number. The loop wi l l continue to 
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execute until the user enters a valid number. The general logic of performing input valida­
tion is shown in Figure 4-4. 

Figure 4 4 Input validation logic 

Read the first 
value. 

1. 1 
/ valu* \ 
\»w«iid? / 

Yts Display an | m 
error mMMQt.| 

Read another 1 
value. 

Nn 

The read operation th.it takes place just before the loop is called a priming read. It provides 
the first value for the loop to test. Subsequent values arc obtained by the loop. 

The program in (.'ode Listing 4-5 calculates the number of soccer teams a youth league may 
create, based on a given number of players and a maximum number of players per team. 
The program uses while loops (in lines 28 through 16 and lines 44 through 49) to validate 
the user's input. Figure 4-5 shows an example of interaction with the program. 

Code Listing 4-5 (SoccerTeama. j ava) 

i 

2 

J 

•i 
c. 

6 

7 

8 

9 

10 

11 

La 

u 
LS 

16 

17 

18 

import javax.swing.JOptionPane; 

/ " 

This program c a l c u l a t e ! the number of soccer ft 

t ha t a youth league may c r e a t e from the number of 
a v a i l a b l e p l a y e r s . Input v a l i d a t i o n i s demonstrated 
with while loops . 

* / 

publ ic c l a s s SoccerTeams 

< 

publ ic s t a t i c void main(S t r ing( ] args) 

I 
f i n a l i n t MIN_PLAYERS • 9 ; 
f i n a l i n t MAX_PLAYERS - 15; 
i n t p l a y e r s ; 
i n t teamSize; 
i n t teams; 

/ / Minimum p laye r s per team 
/ / Maximum p laye r s per team 
/ / Number of a v a i l a b l e player* 
/ / Number of p l aye r s per team 
/ / Number of teams 

http://th.it
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int leftover; 
String input; 

/ / Number of leftover players 
/ / To hold the user input 

LI 

1 

62 

64 > 

/ / Get the number of players per t ea s . 
input - JOptionPane.showInputDialogfEnter the number of • + 

"players per team."); 
teamSize - In teger .parse ln t ( input ) ; 

/ / Validate the number entered. 
while (teamSize < MIN_PLAYERS | | teamSize > HAX_PLAYERS» 

< 

input - JOptionPane.showlnputDialog("The number mutt " + 
•be a t leas t • * HIN_PLAYERS * 
" and no more than • • 
HAX_PLAYERS • *.\n Enter • • 
"the number of p layers .*} ; 

teamSize - In teger .parse ln t ( input ) ; 

) 

/ / Get the number of available players. 
input - JOptionPane.showInputDialogfEnter the available • * 

"nuaber of players*"); 
players - In teger .parse ln t ( input ) ; 

/ / Validate the number entered, 
while (players < 0) 

< 

input • JOptionPane.showInputDialog("Enter 0 or • • 
" g r e a t e r . ' ) ; 

players * In teger .parse ln t ( input ) ; 

> 

II Calculate the number of teams. 
teams » players / teamSize; 

/ / Calculate the number of leftover players, 
leftover - players \ teamSize; 

/ / Display the r e s u l t s . 
JOptionPane.showHessageDialog(nullf "There wil l be " + 

teams # * teams with • + 
leftover + 
* players le f t ove r . " ) ; 

System.exit(O); 
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Figure 4 -5 Interaction w i t h the S o c c e r T e a m s program 

This input dialog box appears 
first. The user enters 4 (an invalid 
value) and clicks the OK button 

This input dialog box appears 
next The user enters 12 and 
clicks the OK button. 

This input dialog box appears 
next. The user enters -142 (an 
invalid value) and dicks the OK 
button 

This Input dialog box appears 
next Tho usor enters 142 and 
clicks the OK button 
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4.4 Write an input validation loop that asks the user to enter a number in the range of 

10 through 24. 

4.5 Write an input validation loop that asks the user to enter ' Y \ ' y \ * N \ or 'n ' . 

4.6 Write an input validation loop that asks the user to enter "Yes" or " N o " . 
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4.4 The d o - w h i l e Loop 

CONCEPT: The do-while loop is a posttcst loop, which means its boolean 
expression is tested after each iteration. 

The do-while loop looks something like an inverted while loop. Here is the do-while loop's 
format when the body of the loop contains only a single statement: 

do 
Statement; 

while {BooIcanExprcssion); 

Mere is the format of the do-while loop when the body of the loop contains multiple 
statements: 

do 

< 

Statement; 
Statement; 
/ / Place as many statements here aa necessary, 

} while [BooleanExpreBBion); 

o NOTE: The do-while loop must he terminated with a semicolon. 

The do-while loop is a fmsttest loop. This means it does not test its boolean expression until 
it has completed an iteration. As a result, the do-while loop always performs at least one 
iteration, even if the boolean expression is false to begin with. This differs from the behav­
ior of a while loop, which you will recall is a pretest loop. For example, in the following 
while loop the pr in t ln statement will not execute at all: 

int x • i; 
while (x < 0) 

System.out .pr int ln(x); 

Bui the pr in t ln statement in the following do-while loop will execute once because the 
do-while loop does not evaluate the expression x < 0 until the end of the iteration: 

int x - 1; 
do 

System.out .pr int ln(x); 
while (x < 0) ; 

Figure 4-6 illustrates the logic of the do-while loop. 

You should use the do-while loop when you want to make sure the loop executes at least 
once. l:or example, the program in Code Listing 4-6 averages a scries of three test scores for 
a student. After the average is displayed, it asks the user whether he or she wants to average 
another set of test scores. The program repeats as long as the user enters Y for yes. 
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Figure 4-6 Logic of the d o - w h i l e loop 

Code Lift ing 4-6 ( T e s t A v e r o g e l . j a v e ) 

1 

a 
i 
•i 

r> 

7 

I 
9 

10 

n 
La 
13 

l-l 

15 

16 
17 

Lfl 

I1* 

20 

21 

2a 
a i 
24 
25 
26 
21 
28 
29 
30 
il 
32 

import java.ut i l .Scanner; / / Needed for the Scanner clai 

/ . . 

Thii program demonstrates a uaer controlled loop. 
* / 

public c l a n TeatAveragel 

< 

public a t a t i c void main<str ing| | args) 

( 

int acorel , acore2, scoreJ; 
double average; 
char repeat; 
String input; 

/ / Three teat acorea 
/ / Average teat score 
/ / To hold *y' or ' n ' 
/ / To hold input 

System.out.println("This program ca lcula tes the " + 
"average of three t e s t scores . " ) ; 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systee.in); 

/ / Get as many seta of t e s t scores as the user wants 
do 

{ 
II Get the f i r a t tea t acore in th i s s e t . 
System.out.print("Enter score 111 * ) ; 
scorel • keyboard.nextlnt() ; 

/ / Get the second t e s t score in t h i s s e t . 
System.out.print("Enter score 12: • ) ; 
score2 • keyboard.nextlnt() ; 
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33 
3* 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 
49 
50 
51 
52 
53 

54 ) 

> 

> 

/ / Get the third t e s t score in t h i s «et . 
System.out.print("Enter score H : ") ; 
score3 • keyboard.nextlntf); 

/ / Consume the remaining newline. 
keyboard.nextLine(); 

/ / Calculate and print the average t e s t score . 
average - (acorel * score2 * score3) / 3.0; 
System.out.println("The average i s " • average); 

System.out .print ln() i " Prints a blank l ine 

/ / Does the user want to average another se t? 
System.out.println("Would you l ike t o average " * 

"another s e t of t e s t scores?"); 
System.out .printfEnter Y tor yes or N (or no: " ) ; 
input * keyboard.nextLinef); / / Read a l i n e . 
repeat - input.charAt(O); / / Get the f i r s t char. 

P r o g r a m O u t p u t w i t h E x a m p l e Input S h o w n In Bold 

This | 
Enter 
Enter 
Enter 

prograi 
•core 
•core 
•core 

The average 

Would 
Enter 
Enter 
Enter 
Enter 

n c a l c u l a t e s the average off three t e s t scores . 
• 1: 89 [Enter] 
• 2: 90 [Enter] 
• 3: 97 [Enter] 

i t 92.0 

you l ike to average another aet off t ea t scores? 
Y ffor 
•core 
•core 
•core 

The average 

Would 
Enter 

yes or N for no: y [Enter] 
• l i 78 [Enter] 
121 65 [Enter] 
«3: 88 [Enter] 

i s 77.0 

you l i k e to average another s e t off t e s t scores? 
Y ffor yes or N ffor no: n [Enter] 

When this program was written, [he programmer had no way of knowing the number of 
times the loop would iterate. This is because the loop asks the user whether he or she wants 
to repeat the process. This type of loop is known as a user controlled loop, because it allows 
the user to decide the number of iterations. 
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4.5 The f o r Loop 

CONCEPT: The for loop is ideal tor performing a known number of iterations. 

In general, there are two categories of loops: conditional loops and count-controlled loops. 
A eonditiottat loop executes as long as a particular condition exists. For example, an input 
validation loop executes as long as the input value is invalid. When you write a conditional 
loop, you have no way of knowing the number of times it will iterate. 

Sometimes you do know the exact number of iterations that a loop must perform. A loop 
that repeats a specific number of times is known as a count-controlled loop. For example, if 
a loop asks the user to enter the sales amounts for each month in the year, it will iterate 
12 times. In essence, the loop counts to 12 and asks the user to enter a sales amount each 
time it makes a count. 

A count-controlled loop must possess three elements: 

1. It must initialize a control variable to a starting value. 
2. It must test the control variable by comparing it to a maximum value. When the con* 

trol variable reaches its maximum value, the loop terminates. 
) . It must update the control variable during each iteration. This is usually done by 

incrementing the variable. 

In lava, the for loop is ideal for writing count-controlled loops. It is spot itically designed to 
initialize, test, and update a loop control variable. Here is the format of the for loop when 
MM J to tvpi ii \ single s:.iu menu 

for (Initialization; Tc*t; Update) 
Statement; 

The format of the for loop when used to repeat a block is as follows: 

for (Initialization; Test; Update) 

Statement; 
Statement; 
II Place aa many statements here as necessary. 

> 

The first line of the for loop is known as the loop header. After the key word for, there arc 
three expressions inside the parentheses, separated by semicolons. (Notice there is not a 
semicolon after the third expression.) The first expression is the initialization expression. It 
is normally used to initialize a control variable to its starting value. This is the lirsi action 
performed by the loop, and it is done only once. The second expression is the U'st expres­
sion. This is a boolean expression that controls the execution of the loop. As long as this 
expression is t rue, the body of the for loop will repeat. The for loop is a pretest loop, so it 
evaluates the test expression before each iteration. The third expression is the update expres­
sion. It executes at the end of each iteration. Typically, this is a statement that increments 
the loop's control variable. 
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I Icrc is an example of a simple for loop that prints "He l lo " five times: 

for (count - 1; count <• 5; count**) 
System.out.println("Hello"); 

In this loop, the initialization expression is count - 1, the test expression is count <- 5, and 
the update expression is count**. The body of the loop has one statement, which is the 
p r i n t l n statement. Figure 4-7 illustrates the sequence of events that takes place during die 
loop's execution. Notice that Steps 2 through 4 arc repeated as long as the test expression 
is t ru«. 

Figure 4-7 Sequence of events in the f o r loop 

Sup 1: Potform mo initialization cxpcosnon 

Step 2: Evaluate the tett e*pfestoon 11 it it true, go to Step 3 
Otherwise, terminate me toop. 

. 
for (count • 1; count <• 5; count**) 

Syiti tr «m. out. .p r in t ln ( p H*l lo-) ; * 3: Execute tfi« body of the loop 

4: Pmtotm Iho update oxprosiion, 
th*n go back to Step 2 

I'lgurc 4-8 shows (he loops logic in the form of a flowchart. 

Figure 4-8 Loqic ol Ihc f o r loop 

Assign 1 to 
rtn.rl 

ThM p r i n t l n 
V.IN -f - nt 

Increment 
count 

Notice how the control variable, count, is used to control the number of times that the loop 
iterates. During the execution of the loop, this variable takes on the values I through 5, and 
when the test expression count <- 5 is fa lse, the loop terminates. Because this variable 
keeps a count of the number of iterations, it is often called a counter variable. 

Also notice that in this example the count variable is used only in the loop header, to con­
trol the number of loop iterations. It is not used for any other purpose. It is also possible 
to use the control variable within the body of the loop. For example, look at the following 
code: 
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for {number • 1; number <• 10; number**) 
System.out.print{number + • " ) ; 

The control variable in this loop is number. In addition to controlling the number of itera­
tions, it is also used in the body of the loop. This loop will produce the following output; 

1 2 3 4 5 6 7 8 9 10 

As you can sec, the loop displays the contents of the number variable during each iteration. 
The program in (lode Listing 4-7 shows another example of a for loop that uses its control 
variable within the body of the loop. This program displays a table showing the numbers I 
through 10 and their squares. 

Code Lift ing 4-7 ( S q u a r e s . j a v a ) 

i 
a 
J 

•i 

5 

7 

I 
•> 

10 
II 
12 
l i 
1-1 
15 
16 

I 1 

18 

19 

20 

/ # i 

* / 

Thii program demonstrates the for loop. 

public c lass Squares 

< 

public s t a t i c void main(String[) args) 

t 
int nuabar; / / Loop control var iable 

System, out. .p r in t In ("Number Number Squared"); 
System, out. p r i n t l n ( " — — . . . . . . — — — • > j 

for (number - 1; number <- 10; number**) 

System.out.println(number • " \ t \ t " • 
number • number); 

I 

Program Output 

Number Number Squared 
ttava a*ti Hat *>* i** i* t***t**M*tt** :* !** : t t* * * * * * * * * * * * * * ( 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
4 
9 
16 
25 
36 
49 
64 
81 
100 
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Figure 4-9 illustrates the sequence of events performed by this fo r loop. 

Figure 4-9 Sequence of events with the f o r loop in Code Listing 4-7 

1: Perform ihe initia ization expression 

Step 2: Evaluate the test expression tf rt is true, go to Step 3. 
Otherwise, terminate the loop. 

for (number • 1; number * - 10; nuinbcr**) 
< • 

Sys tem.out .p r in t In(number » 
number • 

I 

- \ t \ t - • 

number); 
Step 3: Execute ihe body of the loop. 

Step 4: Perform the update expression, 
then go back to &ep 2. 

Figure 4-10 shows the logic of the loop. 

Figure 4-10 Logic of Ihc for loop in Code Listing 4-7 

. 

Assign 1 to 
number 

I M 
• ^ 

/ nui"b«r \ 
\ « - 10 / 

True p r i n t l n 
statement 

» Increment I 
number 

False 

The f o r Loop Is a Pretest Loop 
Because the for loop tests its boolean expression before it performs an iteration, it is a pre­
test loop. It is possible to write a for loop in such a way that it wi l l never iterate. I lerc is an 
example: 

for (count - 11; count <• 10; count**) 
System.out.println)"Hello"); 

Because the variable count is initialized to a value that makes the boolean expression false 
from the beginning, this loop terminates as soon as it begins. 

file://-/t/t
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Avoid Modifying the Control Variable 
in the Body of the f o r Loop 
IVc careful not to place a statement that modifies the control variable in the body of the for 
loop. All modifications of the control variable should take place in the update expression, 
which is automatically executed at the end of each iteration. If a statement in the body of 
the loop also modifies the control variable, the loop probably wi l l not tcrminarc when you 
expect it to. The following loop, for example, increments x twice for each iteration: 

for (x - 1; x <- 10; x*+) 

< 

System.out .pr int ln(x); 
x**; / / Wrong! 

> 

Other Forms of the Update Expression 
You are not limited to using increment statements in the update expression. Here is a loop 
that displays all the even numbers from 2 through 100 by adding 2 to a\ counter: 

for (nunber - 2; number <- 100; number • - 2) 
System.out.println(number); 

And here is a loop that counts backward from 10 to 0: 

for (number - 10; number >• 0; number--) 
System.out.printIn(number); 

Declaring a Variable in the f o r Loop's 
Init ial ization Expression 
Not only may the control variable be initialized in the initialization expression, but also it 
may be declared there. The following code shows an example. The following is a modified 
version of the loop in Code l is t ing 4-7: 

for ( int number • 1; number <• 10; nu 
( 

System.out.printing number * " \ t \ t " * 
number * nunber); 

> 

In this loop, the number variable is both declared and initialized in the initialization expres­
sion. If the control variable is used only in the loop, it makes sense to declare it in the loop 
header. This makes the variable's purpose clearer. 

When a variable is declared in the initialization expression of a for loop, the scope of the 
variable is limited to the loop. This means you cannot access the variable in statements out­
side the loop. For example, the following program segment will not compile because the last 
p r i n t l n statement cannot access the variable count: 
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tor ( in t count • 1; count <• 10; count**) 
System.out.printIn(count); 

System.out.println("count i s now • • count); / / ERROR! 

Creating a User Controlled f o r Loop 
Sometimes you want the user to determine the maximum value of the control variable in a 
for loop, and therefore determine the number of times the loop iterates. For example, look 
at the program in Code Listing 4-8. It is a modification of Code Listing 4-7. Instead of dis­
playing the numbers I through 10 and their squares, this program allows the user to enter 
the maximum value to display. 

Code Listing 4-8 ( U a e r S q u a r e a . j a v a ) 

1 import Java.uti l .Scanner; / / Weeded for tha Scanner c lass 
2 
3 / • • 

This program demonstrates a user controlled for loop. 
5 • / 

public c lass UserSquaros 

8 < 
9 

LO 

11 

L2 

13 

14 

15 

L6 

L7 

LB 

LS 

20 

21 

22 

23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 ) 

public s t a t i c void main(Strin<j[ ) args) 

< 

int number; / / Loop control variable 
int maxValue; / / Maximum value t o display 

System.out.println("I wil l display a table of " • 
"numbers and the i r squares . " ) ; 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

/ / Get the maximum value to display. 
System.out.printf"How h l 9 h should I go? " ) ; 
maxValue - keyboard.nextInt(}; 

/ / Display the t ab le . 
System.out.println("Number Number Squared"); 
System, out. print In ( • • ) ; 
for (number - 1; number <- maxValue; nuaber**) 

I 
System.out.println(number • " \ t \ t " • 

number • nuaber); 
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In lines 21 and 22, which arc before the loop, this program asks the user io enter the highest 
value to display. This value is stored in the maxvalue variable as follows: 

System,out.print("How high should I 90? " ) ; 

maxValue • keyboard.nextlnt(); 

In line 27, the for loop's test expression uses the value in the maxValue variable .is the upper 
limit for the control variable as follows: 

tor (number - 1; number <• maxValue; number**) 

In this loop, the number variable takes on the values I through maxValue, and then the 
loop terminates. 

Using Mult iple Statements in the Init ial ization 
and Update Expressions 
It is possible to execute more than one statement in the initialization expression and the 
update expression. When using multiple statements in either of these expressions, simply 
separate the statements with commas. For example, look at the loop in the following code, 
which has two statements in the initialization expression: 

int x, y; 
for {x - 1, y - 1; x <• 5; x++) 

i 
System.out.printlnfx + • plus * * y • 

* equals • * (x + y ) ) j 

> 

This loop's initialization expression is as follows: 

x - 1, y - 1 

Tins initializes two variables, x and y. The output produced by this loop is as follows: 

L plus L equals 2 
2 plus 1 equals 3 
3 plus 1 equals 4 
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4 plus 1 equals 5 
5 plus 1 equals 6 

We can further modify the loop to execute two statements in the update expression. Here 
is an example: 

int x, y; 
for (X • 1, y - 1; x <- 5; x++, y++) 

System.out.println(x * " plus " + y + 
* equals " + (x + y)); 

I 

The limp's update expression is as follows: 

x++, y++ 

This update expression increments both the x and y variables. The output produced by this 
loop is as follows: 

1 plus I equals 2 
2 plus 2 equals 4 
3 plus 3 equals 6 
4 plus 4 equals 8 
5 plus 5 equals 10 

Connecting multiple statements with commas works well in the initialization and update 
expressions, but don't try to connect multiple boolean expressions this wa\ in tlic test 
expression. Ir you wish to combine multiple boolean expressions in ihe lest express , yon 
must use the t t or 11 operators. 

& In the Spotlight: 
Designing a Count-Controlled f o r Loop 
Your friend Amanda just inherited a European snorts tar from her untie. Amanda lives in 
the United States, and she is afraid she will net a speeding ticket bet a use the tar's speedom­
eter indicates kilometers per hour (KPH). She has asked you CO write a program thai 
displays a table of speeds in kilometers per hour with their values converted to miles per 
hour (MPH).The formula for converting KPH to MPII is 

MPII- K P / f 0.6214 

In the formula, MPII is the speed in miles per hour and KPH is the speed in kilometers 
per hour. 

Ihc table that your program displays should show speeds from 60 kilometers per hour 
through I 10 kilometers per hour, in increments of 10, along with their values converted to 
miles per hour. The table should look something like this: 

KPH MPH 
60 
70 
80 
ttC. 
130 

37.3 
43.5 
49.7 

80.8 
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After thinking about this tabic of values, you decide that you will write a for loop that uses 
I counter variable to hold the KPII speeds. The counter's starting value will be 60, its end­
ing value will be MO, and you will add 10 to the counter variable after each iteration. Inside 
the loop you will use the counter variable to calculate a speed in MPH. Code Listing 4-9 
shows the code. 

Code Listing 4-9 ( S p e e d C o n v e r t e r . j a v a ) 

I 
2 
3 

4 

5 

6 

7 

I 
9 

10 
11 
12 
13 
14 
15 
I I 
17 

I I 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

/ . . 

This program display* a table of speeds in 
kph converted to mph. 

* / 

public c lass SpeedConverter 

( 

public s t a t i c void main(String[ 

< 

/ / Constants 

args) 

f i n a l i n t STARTING^ 
f i n a l i n t MAX 

KPH - 6C 
KPH • 130; 

f i n a l i n t INCREMENT - 10; 

/ / Var iables 
i n t kph) 
double mph; 

/ / 
/ / 

To hold 
To hold 

i; 

the 
the 

/ / S t a r t i n g 
/ / Maximum i 

•peed 
•peed 

/ / Speed increment 

speed in kph 
speed in mph 

/ / Display the table headings. 
System.out.println(-KPH\t\tMPH-»; 
System, out. p r in t ln ( " - - — — — — ) ; 

/ / Display the speeds. 
for (kph • STARTING_KPH; kph <• HAXJtFH; kph *• 

( 

/ / Calculate the mph. 
mph - kph • 0.6214; 

/ / Display the speeds in kph and mph. 
System.out .pr intf("»d\ t \ t%.lf \n" f kph, mph); 

INCREMENT) 
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P r o g r a m O u t p u t 

KPH 
60 
70 
80 
90 
100 
110 
120 

130 

MPH 
37.3 
43.5 
49.7 
55.9 
62.1 
68.4 
74.6 

80.8 

< * 

i 

Checkpoint 

Myf*rojrjimmm|L**" tvtvu\myprognimmingljh.com 

4.7 Name the three expressions thai appear inside the parentheses in the for loop's header, 

4.8 You want to write a for limp that displays "I love to program" 50 limes. Assume 
that you will use a control variable named count. 
a) What initialization expression will you use? 
h) What lest expression will you use? 
c) What update expression will you use? 
d) Write the loop, 

)/• What will the following program segments display? 
a) for {int count - 0; count < 6; count**) 

System.out.println(count * count); 

b) for (int value • - 5 ; value < 5; value**) 

System.out.printIn(value); 

c) int x; 

for (x - 5; x <- 14; x •• 3) 

S y s t e m . o u t . p r i n t l n ( x ) ; 
S y a t e m . o u t . p r i n t l n ( x ) ; 

4.10 Write a for loop that displays your name 10 times. 

4.1 I Write a for loop that displays all of the odd numbers, 1 through 49 t 

4.12 Write a for loop that displays every fifth number, zero through 100. 

4*6 Running Totals and Sentinel Values 

CONCEPT: A running iot.il is a sum of numbers that accumulates wilh each iteration 
of a loop. I he variable used to keep the running total is called an 
accumulator. A sentinel is a value that signals when the end of a list of 
values has been reached. 

Many programming tasks require you to calculate the total of a series of numbers. For exam 
pie, suppose you are writing a program that calculates a businesses total sales for a week. The 
program would read the sales tor each day as input and calculate the total of those numbers. 

http://iot.il
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Programs that calculate the total of a series of numbers typically use two elements: 

• A loop that reads each number in the series. 
• A variable that accumulates the total of the numbers as they are read. 

The variable used to accumulate the total of the numbers is called an accumulator* It is often 
said that the loop keeps a running total because it accumulates the total as it reads each num­
ber in the scries. Figure 4*11 shows the general logic of a loop that calculates a running total. 

F igure 4-11 Logic for calculating a running total 

RNd I N 
next number 

Add tho number to 
the accumulator 

No 
(Falw) 

When the loop finishes, the accumulator wi l l contain the total of the numbers that were 
read by the loop. Notice that the first step in the flowchart is to set the accumulator variable 
to (). This is a critical step. Each time the loop reads I number, it adds it to the accumulator. 
If the accumulator starts with any value other than 0, it wi l l nor contain the correct total 
when the loop finishes. 

Lets look at a program that calculates a running total, (ode Listing4-10 calculates a com­
pany's total sales over a period of time by taking daily sales figures as input and calculating 
a running total of them as they are gathered. Figure 4-12 shows an example of interaction 
with the program. 

Code L i s t i ng 4 -10 < To t a l S a l u . j ava) 

1 import Java.text.DecimalFormat; 
2 import javax.swing.JOptionPane; 
3 
4 /** 

This program calculates a running t o t a l . 
6 */ 
7 
8 publ ic class TotalSales 

9 i 
10 public s t a t i c void main(String[1 args) 

11 { 
12 int days; / / The number of dayi 
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/ / A day's sales figure 
/ / Accumulator 
/ / To hold the user's input 

double sales; 
double totalSales; 
String input; 

/ / Create a DecinalFormat object to format output. 
DecimalFormat dollar - new DecimalFor*at("l,1*3,00"); 

/ / Get the number of days. 
input - JOptionPane.showInputDialog<*For how many days * + 

"do you have sales figures?"); 
days - Integer.parselnt(input); 

/ / Set the accumulator to 0. 
totalSales - 0.0; 

/ / Get the sales figures and calculate a running total , 
for (int count - 1; count <• days; count**) 
< 

input • JOptionPsne.showInputDialog("Enter the sales • * 
•for day • + count + "i"); 

sales - Double.parseDouble(input); 
totalSales • - sales; / / Add sales to totalSales . 

> 

/ / Display the total sales . 
JOptionPane.showMes*ageDialog(null# "The total sales are S" * 

dollar.format<totalSales)); 

System.exit(0); 

Figure 4 -12 Interaction with the T o t a l S a l e s program 
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Lets take a closer look at this program. In lines 20 through 23 the user is asked to enter rhe 
number of days for which he or she has sales figures. The number is read from an input 
dialog box and assigned to the days variable. Then, in line 26 rhe totalSales variable is 
assigned 0.0. In general programming terms, the totalSales variable is referred to as an 
K simulator. An accumulator is a variable that is initialized with a starting value, which is 
usually / c m , and then accumulates a sum of numbers by having the numbers added to it. As 
you wi l l see, it is critical that the accumulator is set to zero before values arc added to it. 

Next, the for loop in lines 29 through 35 executes. During each iteration of the loop, the 
user enters the amount of sales for a specific day, which are assigned to the sales variable. 
This is done in lines 31 through 33. Then, in line 34 the contents of sales is added to the 
existing value in the to ta lSales variable. iNote that line 34 does not assign sales to 
totalSales, but adds sales to totalSales. Put another way, this line increases totalSales 
by the amount in sales.) 

Hccausc totalSales was initially assigned 0.0, alter the first iteration of the loop, totalSales 
will be set to the same value as sales. After each subsequent iteration, totalSales will be 
increased by the amount in sales. After the loop has finished, totalSales wi l l contain the 
total of all the daily sales figures entered. Now it should be clear why we assigned 0,0 to 
tota lSales before the loop executed. If tota lSales started at any other value, the total 
would be incorrect. 

Using a Sentinel Value 
The program in Code lasting 4-10 requires the user to know in advance the number of days 
for which he or she has sales figures. Sometimes the user has a very long list of input values, 
and doesn't know the exact number of items. In other cases, the user might be entering val­
ues from several lists and it is impractical to require that ever)' item in every list is counted. 

A technique that can be used in these situations is to ask the user to enter a sentinel value at 
the end of the list. A sentinel value is a special value that cannot be mistaken as a member 
of the list, and signals that there are no more values to be entered. When the user enters the 
sentinel value, the loop terminates. 

The program in Code Listing 4*11 shows an example. It calculates the total points earned 
by a soccer team over a series of games. It allows the user to enter the series of game points, 
and then - 1 to signal the end of the list. 

Code L i s t i ng 4-11 ( S o c c e r P o i n t a . Java) 

1 import Java.ut i l .Scanner; / / Needed for the Scanner c lass 
2 
3 /** 
4 This program calculates the to t a l number of points a 

soccer team has earned over a se r ies of gases. The user 
enters a se r ies of point values, then -1 when finished. 

7 */ 

9 publ ic class SoccerPoints 
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LO 

n 

L2 

13 

14 

15 

A , 

n 
IB 

L9 

20 

2. 

22 

23 

24 

25 

26 

27 

28 

29 

JO 

t ; 

32 

33 

34 

35 

36 

17 

18 

19 

41 
12 
(3 
44 

public s t a t i c void nain(Str ing[) argg) 

i n t points; / / Game points 
i n t to ta lPoin ts - 0; / / Accumulator i n i t i a l i z e d to 0 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(Systea.in); 

/ / Display general ins t ruc t ions . 
System.out.println("Enter the number of points your team"); 
System.out .pr in t lnfhas earned for each g<we t h i s season."); 
System.out.println("Enter -1 when f inished.*) ; 
System.out .printIn() ; 

/ / Get the f i r s t number of points . 
System.out .pr intfEnter game points or -1 t o end: " ) ; 
points • keyboard.nextlnt(); 

/ / Accumulate the points un t i l -1 i s entered, 
while (points t- -1) 

< 
/ / Add points to to ta lPo in t s . 
to ta lPoin ts *• points; 

/ / Get the next number of points . 
System.out.print)"Enter game points or -1 t o end: " ) ; 
points - keyboard.nextlnt(); 

> 

II Display the to t a l number of points . 
System.out.println("The to t a l points are • • 

to ta lPo in t s ) ; 

Program Output with Example Input Shown In Bold 

Enter the number of points your team 
has earned for each game t h i s season. 
Enter -1 when finished. 

Enter game points or -1 to end: 7 [Enter] 
Enter game points or -1 to end: 9 (Enter] 
Enter game points or -1 to end: 4 [Enter] 
Enter game points or -1 to end: 6 (Enter] 
Enter game points or -1 to end: 8 [Enter] 
Enter game points or -1 to end: -1 [Enter] 
The to t a l points are 34 
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The value -1 was chosen for rhe sentinel because it is not possible for a team to score nega­
tive points. Notice that this program performs a priming read to get the first value. This 
makes it possible for the loop to terminate immediately if the user enters - I as the first 
value. Also note that the sentinel value is not included in the running total. 

Checkpo in t 

My •,.,• i y.Ub" U'uu:ntyl>r<>iirjninimxUh.c<>m 

4.1 J Write a for loop that repeats seven times, asking the user to enter a number. The 
loop should also calculate the sum of the numbers entered. 

4.14 In the following program segment, which variable is the loop control variable (also 
known as the counter variable) and which is the accumulator? 

int a, x - 0, y - 3; 
while (x < 10) 

< 

a - x • 2; 
y • • a; 
x**; 

> 

System.out.println("The sua i s • • y) ; 

4.15 Why should you be careful when choosing a sentinel value? 

4.7 Nested Loops 

CONCEPT: A loop that is inside another loop is called a nested loop. 

Nested loops arc necessary* when a task performs a repetitive operation and that task itself 
must he repeated. A clock is a good example of something that works like a nested loop. 
The program in l.odc listing 4-12 uses nested loops to simulate a clock. 

Code Listing 4-12 (Clock, java) 

1 /« 
2 This program uses nested loops to simulate a clock. 
3 V 

public c lass Clock 
6 { 

public s t a t i c void main(String[ ) args) 

8 < 
/ / Simulate the clock. 
for ( int hours • 1; hours <• 12; hours++) 

11 < 
for ( int minutes - 0; minutes <• 59; minutes**) 

13 ( 
14 for ( int seconds • 0; seconds <• 59; scconds++) 
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15 
16 
17 
18 
19 
20 
21 

0 1 3 

01; 
0 l ! 
01: 

> 

IMJI 

00: 
00: 

00: 
00: 

> 

'an 
:00 
01 

:02 
:03 

System.out-print!("%02d:t02d:t02d\n*, hours, minutes, seconds); 

fT/v loaf) continues to count..,) 

12:59:57 
12 iS9i58 
12:59:59 

I he innermost loop (which begin* at line 14) will iterate 60 nines for each single iteration 
of the middle loop, I he middle loop iwhich begins at line 12) will iterate 60 times for each 
single iteration ot the outermost loop. VC'hen the outermost loop (which begins at line 10) 
has iterated 12 times, the middle loop will have iterated 720 times and the innermost loop 
will have iterated 4.1,200 times. 

I he simulated CICK k example brings up a few* points about nested loops: 

• An inner loop goes through all of its iterations for each iteration ot an outer l(H>p. 
• Inner loops complete their iterations before outer loops do. 
• lo get the total number of iterations of a nested loop, multiply the number of itera­

tions of all the loops, 

The program in Code Listing 4-1 \ shows another example. It is a program that a teacher 
might use to get the average of each student's test scores. In line 22 the user enters the num­
ber of students, and in line 26 the user enters the number of test stores per student. The for 
loop that begins in line 29 iterates once for each student. The nested inner for loop, in lines 
16 through 41 , iterates once for each test score. 

Code Listing 4-13 ( T e s t A v e r a g e 2 . Java) 

1 import Java.uti l .Scanner; 
2 

3 /** 
This program demonstrates a nested loop. 

6 
' public class TestAverage2 
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8 < 
9 
0 

public s t a t i c void main(String [) args) 

< 

int numStudcnts, 
numTests, 
•core, 
t o t a l ; 

double average; 

/ / Number of student* 
/ / Number of t e s t s per student 
/ / Test score 
/ / Accumulator for t e s t scores 
/ / Average t e s t score 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System-in); 

/ / Get the number of s tudents . 
System.out.print(HHow many students do you have? " ) ; 
numStudenta - keyboard.nextlntO; 

/ / Get the number of t e s t scores per student. 
System.out.print("How many t e s t scores per student? *) ; 
numTeet* • keyboard, next I n t o ; 

/ / Process a l l the s tudents . 
for ( int student - t ; student <• numStudenta; *tudent++) 

to t a l - 0; / / Set the accumulator to zero. 

/ / Get the t e s t scores for a student. 
System.out.println( r tStudent number " • s tudent) ; 
S y s t e m . o u t . p r i n t l n ( " " " " " — ™ - — — — " ) ; 
for ( int t e s t - 1; t e s t <- numTests; t e s t " ) 

( 

System.out.print("Enter score • • t e s t • 

score - keyboard.nextlntU; 
to t a l +- score; / / Add score to t o t a l . 

" ) ; 

I 

/ / Calculate and display the average, 
average - t o t a l / numTests; 
System.out.printf)"The average for student %d i s t . l f . \ n \ n " f 

student, average); 

) 

'ogram Output with Example Input Shown In Bold 

How many students do you have? J [Enter] 
How many t e s t scores per student? 3 [Enter] 
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Student number 

Enter score 1: 
Enter score 2: 
Enter score 3: 

1 

100 [Enter] 
95 [Enter] 
90 [Enter] 

The average for student number 

Student number 

Enter score l i 
Enter score 2i 
Enter score 3: 

2 

80 [Enter] 
81 [Enter] 
82 [Enter] 

The average tor student number 

Student number 

Enter score l i 
Enter score 2i 
Enter score 3i 

3 

75 [Enter] 
85 [Enter] 
80 [Enter] 

The average (or student number 

1 i s 

2 i s 

3 i s 

95.0. 

81.0. 

80.0. 

® In the Spotlight: 
Using Nested Loops to Print Patterns 
One interesting way to learn ..bout nested loops is «> use them to display patterns on the 
screen. Letfl look at a simple example. Suppose we want to print asterisks on the screen in 
the following rectangular pattern: 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

If you think of this pattern as having rows and columns, you can see that it has eight rows, 

and each row has six columns. The following code can be used to display one row of asterisks: 

f inal int COLS - 6; 
for ( int col - 0; col < COLS; col**) 

{ 
System.out.print(***); 

) 

If we run this code in a program, it wi l l produce the following output: 

* * * * * * 
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To complete the entire pattern, wc need to execute this loop eight times. We can place flic 
loop inside another loop that iterates eight times, as shown here: 

I 
2 
3 
4 
5 
4 
7 
I 
9 
10 

f inal int COLS - 6; 
f inal int RONS - 8; 
for ( int row - 0; row < ROWS; row**) 

for {int col • 0; col < COLS; col**) 

Sys tem.out .pr in t (" ' " ) ; 

> 

System,out .printIn() ; 

The outer loop iterates eight times, l a t h tune it iterates, the inner loop iterates six times. 
(Notice that in line 9, after each row has been printed, we call the System.out.println() 
method. We have to do that to advance the screen cursor to the next line at the end of each 
row. Without that statement, all the asterisks will be printed in one long row on the screen.! 

Wc could easily write a program that prompts the user for the number of rows and columns, 
is show v v I uJt I isting -: I -;. 

Code Listing 4-14 (R*c tmngu lmrPmt t« rn . Java) 

import java.ut i l .Scanner; 

/ * * 

This program displays a rectangular pattern 
of asterisks* 

* / 

public c lass RectangularPattern 

< 

public s t a t i c void main(String[] args) 

{ 
int rows, co l s ; 

/ / Create a Scanner object for keyboard input 
Scanner keyboard - new Scanner(System,in); 

/ / Get the number of rows and columns. 
System.out.print("How many rows? * ) ; 

rows - keyboard.ncxt lntn; 
System.out.printf"How many columns? * ) ; 
cols - keyboard.nextlntU; 

for ( int r • 0; r < rows; r++) 

for ( int c • 0; c < co l s ; C++) 
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26 
27 
28 
29 
30 
31 > 
32 > 

System.out .pr int("•") ; 

> 

System.out .pr int ln() ; 

Program Output w i t h Example Input Shown In Bold 

How many rows? 5 [Enter] 
How many columns? 10 [Enter] 

Let's look at another example. Suppose you want to print asterisks in a pattern that looks 

like the following triangle: 

* 

* * 

* * * 

* * * * 

* * * * * * * 

Once again, think of the pattern as being arranged in rows and columns. The pattern has a 
total of eight rows. In the first row, there is tine column. In the second row, there are two 
columns. In the third row, there arc three columns. This continues to the eighth row, winch 
has eight columns. Code Listing 4-15 shows the program that produces this pattern. 

Code Listing 4*15 ( T r i a n g l e P a t t e r n . Java) 

1 import Java.uti l .Scanner; 
2 
3 /« 
4 This program displays a t r i ang le pat tern . 
5 • / 
6 
7 public c lass TrianglePattern 

a i 
9 public s t a t i c void main(String[] args) 

10 i 
11 final i n t BASESIZE - 8; 
12 
13 for ( in t r - 0; r < BASE SIZE; r++) 
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H ( 
15 for ( i n t c • 0; c < (r + 1); C++) 
16 < 
17 Sys tem.out .p r in t ( " • " ) ; 

l« > 
19 Syt torn.out*pr in t ln( ) ; 
20 } 

21 ) 
22 ) 

Program Output 

* 

* * 

* * * 

#### 

* * * * * 

* * * * * * 

* * * * * * * 

* * * * * * * * 

The outer loop (which begin* in line 11) wi l l iterate eight times. As the loop iterates, the 
variable r wi l l be assigned the values 1) through 7. 

l;or each iteration of the outer loop, the inner loop wi l l iterate r • l times. So, 

• During the outer loop's first iteration, the variable r is assigned 0. The inner loop iter­
ates one time, printing one asterisk. 

• During the outer loop's second iteration, the variable r is assigned 1. The inner loop 
iterates two times, printing two asterisks. 

• During the outer loop's third iteration, the variable r is assigned 2. The inner loop iter­
ates three times, printing three asterisks. 

• And so forth. 

Let's look at another example. Suppose you want to display the following stair-step pattern: 

1 
• 

• 

* 

* 

* 

The pattern has six rows. In general, we can describe each row as having some number of 
spaces followed by a 1 character. 1 Icrc's a row-by-row d o t ' ipt ion: 

Hirst row: 0 spaces followed by a t character. 
Second row: 1 space followed by a • character. 
Third row: 2 spaces followed by a • character. 
Fourth row: 3 spaces followed by a » character. 
Fifth row: 4 spaces followed by a » character. 
Sixth row: 5 spaces followed by a • character. 

231 
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To display this pattern, we can write code containing a pair of nested loops that work in the 
following manner: 

• The outer loop wi l l iterate six times. Each iteration wi l l perform the following: 
• The inner loop will display the correct number of spaces, side by side. 
• Then, a » character will be displayed. 

Code Listing 4-16 shows the Java code. 

Code Listing 4 16 (Sta i rStepPat tern .Java) 

1 import Java.util.Scanner; 

2 
3 / • • 
4 This program displays a stairstep pattern. 
5 • / 
6 
7 public class StairStepPattern 

8 < 

9 public s ta t ic void main(String[1 args) 

10 
11 
12 
13 
U 
15 
16 
17 

18 
19 
20 
21 
22 > 

< 

f ina l int NUMSTEPS - 6; 

for ( int r • 0; r < NUM_STEPS; r**) 

< 

(or ( int c • 0; c < r; c**> 

i 
System.out.print)" " ) ; 

> 

System.out.println(•1•)j 

> 

) 

Program Output 

• 

The outer loop (which begins in line I .*) wi l l iterate six times. As the loop iterates, the vari­
able r will be assigned the values 0 through 5. 

For each iteration of the outer loop, the inner loop wi l l iterate r times. So, 

• During the outer loop's first iteration, the variable r is assigned 0. The inner loop will 

not execute at this time. 



• 

• 

• 

During the outer 
iterates one time, 
During the outer 

loop s second iteration, the 
printing one space. 
loop's third iteration. 

arcs two times, printing two spaces. 
And so forth. 

varia 

, the variable 

ble 

4.9 Deciding 

r is assigned 

Which Loop to Use 

1. The inner loop 

r is assigned 2. The inner loop itcr-
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4.8 The b r e a k and c o n t i n u e Statements (Optional) 

i_ CONCEPT: The break statement causes a loop to terminate early. The continue 
statement causes a loop to stop its current iteration and begin the next one. 

The break statement, w Inch was used with the twi tch statement in Chapter J, can also be 
pi.iced inside a loop, When it is encountered, the loop stops and the program jumps to the 
statement immediately following the loop. Although it is perfectly acceptable to use the 
break statement in a switch statement, it is considered taboo to use it in a loop. This is 
because it bypasses the normal condition that is required to terminate the loop, and it 
makes code difficult to understand and debug. For this reason, you should avoid using the 
break statement in a loop when possible. 

The continue statement causes the current iteration of a loop to end immediately. When 
continue is encountered, all the statements in the body of the loop that appear alter it arc 
ignored, and the loop prepares for the next iteration. In a while loop, this means the program 
lumps to the boolean expression at the top of the loop. As usual, if the expression is still true, 
rhc next iteration begins. In a do-while loop, the program jumps to the boolean expression at the 
bottom of the loop, which determines whether the next iteration will begin. In a for loop, 
continue causes the update expression to be executed, and then the test expression is evaluated. 

The continue statement should also be avoided. I ike the break statement, it bypasses the 
loops logic and makes the code difficult to understand and debug. 

4*9 Deciding Which Loop to Use 

CONCEPT: Although most repetitive algorithms can be written with any of the three 
types of loops, each works best in different situations. 

I'ach ol | a \ a \ three loops is idea to use in different situations. I he lollowing is a short 
summary of when each loop should be used: 

• The while loop. The while loop is a pretest loop. It is ideal in situations where you do 
not want the loop to iterate if the condition is false from the beginning. It is also ideal 
if you want to use a sentinel value to terminate the loop, 

• The do-while loop. The do-while loop is a posttcst loop. It is ideal in situations where 
you always want the loop to iterate at least once. 

• The for loop. The for loop is a pretest loop that has built-in expressions for initializ­
ing, testing, and updating. These expressions make it very convenient to use a loop 
control variable as a counter. The for loop is ideal in situations where the exact num­
ber of iterations is known. 
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4.10 Introduction to File Input and Output 

CONCEPT: The Java API provides several classes that you can use for writ ing data to 
a file and reading data from a file. To write data to a file* you can use the 
Pr intWri ter class and, optionally, the FileWriter class. To read data 
from a file, you can use the Scanner class and the r i l e class. 

The programs you have written so far require you to reenter data each time the program 
runs. This is because the data stored in variables and objects in RAM disappears once the 
program stops running. To retain data between the times it runs, a program must have a 
way of saving the data. 

Data may be saved in a filef which is usually stored on a computers disk. Once the data is 
saved in a file, it will remain there after the program stops running. The data can then be 
retrieved and used at a later time. In general, there arc three steps chat arc taken when a file 
is used by a program: 

1. The file must I K opened. When the file is opened, a connection is created between the 
file and the program. 

2. Data ts then written to the file or read from the file. 
i. When the program is finished using the file, the file must be closed. 

In this section we w ill discuss how to write Java programs that write data to files and read 
data from files. The terms input file and OH//JW////rare commonly used. An input file is a file 
that a program reads data from. It is called an input file because the data stored in it serves 
as input to the program. An output file is a file that a program writes data to. It is called an 
output file because the program stores output in the file. 

In general, there are two types of files: text and binary. A text file contains data that has been 
encoded as text, using a scheme such as Unicode. Even if the file contains numbers, those num­
bers arc stored in the file as a series of character*. As a result, the file may be opened and viewed 
in a text editor such as Notepad, A bitury file contains data that has not been converted to text. 
As a consequence, you cannot view the contents of a binary file with a text editor. In this chapter, 
we will discuss how to work with text files. Binary files are discussed in ( hapter 11. 

The Java API provides a number of classes that you wi l l use to work with files. To use these 
classes, you will place the following import statement near the top of your program: 

import j a v a . i o . * ; 

Using the P r i n t W r i t e r Class to Write Data to a File 
To write data to a file you wi l l create an instance of the Pr intWri ter class. The PrintWriter 
class allows you to open a file for writ ing. It also allows you to write data to the file using 
the same p r i n t and p r i n t l n methods that you have been using to display data on the 
screen. You pass the name of the file that you wish to open, as a string, to the Pr intWri ter 
class\ constructor. For example, the following statement creates a Pr intWri ter object and 
passes the file name StudentDjtjJxt to the constructor. 

PrintWriter outputFile • new Pr in tWri te r fStudentData . tx t" ) ; 

This statement will create an empty file named StudentDMj.txt and establish a connection 
between it and the Pr intWri ter object that is referenced by outputFi le. The file wi l l be cre­
ated in the current directory or folder. 
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You may also pass a reference to a s t r ing oh|cct as an argument to the PrintWriter con­
structor For example, in the following code the user specifies the name of the file. 

String filename; 
filename • JOptionPane.shovInputDialogCEnter the fi lename."); 
PrintWriter outputFile • new PrintWriter(t i lename); 

© WARN I NCI If the file that you are opening with the PrintWriter object already exists, 
it will be erased and an empty file by the same name will be created. 

Once you have created an instance of the PrintWriter class and opened a file, yon can write 
data to the file using the print and p r in t in methods. You already know how* to use print 
and pr in t in with System.out to display data on the screen. They are used the same way 
with a PrintWriter object to write data to a file. For example, assuming that outputPile 
references a PrintWriter object, the following statement writes the string "Jim" to the file: 

o u t p u t r i l e . p r i n t l n r J i " " ) ; 

When the program is finished writing data to the file, it must close the file. To close the file 
use the PrintWriter class's close method. Mere is an example of the method's use: 

ou tputFl le .c lose( ) ; 

Your application should always close files when finished with them. This is because the 
system creates one or more buffers when a file is opened, A buffer is a small "holding sec 
tion" of memory. When a program writes data to a file, that data is first written to the buf­
fer. When the buffer is filled, all the information stored there is written to the file. This 
technique increases the system's performance because writing data to memory is faster than 
writing it to a disk. The close method writes any unsaved data remaining in the file buffer* 

Once a file is closed, the connection between it and the PrintWriter object is removed. In 
order to perform further operations on the file, it must be opened again. 

M o r e a b o u t the P r i n t W r i t e r Class's p r i n t i n Method 

The PrintWriter class's p r in t in method writes a line of data to a file. For example, assume 
an application creates a file and writes three students' first names and their test scores to the 
file with the following code: 

PrintWriter ou tpu t r i l e - new PrintWriterCStudentData. txt") ; 
ou tpu tF i le .p r in t In ("J in" ) ; 
outputFi le .pr in t ln(95) ; 
outputFile.printing"Karen"); 
outputFi le .pr int ln(9B); 
outputFile ,print ln("Bob"); 
outputFi le .pr in t in(62) ; 
outputFile .close)>; 

The pr in t in method writes data to the file and then writes a ncwlinc character immediately 
after the data. You can visualize the data written to the file in the following manner: 

jim<Jffir/fW>95<fffK'/Mf>K«ren<w 
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The newline characters are represented here as <neurhne>. You do not actually sec the new-
line characters, but when the file is opened in a text editor such as Notepad, its contents will 
appear as shown in Figure 4-13- As you can see from the figure, each newline character 
causes the data that follows it to be displayed on a new line. 

Figure 4 - 1 J File contents displayed in Notepad 

yim 

a 
t e c 

n 

In addition to separating the contents of a file into lines, the newline character also serves as 
a delimiter. A delimiter is an item that separates other items. When yon write data to a file 
using the p r t n t l n method, newline characters wi l l separate the individual items of data. 
I Jter you wi l l sec that the individual items of data in a file must be separated in order for 
them to be read from the file. 

The P r i n t W r i t t r Class's p r i n t Me thod 

The pr in t method is used to write an item of data to a file without writ ing the newline 
character. For example, look at the following code: 

String name - "Jeffrey Smith"; 
String phone - -555-7864"; 
int idNumber • 47895; 
PrintWriter outputPile * new PrintWriter("Perton«lD«t«.txf); 
outputFile.print(name * • " ) ; 
outputFile.printfphone * • m)s 
outputFile.printIn(idNumber); 
outputFiie.closet); 

'I his code uses the pr in t method to write the contents of the n m object to the file, followed 
by a space (" "). Then it uses the p r i n t method to write the contents of the phone object to 
the file, followed by a space. Then it uses the p r i n t l n method to write the contents of the 
idNumber variable, followed by a newline character. Figure 4-14 shows the contents of the 
file displayed in Notepad. 

Figure 4-14 Contents of file displayed in Notepad 

'•t «**uO*t* L*l • H**f4 
>*t Idlt 'OtttUt * * » M ^ 

:«rrr«y suit* » » . . * J M * / * « • 
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A d d i n g a t h r o w s Clause t o the Method Header 

When an unexpected event occurs in a Java program, it is said that the program throws an 
exception. For now, you can think of an exception as a signal indicating that the program 
cannot continue until the unexpected event has been dealt with. For example, suppose you 
create a Pr in tNr i te r object and pass the name of a file to its constructor The PrintWriter 
object attempts to create the file, but unexpectedly* the disk is full and the file cannot be 
created. Obviously the program cannot continue until this situation has been dealt with, so 
an exception is thrown, which causes the program to suspend normal execution. 

When an exception is thrown, the method that is executing must either deal with the excep­
tion or throw it again. If the main method throws an exception, the program halts and an 
error message is displayed. Because Pr in tWr i ter objects are capable of throwing excep­
tions, we must either write code that deals with the possible exceptions, or allow our meth­
ods to rethrow the exceptions when they occur. In Chapter 12 you wi l l learn all about 
exceptions and how to respond to them, but for now, we wi l l simply allow our methods to 
rethrow any exceptions that might occur. 

To allow a method to rethrow an exception that has not been dealt wi th, you simply write 
a throws clause in the method header. The t h r o w clause must indicate the type of exception 
that might be thrown. The following is an example: 

public stat ic void *ain(String( | args) throw IOException 

This header indicates that the main method is capable of throwing A\\ exception of the 
IOException t>pe. This is the type of exception that Pr in tWr i ter objects are capable of 
throwing. So, *\\\\ method that uses Pr in tWr i ter objects and does not respond to their 
exceptions must have this throw* clause listed in its header. 

In addition, any method that calls a method that uses a Pr intWri ter object should have a 
throwi IOException clause in its header For example, suppose the main method docs not 
perform any file operations, but calls a method named bu i l dP i l e that opens a file and 
writes data to it. Both the bu i ldPi le and nain methods should have a throwi IOException 
clause in their headers. Otherwise a compiler error wi l l occur. 

A n Example P r o g r a m 

I ct's look at an example program that writes data to a file. The program in (.ode Listing 
4-17 writes the names of your friends to a file. 

Code L i s t i ng 4 -17 ( F i l e W n t e D e m o . Java) 

import Java.util .Scanner; 
import java . io .* ; 

/ / Needed tor Scanner class 
/ / Needed for File I/O classes 

This program writes data to a f i l e . 
* / 

8 public class FileWriteDemo 

9 { 
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public s t a t i c void main(String[) args) throws IOException 

9 
0 
l 

2 

i 

9 

6 

7 

B 

9 

0 

1 

2 

i 

( 

5 
6 
7 
H 

9 > 

String filename; 
String friendName; 
i n t numFriends; 

/ / Fi le nane 
/ / Fr iend 's 
/ / Number of friends 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(Systen.in); 

/ / Get the number of fr iends. 
System.out.print("How many friends do you have? " ) ; 
numFriends - keyboard.nextInt(); 

/ / Consume the remaining newline character, 
keyboard.nextLine(); 

/ / Get the filename. 
System.out.print)"Enter the filename: " ) ; 
filename - keyboard.nextLinef); 

/ / Open the f i l e . 
PrintWriter outputFile • new PrintWriter(f i lenaae | 

/ / Get data and write i t to the f i l e , 
for ( in t i • 1} i <- numFriends; i*»> 
< 

/ / Get the name of a friend. 
System.out.print)"Enter the name of 

•number " • i • H 

friendName • keyboard.nextLine<); 

/ / Write the name to the f i l e . 
outputFi le .pr int lnf friendName); 

friend -

> 

II Close the f i l e . 
ou tputFi le .c lose( ) ; 
System.out.println("Data wri t ten t o the f i l e . " ) ; 

Program Output w i th Example Input Shown In Bold 

How many friends do you have? 5 [Enter] 
Enter the filename: MyFrknds.txt [Enter] 
Enter the name of friend number l i foe [Enter] 
Enter the name of friend number 2: Rose [Enter] 
Enter the name of friend number 3: Greg [Enter] 
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Enter 
Enter 

the 
the 

name 
name 

of 
of 

f r iend 
fr iend 

Data wr i t t en t o the f i l e 

number 
number 

y 

4: 
5: 

Kirk (Enter) 
Renee [Enter] 

The import statement in line 2 is necessary because this program uses the Pr in twr i te r c lan. 
In addition, the main method header, in line 10, has a throws lOException clause because 
objects of the Pr in twr i te r class can potentially throw an lOException. 

This program asks the user to enter the number of friends he or she has (in lines 20 and 21), 
then a name for the file that wi l l be created (in lines 27 and 28). The f ilenaae variable ref­
erences the name of the file, and is used in the following statement, in line \ 1; 

Pr in tWr i t e r o u t p u t F i l e - new Pr in tWr i t e r ( f i l e n « M ) ; 

Tins statement opens the file and creates a Pr in twr i te r object that can be used to write 
data to the file. The for limp in lines 34 through 41 performs an iteration for each friend 
that the user has, each time asking tor the name of a friend. The user's input is referenced by 
the friendNeme variable. Once the name is entered, it is written to the die \\ itli the following 
statement, which appears in line 42: 

out put F i l e , p r i n t In (triendHeiM) ; 

After the loop finishes, the file is closed in line 46. After (he program is executed with the 
input slum n in the example run, the file MyFriends.txt wi l l be created. If we open the file in 
Notepad, we will sec its contents as shown in I i gu rc4 - I5 . 

Figure 4-15 Contents o l the lile displayed in Notepad 
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Review 

Before moving on, let's review the basic steps necessary when writ ing a program that writes 
data to a file: 

1. You need the import j a v a . i o . * ; statement in the top section of your program. 
2. Because wc have not yet learned how to respond to exceptions, any method that uses 

a Pr in twr i te r object must have a throws lOException clause in its header. 
3. You create a P r i n t w r i t e r object and pass the name of the file as a string to the 

constructor. 
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4. You use the Printwri ter class's pr in t and print In method*, to write data to the file. 
5. When finished writing to the file, you use the Pr in twri ter class's close method to 

close the tile. 

Appending Data to a File 
When you pass rhc name of a file to the Pr in twr i te r constructor, and the file already 
exists, it \ull he erased ind .i new cmpt> hie with the Mine name will he , reaied. Some 
times, however, you want to preserve an existing file and append new data to its current 
contents. Appending to a file means writing new data to the end of the data that already 
exists in the file. 

To append data to an existing file, you first create an instance of the PileWriter class. You 
pass two arguments to the PileWriter constructor: a string containing the name of the file, 
and the boolean value true. Merc is an example: 

PileWriter fwriter - new FileWriterl-MyPriende.txt", t r ue ) ; 

This statement creates a PileWriter object and opens the file Myl' riciids.txl for writing. 
Any data written to the file will be appended to the file's existing contents. (If the file does 
not exist, it will be created.) 

You still need to create a Printwri ter object so you can use the print and pr in t ln methods 
to write data to the file. When you create the Printwri ter object, you pass a reference to the 
PileWriter object as an argument to the Printwri ter constructor. For example, look at the 
follow ing code: 

PileWriter fwriter • new PileWriter("MyPriende.txt' 
Pr intwri ter outputFile • new PrintWrit«r(fwri ter) ; 

t r ue ) ; 

This creates a Printwri ter object that can be used to write data to the file MyFriemis.txl. 
Any data that is written to the file will be appended to the file's existing contents. For 
example, assume the file Mytrtenite.txt exists and contains the following data: 

ROM 

Greg 
Kirk 
Renec 

The following code opens the file and appends additional data to its existing contents: 

PileWriter fwriter - new FileWriterCHyFriends.txt", t r ue ) ; 
Pr intwri ter outputFile - new PrintWriterffwri ter) ; 
ou tpu tF i l e .p r in t ln ( "Bi l l " ) ; 
outputFi le .pr int ln("Steven") ; 
outputFile.println("Sharon">; 
outputFi le .c loeef) ; 

After [his code executes, the MyFriemls.txt file will contain the follow ing data: 
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Joe 
Rose 

Greg 
Kirk 
Renee 
Bil l 
Steven 
Sharon 

o NOTE: I lie Pi leWriter class also throws an lOException if the file cannot be opened 
for any reason. 

Specifying the File Location 
When you open a file you nun specif) its path along with its filename. On a Windows 
computer, paths contain backslash characters. Remember that when a single backslash 
character appears in a string literal, it marks the beginning of an escape sequence such as 
"Nil". Two backslash characters in a string literal represent a single backslash. So, when you 
provide a path in a string literal, and the path contains backslash characters, \ou must use 
two backslash characters in the place of each single backshish character. 

l o r example, the path "EiWtUmes.txt* specifies that Xamcs.txt ts in the root (older of 
drive Etf and the path *C t \ \MyD* t« \ \D* ta . t x f specifies that I\iU.txt w in the \MyIXiU 
folder on drive C i . In the following statement, the file PrnvtntAxt is created in the root 
folder of drive A:. 

PrintWriter outputFile - new Pr intWri terf"A:WPriceLi i t . tx t") ; 

You only need to use double backslashes if the file's path is in a string literal. If your program 
asks the user to enter a path into a St r ing object, which is then passed to the PrintWriter 
or r i l eWr i te r constructor, the user docs not have to enter double backslashes. 

< * 

T I P : Java allows you to substitute forward slashes (or backslashes in .1 Windows path. 
For example, the path "C: WMyDataWData.txf could be written as "C:/MyData/Data. t x t " . 
This eliminates the need to use double backslashes. 

On a UNIX or l.inux computer, you can provide a path without any modifications. 1 lerc is 

an example: 

PrintWriter outputFile • new Pr in twri terC/hoae/ rharr ison/namea. tx t") ; 

Reading Data f rom a File 
In Chapter 1 you learned how to use the Scanner class to read input from the keyboard. To 
read keyboard input, recall that we create a Scanner object, passing System.in to the 
Scanner class constructor. I lerc is an example: 

Scanner keyboard - new Scanner(Systen.in); 

file://I/iU.txt
file:///MyIXiU
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Recall that the System.in object represents the keyboard. Parsing system.in as an argu­
ment to the Scanner constructor specifies that the keyboard is the Scanner object's source 
of input. 

You can also use the Scanner class to read input from a file. Instead of passing System, in to 
the Scanner class constructor, you pass a reference to a Fi le object. Here is an example: 

Fi le myFile - new Filc("Customers.txt">; 
Scanner inputFile • new Scanner(myFile); 

The first statement creates an instance of the Fi le class. The Fi le class is in the Java API, 
and is used to represent a file. Notice that we have passed the string "Customers.txt" to the 
constructor. This creates a Fi le object that represents the file Customers.txt. 

In the second statement we pass a reference to this F i l e object as an argument to the 
Scanner class constructor. This creates a Scanner object that uses the file Customers.txt as 
its source of input. You can then use the same Scanner class methods that you learned 
about in Chapter 2 to read items from the file. (See Table 2-17 for a list or commonly used 
methods.) 

When you arc finished reading from the file, you use the Scanner class's close method DO 
close the file. l:or example, assuming the variable inputFile references a Scanner object, the 
following statement closes the file that is the object's source of input: 

inputFi le .c lose( ) ; 

Reading Lines f rom a File w i t h the nextL ine Method 
The Scanner class's nextLine method reads a line of input, and returns the line as a s t r ing. 
The program in (lode Listing 4-18 demonstrates how the noxtLine method can be used to 
read a line from a file. This program asks the user to enter a filename. It then displays the 
first line in the file on the screen. 

Code Listing 4-18 ( R e a d F i r a t L i n a . J a v a ) 

import java.ut i l .Scanner; / / Needed for Scanner c lass 
import j a v a . i o . ' ; / / Needed for Fi le and IOException 

/ • • 

This program reads the f i r s t l ine froa a f i l e . 
• / 

8 public c lass ReadFirstLine 
9 < 

public s t a t i c void tnain(String( | args) throws IOException 

11 < 
/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systeo.in); 

14 
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LS 
16 
17 
18 
19 
20 
21 
22 
11 
24 
25 
26 
27 
28 
29 
30 
31 
w 
ii 

II Get the f i l e name. 
System.out.print("Enter the name of a f i l e : " ) ; 
String filename • keyboard.nextLineU; 

/ / Open the f i l e . 
Fi le f i l e - new File(fi lename); 
Scanner inputPile • new Scanner(f i le) ; 

/ / Read the f i r s t l ine from the f i l e . 
String l ine - inputFile .nextLine() ; 

/ / Display the l i n e . 
System.out.println("The f i r s t l ine in the f i l e i s : " ) ; 
System.out .pr int In( l ine) ; 

/ / Close the f i l e . 
inpu tP i le .c lose ( ) ; 

> 

Program Output with Example Input Shown In Bold 

Enter the name of a f i l e : MyFrlendt.txt (Enter) 
The f i r s t l ine in the f i l e i s : 
Joe 

I'h is pii >gr. i n i nets i In it.inu <>l .i I c he in i the user in line I 7, \ Fi le object is en ,ucd in lilM 
20 to represent the file, and a Scanner object is created in line 21 to read data from die file. 
I IMC 2'! reads a line from the file. After this statement executes, the l ine variable references 
a s t r ing object holding the line that was read from the tile. I he line is displayed on the 
screen in line 28, and the file is closed in line 31. 

It's worth pointing out that this program creates two separate Scanner objects. The Scanner 
object that is created in line 1.1 reads data from the keyboard, and the Scanner object that is 
created in line 21 reads data from a file. 

When a file is opened for reading, a special value known as a read position is internally 
maintained for that file. A file's read position marks tbe location of the next item that will 
be read from the file. When a file is opened, its read position is set to the first item in the file. 
When the item is read, the read position is advanced to the next item in the file. As subse­
quent items arc read, the internal read position advances through the file. For example, 
consider the file Quotation Axtt shown in Figure 4-16. As you can sec from tbe figure, tbe 
file has three lines. 

You can visualize that the data is stored in the file in the following manner: 

Imagination i s more<newIine>inportant than knowledge.<ncw1ine> 
Albert Einstcin<nevlina> 
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Suppose a program opens the file with the following code: 

File f i l e - new r i l e l -Quo ta t i on . t x t " ) ; 
Scanner inputFile - new Scanner(f i le) ; 

Figure 4-16 File with three lines 

Mr IdR 'orm« Vtfw HMp 
Imagination 1» mora 
Imporrjnr ifun knonladgt. 
i lb t f t ttnstain 

When this code opens the file, its read position is at the beginning of the first line, as illus­
trated tn Rgure 4-17. 

Figure 4-17 Initial read position 

Read position Imagination is more 
important than knowledge 
Albert Einstein 

Now, suppose the program uses the following statement to read a line from the file: 

Str ing « t r - inputFi le.nextLine<); 

This statement wi l l read a line from the file, beginning at the current read position. After 
the statement executes, the object referenced by »tr w i l l contain the string "Imagination 
is more" . The file's read position wi l l be advanced to the next line, as illustrated in 
Tigurc 4-18. 

Figure 4-18 Read position after first line is read 

Read position 

Imagination is more 
important than knowledge. 
Albert Einstein 

If the nextLine method is called again, the second line wi l l be read from the file and the 
file's read position wi l l be advanced to the third line. After all the lines have been read, the 
read position will be at the end of the file. 
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O N O T E : The string that is returned from the nextLine method wi l l not contain the 

newline character. 

Adding a throws Clause to the Method Header 
When you pass a P i le object reference to the Scanner class constructor, the constructor wi l l 
throw an exception of the IOExc«ption type if the specified file is not found. So, you will 
need to write a throws lOException clause in the header of any method that passes a F i l e 
object reference to the Scanner class constructor. 

De tec t i ng t h e End of a File 

Quite often a program must read the contents of a file without knowing the number of 
items that arc stored in the file. For example, the MyFriernls.txt file that was created by the 
program in Code Listing 4*17 can have any number of names stored in it. This is because 
the program asks rhc user for the number of friends that he or she has. If the user enters 5 
for the number of friends, the program creates a file with five names in it. It the user enters 
100, the program creates a file with 100 names in it. 

The Scanner class has a method named haaHext that can be used to determine whether the 
file has more data that can be read. You call the hasNext method before you call any oilier 
methods to read from the file. If there is more data that can be read from the file, the 
haaNext method returns trua. If the end of the file has been reached and there is no more 
data to read, the haaNext method returns fa lsa. 

Code I iMing 4-19 shows an example. The program reads the file containing the names of 
your friends, which was created by the program in OKJC lasting 4-17, 

Code L i s t i ng 4 -19 (F i l«RaadDemo. Java ) 

1 import Java.util .Scanner; / / Needed for the Scanner claaa 
2 import java . io .* ; / / Needed for the Fi le and lOException 
3 
4 /** 

Thia program reads data from a f i l e . 
6 */ 
7 
8 public claaa FileReadDemo 

9 < 
publ ic a ta t i c void main(Str ing[] arga) throws lOException 

1 1 < 
/ / Create a Scanner object for keyboard input . 

13 Scanner keyboard • new Scanner(System.in); 

14 
15 / / Gat the filename. 
16 System.out.print("Enter the filename: " ) ; 
17 String filename - keyboard. nextLineO; 
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18 

L9 

20 

21 
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24 
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29 
JO 

n 
32 

) ) 

J-l 

35 

36 > 

/ / Open the f i l e . 
Fi le f i l e • new File(fi lename); 
Scanner inputFile • new Scanner(f i le) ; 

/ / Read l ines from the f i l e un t i l no more are l e f t , 
while (inputFile.hasNext()) 

< 

/ / Read the next name. 
String friendName - inputFile .nextLine() ; 

/ / Display the l a s t name read. 
System.out.printIn(friendName); 

> 

/ / Close the t i l e . 
inpu tF i le .c lose ( ) ; 

Program Output w i t h Example Input Shown In Bo ld 

Enter the fi lename: MyFrlendt.txt (Enter) 
Joe 
Rose 

Greg 
Kirk 
Re nee 

The file is opened and a scanner object l o read it is treated in line 21. The Uiop in lines 24 
through \ I reads all of the lines from the file and displays them. In line 2'1 the loop ta l k the 
Scanner object's hasNext method. If the method returns t rue, then the file has more data to 
read. In that case, the next line is read from the file in line 27, and is displayed in line 30. 
The loop repeats until the hasNext method returns false in line 24. I:igurc 4-19 shows the 
logic of reading a file until the end is reached. 

Reading Primitive Values f r o m a File 

Recall from Chapter 2 that the Scanner class provides methods for reading primitive values. 
These methods are named nextByte, nextDouble, nextFloat, next ln t , nex tL ine , nextLong, 
and nextshort. Table 2-17 gives more information on each of these methods, which can be 
used to read primitive values from a file. 

The program in (lode l ist ing 4-20 demonstrates how the nextDouble method can be used 
to read floating-point values from a file. The program reads the contend of a file named 
Nttmbcrs.txt. The contents of the \umbers.txt file are shown in Figure 4-20. As you can 
see, the file contains a series of floating-point numbers. The program reads all of the 
numbers from the file and calculates their total. 

file:///umbers.txt
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Figure 4-19 Logic of reading a file until the end is reached 

Open (he file 
with 8 Scanner 

object 

Read an item 
from the trie. 

Process 
the item. 

Figure 4-20 Contents of Numbers.txt 
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Code Listing 4-20 (P i l eSu ra . Java) 

1 import J a v a . u t l l . S c a n n e r ; 
import j a v a . i o . * ; 

3 
4 /** 

This program reads a a e r i e s of numbers from a f i l e and 
accumulates t h e i r sum. 

7 */ 

9 pub l ic c l a s s FileSum 
10 < 

publ ic s t a t i c void main(Str ing[1 a rgs ) throws IOException 
12 < 
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double sum - 0-0; / / Accumulator, i n i t i a l i z ed t o 0 

/ / Open the f i l e for reading. 
Fi le f i l e - new File( "Numbers,txf); 
Scanner inputFile • new Scanner(f i le) ; 

/ / Read a l l of the values from the f i l e 
/ / and ca lcula te the i r t o t a l , 
while (inputFile.haaNext()) 
< 

/ / Read a value from the t i l e . 
double number - inputFile.nextDoublef); 

/ / Add the number to sum. 
sum - sum • number; 

> 

/ / Close the f i l e . 
inputFi le .c lose( ) ; 

/ / Display the sum of the numbers. 
System.out .print lnfThe sum of the numbers in " • 

"Numbera.txt i s " • sum); 

Program Output 

The sum of the numbers in Numbers.txt i s 41.4 

Review 

let 's quickly review the steps necessary when writing a program that reads data from a 
file: 

1. You will need the import Java.ut i l .Scanner; statement in the top section of your 
program, so you can use the Scanner class. You will also need the import j ava . io .* ; 
statement in the top section of your program. This is required by the Fi le class. 

2. Because we have not yet learned how to respond to exceptions, am method that uses 
a Scanner object to open a file must have a throws XOException clause in its header 

i. You create a Fi le object and pass the name of the file as a string to the constructor. 
4. You create a Scanner object and pass a reference to the Fi le object as an argument Co 

the constructor. 
5. You use the Scanner class's nextLine method to read a line from the file. Ihc method 

returns the line of data as a string. To read primitive values, use methods such as 
nextlnt, nextDouble, and so forth. 



4.10 Introduction to File Input and Output 249 

6. Call the Scanner class's hasNext method to determine whether there is more data CO 
read from the file. If the method returns t rue, then there is more data to read- If the 
method returns false, you have reached the end of the file. 

7. When finished writ ing to the file, you use the Scanner class's close method to close 

the file. 

Checking for a File's Existence 
It's usually a good idea to make sure that a file exists before you try to open it for input. If 
you attempt to open a file for input, and the file does not exist, the program wil l throw an 
exception and halt. Tor example, the program you saw in Code Listing 4-20 wi l l throw an 
exception at line 17 if the file Namhers.txt does not exist. I Icrc is an example of the error 
message that will be displayed when this happens: 

Exception in thread "main" java.io.FiletiotFoundException; Numbera.txt (The 
system cannot find the f i l e specified) 

a t java*io.FileInputStream.open(Native Method) 
a t Java.io.FileInputStrcam.<init>(FileinputStream.Java:106) 
a t Java.ut11.Scanner.<init>(Scanner.Java:636) 
a t FileSum.main(FileSum.Java:17) 

Rather than allowing the exception to be thrown and permitting this cryptic error message 
to he displayed, >our program can check for the file's existence before it attempts to open 
the file. If (he file does not exist, the program tan display a more user-friendly error message 
and gracefully shut down. 

After you create a Fi le object representing the file that you want to open, you can use 
the F i le class's exists method to determine whether the file exists. The method returns 
true it the file exists, or false if the file does not exist. Code lasting 4-21 shows how to 
use the method. This is a modification of the FileSum program in Code Listing 4-21), This 
version of the program checks for the existence of the file Numhcrs.txt bctorc it attempts 
to open it. 

Code Listing 4-21 <P i l eSum2.Java) 

1 import Java.util .Scanner; 

2 import j ava . io .* ; 
J 
4 /** 
5 This version of the program confirms that the 
6 Numbers.txt f i l e ex i s t s before opening i t . 
7 */ 

publ ic class FileSua2 
10 { 

public s t a t i c void main(String[) args) throve lOException 

12 ( 
double sum - 0.0; / / Accuawlator, i n i t i a l i z e d to 0 
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Th 

/ / Make sure the f i l e e x i s t s . 
Pi le f i l e - new FileCNumbers.txt"); 
if ( I f i l e . e x i s t s ) ) ) 

< 

System.out.println("The f i l e Nuabers.txt i s not found."); 
System.exit(O); 

> 

/ / Open the f i l e tor reading. 
Scanner inputFile - new Scanner!f i le) ; 

/ / Read a l l of the values from the f i l e 
/ / and ca lcula te the i r t o t a l , 
while (inputFile.haaNext(>> 

< 

/ / Read a value fron the t i l e . 
double number - inputFile.nextDouble(); 

/ / Add the number to sum. 
sum - sum • number; 

I 

/ / Close the file* 
inputF i le .c loseO; 

/ / Display the sum of the numbers. 
System.out.println("The sum of the numbers in • • 

"Numbers.txt i s " # sum); 

> 

> 

ogram Output (Assuming Numbers.txl Does Not Exist) 

f i l e Numbers.txt i s not found. 

In line 16 the program creates a Fi le object to represent the NumbersJxt hie. In line 17, 
the if statement calls the f i l e . e x i s t s ( ) method. Notice the use of the ! operator. If the 
method returns false, indicating that the file doe* not exist, the code in lines ll» and 20 
executes. Line 19 displays an error message, and line 20 calls the System.exit(O) method 
to shut the program down. 

The previous example shows you how to make sure that a file exists before trying to open 
it for input. But, when you are opening a file for output, sometimes you want to make sure 
the file does not exist. When you use a PrintWriter object to open a file, the file will be 
erased if it already exists. If you do not want to erase the existing file, you have to check for 
its existence before creating the PrintWriter object. Onle I isting 4-22 shows you how to 
use the Fi le class's ex i s t s method in this type of situation. This is a modification of the 
program you saw in (a>de I isting A 17-
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Code List ing 4 -22 < F i l e W r i t e D e m o 2 . J a v a ) 

import Java.util•Scanner; 
import Java. io .*; 

/ / Needed for Scanner c lass 
/ / Needed for Fi le and IOException 

This program writes data to a f i l e . I t Bakes sure the 
specified f i l e does not ex is t before opening i t . 

* / 

public c lass FileWriteDemo2 

( 

public s t a t i c void main(String[1 args) throws IOException 

{ 
String filename; / / Filename 
String friendName; / / Fr iend 's name 
int numFriends; / / Number of friends 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System.in); 

/ / Get the number of friends. 
System.out.print("How many friends do you have? " ) ; 
numFriends • keyboard.nextlntf); 

/ / Consume the remaining newline character , 
keyboard.nextLinef); 

/ / Get the filename. 
System.out .pr intfEnter the filename: " ) ; 
filename • keyboard.nextLinef); 

/ / Make sure the f i l e does not e x i s t . 
Fi le f i l e - new File(fi lenamc); 
if ( f i l e . ex i s t s ) )) 

System.out.println("The f i l e * * f i len 
" already e x i s t s . " ) ; 

System.exit(0); 
) 

II Open the f i l e . 
FrintWriter outputFile - new Pr in tWri te r ( f i l c ) ; 

/ / Get data and write i t to the f i l e , 
for ( in t i • 1; i <- numFriends; !••> 

/ / Get the name of a friend. 
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41 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

> 

) 

System.out.print("Enter the nane of friend • + 
"number " + i + " : •>; 

friendName - keyboard.nextLine(); 

/ / Write the name to the f i l e . 
outputFile .printIn( tr iendNane); 

) 

/ / Close the t i l e . 
outputFile.closef) l 

System.out.println("Data wri t ten t o the f i l e . 9 ) ; 

P r o g r a m O u t p u t w i t h Example Inpu t S h o w n In Bold 

How many 
Enter th« 
The f i l e 

friends do you have? 2 [Enter] 
1 Miens—I MyFrfends.txt [Inter] 
MyFriends.txt already e x i s t s . 

Line M cream a F i le object representing the file. The i f Statement in line 33 calls the 
f i l e . e x i s t s ( ) method. If the method returns t rue, then the file exists. In this case the code 
in lines .J5 through .57 executes. This code displays -in error message .ind shuts the program 
down, ll the file docs not exist, the rest of the program executes. 

Notice that in line 4 I we pass a reference to the F i le object to the Pr intWr i ter construc­
tor. In previous programs that created an instance Pr in tWr i ter , we passed a filename to 
the constructor. 11 you haw a rerm-nw m a F.l i ; oh|Cit thai represents the lile vuu wish 
to open, as we do in this program, you have the option of passing it to the Pr intWr i ter 
constructor. 

< * 
Checkpoint 

MyProjnmnxnxUb* wwu\mypro^rammttt}iUhxom 

4.16 What is the difference between an input file and an output file? 

4.17 What import statement will you need in a program that performs file operations? 

4.18 What class do you use to write data to a file? 

4.19 Write code that does the following: opens a file named MyKamcJxty writes your 
first name to the file, and then closes the file, 

4.20 What classes do you use to read data from a file? 

4.21 Write code that docs the following: opens a file named MyNameJxt, reads the first 
line from the file and displays it, and then closes the file. 

4.22 You arc opening an existing file for output. How do you open the file without 
erasing it, and at the same time make sure that new data that is written to the file 
is appended to the end of the file's existing data? 

4.2.1 What clause must you write in the header of a method that performs a file 
operation? 
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4.11 Generating Random Numbers wi th the 
Random Class 1 CONCEPT: Random numbers arc used in a variety of application*. Java provides the 

Random class that you can use to generate random numbers. 

Random numbers arc useful for lots of different programming tasks. The following are just 
I few examples. 

• Random numbers are commonly used in games. For example, computer games thai 
let the player roll dice use random numbers to represent the values of the dice. Pro­
grams that show cards being drawn from a shuffled deck use random numbers to 
represent the face values of the cards. 

• Random numbers are useful in simulation programs. In some simulations, the com­
puter must randomly decide how a person, animal, insect, or other living being will 
behave. Formulas can be constructed in which a random number is used to determine 
various actions and events that take place in the program. 

• Random numbers are useful in statistical programs that must randomly select data for 
analysis. 

• Random numbers arc commonly used in computer security to encrypt sensitive data. 

The Java AIM provides a class named Random that you can use to generate random numbers. 
The class is part ot the j a v a . u t i l package, so any program thai uses u will need an import 
statement such as: 

import java.util.Random; 

You create an object from the Random class with a statement such as tins: 

Random randomNumbers * new Random)); 

This statement does the following: 

• It declaresa variable named randomNumbers. The data type is the Random class. 
• The expression new Random() creates an instance of the Random class. 
• The equal sign assigns the address of the Randoa class to the randomNumbers variable. 

After this statement executes, the randomNumbers variable wi l l reference a Random object. 
Once you have created a Random object, you can call its next ln t method to get a random 
integer number. The following code shows an example: 

/ / Declare an int var iab le . 
int number; 

/ / Create a Random object . 
Randon randonN\inbera • new Randon(); 

/ / Get a random integer and assign i t to number, 
number • randomNumbers.nextlnt)); 

After this code executes, the number variable wi l l contain a random integer. If you call the 
nex t ln t method with no arguments, as shown in this example, the returned integer is 
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somewhere between -2,147,484,648 and +2,147,483,647. Alternatively, you can pass an 
argument that specifies an upper limit to the generated numbers range. In the following 
statement, the value assigned to number is somewhere between 0 and 99: 

number • randomNumbers.nextInt(100); 

You can add or subtract a value to shift the numeric range upward or downward. In the 
following statement, we call the nextlnt method to get a random number in the range of 0 
through 9, and then we add 1 to it. So, rhc number assigned to number will be somewhere in 
the range of 1 through 10: 

number • randomNumbers.nextInt(10) + 1; 

The following statement shows another example. It assigns a random integer to number 
between -50 and +49: 

number - randomNumbers.next!nt(100) - 50 

The Random class has other methods lor generating random numbers, and Table 4-1 
summarizes several of them. 

Tabic 4-1 Some of the Random cl<m's methods 

Method 

nextDoublef) 

noxtFloatj) 

next lntO 

next ln t j in t n) 

nextLong() 

Description 

Returns the next random number as a double. The number will IK 
within the range of 0.0 through 1*0. 

Returns the next random number as a f loat . The number will be 
within the range of 0.0 through 1.0. 

Returns the next random number as an int . The number will he within 
the range of an int . which is -2,147,483,648 to +2,147,483,648. 

This method accepts an integer argument, n. It returns a random num­
ber as an in t . The number will be within the range of 0 through n. 

Returns the next random number as a long. The number will be within 
the range of a long, which is -9,223,372,036,854,775,808 to 
+9,223,372,036,854,775,808. 

The program in Code Listing 4-23 demonstrates using the Random class. 

Code Listing 4 2 3 (MathTutor. Java) 

import java .u t i l . scanner ; / / Needed for the Scanner class 
import Java.util.Random; / / Needed tor the Random class 

/ " 

This program demonstrates the Random c la s s . 
• / 

public c l a s s MathTutor 
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9 
10 
n 
i -

13 
i - i 

15 
16 
17 
IB 
19 
20 
21 
22 
2i 
24 
25 
26 
27 
28 
29 
30 
i l 

32 
33 
14 
35 
36 
37 
38 
39 
40 
•11 

42 

43 

44 

45 

46 

47 

public s t a t i c void 

< 

int number 1; 
int number2; 
int sum; 
int userAnswer; 

i in(String[) args) 

/ / A number 
/ / Another number 
/ / The sum of the numbers 
/ / The user ' s answer 

/ / Create a Scanner object tor keyboard input. 
Scanner keyboard - new ScannerfSystem.in); 

/ / Create a Random class object . 
Random randomNumbers - new Random)); 

/ / Get two random numbers. 
numberl * randomNumbers.nextlntf100); 
number2 • randomNumbers.nextlntf100); 

/ / Display an addition problem. 
System.out.println("What i s the answer to the 

"following problem?"); 
System.out.printfnumberl + * + • + 

number2 • " - ? " ) ; 

/ / Calculate the answer, 
sum • numberl * number2; 

/ / Get the u se r ' s answer. 
userAnewer • keyboard.nextlntO; 

/ / Display the u se r ' s r e s u l t s , 
if (userAnswer - - sum) 

System.out .pr intIn("Correct l a ) ; 
e lse 

< 

System.out.println("Sorry, wrong answer. " 
"The correct answer i s " 
sum); 

) 

49 > 

Program Output with Example Input Shown In Bold 

What i s the answer to the following problem? 
52 + 19 - ? 71 [Enter] 

Correct! 
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Program Output w i t h Example Input Shown In Bold 

what i s the answer to the following problen? 
27 • 73 - ? 101 [Enter] 
Sorry, wrong answer. The correct answer i t 100 

In the Spotlight: 
Using Random Numbers 

& 

Dr. Kimura teaches .in introductory statistics class, and has asked you to write a program 
that he can use in class to simulate the rolling of dice. The program should randomly gener­
ate two numbers in the range of 1 through 6 and display them. In your interview with 
Dr. Kiinura, you learn that he would like to use the program to simulate several rolls ol the 
dice, one after the other. I lerc is the pseudocode for the program: 

While the user wants to roll the dice: 
Display a random number in the range of I through 6 
Display another random number in the range of / through 6 
Ask the user if he or she wants to roll the due again 

You wi l l write a w h i l e loop that simulates one rol l of the dice, and then asks the user 
whether another roll should be performed. As long as the user answers " y " for yes, the loop 
will repeat. Code Listing 4-24 shows the program. 

Code Listing 4 24 ( R o l l D i c a . J a v a ) 

import Java.uti l .Scanner; 
import Java.util.Random; 

/ • • 

This program simulates the ro l l ing of dice. 

8 public c lass RollDice 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

< 

public s t a t i c void main(String!| args) 

< 

String again - "y"; / / To control the loop 
int d i e l ; / / To hold the value of die U 
int die2; / / to hold the value of die »2 

/ / Create a Scanner object to read keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

/ / Create a Random object to generate randon numbers. 
Random rand • new Random)); 

/ / Simulate ro l l ing the d ice . 
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23 
24 
25 
26 
27 

21 
29 
30 
31 
32 
33 
34 
35 } 

while (again.equals lgnoreCase( "y")) 

< 

Sys t em.ou t . p r i n t l n ( "Ro l l i ng the d i c e . . . ' ) ; 
d i e l - r a n d . n e x t l n t ( 6 ) + 1; 

die2 - r a n d . n e x t l n t ( 6 ) • 1; 
Sys t em.ou t . p r in t l n ( "The i r va lues a r e : " ) ; 
S y s t e m . o u t . p r i n t l n ( d i e l * " • + d i e 2 ) ; 

Sys t em.ou t . p r in t ( "Ro l l them again (y - yes)? "J ; 
again • keyboard .nex tLine j ) ; 

> 

) 

P r o g r a m O u t p u t w i t h E x a m p l e Input S h o w n In Bold 

Rol l ing the d ice . . . 
The i t 

4 3 
Roll 

va lues a r e : 

them again (y - yes)? y [Inter] 
Rol l ing the d ice . . . 
Theii 

2 6 
Roll 

va lues a re i 

t he* again <y - yes)? y [Inter] 
Rol l ing the d ice . . . 
Theii 
1 5 

Roll 

1 va lues a r e : 

thorn again (y - yes)? a [Enter] 

& In the Spotlight: 
Using Random Numbers to Represent Other Values 

Dr. Kinnira was so happy with the dice rolling simulator that you wrote for him, he lias 
asked you to write one more program. He would like a program thai he can use to simulate 
ten coin tosses, one after the other. Each time the program simulates a coin toss, it should 
randomly display cither "Meads" or "Tails". 

You decide that you can simulate the tossing of a coin by randomly generating a number in 
the range of 0 through I. You will write an if statement that displays "Tails" if the random 
number is 0, or "I leads" otherwise. I lerc is the pscud«K.«>de: 

Repeat JO times: 
If a random number in the range ufO through / equals 0, then: 

Display -Tails" 
Else: 

DispLiy" Heads' 

Because the program should simulate 10 tosses of a coin, you decide to use a for loop. The 
program is shown in Code Listing 4-25. 
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Code Listing 4-25 ( C o i n T o s s . Java) 

1 impc 
2 
3 / • • 

irt Java.util.Random; 

4 This program simulates 10 tosses of a coin. 
5 •/ 
6 
7 public class CoinToss 
8 < 
9 public s tat ic void main(String[1 args) 

10 < 
U 
12 
13 
14 
15 
II 
17 
11 
19 
20 
21 
22 ) 
23 > 

/ / Create a Random object to generate random numbers. 
Random rand - new Random)); 

/ / Simulate the coin tosses. 
for (int count - Oj count < 10; count**) 

< 

if (rand.nextlnt(2) — 0) 
System.out.println("Tails")] 

e l se 
System.out.printIn("Heads"); 

> 

Program Output 

Tails 
Tails 
Heads 
Tails 
Heads 
Heads 
Heads 
Tails 
Heads 
Tails 

< * 
Checkpoint 

MyProxrammmjUb" unt'tv.myprogrjmmhtghhxom 

4.24 Assume x is an int variable, and rand references a Random object. What does the 
following statement do? 

x • rand.nextlnt(J; 
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4.25 Assume x is an int variable, and rand references a Random object. What does the 
following statement do? 

x • rand.nextlnt(lOO); 

4.26 Assume x is an int variable, and rand references a Random object. What does the 
following statement do? 

x - rand.nextInt(9> + 1; 

4.27 Assume x is a double variable, and rand references a Random object. What docs the 
following statement do? 

x • rand.nextDouble(); 

, , 2 12 Common Errors to Avoid 
The following list describes several errors that are commonly corn mined when learning this 
chapter's topics, 

• Using the increment or decrement operator in the wrong mode. When the increment 
or decrement operator is placed in front of Ito the left of) its operand, it is used in 
prefix mode. When either of these operators is pLued behind ito the right oft its oper­
and, it is used in posttix mode. 

• I MI gating to enclose the boolean expression in a while loop or a do-whlls loop inside 
parentheses. 

• Placing a semicolon at the end of a while or for loop's header. Winn \on write a semi­
colon at the end of a while or for bop 1 ! header, Java assumes that the conditionally 
executed statement is a null or empty statement. This usually results in an infinite 
loop. 

• Forgetting to write the semicolon at the end of the do-whilo loop. The do-while loop 
must lv terminated with i semicolon* 

• Forgetting to enclose multiple statements in the body of a loop in braces. Normally a 
loop conditional!) executes only one statement. To conditionally execute more than 
one statement, yon must place the statements in braces. 

• Using commas instead of semicolons to separate the initialization, test, and update 
expressions in a for loop. 

• Forgetting to write code in the body of a while or do-while loop that modifies the 
loop control variable. It a while or do-while loop's boolean expression never becomes 
false, the loop will repeat indefinitely. You must have code in the body of the loop 
that modifies the loop control variable so that the boolean expression will at some 
point become false. 

• Using a sentinel value that can also be a valid data value. Remember, a sentinel is a 
special value that cannot be mistaken as a member of a list of data items and signals 
that there are no IRON data RtflM from the list to he prmessed. It you J sc as .i 
sentinel a value that might also appear in the list, the loop will prematurely terminate 
if it encounters the value in the list. 

• Forgetting to initialize an accumulator to zero. In order for an accumulator to keep a 
correct running total, it must be initialized to zero before any values are added to it. 
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Review Questions and Exercises 

Mb 

1. 

2. 

3. 

-1. 

5. 

6. 

7. 

i l t l p le Choice and True/False 

What wi l l the p r i n t l n statement in the following program segment display? 

i n t x - 5j 
System.out.pr int ln(x**>; 

a. 5 
b. 6 
c. 0 
d. None of these 

What wi l l the p r i n t l n statement in the following program segment display? 

i n t x - 5j 
Sy i tem.out .p r in t In ( • •x ) ; 

ft. 5 
b. 6 

c. 0 
d. None of these 

In the expression number**, the • • operator is in what mode? 
ft, prefix 
b. pretest 

C. postfix 
d. posttcst 

What is each repetition of a loop known as? 
ft, cycle 
b. revolution 
C. orbit 
d. iteration 

This is a variable that controls the number of iterations performed by a loop. 
ft. loop Control variable 
b. accumulator 
c. iteration register variable 
d. repetition meter 

Ihc while loop is this type of loop. 

a. pretest 
b. posttcst 
C. prefix 
d . postfix 

The do-while loop is this type of loop. 

a. pretest 
b. posttcst 
c. prefix 
d. postfix 



8. 

9. 

10. 

I I . 

12. 

13. 

14. 

15. 

Review Questions and Exercises 

The for loop is this type of loop. 
a. pretest 
b. posttcst 
C. prefix 
J . postfix 

This type of loop has no way of ending and repeats until the program is interrupted. 
a. indeterminate 
b. interminable 
c. infinite 
d. timeless 

This type of loop always executes at least once. 
a. while 
b. do-while 
c. for 
J . any of these 

This expression is executed by the for loop only once, regardless of the number of 
iterations. 
a. initialization expression 
b. test expression 
C. update expression 
d. prc-incrcmcnt expression 

This is a variable that keeps a running total. 
a. sentinel 
b. sum 
C. total 
d. accumulator 

1 his is a special value that signals when there are no more items from a list of items to 
be processed. This value cannot be mistaken as an item from the list. 
a. sentinel 
b. flag 
c. signal 
d. accumulator 

To open a file for writing, you use the following class. 
a. Pr intWri ter 
b. FileOpen 
c. OutputFile 
d. FileRcader 

To open a file for reading, you use the following classes. 
a. F i l e and Writer 
b. F i le and Output 
c. F i l e and Input 
d. F i le and Scanner 

261 
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16. When a program is finished using a file, it should do this. 
a. erase the file 
b. dose the file 
c. throw an exception 
d. reset the read position 

17. This class allows you to use the pr in t and pr in t ln methods to write data to a file. 
t . Fi le 
b. FileReader 

C. Output-Pi le 

d. PrintWriter 

18. This class allows you to read a line from a file. 
t . PileWriter 
b. Scanner 
c. InputFile 
d. FileReader 

19. True or False: The while loop is a pretest loop. 

20. True or False: The do-while loop is a pretest loop. 

21 . True or False: The for loop is a posttcst loop, 

22. True or false: It is not necessary to initialize accumulator \anahles. 

23. True or False: (>ne limitation of the lor loop is thai only one variable may be initial­
ized in the initialization expression. 

24. True or False: A variable may be defined in the initialization expression of the for 
loop. 

25. True or False: In a nested loop, the inner I<M>P goes through all of us iterations for 
every iteration of the outer loop. 

26. True or False: To calculate the total number of iterations of a nested loop, add the 
number of iterations of all the loops. 

Find the Error 

Find the errors in the following code: 

I. / / This code con t a in* ERRORS! 
/ / I t addi two numbers entered by the uaer. 
i n t numl, num2j 
String input; 
char again; 

Scanner keyboard - new ScannerfSystea.in); 
while (again « 'y ' | | again — •?•) 

System.out.print("Enter a number: " ) ; 
numl • keyboard.nextlnt(); 
System.out.print("Enter another number: "; 

file:///anahles
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num2 - keyboard.nextlntf); 
System.out.println("Their SUA i s "+ (numl + num2)); 
System.out.println("Do you want to do th i s again? "J; 
keyboard.nextLine(); / / Consume remaining newline 
input • keyboard.nextLine(); 
again - input.charAt(O); 

2. // This code contains ERRORS! 
int count • 1, t o t a l ; 
while (count <- 100) 

t o t a l +• count; 
System.out.print)"The sum of the numbers 1 * 100 i s " ) ; 
Sys tem.out .pr in t in( to ta l ) ; 

3. / / Th is code conta ins ERRORS! 
int choice, numl, num2; 
Scanner keyboard • new ScannerJSystem.in); 

do 
< 

Syste*.out .print("Enter a number: " ) ; 
nual - keyboard.nextlntf)j 
System.out.print)"Enter another number: " ) ; 
nu»2 - keyboard.nextlntf); 
System.out.println("Their sum i s " • (numl + num2)); 
System.out.printin("Do you want to do th i s again? " ) ; 
System.out.print("l - yes, 0 • no " ) ; 
choice - keyboard.nextlntf); 

1 while (choice - 1) 

4. / / This code c o n t a i n s ERRORS! 
/ / Print the numbers 1 through 10. 
for ( int count • 1, count <• 10, count**;) 

i 
System.out.printIn(count); 
count++j 

> 

Algor i thm Workbench 

1. Write a while loop that lets the user enter a number. The number should bo multiplied 
by 10, and the result stored in the variable product. The loop should iterate as long 
as product contains a value less than 100. 

2. Write a do-while loop that asks the user to enter two numbers. The numbers should 
be added and the sum displayed. The loop should ask the user whether he or she 
wishes to perform the operation again. If so, the loop should repeat; otherwise it 
should terminate. 

3. Write a fo r loop that displays the following set of numbers: 

0, 10, 20, 30, 40, 50 . . . 1000 
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4. Write .i loop that asks the user to enter a number. The loop should iterate 10 times 
and keep a running total of the numbers entered. 

5. Write a for loop that calculates the total of the following series of numbers: 

_L 2. A 2° 
3 0 * 2 9 * 2 8 + " 1 

6. Write a nested loop that displays 10 rows of •»• characters. There should be 15 ' • ' 
characters in each row. 

7. Convert the while loop in the following code to a do-while loop: 

Scanner keyboard - new Scanner(Syatea.in); 
i n t x - 1; 
while (x > 0) 

< 

System.out.print(_Enter a number: " ) ; 
x • keyboard.nextlnt(); 

> 

8. Convert the do-while loop in the following code to a while loop: 

Scanner keyboard - new Scanner(Syste».in); 
String input) 
char auraj 
do 

< 

System.out.print("Are you aure you want t o quit? ">; 
input * keyboard.next)); 
aure - input.charAt(O); 

) while (aure 1- •»• && aure !• 'sV)l 

9. Convert the following while loop CO a for loop: 

i n t count - 0; 

while (count < 50) 

System.out.println("count ia " • count); 
count••; 

> 

10. Convert the following for loop to a while loop: 

for ( in t x - 50; x > 0; x ~ ) 

< 

System.out.println(x + • seconds t o go . " ) ; 

> 

I I. Write an input validation loop that asks the user to enter a number in the range of I 
through 4. 

12. Write an input validation loop that asks the user to enter the word "yes" or "no" . 
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13. Write nested loops to draw this pattern: 

* * * * * * * 

* * * * * * 

* * * * * 

* * * * 

* * * 

## 

14. Write nested loops to draw this pattern: 

I I 
I I 
I I 
I I 
I I 
I I 

15. Complete the following program so it displays a random integer in the range of I 
through 11). 

/ / Write the necessary import statement!*) here. 
public class ReviewQuestionlS 

< 

publ ic Stat ic void main) Str i r ig| ) args) 

< 

/ / Write the necessary code here* 

> 

> 

16. Complete the following program so it performs the following actions 10 times: 

• (icncratcs a random number that is cither 0 or 1. 

• Displays cither the word "Yes" or the word " N o " depending on the random number 
that was generated. 

/ / Write the necessary import stateaent(a) here. 
publ ic class RevtewQuestionl6 

< 

publ ic s t a t i c void main(String() args) 

< 

II Write the necessary code here. 
> 

17. Write code that docs the following: opens a file named Numherl.isl.txl, uses a loop 
to write the numbers I through 100 to the file, and then closes the file. 

18. Write code thai does the following: opens the \umherljst.txt file that was created 
by the code in Question 17, reads all of the numbers from the file and displays them, 
and then closes the file. 

19. Modify the code you wrote in Question 18 so it adds all of the numbers read from 
the file and displays their total. 

20. Write code that opens a file named XumlwrList.txt for writing, but docs not erase the 
file's contents if it already exists. 

file:///umherljst.txt


266 Chapter 4 Loops and Files 

Short Answer 

1. Briefly describe the difference between the prefix and postfix modes used by the incre­
ment and decrement operators. 

2. Why should you indent the statements in the body of a loop? 

3. Describe the difference between pretest loops and posttest loops. 

4. Why are the statements in the body of a loop called conditionally executed statements? 

5. Describe the difference between the while loop and the do-vhile loop. 

6. Which loop should you use in situations where you want the loop to repeat until the 
boolean expression is false, and the loop should not execute if the test expression is 
false to begin with? 

7. Which loop should you use in situations where you want the loop to repeat until the 
boolean expression is false, but the loop should execute at least once? 

8. Which loop should you use when you know the number of required iterations? 

9. Why is it critical that accumulator variables arc properly initialized? 

10, What is an infinite loop? Write the code for an infinite loop. 

I I. Describe a programming problem that would require the use of an accumulator. 

12. What does it mean to let the user control a loop? 

I *. What is the advantage of using a sentinel? 

14. Why must the value chosen for DM as | sentinel be carefully selected? 

15. Describe a programming problem requiring the use of nested loops. 

16. How does | file buffer increase a program's performance? 

17. Why should a program close a file when it's finished using it? 

IS. What is a file's read position? Where is the read position when a file is first opened 
for reading? 

19. When writing data to a file, what is the difference between the print and the println 
methods? 

20. What docs the Scanner class's hasNext method return when the end of the file has 
been reached? 

21. What is a potential error that can occur when a file is opened for reading? 

22. What does it mean to append data to a file? 

23. Mow do you open a file so that new data will be written to the end of the file's existing 
data? 

Programming Challenges 

MyPro|rammin|Ulf Visit wwwanyprogrammmglabxom to complete nutty of these Programming Challenges 
online ami get instant feedback. 

1 , Sum of Numbers 

Write a program that asks the user for a positive nonzero integer value. The program should 
use a loop to get the sum of all the integers from I up to the number entered. For example, 
if the user enters 50, the loop will find the sum of 1, 2 , 3 , 4 , . . . 50. 
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2. Distance Traveled 

The distance a vehicle travels can be calculated as fallout: 

Distance = Speed * Time 

For example, if a train travels 40 milcs-per-hour for three hours, the distance [raveled is 
120 miles. Write a program that asks far the speed of a vehicle (in miles-per-hour) and the 
number of hours it has traveled. It should use a loop to display the distance a vehicle has 
traveled for each hour of a time period specified by the user. Tor example, if a vehicle is 
traveling at 40 mph far a three-hour time period, it should display a report similar to the 
one chat follows: 

Hour Distance Traveled 

1 

2 

3 

40 

BO 

120 

Input Validation: Do nut accept a negative numher for speed and do not accept any value 
lea than I for time traveled, 

3. Distance File 

Modify the program you wrote for Programming Challenge 2 (Distance Traveled) so it 
writes the report to a file instead of the screen. Open the file in Notepad or another text 
editor to confirm the output, 

4. Pennies for Pay 

Write a program that calculates the amount a person would earn over a period of time if his 

i o t i or her salary is one penny the first day, two pennies the second day, and continues to double 

The Pennies C i K ' 1 ^aV- 'he program should display a table showing the salary for each day, and then 
lor Pay show the total pay at the end of the peri*>d. The output should be displayed in a dollar 

Problem amount, not the number of pennies. 

Input Validation: Do not accept a numher less than t for the numher of days worked. 

5. Letter Counter 

Write a program that asks the user to enter a string, and then asks the user to enter a char­
acter. The program should count and display the number of times that the specified charac­
ter appears in the string. 

6. File Letter Counter 

Write a program that asks the user to enter the name of a file, and then asks the user to 
enter a character. The program should count and display the number of times that the 
specified character appears in the file. Use Notepad or another text editor to create a simple 
file that can be used to test the program. 

7. Hotel Occupancy 

A hotel's occupancy rate is calculated as follows: 

Occupancy rate • Numher of rooms occupied + Total numher of rooms 
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Write a program that calculates the occupancy rate for each floor of a hotel. The program 
should start by asking for the number of floors in the hotel, A loop should then iterate once 
for each floor. During each iteration, the loop should ask the user for the number of rooms 
on the floor and the number of them that arc occupied. After all the iterations, the program 
should display the number of rooms the hotel has, the number of them that are occupied, 
the number that arc vacant, and the occupancy rate for the hotel. 

Input Validation: Do not accept a value less than I for the number of floors. Do not accept 
a number less than 10 for the number of rooms on a floor. 

8. Average Rainfall 

Write a program that uses nested loops to collect data and calculate the average rainfall 
over • period of years. First the program should ask for the number of years. The outer loop 
wi l l iterate once for each year. The inner loop wi l l iterate 12 times, once for each month. 
Fach iteration of the inner loop will ask the user for the inches of rainfall for that month. 
Alter all iterations, the program should display the number of months, the total inches of 
rainfall, and the average rainfall per month for the entire period. 

Input Validation; Do not accept a number less than t for the number of years. Do not 
accept negative numbers for the monthly rainfall. 

9. Population 

Write a program that will predict the si/e of a population of organisms. I he program 
should ask for the starting number of organisms, their average daily population increase 
(as a percentage), and the number of days they wi l l multiply. For example, a population 
might begin with two organisms, have an average daily increase of 50 percent, and wi l l he 
allowed to multiply for seven days. The program should use a loop to display the si/e of 
the population for each day. 

Input Validation: Do not accept a number less than 2 for the starting size of the population. 
Do not accept a negative number for awrage dady population increase. Do not adept a 
number less than I for the number of days they will multiply 

10. Largest and Smallest 

Write a program with a loop that lets the user enter a series of integers. The user should 
enter -99 to signal the end of the series. After atl the numbers have been entered, the pro­
gram should display the largest and smallest numbers entered. 

1 1 . Celsius to Fahrenheit Table 

Write a program that displays a table of the Celsius temperatures 0 through 20 and 
their Fahrenheit equivalents. The formula for converting a temperature from Celsius to 
Fahrenheit is 

F - | C + 32 

where ¥ is the Fahrenheit temperature and C is the Celsius temperature. Your program must 
use a loop to display the table. 
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12. Bar Chart 

Write I program that asks the user to enter today's sales for five stores. The program should 
display a bar chart comparing each store's sales. Create each bar in the bar chart by display­
ing a row of asterisks. Each asterisk should represent $100 of sales. Here is an example of 
the program's output: 

Enter today's sales for s tore 1: 1000 [Enter] 
Enter today's sales for s tore 2: 1200 (Enter) 
Enter today's sales for s tore 3: 1800 [Enter] 
Enter today's sa les for s tore 4: 800 (Enter] 
Enter today's sales for s tore 5: 1900 [Enter] 

SALES BAR CHART 
Store L: *** 
Store 2: ************ 
Store 3i ****************** 
Store 4i ******** 
Store 5: *** 

13. File Head Display 

Write a program that asks the user for the name of a file. The program should display only 
the first five lines of the file's contents. If the file contains fewer than live lines, it should 
display the file's entire contents. 

14. Line Numbers 

Write a program that asks the user for the name of a file. The program should display ihe 
contents of the file with each line preceded with a line number followed by a colon. The 
line numbering should start at 1. 

15. Uppercase File Converter 

Write a program that asks the user for the names of two files. The first file should be opened 
for reading and the second file should be opened for writing. Ihe program should read 
the contents of the first file, change all characters to uppercase, and store the results in the 
second file. The second file will be a copy of the first file, except that all the characters w ill 
be uppercase. Use Notepad or another text editor to create a simple file that can be used 
to test the program. 

16. Budget Analysis 

Write a program that asks the user to enter the amount that he or she has budgeted for 
a month. A loop should then prompt the user to enter each of his or her expenses for the 
month, and keep a running total. When the loop finishes, the program should display the 
amount that the user is over or under budget. 
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17. Random Number Guessing Came 

Write I program that generates a random number and asks the user to guess what the 
number is. If the user's guess is higher than the random number, the program should display 
"Too high, try again." If the user's guess is lower than the random number, the program 
should display "Too low, try again." The program should use a loop that repeats until the 
user correctly guesses the random number. 

18. Random Number Guessing Game Enhancement 

Fnhancc the program that you wrote for Programming Challenge 17 so it keeps a count 
of the number of guesses that the user makes. VC'hcn the user correctly guesses the random 
number, the program should display the number of guesses. 

19. Square Display 

Write a program that asks the user for a positive integer no greater than 15. 'Hie program 
should then display a square on the screen using the character 'X*. The number entered by 
the user will be the length of each side of the square. For example, if the user enters 5, the 
program should display the following: 

xxxxx 
xxxxx 
xxxxx 
xxxxx 
xxxxx 
If the user enters 8, the program should display the following: 

xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

20. Dice Game 

Write a program that plays a simple dice game between the computer and the user. When 
the program runs, a loop should repeat 10 times. Each iteration of the loop should do the 
following: 

• Generate a random integer in the range of 1 through 6. This is the value of the 
computer's die. 

• Generate another random integer in the range of I through 6. This is the value of the 
user's die. 

• The die with the highest value wins, t in case of a tie, there is no winner for that 
particular roll of the dice.) 
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As ihc loop iterates, the program should keep count of the number of times the computer 
wins, and the number of times that the user wins. After the loop performs all of its itera­
tions, the program should display who was the grand winner, the computer or the user. 

2 1 . Slot Machine Simulation 

A slot machine is a gambling device that the user inserts money into and then pulls a lever 
(or presses a button).The slot machine then displays a set <>t random image** II two or more 
of the images match, the user wins an amount of mono that the slot machine dispenses 
back to the user. 

Create a program that simulates a slot machine. When the program runs, it should do the 
following: 

• Asks the user to enter the amount ol money he or she wants to enter into the ftlot 
machine. 

• Instead ol displaying images, the program wil l randomly select a word from the 
following list: 

Cherries, Ounces, Plums. Bells, Melons, Bars 

To select a word, the program can generate a random number in the range of 0 
through 5. If the number is 0, the selected word is Cberhesi if the number is I , the 
selected word is Oranges; and so forth. The program should randomly select a word 
from this list three times and display all three of the words. 

• It none of the randomly selected words match, the program will inform the user thai 
he or she has won SO. If two of the words match, the program will inform the user 
that he or she has won two times the amount entered* If [hree of the words match, the 
program will inform the user that he or she has won three nines the amount entered. 

• The program wil l ask whether the user wants to play again. If so, these steps are 

repeated. It not, the program displays the total amount of money entered into the slot 

machine and the total amount won.Decision Structures 
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TOPICS 

5.1 Introduction io Methods 
5.2 Passing Arguments to a Method 
5.3 More about Local Variables 

5.4 Returning a Value from a Method 
5.5 Problem Solving with Methods 

5.6 Common Errors to Avoid 

Introduction to Methods 

CONCEPT: Methods can be used to break .! complex program into small, manageable 
pieces. A void method simply executes a group ol statements and then 
terminates. A value-returning method returns a value to the statement 
that called it. 

In a general sense, a method is a collection of statements that performs a specific task. So far 
you have experienced methods in two ways: 11) You have created a method named main in 
every program you've written, and \1) you have executed predefined methods from the Java 
API, such as System, out. p r i n t In , Integer .parse Int . and Nath.pow. In this chapter you will 
learn how to create your own methods, other than aain, that can be executed just as you 
execute the AIM methods. 

Methods arc commonly used to break a problem into small, manageable pieces. Instead of 
writ ing one long method that contains all of the statements necessary to solve a problem, 
several small methods that each solve a specific part of the problem can be written. These 
small methods can then be executed in the desired order to solve the problem. This approach 
is sometimes called divide Jnd conquer because a large problem is divided into several 
smaller problems that are easily solved. Figure 5-1 illustrates this idea by comparing two 
programs: one that uses a long, complex method containing all of the statements necessary 
to solve a problem, and another that divides a problem into smaller problems, each of 
which is handled by a separate method. 

271 
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F i g u r e 5-1 Using methods t o div ide and conquer a p rob lem 

This program has one rong. complex 
method containing ail of the statements 
necessary to solve a prob em. 

p u b l i c c U u a l g P r o b : * * 

In this program the problem has been 
d»vded into smal er problems, each ol 
wtiid) is handled by a separate method. 

i 
pub l i c S L J L I C vo id m * i n ( S t r l n g [ l * r g s ! 
I 

euteMftt j 
i t a t e i i t i 
eMMMnCj 

Ptatflnwmt | 
Pt*t«m«nt, 
M W i m l j 
• t i t email 
state** i 
nateaetttj 
• U t t m n t i 
etatawentj 
» t * t *m*n t ( 

R l U M l j 
state—1 i 
pt.it *m*nr | 
p tp t *m* tu i 
ptPt tment, 
Hat warn j 
pt *trrtm*nr , 
•tPt+m*nt | 
p U M n t j 
elate—it j 
etata—tti 

. 

F-ibl lc c ! m Dlviv>4Frob>K 

p u b l i c l u t i c vo id n u i n t f t r l n g U 4 i y * i 

tTP*#^*r t 
R I U M n t l m*; n method 

public p ta t lc void MtrtodJO 
< 

It*L#Mftt | 
•t«t«wr method 2 

) 

publ ic e u t l e void Mthod lO 
i 

• t J L i p J i n t f 

K r t « M i mothodS 
•u teaaat j 

public i t f t l f void M*thod4(l 
< 

method 4 
e u t e a t K i 
•u tet tM 

Another reason to write methods is that the\ simplify programs. If a specific task is per­

formed in several places in a program, a method can be wr i t ten once to perforin that task, 

and then be executed any time it is needed. This benefit o f using methods is known .is ioJc 

reuse because you are wr i t ing the code DO perform a task once and then reusing it each time 

you need to perform the task. 

First, we w i l l look at the general ways in which methods operate. At the end of the chapter 

we wi l l discuss in greater detail how methods can be used in problem solving. 

v o i d M e t h o d s a n d V a l u e - R e t u r n i n g M e t h o d s 

In this chapter you w i l l learn about t w o general categories of methods: vo id methods and 

value-returning methods. A void method is one that simply performs .i task and then termi­

nates. S y s t e m . o u t . p r i n t l n is an example of a v o i d method. For example, look at the 

fo l lowing code: 

1 i n t number - 7; 
2 Sys tem.out .pr in t In(number) ; 
3 number • 0; 

http://pt.it
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The statement in line I declares the number variable and initializes it with the value 7. The 
Statement in line 2 calls the System.out.pr int ln method, passing number as an argument. 
The method does its job, which is to display a value on the screen, and then terminates. The 
code then resumes at line 3. 

A value-returning method not only performs a cask but also sends a value back to the code 
that called it. The Random class's next ln t method is an example of a value-returning method. 
For example, look at the following code: 

1 int number; 
2 Random rand • new Randomf); 
3 number • rand.nextlnt(); 

The statement in line I declares the number variable. Line 2 creates a Random object and 
assigns its address to a variable named rand. Line 3 is an assignment statement, which 
assigns .i value to the IU«ber variable, Notice chat on the right side ol t in - operator I I I call 
to the rand.next lnt method.The method executes, and then returns a value. The value that 
is returned from the method is assigned to the number variable. 

Defining a void Method 
To create a method you must write its definition^ which consists of two general parts: a 
header and a body. You learned about both of these in Chapter 2, but lets briefly review. 
The method header^ which appears at the beginning of a method definition, lists several 
important things about the method, including the method's name. The method body is a 
collection of statements that are performed when the method is exec uted, I hose statements 
are enclosed inside a set of curly braces. Figure 5-2 points out the header and body of a main 
method. 

F igure 5-2 The header and body ol a main method 

As you already know, every complete Java program must have a main method. Java pro­
grams can have other methods as well. Here is an example of a simple method that displays 
a message on the screen: 

publ ic s t a t i c void diaplayMesaageO 

i 
System.out.printlnf"Hello from the diaplayKeiiage method."); 

} 

This method has a header and a body. Figure 5-3 shows the different parts of the method 
header. 
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Figure 5-3 Parts of the method header 

Method Roturn Method 
Modifiers Typo Name Parentheses 

I I I 
public « t * t i c | | vold||di<pUYH««»*g« ] [77] 

System.out .pr:ntln(*I(4»llo fro-* th# duplayttesaige method,"); 

Let's lake a closer look at the parts identified in che figure as follows; 

• Method modifiers—The key words publ ic and s t a t i c arc modifier*. Von don't need 
to be coo concerned with these modifiers now, but if your curiosity is Retting the best 
of you f here's a brief explanation: The word publ ic means that the method is publicly 
available to code outside the class. The word i t « t i c means that the method belongs 
to the class, not a specific object. You wi l l learn more about these modifiers in later 
chapters. For this chapter, every mcth«>d that we write wi l l begin with publ ic i t t t i c . 

• Return type—Recall our previous discussion of void and value-returning methods. 
When the key word void appears here, it means that the method is a void method, and 
docs not return a value. As you wi l l see later, a value-returning method lists a data 
type here. 

• Method name—You should give each method a descriptive name. In general, the same 
rules that apply to variable names also apply to method names. This method is named 
d i f playHcMaq«, so we can easily guess what the method does: It displays a message, 

• Parentheses—In the header, the method name is always lollowcd b\ a set of parenthe-
ses. \s you \\ i learn later in this chapter, methods tan be capable o. receiving 
arguments. When this is the case, a list of one or more variable declarations wi l l 
appear inside the parentheses. The method in this example does not receive any argu­
ments, so the parentheses are empty. 

o NOTE: I I ic mc thod header is never terminated with a semicolon. 

Calling a Method 
\ method executes when u is called. I I K r a n method is automatical!} called when .1 pro 

gram scans, but other methods arc executed by method call statements. When • method is 
called, the JVM branches to that method and executes the statements in its body. I lerc is an 
example of a method call statement that calls the displayMessage method we previously 
examined: 

displayMessage()l 

The statement is simply the name of the method followed by a set of parentheses. Because it 
" . u i i m p i i i statement, it is terminated with .1 Ktnkokx i . 
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< * 

TIP: Notice that the method modifiers and the void return type are not written in the 
method call statement.Thev are written onlv in the method header. 

The program in Code Listing 5-1 demonstrates. 

Code Listing 5-1 ( S i m p l e M e t h o d . J a v a ) 

l /** 
Thie program definea and c a l l s a ainple Method. 

3 • / 
•i 

5 public claaa SimpleMethod 
6 < 

public s t a t i c void main(String[ | args) 

a < 
System.out .print lnTHello from the vain method."); 
displayMessagef); 
Systom.out.println("Back in the main method."); 

) 

9 
10 
11 
12 
1) 
L4 
15 
16 
1? 
18 
19 
20 
21 
22 ) 

/ • • 

The diaplayMeaaage method display* a greet ing. 
• / 

public s t a t i c void displayMessageO 

( 
System.out.println( "Hello from the displayMessage method.1*); 

Program Output 

Hello from the main method. 
Hello from the displayMessage method. 
Back in the main method. 

Notice how rhc program flows. It starts, of course, in the main method. When the call Co the 
displayMessage method in line 10 is encountered, the JVM branches to that method and 
perforins rhc statement in ITS bod> at line 20). Once the displayMessage method has 
finished executing, the JVM branches back to the main method and resumes at line I I with 
the statement that follows the method call. This is illustrated in Figure 5-4. 
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Figure 5-4 Branching in the SimpleMethod. Java program 

publ ic i t a l i c void M i a f S t r i a g l l arga) 
( 

Syataa.out .prlnelnCHallO Iron the M i n nathod."); 
— dtaplayMeiaaqaf) . 
—a- Syataai. out . print In f l a c k in tho a« in •a thod .") i 

publ ic a t a t i c void dlaplayMaaaagaO 
{ 

S y a t t * . o u t . p r t n t l n f Hallo tram eh* dlap'.ay*faaaag« Mthed. ">j 

Method call statements may be used in control structures like loops, if statements, and 
•witch statements. The program in Code Lilting 5-2 places the displayKessage method call 
inside a loop. 

Code Listing 5-2 (LoopCal 1 . j a v a ) 

/ • • 

This program define! and ca l l a a s.nplc method. 
• / 

B 
LO 

11 

12 

I i 

a 
L5 

.6 

17 
Lfl 
L9 
20 
21 
22 
23 

publ ic c laaa LoopCall 

< 

public s t a t i c void main(Stnng[ ) arga) 

< 

System.out.printlnf"Hello from the main nethod.") ; 
for ( in t i - Oj i < 5j i++) 

displayHessagef); 
System.out.println("Back in the main method."); 

i i 

The displayKessage method displays a greeting, 

public s t a t i c void displayHessage() 

I 
System.out.println("Hello from the displayKessage method."); 

) 

Program Output 

Hello from the main method. 
Hello from the displayKessage method. 
Hello from the displayKessage method. 
Hello from the displayKessage method. 
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Hello from the displayMessage method. 
Hel lo from the displayMessage method. 
Back in the main method. 

The program in (lode Listing 5-$ shows another example. It asks the user to enter his or her 
annual salary and credit rating. The program then determines whether the user qualifies for 
a credit ca rd . One of t w o vo id methods , q u a l i f y o r noQual i ty , is called t o display a 
message. Figures 5-5 and 5-6 show example interactions with the program. 

C o d e L i s t i n g 5-3 ( C r e d i t C a r d . J a v a ) 

i 
a 
i 
•i 

5 
6 

7 

a 
•> 

10 

11 
12 
11 

i s 
16 

11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2? 
28 
29 
JO 

n 
12 
33 
H 
35 
36 
37 
38 

import javax.swing.JOptionPane; 2 

/ . , 

• / 

This program uses two void ae thods . 

pub l ic c l a s s CreditCard 

< 

publ ic s t a t i c void a a i n ( S t r i n g l ) args) 
( 

double s a l a r y ; 
l n t c r e d i t R a t i n g ; 
S t r ing input ; 

/ / Annual s a l a r y 
/ / Credi t r a t i n g 
/ / To hold the user input 

/ / Get the u s e r ' s annual s a l a r y . 
input - JOptionPane.showInputDialogl"What i s " • 

"your annual s a l a r y ? " ) ; 
s a l a r y • Double .parseDouble( input) ; 

/ / Get the u s e r ' s c r e d i t r a t i n g (1 through 10) . 
input • JOptionPane.showInputDialogfOn a s c a l e of " * 

"1 through 10, what i s your c r e d i t r a t i n g ? \ n " • 
"(10 - e x c e l l e n t , 1 - very b a d ) " ) ; 

c r ed i tRa t ing • I n t e g e r . p a r s e l n t ( i n p u t ) ; 

/ / Determine whether the user q u a l i f i e s , 
i f ( s a l a r y >- 20000 fcfc c r e d i t R a t i n g >• 7) 

qua l i fy f> ; 
e l s e 

noQual i fy( j ; 

S y s t e m . e x i t ( 0 ) ; 
) 

The qual i fy method informs the user t h a t hi 
or she q u a l i f i e s for the c r e d i t c a r d . 
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public s t a t i c void qualify!) 

< 

JOptionPane.showMcssageDialog(null# "Congratulations! • * 

"You qualify for the credi t card! 

> 

The noQualify method informs the user tha t he 
or she does not qual i ty tor the credi t card. 

7 

public s t a t i c void noQualifyf) 
{ 

JOptionPane.shouMessageDialog(null, *!*• sorry. You • + 
"do not qual i ty for the credi t card. 

> 

Figure 5-5 Interaction with th«CreditCard. Java program 
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Hierarchical Method Calls 
Methods can also be called in a hierarchical, or layered fashion. In oilier words, method A 
can call method 14, which can then call method C When method (J finishes, the JVM returns 
to method B. When method B finishes, the JVM returns to method A. The program in Code 
l ist ing 5-4 demonstrates this with three methods: main, deep, and deeper. Hie main method 
calls the deep method, which then calls the deeper method. 

Code Listing 5-4 (DeepAndDeeper. j a v a ) 

1 
2 

i 

s 
6 

7 

1 

9 

10 
11 

a 
11 
i-i 

19 
l< 

11 

is 
I1* 

20 
21 
23 
i \ 

24 
2S 
26 
21 

28 
2<) 

30 
JI 
ia 
33 
M 

/** 
Thia program demonatratea h i e r a r c h i c a l method c a l l * 

*/ 

pub l ic c laaa DeepAndDeeper 

i 
publ ic a t a t i c void m a i n ( S t r i n g | | args) 

< 
S y s t e m . o u t . p r i n t l n p l am a t a r t i n g in m a i n . " ) ; 

d e e p ( ) ; 
Sys tem.ou t .p r in t lnpNow I am back in m a i n . " ) ; 

> 

/** 

The deep method d i sp lay* a meaaage and then c a l l 
the deeper method. 

• / 

pub l ic a t a t i c void deepf) 

< 
S y s t e m . o u t . p r i n t l n p l am now in d e e p . " ) ; 
d e e p e r ) ) ; 
Syatem.out .pr in t lnCNow I am back in d e e p . " ) ; 

) 

/** 
The deeper method simply d i sp l ays a message. 

*/ 

pub l ic s t a t i c void deeper( ) 

< 
S y s t e m . o u t . p r i n t l n ( " I am now in d e e p e r . " ) ; 

) 
) 

Program Output 
I am s t a r t ing in main, 
I am now in deep-
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I am now in deeper. 
Now I am back in deep. 
NQW I am back in main. 

* 

Using Documentation Comments w i t h Methods 
You should always document a method by writ ing comments that appear just before the 
method's definit ion. The comments should provide a brief explanation of the method's 
purpose. Notice that the programs we've looked at in this chapter use documentation com­
ments. Recall from Chapter 2 that documentation comments begin with / • • and end with 
* / . These types of comments can be read and processed by a program named i.wadoc, 
which produces attractive I I T M I . documentation. As we progress through this chapter, you 
wi l l learn more about documentation comments and how they tan be used with methods. 

Checkpoint 

MyPi o£r*mmmjiLab* www.myprogrjmmingljb.com 

5.1 What is die difference between a void method and a value-returning method? 

5.2 Is the following line of code a method header or a method call? 

ca lcTota l )J ; 

5.S Is the following line of code a method header or a method call? 

publ ic s t a t i c void calcTotal<) 

5.4 What message will the following program display if the user enters 5? What if the 

user enters 10? What if the user enters 100? 

import javax.awing.JOptionPanc; 
public c lass checkpoint 

public s t a t i c void main<String!1 arga) 

String input; 
int number; 

input • JOptionPane.showInputDialog("Enter a number."); 
number • In teger .parse ln t ( input ) ; 

if (number < 10) 
mcthodK); 

c lse 
mcthod2(); 

System.exit(O); 

1 

public s t a t i c void methodl<) 

< 

JOptionPane.showMessageDialog(null, "Able was I . " ) ; 

> 

http://www.myprogrjmmingljb.com
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public s t a t i c void nethod2<) 

{ 
JQptionPane-flhowMessageDialog(njll, "I saw Elba ." ) ; 

) 

5.5 Write a void method that displays your full name. The method should be named 
myName. 

s : Passing Arguments to a Method 

CONCEPT: A method may be written so it accepts arguments. Data can then be 
passed into the method when it is called. 

Values thai arc sent into a method arc called arguments. You're already familiar with how 
to use arguments in a method call. For example, look at the following statement: 

I'.ISMIKI System.out.printlnj"Hello"); 
Arqumenti 

to j Method This statement calls the System.out.println method and passes "Hello" as an argument. 
I lerc is another example: 

number - I n t ege r . pa r se ln t ( s t r ) ; 

This statement calls the Integer .parselnt method and passes the contents of the a t r vari­
able as an argument. By using parameter variables, you can design your own methods that 
accept data this way. A parameter variable, sometimes simply referred to as a parameter, is 
a special variable that holds a value being passed into a method. I lerc is the definition of a 
method that uses a parameter: 

public s t a t i c void displayValue!int nua) 

{ 

System.out.println("The value i s • * nua); 

) 

Notice the integer variable declaration that appears inside the parentheses ( int num>.This is 
the declaration of a parameter variable, which enables the displayValue method to accept 
an integer value as an argument. I lerc is an example of a call to the displayValue method, 
passing 5 as an argument: 

displayValue(5>; 

This statement executes the displayValue method. The argument that is listed inside the 
parentheses is copied into the method's parameter variable, num. This is illustrated in 
Figure 5-7. 
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Figure 5-7 Passing 5 to the d i a p l a y v a l u e method 

diapiayValua(S) ; Tha argument S is copiad into 
the parameter variabla num. 

public acatic void diaplayValuadnt nu*) 
{ 

System.out.printlnf"The value i* " • num>; 

Inside the displayValue method, the variable num will contain the value of whatever argu­
ment was passed into it. If we pass 5 as the argument, the method \\ ill display as follows: 

The value i s 5 

You may also pass the contents of variables and the values of expressions as arguments, For 
example, the following statements call the displayValue method with various arguments 
passed: 

ditplayValue(x); 
displayValuc(x • 4) ; 
diaplayValue(Integer.parseInt(-70Q-)); 

The first statement is simple. It passes the value in the variable x as the argument to the 
displayValue method. The second statement is also simple, but it does a little more work: It 
passes the UMI i ol [he expression • • -. .is the argniDttM DO the UtpltyVtlue IIICIIUKI. I IK 

third statement docs even more work. It passes the value returned from the Integer .parselnt 
method as the argument to the displayValue method. (The Integer .parse lnt method is 
called first, and its return value is passed to the displayValue method.) The program in 
Code Listing 5-5 demonstrates these method calls. 

Code Listing 5-5 ( P a s s A r g . j o v a ) 

i / • • 

This program demonstrates a method with a parameter 
3 • / 
4 

public c laa i PassArg 

6 { 

9 
10 
11 
12 
13 
14 
15 

public s t a t i c void main(String[) args) 
{ 

i n t x - 10; 

System.out.printlnf"I am passing values t o displayValue."); 
displayValue(S); / / Pass 5 
displayValue(x); / / Pass 10 
displayValue(x • 4) ; / / Pass 40 
displayValue(Integer.parseInt(-700-)) ; / / Pass 700 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

> 

/ * * 

* / 

pub 

< 

} 
28 > 

System.out.printlnpNow I am back in main.", ; 

The diiplayValue method displays the value 
of i t s integer parameter. 

pubiic s t a t i c void displayValucfi.it num) 

System.out.printlni-The value i s - • num); 

Program Output 

I am passing values to displayValue. 
The value is 5 
The value is 10 
The value i s 40 
The value i s 700 
Now I am back in main* 

© W A R N I N G ! When passing a variable as an argument, simply write the v.iri.iblc name 
inside the parentheses of ihe method call. I>o not write the data type of the argument 
variable in the method call. Tor example, the follow ing statement will cause an error: 

displayValuefint x); / / Error! 

The mcrhod call should appear as follows: 

displayValue(x); / / Correct 

<? NOTE: In this text, the values that are passed into a method arc tailed arguments, and 
the variables that receive those values are called parameters. There arc several variations 
of these terms in use. In some circles these terms are switched in meaning. Also, some call 
the arguments actual parameter* Uld CtU t in parameters form.il parameters. Others use 
the terms actual argument and formal argument. Regardless of which set of terms you 
use, it is important to be consistent. 

Argument and Parameter Data Type Compatibility 
When you pass an argument to a method, be sure that the argument's data type is compat­
ible with the parameter variable's data type. Java will automatically perform a widening 
conversion if the argument's data type is ranked lower than the parameter variable's data 

http://displayValucfi.it
http://form.il


2Kh Chapter 5 Methods 

type. For example, the displtyVslue method has an int parameter variable. Roth of the 
following code segments will work because the short and byte arguments arc automatically 
converted to an int : 

short 0 • 1; 
displayValue(s); / / Converts short t o int 

byte b - 2; 
displayValue(b); / / Converts byte t o int 

I lowcver, Java will not automatically convert an argument to a lower-ranking data type. 
Tins means that a long, float, or double value cannot he passed to a method that has an 
int parameter variable. For example, the following code will cause a compiler error: 

double d • 1.0; 
displayValue(d); / / Error! Can't convert double to i n t . 

* 

T I P : You can use a CAM operator to 

type. For example, the following 

double d - 1.0; 
d i » p l a y V a l u « < ( I n t ) d > ; 

code 

/ / 

convert a value manually 
wi l l compile: 

Th is w i l l work. 

to a lower-rank Ing J.n.i 

Parameter Variable Scope 
Recall from Chapter 2 that a variable's scope is the pan of the program where the variable 
may be acceded by its name. A variable is visible only to statements inside the variable's 
scope. \ parameter variables scope is the method in which the parameter is declared. No 
statement outside the method can access ilic parameter variable by its name. 

Passing Mul t ip le Arguments 
Often it is useful to pass more than one argument to a method. Here is a method that 
accepts two arguments: 

public s t a t i c void shovSumfdoable nual, double num2) 

< 

double sum; / / To hold the sua 

sum - numl • num2; 
System.out.println("The sum i s • sua); 

> 

Notice that two parameter variables, nu»l and nu»2t are declared inside the parentheses in 
the method header. This is often referred to as \ parameter list. Also notice that a comma 
separates the declarations. I Icrc is an example of a statement that calls the method: 

showSum{5, 10); 
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This statement passes the arguments 5 and 10 into the method. The arguments are passed 
into the parameter variables in the order that they appear in the method call. In other 
words, the first argument is passed into the first parameter variable, the second argument is 
passed into the second parameter variable, and so forth. So, this statement causes 5 to be 
passed into the numl parameter and 10 to be passed into the num2 parameter. This is illus­
trated in Figure 5-8. 

F igure 5 8 Multiple arguments passed into multiple parameters 

The argument 5 is copied into the numl parameter. 
The argument 10 is copied into the num2 parameter. 

fhowSum(5, 10) ; 

i 
p u b l i c s t a t i c void showSum(double numl, double num2) 
( 

double aum; / / To hold th« sum 

I 

•urn - numl * num3; 
SyMtftm.out. p r i n t l n ( " T h # aura la • * eum) ; 

Suppose we were m H \ C H the order in u h t j i [he arguments are listed in the method call, 
as shown here: 

•howSum(10, 5 ) ; 

This would cause 10 to be passed into the nual parameter and 5 to l>e passed into the num2 
parameter. The following code segment shows one more example. This time we arc passing 
variables as arguments. 

double valuel - 2.5; 
double value2 - 3.5; 
ihowSumfvaluel, v«Lue2); 

When the ahowSum methods executes as a result of this code, the numl parameter will contain 
2.5 and the num2 parameter wi l l contain 3.5. 

© W A R N I N G ! l a t h parameter variable in a parameter list must have a data type listed 
before its name. For example, a compiler error would occur if the parameter list for the 
showSum method were defined as shown in the following header: 

pub l i c s t a t i c void showSum<double numl, num2> / / E r r o r l 

A data type for both the numl and nua2 parameter variables must be listed, as shown here: 

pub l i c s t a t i c void flhov/Sum<double numl, double num2) 
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Sec the program TwoArgs.Java in this chapter's source code folder for a complete pro­
gram that demonstrates the showSum method. You can download the book's source code 
from www.pcarsonhighered.com/naddis. 

Arguments Are Passed by Value 
In Java, all arguments of the primitive data t>pcs arc funni by value, which means [hat 
only a copy of an argument's value is passed into a parameter variable. A method's param­
eter variables arc separate and distinct from the arguments that arc listed inside the paren­
theses of a method call. If a parameter variable is changed inside a method, it has no effect 
on the original argument. For example, look at the program in Code listing 5-6. 

Code Listing 5 6 (PasaByValue.Java) 

l 

2 

i 

\ 

3 

6 

7 

B 

9 
10 

n 

12 

13 

H 

15 

L6 

17 

18 

L9 

20 

21 

22 

23 

24 

25 

26 

27 

2* 

29 

JO 

J : 

32 

33 

/ • • 

This program demonstrates that only a copy of an argument 
i s passed into a method. 

• / 

public c lass PassByValue 

< 

public s t a t i c void main(String[) ergs) 

< 

i n t number • 99; / / number s t a r t s with 99 

/ / Display the value in number. 
System.out.print.ln( "number i s " • nuaber); 

/ / Call changeKe, passing the value in nuaber 
/ / as an argument. 
changeKe(number); 

/ / Display the value in number again. 
System.out.printlnf"number i s • • nuaber); 

/ • • 

The changeKe method accepts an argument and then 
changes the value of the parameter. 

• / 

public s t a t i c void changeHe(int myValue) 

< 

System.out.println("I an changing the va lue . " ) ; 

/ / Change the myValue parameter variable t o 0. 
myValue - 0; 

http://www.pcarsonhighered.com/naddis
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H 
35 
36 
37 
38 ) 

/ / Display the value in myValue. 
System.out.printlnf"Now the value i s + myValue); 

Program Output 

number i s 99 
I am changing the value. 
Now the value ie 0 
number i s 99 

F.vcn though the parameter variable myValue is changed in the changeMe method, the argu­
ment number is not modified. The myValue variable contains only a copy of the number 
variable. 

Passing Object References t o a Me thod 
So far you've seen examples of methods that accept primitive values as arguments. You can 
also write methods that accept references to obieits as arguments. For example, look ar the 
following method; 

public s t a t i c void showLcngth(String e t r ) 

t 
System.out .pr int ln(s t r * * i f * 4 s t r , l e n g t h O • 

" characters long ." ) ; 

> 

This method accepts a Str ing object reference as us argument, and displays a message 
showing the number of characters in the object. The following code shows an example of 
how to call the method: 

String name • "Warren"; 
showLength(name); 

When this code executes, the showLength method will display the following: 

Warren i s 6 characters long. 

When an object, such as a String, is passed as an argument, it is actually a reference to the 
object that is passed. In this example code, the name variable is a s t r ing reference variable. It 
is passed as an argument to the showLength method. The showLength method has a parame­
ter variable, s t r , which is also a String reference variable, that receives the argument. 

Recall that a reference variable holds the memory address of an object. When the showLength 
method is called, the address that is stored in nane is passed into the s t r parameter variable. 
This is illustrated in Figure 5-9. This means that when the showLength method is executing, 
both name and s t r reference the same object.This is illustrated in Figure 5-10. 
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Figure 5-9 Passing a reference as an argument 

A S t r i n g Obfed 

showL«"ngth(nam*» 

publ ic s t a t i c void ahowLangth(String s t r ) 
i 

System,out p r i n t l n ( s t r • • i s • * sLr . l eng lhO * 
• charac te rs long . " ) ; 

} 

Figure S-10 Both name and s t r reference the same object 

Tho name vanablo hods . • 
(he addresa of a | >**—i| 
s t r i ng obpet 

A s t r i ng object 

'Warren*' 

The nt r parameter variable ^ _ 
holds Ihe address of the I *<**•**I 
same s t r i n g object. 

\ his might lead you to the conclusion that a method can change the contents of any Str ing 
object that has been passed to ir as an argument* After al l , the parameter variable references 
the same object .is the argument HowtVtH t t r i n q objects in |ava arc immuLihlt\ which 
means that they cannot be changed. l :or example, look at the program in Code l ist ing 5-7. 
It passes a s t r ing ob)cct to a method, which appears to change the object. In reality, the 
object is not changed* 

Code L is t ing 5-7 ( P a s a S t r i n g . Java ) 

/ • • 

This program demonstrates tha t String arguments 
cannot be changed. 

• / 

public c lass PassString 

< 

public s t a t i c void main(String[] args) 
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9 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

« , 

i 
II Create a String object containing "Shakespeare". 
/ / The name variable references the object . 
String name • "Shakespeare**; 

/ / Display the String referenced by the name var iable . 
System.out.println("In main, the name is " • 

name); 

/ / Call the changeName method, passing the 
/ / contents of the name var iable as an argument. 
changeName(name); 

/ / Display the String referenced by the name var iable . 
System.out.println("Back in main, the name i s " + 

name J; 

) 

/ * * 

The changeName method accepts a String as i t s argument 
and assigns the s t r parameter to a new Str ing. 

* / 

public s t a t i c void changeName(String s t r ) 

( 

II Create a String object containing "Dickens". 
/ / Assign i t s address to the s t r parameter var iable . 
s t r • "Dickens"; 

/ / Display the String referenced by s t r . 
System.out.println("In changeName, the name • + 

" is now " + s t r ) ; 

) 

P r o g r a m O u t p u t 

In mai n, the name i s Shakespeare 
In changeName, the name i s now Dickena 
Back i n main, the name i s Shakespeare 

let's take a closer look at this program. After line 12 executes, the name variable references 
a Str ing object containing "Shakespeare". In line 20 the changeName method is called and 
the name variable is passed as an argument. This passes the address of the Str ing object into 
the a t r parameter variable. At this point, both name and « t r reference the same object, as 
shown in Figure 5-11. 
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Figure 5-11 Before line 36 executes, both naae and a t r reference the same object 

Before Line 36 executes: 

The nair.e variable holds 
the address of a 
S t r i n g object. 

The s t i parameter variable 
holds the address of the 
same s t r i n g object. 

A S t r i n g Object 

"Shakespeare" 

In the changeName method, line .16 executes as follows: 

• t r - "Dickens"; 

At first, you might think that this statement changes the s t r i n g object's contents to 
"Dickens". What actually happens is (hat a new St r ing object containing "Dickens" is 
created and its address is stored in the s t r variable. After this statement executes, the 
name variable and the a t r parameter variable reference different objects. This is shown in 
Figure 5-12. 

Figure 5-12 After line 36 executes, name and s t r reference different objects 

After Line 36 executes: 

The name variable holds 
the address of a 
S t r i n g object. 

MM'OM-

A St r i ng object 

"Shakespeare' 

The at i parameter variable 
holds the address ol a 

different s t r i n g object. 

A S t r i n g object 

"Dickens 

In (Jhaptcr 9 we will discuss the immutability* of Str ing objects in greater detail. Until then, 
just remember the following point: s t r i n g objects cannot be changed. Any time you use the 
- operator to assign a string literal to a s t r i ng reference variable, a new s t r i ng object is 
created in memory. 

Using the Gparam Tag in Documentat ion Comments 
When writ ing the documentation comments for a method, you can provide a description of 

each parameter by using a Sparam tag. Vt'hcn the javadoc utility sees a Gparam tag inside a 
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method*! documentat ion comments, i t knows that the documentat ion tor a parameter 

variable appears next. The file TwoArgsl.javj^ in this chapter's source code (available at 

www.pcarsonhighcred.com/paddis), has the fo l lowing method, which uses Cparam tags in its 

documentation comments: 

/ * * 

The showSum method displays the SOB of two numbers. 
Sparam numl The f i r s t number, 
flparam num2 The second number. 

• / 

pub l i c s t a t i c vo id showSum)double nua l , double num2) 

( 

double sum; / / To hold the sun 

sum - numl * num2; 
System.out.println("The sum i s " • sum); 

} 

The general format of a I pa ram tag comment is as fo l lows: 

#param parameCerNam Description 

In the general format, parameterName is the name of the parameter and Desc r ip t i on is a 

description of the parameter. Kemember the fo l lowing points about • pa ram tag comments: 

• Al l gparam tags in a methods documentation comment must appear alter the general 

description of the method. 

• The description can span several lines. It ends at the end of the documentation com­

ment (the * / symbol) , or at the beginning of another tag. 

When a method's documentation comments contain one o r more Gparam tags, the javadoc 

ut i l i ty wi l l create a Parameters section in the method's documentat ion. This is where the 

descriptions of the methods parameters w i l l be listed. Figure 5-13 shows the documciua-

t ion generated by javadoc for the showSum method in the ltn> \rgs2.iJiu file. 

F i g u r e 5 -13 Documenta t ion for the showSum me thod in TwoArgs2.fava 

i k o ^ 

puclic f t a c i : voia showfta: 3?wit a-x*. 

Iht ihoASusisMbodtepUvft ch* i iaof t«0 

P*rMH+rf t 
r.tjnl • The fit *c number 
nm2 * The tccand 

http://www.pcarsonhighcred.com/paddis
file:///rgs2.iJiu
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< * 

a) 
b) 
c) 

d) 

Checkpoint 

MyProiramminjUb* www.myprogrjmmingUbxom 

5.6 What is the difference between an argument and a parameter? 

5.7 look at the following method header: 

public s t a t i c void myMethodfint nun) 

Which of the following tails to the method will cause a compiler error? 
myMethod(7j; 
myMethod(6-2l; 
long x - 99; 

myMethod(x); 
short 1 - 2 ; 
myMethod(s>; 

5.8 Suppose a method named showValues accepts two int arguments. Which of the 
following method headers is written correctly? 
a) public s t a t i c void showValues() 
b) public s t a t i c void showValues(int numl, nun?) 
C) public s t a t i c void showValues(numl, num2) 
d) public s t a t i c void showValues(int numl, i n t num2) 

5.V In Java, nicihod arguments are passed by value. What does this mean? 

5.10 What will the following program diSpU] ) 

public c lass Checkpoint 

< 

public S ta t i c void main(String| ) args) 
i 

int numl • 99; 
double num2 • 1.5; 

I 

System.out.println)numl • -

myMethod(numl, nu«2); 
System.out.println(numl • • 

- • num2); 

• • num2>; 

public s t a t i c void myM«thod(int i f double d) 

System.out-printlnfi + " " + d ) ; 
i - 0; 
d - 0 .0; 
System.out.print lnfi + " " + d ) ; 

I 

http://www.myprogrjmmingUbxom
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5.3 More about Local Variables 

i CONCEPT: A local variable is declared inside a method and is not accessible to 
statements outside the method. Different methods can have local variables 
with the same names because the methods cannot see each other's local 
variables. 

In Chapter 2 we introduced the concept of local variables, which are variables that are 
declared inside a method. They are called IOCJI because they are local to the method in 
which thev are declared. Statements outside a method cannot access that method's local 
variables. 

BecaUM I method's local variables are hidden from other methods, the other methods may 
have their own local variables with the same name. For example, look at the program in 
(.ode I IMTIU1, s S. In addition to die »ain method, tins program has two other methods: 
texas and California. These two methods each have a local variable named birds. 

Code Listing 5-8 < L o c a l V a r • . j a v a ) 

/ . . 

Thla program demonstrates that two method* may have 
local va r iab le ! with the lame n< 

* / 

public c l a n LocalVara 

< 

public a t a t i c void main(Str ing | | arga) 

( 

texas() ; 

Cal i fornia)) ; 

> 

/ * * 

The texas method has a local var iable named b i rds . 
* / 

public s t a t i c void texas() 

int birds - 5000; 

Sys tem.out .p r in t ln f ln texas there are " + 
birds • " b i r d s . " ) ; 

/ # # 

The California method a lso has a local var iable named birds 
* / 
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29 
30 
31 
32 
33 
34 
35 
36 

public s t a t i c void Cal ifornia!) 

< 

i n t birds - 3500; 

System.out.println("In California there are " * 
b i r d s • • b i r d s . - ) ; 

> 

) 

P r o g r a m O u t p u t 

In 
In 

texas there are 5000 b i rds . 
California there are 3500 b i rds . 

Although there are two variables named birds, the program can sec only one of them at a 
tune because they arc in different methods. When the texas method is executing, the birds 
variable declared inside texas is visible. VE'hcn the Cal i fornia method is executing, the 
birds variable declared inside California is visible. 

Local Variable Lifetime 
A methods local variable* exist only while the method is executing. This is known .is the 
lifetime of a local variable. Vt'hen the method begins, its local variables and its parameter 
variables are created in memory, and when the method ends, the local variables and 
parameter variables are destroyed. This means that any value stored in a local variable is 
lost between calls to the method in which the variable i* declared* 

Initializing Local Variables with Parameter Values 
It is possible to use a parameter variable to initialize a local variable. Sometimes this simpli­
fies the code in a method. For example, recall the following showSum method wc discussed 
earlier: 

public s t e t l c void showSum(double nunl, double num2) 

double sum; / / To hold the sum 

gum • nural * num2; 
System.out.println("Thc sum i s " • sua); 

) 

In the body of the method, the sum variable is declared and then a separate assignment state­
ment assigns numl • num2 to SUSL We can combine these statements into one, as shown in 
the following modified version of the method. 

public s t a t i c void showSumfdouble numl, double num2) 

i 
double sum - numl + num2; 
System.out.println(**The sum i s " + sua); 
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Became the scope of a parameter variable is the entire method in which it is declared, we 
can use parameter variables to initialize ICK.II variables. 

© WARNING I Local variables arc not automatically initialized with a default value. They 
must be given a value before they can be used. If you attempt to use a local variable 
before it has been given a value, a compiler error will result. For example, look at the 
following method: 

public s t a t i c void myMethod() 

< 

I 

in t x; 
Sya tcm.out .pr in t ln(x) ; / /E r ro r ) x ha* no value . 

This code will cause a compiler error because the variable x has not been given a value, 
and it is being used as an argument to the Syitw.out.println method. 

5.4 Returning a Value from a Method 

Vid.oNot . 

Returning a 
Value from 
a Method 

CONCEPT: A method rna\ send a value back (o (he statement thai called the method, 

You've seen that data may IK passed into a method by way of parameter variables. Data 
may also be returned from a method* back to the statement that called it. Methods that 
return a value are Appropriate!) known as value-returning methods* 

You ^\rc already experienced at using value-returning methods. Hor instance, you have used 
the wrapper class parse methods, such as Integer.parseint. I Icrc is an example: 

int num; 
num • Integer.parielnt{*700"); 

I he second line in this code calls the Integer .parseint method, passing "700" as the argu­
ment, I he method returns the integer value 7(H), which is assigned to the num variable by 
the • operator. You have also seen the Hath.pow method, which returns a value. I lere is an 
example: 

double x; 
x - Math.pow(4-3i 2.0); 

The second line in this code calls the Hath.pow method, passing 4.0 and 2.0 as arguments. 
The method calculates the value of 4.0 raised to the power of 2.0 and returns that value. 
The value, which is 16.0, is assigned to the x variable by the • operator. 

In this section wc will discuss how you can write your own value-returning methods. 

Def in ing a Value Returning Method 
When you are writing a value-returning method, you must decide what type of value the 
method will return.This is because you must specify the data type of the return value in the 

http://Ick.iI


298 Chapter 5 Methods 

method header Recall that a void method, which does not return a value, uses the key word 
void as its return type in the method header. A value-returning method will use in t , double, 
boolean, or any other valid data type in its header. I Icrc is an example of a method that 
returns an int value: 

public s t a t i c int eum(int mini, int nu»2) 

( 

int r e su l t ; 

resul t • numl + nun2; 
return r e su l t ; 

I 
I lie name of this method is sun. Notice in the method header that the return type is int , as 
shown in l:igurc 5-14. 

Figure 5-14 Return type in the method header 

Return Type 

i 
public s t a t i c int sun( int nunl. Int num?) 

This code defines a method named sun that accepts two int arguments. ITie arguments are 
passed into the parameter variables nuni and min2. Inside the method, a local variable* 
r e s u l t , is declared. The parameter variables nunl and nun2 are added* and their sum is 
assigned to the r e su l t variable.The last statement in the method is is follows: 

return resu l t ; 

This is a return statement. You must have a return statement in a value-returning method. 
It causes the method to end execution and it returns a value to the statement that tailed 
the method. In a value-returning method, the general format of the return statement is as 
follows: 

return Expression; 

Expression is the value to be returned. It can be any expression that has a value, such as a 
variable, literal, or mathematical expression. In this case* the sun method returns the value 
in the resul t variable. I lowever, we could have eliminated the r e su l t variable and returned 
the expression numl + num2, as shown in the following code: 

public s t a t i c int sun(int numl, int nun2) 

{ 
return numl + num2; 

) 

NOTE: I lie return statement's expression must be of the same data type as the return 
type specified in the method header, or compatible with it. Otherwise, a compiler error 
will occur. Java will automatically widen the value of the return expression, if necessary, 
but it will not automatically narrow it. 
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Calling a Value-Returning Method 
The program in Code l ist ing 5-9 shows an example of how to call the sum method. Notice 
that the documentation comments for the SUB method have a new tag, 3 return. T im tag wi l l 
be explained later. 

Code List ing 5-9 ( V a l u e R e t u r n . J a v a ) 

1 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 

" 
32 

33 
34 

35 
36 
37 
38 
39 

/ * * 

This program demonstrates a value-returning Method. 
• / 

public c lass ValueReturn 

( 

public s t a t i c void main(String[] args) 

( 

lnt t o t a l , valuel - 20, value2 - 40; 

/ / Call the sum method, passing the contents of 
/ / valuel and valuo2 as arguments. Assign the 
/ / return value to the to t a l var iable . 
t o t a l - sum(valuel, value2); 

/ / Display the contents of a l l these var iables . 
System.out.printlnf"The sun of " » valuel • 

" and - » value2 • " i s • • 
t o t a l ) ; 

> 

/ * * 

The sum method returns the sua of i t s two parameters. 
?param numl The f i r s t number to be added. 
?param num2 The second number to be added. 
^return The sum of numl and nua2. 

* / 

public s t a t i c int sumfint numl, i n t n\m2) 

i 
int resu l t ; / / resul t i s a local variable 

/ / Assign the value of numl + nun2 to r e s u l t . 
r e su l t - numl • num2; 

/ / Return the value in the r e s u l t var iab le . 
return r e su l t ; 

) 

) 

P r o g r a m O u t p u t 

The sum of 20 and 40 i s 60 
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The statement in line 14 calls the sum method, passing value 1 and valuc2 as arguments* It 
assigns the value rerurred In the sun method to the to ta l variable. In this t asc, the method 
wi l l return 60. Figure 5-15 shows how the arguments are passed into the method and how 
a value is passed back from the method. 

Figure 5 15 Arquments pass svrrl to 1(1 I V | l It t i 11 J11 

to ta l i sum(valuei, valuea), 
I 

tor 
E3—1 

public static int sun (int nun-l, ini num2 
t 

int resul t ; 

result • nual • num2, 
return resul t ; 

When you call a value-returning method, you usually want to do something meaningful 
with the value it returns. The VelueReturn. jeva program shows a method's return value 
being assigned to a variable. This is commonly how return values arc used, but you can do 
many other things with them, l o r example, (he following code shows a math expression 
that uses a call to the sum method: 

int x - 10, y - 15j 
doubU average; 
average - sum(x. V) / 2.0; 

In the last statement, the sum method is called with x and y as its arguments. The method's 
return value, which is 25, is divided by 2.0. The result, 12.5, is assigned to average. I lerc is 
another example: 

i n t x • 10, y • IS; 
System.out.printlnfThe sum is • sua(x, y ) ) ; 

This code sends the sum method's return value to System.out .pr in t ln , so it can be dis­

played on the screen.The message "The sum is 25"* will be displayed. 

Remember, a value-returning method returns a value of a specific data type. You can use the 
method's return value anywhere that you can use a regular value of the same data type. This 
means that anywhere an i n t value can be used, a call to an i n t value-returning method can 
be used. Likewise, anywhere a double value can be used, a call to a double value-returning 
method can be used. The same is true for all other data types. 

Using the ^ re tu rn Tag in Documentat ion Comments 
When writ ing the documentation comments for a value-returning method, you can provide 
a description of the return value by using a " re turn tag. When the javadoc utility sees a 
3return tag inside a method's documentation comments, it knows that a description of the 
method's return value appears next. 
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The general format of a ^return tag comment is as follows: 

freturn Description 

Descript ion is a description of the return value. Remember the fol lowing points about 
^return tag comments: 

• The ^return tag in a method's documentation comment must appear after the general 

description of the method. 
• The description can span several lines. It ends at the end of the documentation com­

ment (the * / symbol), or at the beginning of another tag. 

When a method's documentation comments contain a 3return tag, the javadoc utility wi l l 
create a Returns section in the method's documentation. This is where the description of the 
method's return value will be listed. Figure 5-16 shows the documentation generated by 
javadoc for the aum method in the VjlurRrtunt.fMU file. 

F igure S-16 Documentation for the sum method in ValueReturn. Java 
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In the Spotlight: 
Using Methods 
Your friend Michael runs a catering company. Some of the ingredients that liis recipes 
require arc measured in cups. Vt'hcn he goes to the grocery store to buy those ingredients, 
however, they are sold only by the fluid ounce. I Ic has asked you to write a simple program 
that converts cups to fluid ounces. 

You design the following algorithm: 

/. CiW the number of cups from the user. 
2. Convert the number of cups to fluid ounces. 
3. Display the result. 

This algorithm lists the top level of tasks that the program needs to perform, and becomes 
the basis ot the ^ lass's r u i rurhod. The class wi l l also have the following methods: 

• getCupa—This method wi l l prompt the user to enter the number of cups, and then 

return that value as a double. 
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• cupsToOunces—This method will accept the number of cups as an argument and then 
return the equivalent number of fluid ounces as a double. 

• d isplayResul ts—This method displays a message indicating the results of the 
conversion. 

Code Listing 5-10 shows the program. Figure 5-17 shows interaction with the program 
during execution. 

Code Listing 5-10 ( C u p C o n v e r t e r , j e v a ) 

3 

33 

3 

3 

import javax.swing,JOptionPane; 

« t 

Thil program converts cups to fluid ounces, 
• / 

public c lass CupConverter 

public s t a t i c void nain(Str ing[] args) 

< 

double cups; / / To hold the number of cups 
double ounces} / / To hold the number of ounces 

/ / Get the number of cups, 
cups - getCups(); 

/ / Convert the cups to f luid ounces, 
ounces - cupsToOunces(ciips); 

/ / Display the r e s u l t s . 
displayResults(cups f ounces); 
System.exit(O); 

/ • • 

The getCups method prompts the user t o enter a number 
of cups. 
Sreturn The number of cups entered by the user* 

' / 

public s t a t i c double getCups() 

String input; / / To hold input, 
double numCups; / / To hold cups. 
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/ / Get the number of cups trom the user. 
input - JOptionPane.showInputDialogl 

•This program converts measurements\n-

' in cups to fluid ounces. For your\n" y 

' reference the formula i» : \n" + 
1 cup • 8 fluid ounces\n\n s + 

'Enter the number of cups ." ) ; 

/ / Convert the input to a double. 
numCupa - Double.parseDouble(input); 

/ / Return the number of cups, 
return numCupa; 

/ « 

The cupsToOunces method converts a number of 
cups to fluid ounces, using the formula 
1 cup • 8 fluid ounces. 
Iparam numCupa The number of cups to convert, 
•return The number of ounces. 

* / 

public s t a t i c double cupsToOunces(double numCups) 

i 
return numCups * 8.0; 

) 

/ " 

The displayResults method displays a message showing 
the r e su l t s of the conversion, 
fparam cups A number of cups. 
Cparam ounces A number of ounces. 

* / 

public s t a t i c void displayResultsfdouble cups, double ounces) 

i 
/ / Display the number of ounces. 
JOptionPane.showMessageDialog{null, 

cups + • cups equals • + 
ounces * • fluid ounces."); 

} 
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Figure 5-17 Interaction with the CupConverter program 
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Returning a boolean Value 
Frequently there is a need for a method that USU an argument and returns a true or false 
value indicating whether or not a condition exists. Such a method would return a boolean 
value. l:or example, the following method accepts an argument and returns true if the argu­
ment is within the range of I through 100, or false otherwise: 

public s ta t ic boolean isValid(int number) 

< 

boolean status] 

i t (number >- 1 fcfc number <• 100) 
•tatua - true; 

else 
status - false; 

return status; 

> 

The following code shows .in if-else statement thai uses a call to the method: 

int value * 20; 
if (isValid(value)) 

System.out.printlnf"The value is within range."); 
else 

System.out.println("The value is out of range."); 

When this code executes, the message "The value is within range.** will he displayed. 

Returning a Reference to an Object 
A value-returning method can also return a reference to a non-primitive type, such as a 
String object. The program in Code Listing 5-11 shows such an example. 
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Code List ing 5-11 ( R e t u r n S t r i n g . J a v a ) 

customerName - iullName("John-, 'Mart in") ; 
System.out.printIn(custowerNane); 

/ * * 

1 /** 
This program demonstrates a method that 
returns a reference to a String object . 

4 */ 
5 
6 pubiic c lass ReturnString 

7 < 
public s t a t i c void nain(String[ | args) 

9 < 
10 String cuatonerNi 
11 
L2 
1 ) 

i - i 

LS 

16 

17 

LI 
L9 
20 
21 

22 

23 

24 

25 

26 
21 

28 
29 

JO 
» 

32 

33 ) 

The fullName method accept* two String argument* 
containing a f i r a t and laat name. I t concatenate* 
them into a aingle String object , 
tparam f i r a t The f i r a t name, 
tparam iaat The laat name. 
•return A reference to a Str ing object containing 

the f i r a t «nd laat n* 
• / 

pubiic a t a t i c String fullName(String f i r a t . Str ing l a a t ) 

I 
String name; 

name • f i r a t + 
return name; 

• l a a t ; 

Program Output 

John Martin 

l ine 12 calls chc fullName method, passing "John" and "Martin" as arguments. The method 
returns a reference to a String object containing "John Martin". The reference is assigned 
to the customerName variable. This is illustrated in Figure 5-18. 
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Figure 5-18 The ful lName method returning a reference to a S t r i n g object 

AstringObjtcl cu«tomerN«e - fullName ("John-. "Ittrtin-) , 

"John K*rtir. 

< * 

public s t a t i c String fu;iHa»e<String f i r s t . String last) 

Str ing H A M ; 

name - f i r s t * • • * las t j 
return n « c , 

Checkpo in t 

MyPro«r*mmi#ixUb" www.myprogramminglahxom 

5.1 I look at the following method header What type of value does the method return? 

publ ic s t a t i c double getValuef int a, f l oa t b, Str ing c) 

5.12 Write the header for a method named days. The method should return an i n t and 
have three i n t parameter variables: years, aonths, and weeks. 

5.13 Write the header for a method named distance. The method should return a 
double and have two double parameter variables: rate and time. 

5.14 Write the header for a method named l ightYears. The method should return a 
long and have one long parameter variable: miles. 

Problem Solving with Methods 

CONCEPT: A large, complex problem can be solved a piece at a (imc by methods. 

At the beginning of this chapter we introduced the idea of using methods to "divide and 
conquer" a problem. Often the best way to solve a complex problem is to break it down 
into smaller problems, and then solve the smaller problems. I he process of breaking dow n 
a problem into smaller pieces is called functional detom postlion. 

In functional decomposition, instead of writ ing one long method that contains all of the 
statements necessary to solve a problem, small methods arc written, which each solve a 
specific part of the problem. These small methods can then be executed in the desired order 
to solve the problem. 

Let's look at an example. The program in Code lasting 5-12 reads 30 days of sales amounts 
from a file, and then displays the total sales and average daily sales. I lere\ a brief pseudo­
code model of the algorithm: 

Ask the user to enter the name of the file. 

Get the total of the sales amounts in the file. 

Calculate the average daily sales. 

Display the total and average daily sales. 

The file MonthlySales.txt, in this chapters source code (available at www.pearsonhighcicd 
com/gaddist, is used to test the program, higurc 5-19 shows interaction with the program 
during execution. 

http://www.myprogramminglahxom
http://www.pearsonhighcicd
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Code List ing 5-12 ( S a l e s R e p o r t . J a v a ) 

import Java•util .Scanner; 
import Java.io.*; 
import Java.text.DecimalFormat; 
import javax.awing.JOptionPane; 

/ / For the Scanner c lass 
/ / For f i l e I/O classes 
II For the DecimalFormat clai 
/ / For the JOptionPane c lass 

/ * * 

This program opens a f i l e containing the sales 
amounts for 30 days. I t ca lculates and displays 
the to t a l sa les and average daily sa l e s . 

* / 

public c lass SalesReport 
{ 

public s t a t i c void main(String[) args) throws lOException 

( 

f inal int NUHDAYS - 30; / / Number of days of sa les 
String filename; / / The name of the f i l e to open 
double to ta lSa les ; / / Total sa les for period 
double averageSales; / / Average dai ly sa les 

/ / Get the naae of the t i l e , 
filename - getFileNamef); 

/ / Get the to t a l sa les from the f i l e . 
to ta lSales - getTotalSales(ti lename); 

/ / Calculate the average. 
averageSales • tota lSales / NUHJ)AYS; 

/ / Display the to t a l and average. 
displayResul ts( totalSales , averageSales); 

System.exit(0); 

/ • • 

The getrileName method prompts the user to enter 
the name of the f i l e to open. 
^return A reference to a Str ing object containing 

the name of the f i l e . 
* / 

public s t a t i c String getFileName() 

I 
String f i l e ; / / To hold the f i l e naae 
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/ / Prompt the user to enter a f i l e name. 
f i l e - JOptionPane.showInputDialogCEnter " • 

•the nana of the f i l e \n-
"containing 30 day* of • 
"sales amounts."); 

/ / Return the name. 
return f i l e ; 

i i 

The getTotalSales method opens a f i l e and 
reads the daily sales amounts, accumulating 
the tota l . The total i s returned. 
Pparam filename The name of the f i l e to open, 
8return The total of the sales amounts. 

7 

public s tat ic double getTotalSales(String filename) 
throws IOException 

( 

double total ' 
double salesi 

0.0; / / Accumulator 
/ / A daily sales amount 

/ / Open the f i l e . 
Pile f i l e - new File(filename); 
Scanner inputFile - new Scanner!file); 

/ / This loop processes the l ines read from the f i l e , 
/ / until the end of the f i l e i s encountered, 
while (inputFile.hasNextf)) 

< 

/ / Read a double from the f i l e . 
sales • inputFile.nextDoubleU; 

/ / Add sales to the value already in total , 
total • • sales; 

> 

/ / Close the f i l e . 
inputF i l e . c l o s e ( ) ; 

89 
90 
91 
92 
93 

/ / Return the total sales, 
return total; 

t i 
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•>•; 

•r> 

96 
97 

98 
99 

100 
101 
102 
103 
104 

105 
106 
107 

108 
109 
110 
111 

112 

The d i sp layResu l t s method d i sp l ays the t o t a l and 
average da i l y s a l e s . 
gparam t o t a l The t o t a l s a l e s . 
0param avg The average da i l y s a l e s . 

* / 

publ ic s t a t i c void displayResultsfdoubl* t o t a l , double avg) 

{ 
II Create a DecimalFormat ob jec t capable of format t ing 
/ / a d o l l a r amount. 
DecimalFormat d o l l a r - new DecimalFormat( " i , I I I . 00" ) ; 

/ / Di iplay the t o t a l and average s a l e s . 
JOptionPane.showHessageDialogfmjll, "The t o t a l s a l e s t o r " * 

" the per iod i s S" • d o l l a r . f o r m a t ( t o t a l ) • 
"\nThe average d a i l y s a l e s were $" * 
d o l l a r . f o r m a t ( a v g ) ) ; 

Instead of writ ing the eniire program in the main method, the algorithm was broken down 
into the following method*: 

• getFileNamc—I his method displays an input dialog box asking the user to enter the 
name of the file containing 10 days of sales amounts, I lie method returns a reference 
to a s t r i ng object containing the name entered by the user. 

• getTotalSales—Tim method accepts the name of a file as an argument. The file is 
opened, the sales amounts are read from it, and the total of the sales amounts is 
accumulated. The method returns the total as a double, 

• dlsplayResults—This method accepts as arguments the total sales and the average 
daily sales. It displays a message dialog box indicating these values. 

F igure 5 19 Interaction with the SaleeReport . Java program 
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Calling Methods That Throw Exceptions 
One last thing about the SitlesReport.JM'j program should be discussed. Notice that the main 
method header (in line 14) and the getTotals*les method header (in lines 6$ through 66) 
both have a throws IOException clause. The gctTotalSalcs method has the clause because 
it uses a Scanner object to open a file. As you know from Chapter 4, any method that uses 
a Scanner object to open a file should have a throws IOException clause in its header. Let's 
quickly review why this is so. 

When a Scanner object has a problem opening a file, it throws an exception known as 
IOException. Java requires that cither (a) the exception is handled in the method ihat caused 
it to occur, or (b) the method terminates and throws the exception again. For now you must 
write your methods to throw the exception again because you wi l l not learn how to handle 
exceptions until Chapter I I. By writ ing a throw* IOException clause in a method's header, 
you are telling the compiler that the method does not handle the exception. Instead, it 
throws the exception again. 

Iha t explains why the getTotalSalei method has the throws IOException clause, but it 
doesn't explain why the main method has one. Alter .ill, nam doesn't use a Scanner object to 
perform any file operations. The reason main has to have the clause is because main calls the 
getTotalSalea method. If the Scanner object in getTotalSalea throws an IOException, the 
getTotalSalea method terminates and throws the IOException again. That means thai main 
must either handle the exception, or terminate and throw it once again. When the main 
method throws the exception, the JVM displays an error message on the screen. 

< » ! 
T I P : Until you learn how to handle exceptions in ( hapter 11, just remember this u hen 
writ ing programs that throw exceptions: If a method calls another method that has a 
throw* clause in its header, then the calling method should have the same throws clause. 

j Common Errors t o Avoid 
• Putting a semicolon at the end of a method header. Method headers are never termi­

nated with a semicolon. 
• Writing modifiers or return types in a method call statement. Method modifiers and 

return types arc written in method headers, but never in method calls. 
• Forgetting to write the empty parentheses in a call to a method that accepts no argu­

ments. You must always write the parentheses in a method call statement, even if the 
method doesn't accept arguments. 

• Forgetting to pass arguments to methods that require them. II a method has parame­
ter variables, you must provide arguments when calling the method. 

• Passing an argument of a data type that cannot be automatically converted to the data 
type of the parameter variable. Java will automatically perform a widening conversion 
if the argument's data type is ranked lower than the parameter variable's data type, 
Kur Java wi l l not automatically convert an argument to a lower-ranking data type. 

• Attempting to access a parameter variable with code outside the method where the variable 
is declared. A parameter variable is visible only within the method it is declared in. 



Review Questions and Exercises 111 

Not writ ing (he data type of each parameter variable in a method header. Pach param­
eter variable declaration inside the parentheses of a method header must include the 
variable s data type. 

(hanging the contents of a method's parameter variable and expecting the argument 
that was passed into the parameter to change as well. Method arguments are passed 
by value, which means that a copy of the argument is passed into a parameter vari­
able. Changes to the parameter variable have no effect on the argument. 
Using a variable to receive a method's return value when the variables data type is 
incompatible with the data type of the return value. A variable that receives a meth­
od's return value must be of a data type that is compatible with the data type of the 
return value* 

Not writing a return statement in a value-returning method. If a method's return type 
is anything other than void, it should return a value. 

Not writ ing a required throws clause in a method that calls another method. Any 
method that calls a method with a t h r o w clause in us header must either handle the 
potential exception or have the same throws clause. You will learn how to handle 
exceptions in Chapter 11. 

Review Questions and Exercises 
Mult iple Choice and True/False 

1. 

2. 

3. 

4. 

I'lli* type of method Joes not return a 
a. nu l l 
b. void 
C. empty 
d. anonymous 

Mm appears at the beginning of a mc 
a. semicolon 
b. parentheses 
C. body 
d. header 

The bodv of a method is enclosed in 
a. curly braces ( > 
b. square brackets ( ) 

c. parentheses () 
d. quotation marks •• 

A method header can contain 
a. method modifiers 
b. the method return type 
c. the method name 
d. a list of parameter declarations 
e. all of these 
f. none of these 

value. 

[hod definition. 

^ 
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5< A value that is passed into a method when i t is called is known as a(n) ^ _ ^ _ 
a. parameter 

b. argument 
c. signal 
d. return value 

6. A variable that receives a value that is passed into a method is known as atn) 

7, 

s( 

a. parameter 
b. argument 
C. signal 
vl. return value 

This javadoc tag is used to document a parameter variable. 
a. 9 parameter 
b. gparam 
Ci Sparamvar 
d. targ 

Ihis statement causes a method to end and sends a value back to the statement that 
called the method. 

a. end 
b. send 
c. exit 
di return 

9. This javadoc tag is used to document a methods return value. 
a. liMthodreturn 
b. J ret 
Ci ^return 
d. Greturnval 

True or False: You terminate a method header with a semicolon. 

True or Fake: When passing an argument to a method* Java will automatically per­
form a widening conversion (convert the argument to a higher-ranking data type), if 
necessary. 

True or Fake: When pawing an argument to a method, Java will automatically per­
form a narrowing conversion (convert the argument to a lower-ranking data type), if 
necessary. 

True or Fake: A parameter variable's scope is the entire program that contains the 
method in which the parameter is declared. 

14. True or Fake: When code in a method changes the value of a parameter, it also 
changes the value of the argument that was passed into the parameter. 

15. True or False: When an object, such as a s t r i ng , is passed as an argument, it is actu­
ally a reference to the object that is passed. 

10. 

I I . 

12. 

U. 
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16. True or False: The contents of a s t r i ng object cannot be changed. 

17. True or False: When passing multiple arguments to a method, the order in which the 
arguments are passed is not important. 

18. True or False: No two methods in the same program can have a local variable with 

the same name. 

19. True or False: It i \ possible for one method to access a local variable that is declared 
in another method. 

20. True or False: You must have a return statement in a value-returning method. 

Find the Error 

1. Find the error in the following method definition: 

/ / This method he* en errorl 
public s ta t ic void sayHello()* 

System.out.printlnCHello"); 

> 

2. Look at the following method header: 

publ ic i t e t i c void showValue(int x) 

The following code has a call to the showValue method. Find the error. 

lnt x • 8; 
showValue(int x); / / Errorl 

3. Find the error in the following method definition: 

/ / Thie method hee en errorl 
public e te t ic doublo timcsTwo(double num) 

double result - num # 2 ; 

} 

4. Find the error in the following method definition: 

/ / This method has en errorl 
public s ta t ic int half(double num) 

i 
double result • num / 2.0; 
return result; 

> 

Algor i thm Workbench 

I . Examine the following method header, and then write an example call CO the method: 

public s ta t ic void doSomethingfint x) 
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2, I (crc is the code for the displayvalue method, shown earlier in this chapter: 

public s t a t i c void displayValuefint nun) 

< 

System.out.println("The value i s " • nu»); 

> 

For each of the following code segments indicate whether it will successfully compile 
or cause an error: 

a. displayValue(lOO); 
b. displayValue(6.0); 
C. short s • 5; 

displayValue(s); 
d. long num - l; 

displayValue(num); 
e. displayValue(6-2f); 
I. displayValueUint) 7 .5) | 

3, Look at the following method header: 

public s t a t i c void myMethod(int a, int b, int c) 

Now look at the following call io ayHethod: 

myHothod(3, 2f 1); 

When this call executes, what value will be stored in a? What value will be stored in b? 
What value will be stored in c? 

4, What will the following program display? 

public c lass ChangeParam 

i 
public s t a t i c void na in (S t r ing( | args) 

i n t x - 1; 
double y • 3.4; 
System.out.println(x • • • * y ) ; 

changeU*(x* y) ; 
System.out.println(x • • " • y) ; 

> 

public s t a t i c void changeUsfint a, double b) 

{ 

a - 0; 
b - 0.0; 
System.out.println(a • " • • b) ; 
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5. A program contains the following method definition: 

public s t a t i c int cube(int nun) 

{ 
return nun * nun * nun; 

) 

Write a statement that passes the value 4 to this method and assigns tts return value 

to a variable named resu l t . 

6. A program contains the following method: 

publ ic s t a t i c void d isp lay ( in t a r g l , double arg2, char arg3) 

< 

System.out.println("The values are " + argl * m
0
 m * 

arg2 * ' , and • + a r g i ) ; 

> 

Write I statement thai tails this method and passes the following variables as 
arguments: 

char i n i t i a l - " T ; 
int age - 25; 
double Income - 50000*00; 

7. Write a method named timesTen. The method should Accept a double argument, and 
return a double value that is ten times the value of the argument. 

8. Write a method named square thai accepts an integer argument and returns the square 

of that argument, 

9. Write a method named getName that prompts the user to enter his or her first name, 
and then returns the user's input. 

10. Write a method named quartersToDollars. The method should accept an i n t argu­
ment that is a number of quarters, and return the equivalent number of dollars as a 
double. For example, if you pass 4 as an argument, the method should return 1.0; and 
if you pass 7 as an argument, the method should return 1.75. 

Shor t Answer 

1. What is the "divide and conquer" approach to problem solving? 

2. What is the difference between a void method and a value-returning method? 

3. What is the difference between an argument and a parameter variable? 

4. Where do you declare a parameter variable? 

5. Explain what is meant by the phrase "pass by value." 

6. Why do local variables lose their values between calls to the method in which they are 

declared? 
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Programming Challenges 

-ib" Visit wtfw.myfirogrjmminglatf.eo9a to complete marry of these Programming Challenges 
online and get instant feedback. 

1 . shov/Ch.ir Me thod 

Write a method named showChar. The method should accept two argument*: a reference to 
a St r ing object and an integer. The integer argument is a character position within the 
Str ing, with the first character being at position 0. When the method executes, it should 
display the character at that character position. Here is an example of a call to the method: 

showCharfNew York-, 2); 

In this call, the method wi l l display the character w because it is in position 2. Demonstrate 

the method in a complete program. 

2. Retail Price Calculator 

Write a program that asks the user to enter an item's wholesale cost and its markup percent­

age. It should then display the item's retail price. l o r example: 

The Retail • If an item's wholesale cost is 5.00 and its markup percentage is 100 percent, then the 
Pnc« item's retail price is 10.00. 

p r o | j t m • If an i tem\ wholesale vnvt is 5.00 and its markup percentage is 50 percent, then the 
item's retail price is 7.50. 

The program should have a method named calculateRetai l [hat receives the wholesale 
cost and the markup percentage as arguments, and returns the retail price of the item, 

3. Rectangle Area—Complete the Program 

If yon have downloaded the book's source code from ww-w.pearsonhighered.com/gaddis, 
you wi l l find a partially written program named ArcaRectanglc. Java in this chapters 
source code folder. Your job is to complete the program. When it is complete, the program 
wil l ask the user to enter the width and length of a rectangle, and then display the rectan­
gle's area. The program calls the following methods, which have not been written: 

• getLength—This method should ask the user to enter the rectangle's length, and then 
return that value as a double* 

• getWidth—This method should ask the user to enter the rectangle's width, and then 
return that value as a double. 

• getArea—This method should accept the rectangle's length and width as arguments, and 
return the rectangle's area. The area is calculated by multiplying the length by the width. 

• diaplayData—This method should accept the rectangle's length, width, and area as 
arguments, and display them in an appropriate message on the screen. 

4. Paint Job Estimator 

A painting company has determined that for even* 115 square feet of wall space, one gallon 
of paint and eight hours of labor wi l l be required. The company charges $18.00 per hour 
for labor. Write a program that allows the user to enter the number of rooms to be painted 
and the price of the paint per gallon. It should also ask for the square feet of wall space in 
each room. The program should have methods that return the following data: 

• The number of gallons of paint required 
• The hours of labor required 

http://wtfw.myfirogrjmminglatf.eo9a
http://-w.pearsonhighered.com/gaddis
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• The cost of rhc paint 
• The labor charges 
• The total cost erf the paint job 

Then it should display the data on the screen. 

5. Falling Distance 

When an object is falling because of gravity, the following formula can be used to determine 
the distance the object falls in a specific time period: 

J-Kg? 

The variables in rhc formula arc as follows: </is the distance in meters,/; is 9.8, and / is rhc 
amount of time, in seconds, that the object has been falling. 

Write I method named fal l ingDiatancc that accepts an object's (ailing time (in seconds) as 
an argument. The method should return the distance, in meters, that the object has fallen 
during that time interval. Demonstrate the method b\ calling it in a loop that passes the 
values I through 10 as arguments, and displays the return value. 

6. Celsius Temperature Table 

The formula for converting a temperature from Fahrenheit to Celsius is 

C - -{ |F - 32) 

where / : is the Fahrenheit temperature and ( is the Celsius temperature. Write a method 
named c c l i i u i that accepts a Fahrenheit temperature as an argument. The method should 
return the temperature, converted to Celsius. Demonstrate the method by calling it in a 
loop that displays a table of the Fahrenheit temperatures 0 through 20 and their Celsius 
equivalents. 

7. Test Average and Grade 

Write a program that asks the user to enter five test scores. The program should display a 
letter grade for each score and the average test score. Write the following methods in rhc 
program: 

• calcAverage—This method should accept five test scores as arguments and return the 
average of the scores. 

• determineGrade—This method should accept a test score as an argument and return a 
letter grade for the score, based on the following grading scale: 

Score 

90-100 

80-89 

70-79 

60-69 

Below 60 

Letter Grade 

A 

B 

C 

D 

F 
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8. Conversion Program 

Write a program that asks the user to enter a distance in meters. The program will then pre­
sent the following menu of selections: 

1. Convert to kilometers 
2. Convert to inches 
3. Convert to feet 
4. Quit the program 

The program will convert the distance to kilometers, inches,or feet, depending on the users 
selection. Mere are the specific requirements: 

• Write a void method named showKilooeters, which accepts the number of meters as 
an argument* The method should display the argument converted to kilometers, (Jon-
vert the meters to kilometers using the following formula: 

k i lomete r* - meters # 0-001 

• Write a void method named showlnches, which accepts the number of meters as an 
argument. The method should display the argument converted to inches. Convert the 
meters to inches using the following formula: 

inches - meters * 39.37 

• Write a void method named showPeet, which accepts the number of meters .is an 
argument. The method should display the argument converted to feet. Convert the 
meters to feet using the following formula: 

fee t - meters * 3.281 

• Write a void method named menu that displays the menu of selections. I his method 
should not accept any arguments. 

• The program should continue to displa> the menu until the user enters 4 to quit the 
program. 

• The program should not accept negative numbers for the distance in meters. 
• If the user selects an invalid choice from the menu, the program should display an 

error message. 

I Icre is an example session with the program, using con«olc input. The user's input is shown 
in bold. 

Enter * distance in ne te r s : 500 [Enter] 
1. Convert to kilometers 
2. Convert to inches 
3. Convert to feet 
4. Quit the program 

Enter your choice: 1 [Enter] 
500 meters i s 0.5 kilometers. 

1. Convert to kilometers 
2. Convert to inches 
3. Convert to leet 
4. Quit the program 
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Enter your choice: 3 [Enter] 
500 meters i s 1640.S feet. 

1. Convert to kilometers 
2. Convert to inches 
3. Convert to feet 
4. Quit the program 

Enter your choice: 4 [Enter] 
Byel 

9 . Distance Traveled Modif icat ion 

The distance a vehicle travels can be calculated as follows: 

Diitanct • Speed * time 

Write a method named distance that accepts a vehicle's speed and rime as arguments, and 
returns the distance the vehicle has traveled. Modify the "Distance Traveled" program you 
wrote in Chapter 4 (Programming Challenge 2) to use the method. 

10. Stock Profit 

The profit from the sale of a stock can be calculated as follows: 

Profit - i(NS x SP) - SC) - HNS x PP) + PQ 

where NS is the number of shares, PP is the purchase price per share, PC is the purchase 
commission paid, SP is the sale price per share, and SC is the sale commission paid. If the 
calculation yields a positive value, then the sale of the stock resulted in a profit, II the cal­
culation yields a negative number, then the vile resulted in a loss, 

Write a method that accepts as arguments the number of shares, the purchase price per 
share, the purchase commission paid, the sale price per share, and the sale commission 
paid. The method should return the profit (or loss) from the sale of stock. Demonstrate the 
method in a program that asks the user to enter the necessary data and displays the amount 
of the profit or loss. 

1 1 . Mult iple Stock Sales 

Use the method that you wrote for Programming Challenge 10 (Stock Profit) in a program 
that calculates the total profit or loss from the sale of multiple stocks. The program should 
ask the user for the number of stock sales, and the necessary data for each stock sale. It 
should accumulate the profit or loss for each stock sale and then display the total. 

12. Kinetic Energy 

In physics, an object that is in motion is said to have kinetic energy. The following formula 
can be used to determine a moving object s kinetic energy: 

KE - xh mt? 

The variables in the formula are as follows: KE is the kinetic energy, m is the objects mass 
in kilograms, and v is the object's velocity, in meters per second. 
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Write .1 method ruined kineticEnergy that accepts an objects mass (in kilograms) and 
velocity (in meters per second) as arguments. The method should return the amount of 
kinetic energy that the object has. Demonstrate the method by calling it in a program that 
asks the user to enter values for mass and velocity, 

13. iftPrime Method 

A prime number is a number that is evenly divisible only by itself and I . For example, the 
number 5 is prime because it can be evenly divided only by I and 5. The number 6, however, 
is not prime because it can be divided evenly by I , 2, $, and 6. 

Write a method named isPrimc, which takes an integer as an argument and returns t r u t if 
the argument is a prime number, or false otherwise. Demonstrate the method in a complete 
program. 

& 
T I P : Recall that the \ operator divide* one number by another, and returns the remain­
der of the division. In an expression such as nuaU t nua2, the % operator wi l l return 0 if 
numl is evenly divisible by nu«2. 

14. Prime Number List 

Use the iaPrime method that von wrote in Programming Challenge I.J in a program that 
stores a list of all the prime numbers from 1 through 100 in a file. 

15. Even/Odd Counter 

You can use the following logic CO determine whether a number is even or odd: 

if ((number % 2) — 0) 

< 

/ / The number i s even. 

) 

else 
< 

II The number i s odd. 

> 

Write a program with a method named isEven that accepts an i n t argument. The method 
should return true if the argument is even, or false otherwise. The program's main method 
should use a loop to generate 100 random integers. It should use the isEven method to 
determine whether each random number is even, or odd. Vt'hcn the loop is finished, the 
program should display the number of even numbers that were generated, and the number 
of odd numbers. 

16. Present Value 

Suppose you want to deposit a certain amount of money into a savings account, and then 
leave it alone to draw interest for the next 10 vears. At the end of 10 vears, you would like 
to have $10,000 in the account. I low much do you need to deposit today to make that 
happen? You can use the following formula, which is known as the present value formula, 
to find out: 

F 
P = 

(1 + r)' 
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The terms in the formula arc as follows: 

• P is the present value, or the amount that you need to deposit today. 
• F is the future value that you want in the account, i l n this case, F is $10,000.) 

• r is the annual interest rate, 
• >t is the number of years that you plan to let the money sit in the account. 

Write a method named presentVtlue that performs this calculation. The method should 
accept the future value, annual interest rate, and number of years AS arguments. It should 
return the present value, which is the amount that you need GO deposit today. Demonstrate 
the method in a program that lets the user experiment with different values for the for­
mula's terms. 

17. Rock, Paper, Scissors Came 

Write a program that lets the user play the game of Rock, Paper, Scissors against the com­
puter. The program should work as follows. 

1. When the program begins, a random number in the range of I through 1 is generated. If 
the number is I , then the computer has chosen rock. If the number is 2, then the com­
puter has chosen paper. If the number is J, then the computer hat chosen scissors. (Don't 
display the computer's choice yet.) 

2. The user enters his or her choice of " rock" , "paper", or "scissors" at the keyboard. I You 
can use a menu i l >ou prefer.) 

3. The computer's choice is displayed. 
4. A winner is selected according to the following rules: 

• If one player chooses rock and the other player chooses scissors, then rock wins, (The 

rock smashes the scissors.) 

• If one player chooses scissors and the other player chooses paper, then scissors wins. 

(Scissors cuts paper.) 
• If one player chooses paper and the other player chooses rock, then paper wins. (Paper 

wraps rock.) 
• If both players make the same choice, the game must be played again to determine the 

winner. 

lie sure to divide the program into methods that perform each major task. 

18. ESP Game 

Write a program that tests your FSP (extrasensory- perception!. The program should ran­

domly select the name of a color from the following list of words: 

Red, Greetu Bfov, Oraqgv, Yellow 

To select a word, the program can generate a random number. For example, if the number 
is 0, the selected word is Rai; if the number is l t the selected word is lirccn; and so forth. 

Next, the program should ask the user to enter the color that the computer has selected. 
After the user has entered his or her guess, the program should display the name of the ran­
domly selected color. The program should repeat this 10 times and then display the number 
of times the user correctly guessed the selected color. Be sure to modularize the program 
into methods that perform each major task. 
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TOPICS 
6.1 Objects and Classes 
6.2 Writing J Simple Class, Step by Step 
6.3 Instance Fields and Methods 
6.4 Constructors 
6.5 Passing Objects as Arguments 
6.6 Overloading Methods and 

Constructors 
67 Scope of Instance Fields 

6.8 Packages and import Statements 
6.9 Focus on Object-Oriented Design: 

Finding the Classes and Their 
Responsibilities 
On the Web: Case Study— 
The Amor t i za t i on Class 

6.10 Common trrors to Avoid 

6*1 Objects and Classes 

CONCEPT: An object is a software component that exists in memory, and serves a 
specific purpose in a program. An object is created from a class that 
contains code describing the object. 

If you have ever driven a car, you know that a car consists of a lot of components. It haft a 
steering wheel, an accelerator pedal, a brake pedal, a gear shifter, a speedometer, and numer­
ous other devices that the driver interacts wi th. There are also a lot of components under 
the hood, such as the engine, the battery, the radiator, and so forth. So, a car is not just one 
single object, but rather a collection of objects that work together. 

This same notion applies to computer programming as well. Most programming languages 
in use today arc object-oriented. With an object-oriented language, such as Java, you create 
programs that air rn.uk* <>f <»l>n\rv In programming, however, .in objei I I M M a phvsual 
device, like a steering wheel or a brake pedal; it*s a software component that exists in the 
computer's memory and performs a specific task. In software, an object has two general 
capabilities: 

• An object can store data. The data stored in an object are commonly called fields. 
• An object can perform operations. The operations that an object can perform are 

tailed ntcthtijy. 
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Objects arc very important in Java. I Icre are some examples of objects that you have previ­
ously learned about: 

• If you need to read input from the keyboard, or from a file, you tan use a Scanner object. 

• If you need to generate random numbers, you can use a Random object. 
• If you need to write output to a file, you can use a Pr intWri ter object. 

When a program needs the services of a particular type of object, it creates that object in 
memory, and then calls that object's methods as necessary. 

Classes: Where Objects Come From 
Objects arc very useful, but they don't just magically appear in your program. Before a spe­
cific type of object can be used by a program, that object has to be created in memory. And, 
before an object can be created in memory, you must have a class for the object. 

A iLns is code that describes a particular type of object. It specifics the data that an object 
can hold (the objects fields), and the actions that an object can perform (the object's meth­
ods). You can think of a class as a code "blueprint" that can be used to create a particular 
type of object. It serves a purpose similar to that of the blueprint for a house. The blueprint 
itself is not a house, but rather a detailed description of a house. When we use the blueprint 
to build an actual house, we could say we arc building an instance of the house described by 
the blueprint. If we so desire, we can build several identical houses from the same blueprint. 
I .ul i house is a separate instance of the house described by the blueprint. I Ins idea is illus­
trated in Figure 6-1. 

Figure 6-1 A blueprint and houses built f rom the blueprint 

Btuep'ini thai describes a houM 

L. 

Instances ol the house described by the blueprint 

^inik y6nik / inik 

So, a class is not an object, but a description of .in object. When a program is running, it can 
use the class to create, in memory, as many objects of a specific type as needed. I:ach object 
chat is created from a class is called an insUncv of the class. 
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O NOTE: Up to this chapter, you have used classes for a different purpose: as containers 
for a program's methods. All of the Java programs that you have written so far have had 
a class containing a main method, and possibly other methods. In this chapter you will 
learn how to write classes from which objects can be created. 

Classes In the Java API 
So far, the objects that you have used in your programs arc created from classes in the Java 
API. Tor example, each time you create a Scanner object, you arc creating an instance of a 
class named Scanner, which is in the Java API. likewise, when you create a Random object, 
you arc creating an instance of a class named Random, which is in the Java API. Ihc same is 
true for PrintWriter objeus. When w>u need to write data to a file, you create an instance 
of the PrintWriter class, which is in the Java API. Look at OKIC listing 6-1, a program thai 
uses all of these types of objects. 

Code Listing 6-1 (ObjectDemo.Java) 

I 

a 
i 
< 

7 

import Java.uti i .Scanner; / / Needed for the Scanner c lass 
import Java.util.Random; / / Needed for the Random c las s 
import java . io .* ; / / Needed for f i l e I/O c lasses 

/ • 

This program writes random numbers to a f i l e . 
* / 

9 
10 
11 
i ; 
13 
M 
LS 
16 
17 
18 
L9 
20 
2] 
22 
23 
24 
25 
26 
27 
28 

public c lass ObJcctDcmo 

I 
public s t a t i c void main(String[ | args) throws IOException 

I 
int maxNumbers; / / Max number of randoa numbers 
int number; / / To hold a randoa number 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

/ / Create a Random object to generate randoa numbers. 
Random rand - new Randomf); 

/ / Create a PrintWriter object to open the f i l e . 
PrintWriter outputFile - new Printwri ter("nuabers . txt"»; 

/ / Get the number of random numbers to wr i te . 
System.out.print("How many randoa numbers should I write? 
maxNumbers - keyboard.nextlnt()> 

) ; 
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29 

30 

31 

(2 

33 

34 

35 

16 

37 

18 

19 

40 

41 

42 

•1J 

/ / Write the random numbers t o the f i l e . 
for ( int count - 0; count < maxNumbers; count**) 

< 

/ / Generate a random integer. 
number • rand .next ln t ( ) ; 

/ / Write the random integer t o the f i l e . 
outputFile.printIn(number); 

/ / Close the f i l e . 
ou tputFi le .c lose( ) ; 
System.out.printIn("Done"); 

) 

Program Output w i t h Example Input Shown In Bold 

How many random numbers should I write? 10 [Enter] 
Done 

In ,i nutshell, this program writes a specified number of random numbers to a file named 
numbers.txt. When the program runs, ic asks the user for the number of random num­
bers to write. It then writes clue many numbers to the file. To do its job, it creates three 
objects: 

• In line 17 it creates an instance of the Scanner claw, and assigns the object's address to 
a variable named keyboard. The object will be used to read keyboard input. 

• In line 20 it creates an instance of the Randoa class, and assigns the object's address to 
a variable named rand. The object will be used to generate random numbers. 

• In line 23 it creates an instance of the PrintWriter class, and assigns the object's 
address to a variable named outputFile. The object will be used to write output to the 
numbers.txt file. 

Figure 6-2 illustrates the three objects that the program creates. As the program runs, it uses 
these objects to accomplish certain tasks. For example: 

• In line 27 the Scanner object's nextlnt method is called to read the user's input (which 
is the number of random numbers to generate). The value that is returned from the 
method is assigned to the maxNumbers variable. 

• In line 13 the Random object's nextlnt method is called to get a random integer. The 
value that is returned from the method is assigned to the number variable. 

• In line 36 the PrintWriter object's p r in t ln method is called to write the value of the 
number variable to the file. 

• In line 40 the PrintWriter object's close method is called to close the file. 

This simple example demonstrates how most programs work. A program typically creates 
the various objects that it needs to complete its job. Fach object has a set of methods that 
can be called, causing the object to perform an operation. When the program needs an 
object to do something, it calls the appropriate method. 
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Figure 6-2 Objects created by the Ob j ec tDemo program 

keyboard 
variable 

Scarmei object 

rand 

outputFtte| 
variable 

{ R U : 0*>1«1 

Pi : : : tWritei Ob|t*Cl 

o NOTE: Thl import statements that appear in lines I through 1 of Code Listing 6-1 
make the Scanner, Random, and PrintMriter classes available to the program. You will 
learn more about how the Java API is organized, and why you need these import state­
ments later in this chapter 

Pr imi t ive Variables vs. Objects 
Chapter 2 introduced you to the Java primitive data types: byte, short , int, long, char, 
f loat, double, and boolean. By now you have seen many programs that use both primitive 
data types and objects. In fact, the program in Ctnlc I isting 6-1 uses two primitive variables 
imaxNumberi and number, both int variables), as well as a Scanner object, a Random object, 
and a PrintWriter object. 

You've probably noticed that the steps required to create an object differ from the steps 
required to create a primitive variable. For example, to create an int variable, you simply 
need a declaration such as the following: 

int wholeNumber; 

But, to create an object, you have to write l o n e extra code. For example, the following 
statement creates a Random object: 

Random rand • new Rand(); 

Primitive variables, such as in t s , doubles, and so forth, are simply storage locations in 
the computer's memory. A primitive data type is called "primitive" because a variable 
created with a primitive data type has no built-in capabilities other than storing a value. 
When you declare a primitive variable, the compiler sets aside, or allocates, a chunk of 
memory that is big enough for that variable. For example, look at the following variable 
declarations: 

int wholeNumber; 
double realNumber; 

Recall from Chapter 2 that an int uses 4 bytes of memory and a double uses 8 bytes of 
memory. These declaration statements will cause memory to be allocated as shown in 
Figure 6-3. 
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Figure 6-3 Memory allocated 

int wholeNumber. 

4 bytes 

8 bytes double t col Number; 

The memory that is allocated for a primitive variable is the actual location that wi l l hold 
any value that is assigned to that variable. For example, suppose that we use the following 
statements to assign values to the variables shown in Figure 6-3: 

wholeNumber • 99; 
realNumbcr - 123.45; 

Figure 6-4 shows how the assigned values are stored in each variable's memory location. 

Figure 6-4 Values assigned to the variables 
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wliolcHunbcr; 

99 

If- I M l l J : *ix>- ; 

123.45 

As you can sec from theve illustrations primitive variables are very straightforward. When 
you arc working with a primitive variable, you arc using a storage location that Imldv a 
piece of data. 

This is different from the way that objcits work. When you are working with an object, you 
are typically using two things: 

• The object itself* which must be created in memory 

• A reference variable that refers to the object 

The object that is created in memory holds data of some sort and performs operations of 
some sort. (Exactly what the data and operations are depends on what kind of object it is.) 
In order to work with the object in code, you need some way to refer to the object. That s 
where the reference variable comes in,The reference variable doesn't hold an actual piece of 
data that your program wil l work wi th. Instead, it holds the object s memory address. We 
say that the variable references the object, When you want to work with the object, you use 
the variable that references it. 

Reference variables, also known as class type variables, can be used only to reference 
objects. Figure 6-5 illustrates two objects that have been created in memory, each referenced 
by a variable. 
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Figure 6-5 Two objects referenced by variables 
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To understand how reference variables and objects work together, think about flying a kite. 
In order to fly a kite, you need a spool of string attached to it. When the kite is airborne, you 
use the spool of string to hold on to the kite and control it. This is similar to the relationship 
between an object and the variable that references the object. As shown in Figure 6-6, the 
object is like the kite, and the variable that references the object is like the spool of string, 

Figure 6-6 The kite and string metaphor 

OMMI 

Variable referencing 
theobiect 

Ocat ing an object typically requires the following two steps: 

1. You declare a reference variable. 
2. You create the object in memory, and assign its memory address to the reference variable. 

After you have performed these steps, you can use the reference variable to work with the 
object. Once again, here is the familiar example of how you create an object from the 
Random class: 

Random rand - new Random)); 

Let's look at the different parts of this statement: 

• The first part of the statement, appearing on the left side of the - operator, reads 
Random rand. This declares a variable named rand, which can be used to reference an 
object of the Random type. 

• The second part of the statement, appearing on the right side of the - operator, reads 
new Random*). The new operator creates an object in memory, and returns that object's 
memory address. So, the expression new Random) creates an object from the Random 
class, and returns that object's memory address. 
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• The • operator assigns the memory address that was returned from the new operator 
to the rand variable. 

After this statement executes, the rand variable wi l l reference a Random object, .is shown in 
Figure 6-7. The rand variable can then be used to perform operations with the object, such 
as generating random numbers. 

Figure 6-7 The rand variable references a Random object 
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6.1 What Joes an object use its fields for? 

What arc an object'*, methods? 

I low is a class like a blueprint? 

Yon have programs that create Scanner, Randoa, and Pr intWri ter objects. Where 
arc the Scanner, Random, and Pr intWri ter classes? 

What Joes the new operator do? 

What values do reference variables hold* 

I low is the relationship between an object and a reference variable similar to a kite 
and a spool of string? 

6.2 
6.3 
6.4 

6.3 
6.6 

6.7 

Writing a Simple Class, Step by Step 

CONCEPT: You can write your own classes to create the objects that you need in a 
program. We will go through the process of writ ing a class in a step-by-
stcp fashion. 

The Java AIM provides many prewritten classes, ready for use in your program*. Sometimes, 
however, you wi l l wish you had an object to perform a specific task, and no such class wi l l 
exist in the Java API. This is not a problem, because you can write your own classes with the 
specific fields and methods that you need for any situation. 

In this section we will write a class named Rectangle. Each object that is created from the 
Rectangle class will be able to hold data about a rectangle. Specifically, a Rectangle object 
wi l l have the following fields: 

• length. The length field wi l l hold the rectangle's length. 
• width. The width field wi l l hold the rectangle's width. 

The Rectangle class wi l l also have the following methods: 

• aetLength. The aetLength method wi l l store a value in an object's length field. 
• setwidth. The aetwidth method wi l l store a value in an object's width field. 
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• getLength. The getLength method wi l l return the value in an object's length field. 
• getwidth. The getwidth method wi l l return the value in an object's width field. 
• getArea. The getArea method will return the area of the rectangle, which is the result 

of an object's length multiplied by its width. 

When designing a class it is often helpful to draw a UML diagram. UML stands for Unified 
Modeling Language. It provides a set of standard diagrams for graphically depicting object-
oriented systems. Figure 6-8 shows the general layout of a UMI diagram for a class. Notice 
that the diagram is a box that is divided into three sections. The top section is where you 
write the name of the class. The middle section holds a list of the glass's fields. I lie bottom 
section holds a list of the class's methods. 

F igure 6-8 General layout of a UML diagram for a class 

Class name goes here 

Fitkto are llstod horo 

Methods are listed here 

Following this layout. Figure 6-9 shows a U M I . diagram for our Rectangle class. Throughout 
tins .Kink we frequently use U M I . diagrams to illustrate classes. 

F igure 6-9 UML diagram (or the Rectangle class 
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W r i t i n g t h e Code f o r a Class 

Now that we have identified the fields and methods that we want the Rectangle class to 
have, let's write the Java code. First, we use an editor to create a new file named RccLwgU: 
Java. In the Rectanglcjava file we wi l l start by writ ing a general class "skeleton" as follows: 

public c lass Rectangle 

< 

) 

The key word publ ic, which appears in the first line, is an access specifier. An access speci­
fier indicates how the class may be accessed. The publ ic access specifier indicates that the 
class wi l l be publicly available to code that is written outside the Rectangle.java file. Almost 
all of the classes that we write in this book are publ ic. 
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Following the access specifier is the key word class, followed by Rectangle, which is the 
name of the class. On the next line an opening brace appears, which is followed by a closing 
brace. The contents of the class, which arc the fields and methods, will be written inside 
these braces. The general format of a class definition is as follows: 

AcceasSpecifier class Name 

I 
Members 

> 

In general terms, the fields and methods that belong to a class arc referred to as the class's 
members. 

Writing the Code for the Class Fields 

let's continue writing our Rectangle class by filling in the code for some of its members. 
First we will write the code for the class's two fields, length and width. We will use variables 
of the double data type for the fields. The new lines of code arc shown in bold, as follows: 

public class Rectangle 

< 

private double length; 
private double width; 

> 

I hese two lines of code that wc have added declare the variables length and width. Notice 
that both declarations begin with the key word private-, preceding the data type. The key 
word private is an access specifier. It indicates that these variables may not Iv accessed by 
statements outside the class. 

By using the private access modifier, a class can hide its data from code outside the class. 
When a class's fields arc hidden from outside code, the data is protected from accidental 
corruption. It is a common practice to make all of a class's fields private and to provide 
access to those fields through methods only. In other words, a class usually has private 
fields, and public methods that access those fields. Table 6-1 summarizes the difference 
between the private and public access specifiers. 

Table 6-1 Summary ol (he pr iva te and publ ic access specifiers lor class members 

Access Specifier 

private 

public 

Description 

When the private access specifier is applied to a class member, the 
member cannot be accessed bv code outside the class. The member 
tan be accessed only by methods thai arc members of the same class. 

When the public access specifier is applied to a class member, the 
member can be accessed bv code inside the class or outside. 

Writ ing the sot Length Method 

Now wc will begin writing the class methods, Vtc will start with the KtLength method. 
This method will allow code outside the class to store a value in the length field. 
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Code I Mini; 6-2 shows the Rectangle class at this stage of its development. The setLength 
method is in lines 17 through 20. (This file is in the source code folder Chapter <i(*\ 
Rectangle Class Phase /.) 

Code Listing 6-2 (Rectangle . Java) 

l / * * 

Rectangle c lass , phase I 
Under construction! 

4 */ 
5 

public c lass Rectangle 

private double length; 
pr ivate double width; 9 

10 
11 
L2 

1 ) 
M 

19 
u, 
17 
18 
L9 
20 

21 > 

/ * * 

The setLength method stores a value in the 
length f ie ld . 
Iparam len The value to store in length. 

• / 

public void setLength(double len) 

< 

length - len; 

In lines 11 through 15, we write a block comment that gives a brief description of the 
method. It's important always to write comments that describe a class's methods so that in 
the future, anyone reading the code will understand it. The definition of the method appears 
in lines I 7 through 20.1 lere is the method header: 

public void setLength(double len) 

The method header looks very much like any other method header that you learned to write 
in Chapter 5. Let's look at the parts as follows: 

• public. The key word public is an access specifier. It indicates that the method may 
be called by statements outside the class. 

• void. This is the method's return type.The key word void indicates that the method 
returns no data to the statement that called it. 

• setLength. This is the name of the method. 
• (double len) . This is the declaration of a parameter variable of the double data type, 

named len. 

Figure 6-10 labels each part of the header for the setLength method. 
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Figure 6-10 Header for the s e t L e n g t h method 

Return Type 

Access Specifier Method Name 

publ ic void a«tLength(double len) 

Parameter Variable Declaration 

Notice that the word s t a t i c does not appear in the method header. When a method is 
designed to work on an instance of a class, it is referred to as an insUtuc method, and you 
do not write the word a ta t i c in the header. Because this method wi l l store a value in the 
length field of an instance of the Rectangle class, it is .in instance method. VC'c will discuss 
this in greater detail later. 

After the header, the body of the method appears inside a set of braces: 

< 

I 
length • Ion; 

The body of this method has only one statement, which assigns the value of Len to the 
length field. When the method executes, the len parameter variable wi l l hold the value of 
an argument that is passed to the method, that value is assigned to the length field. 

Before adding the other methods to the class, it might help if we demonstrate how the 
setLength method works. First, notice that the Rectangle class does not have a main method. 
This class is not a complete program, but is .1 blueprint that Rectangle objects may be cre­
ated from- Other programs will use the Rectangle class to create objects* The programs that 
create and use these objects wi l l have their own vain methods. Vtc can demonstrate the 
class's aetLength method by saving the current contents of the Rrt'Ungle.JMW file and then 
creating the program shown in (-ode l ist ing 6 -1 . 

Code L is t ing 6*3 (LengthDemo, Java) 

/ • • 

Thia program demonstrates the Rectangle c l a s s ' s 
setLength method. 

• / 

public c lass LengthDemo 

< 

public s t a t i c void main(String[] args) 

9 < 
/ / Create a Rectangle object and assign i t s 
/ / address to the box var iable . 



6.2 Writing a Simple Class, Step by Step 335 

12 
I) 
n 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 > 

Rectangle box • new Rectangle!); 

/ / Indicate what we are doing. 
System.out.println("Sending the value 10.0 " • 

"to the setLength Method."); 

/ / Call the box ob jec t ' s setLength Method. 
box.setLength(10.0); 

/ / Indicate we are done. 
System.out.printlnf"Done."); 

Program Output 
Sanding the value 10.0 to the aetLength Method. 
Done. 

The program in (.ode I.isting 6-3 must be saved as / vn^thth-mn.iava in ihc same folder or 
directory as the file Rectangle.Java. The following command can then be used with the Sun 
|l >K to compile the program: 

Javac LengthDeMo.Java 

When the compiler reads the source code for LengthDeMo. Java and sees that a i lass named 
Rectangle is being used, it looks in the current folder or director) for die hie Rc< Lottie. 
iLiss. That file docs not exist, however, because we have not yet compiled RecUtiglr.iMU. 
So, the compiler searches for the file Rectangle. Java and compiles it. This creates the file 
Ki'tl.in^li:iLiss, which makes the Rectangle class available. The compiler then finishes 
compiling LengthDemo. ]ava. The resulting LengthOemu.clatt file may be executed with the 
following command: 

Java LengthDeno 

The output of the program is shown at the bottom of Code lasting 6-3. 

Let's look at each statement in this program's Main method. First, the program uses the 

fo l lowing statement, in line 12, to create a Rectangle object and associate it w i th a 
variable: 

Rectangle box • new Rectangle{); 

Lets dissect the statement into two parts.The first part of the statement, 

Rectangle box 

declares a variable named box. The data type of the variable is Rectangle. (Because the 
word Rectangle is not the name of a primitive data type, Java assumes it to be the name of 
a class.) Recall that a variable of a class type is a reference variable, and it holds the memory 
address of an object. When a reference variable holds an object's memory address, it is said 
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that the variable references the object. So, the variable box wi l l be used to reference a 
Rectangle object. The second part of the statement is as follows: 

• new Rec t ang l e ) ) ; 

This part of the statement uses the key word new, which creates an object in memory. After 
the word new, the name of a class followed by a set of parentheses appears. This specifies the 
class that the object should be created from. In this case, an object of the Rectangle class is 
created. The memory address of the object is then assigned (by the = operator) to the vari­
able box. After the statement executes, the variable box will reference the object that was 
created in memory. This is illustrated in Figure 6-11. 

Figure 6-11 The box variable references a R e c t a n g l e class object 
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Notice that Figure 6-11 shows the Rectangle object's length and width fields set CO0* All of 
a class's numeric fields arc initialized to 0 by default. 

«s»! T I P : The parentheses in this statement are required. It would be an error to write the 
statement as follows; 

R e c t a n g l e box - new R e c t a n g l e ; / / ERR0R1I 

The statement in lines 15 and 16 uses the System.out.pr int ln method to display a mes­
sage on the screen. The next statement, in line I *>, calls the box object's setLength method 
as follows: 

box.eetLength( lO.O); 

This statement passes the argument 10.0 to the setLength method. When the method exe­
cutes, the value 10.0 is copied into the len parameter variable. The method assigns the value 
of len to the length field and then terminates. Figure 6-12 shows the state of the box object 
after the method executes. 

Figure 6-12 The stale of the box object after the s e t L e n g t h method executes 
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W r i t i n g t h e setwidth M e t h o d 

Now that we've seen how the setLength method works, let's add the setwidth method to 
the Rectangle class. The setwidth method is similar to setLength. It accepts an argument, 
which is assigned to the width field. Code Listing 6-4 shows the updated Rectangle class. 
The aetwidth method is in lines 28 through 31. iThis file is stored in the source code folder 
Chapter Oly\RetUn^e Class Phase 2.) 

Code List ing 6-4 ( R e c t a n g l e . j a v a ) 

l /#* 
Rectangle c l a s s , phase 2 
Under construction! 

•i • / 

5 
6 public c lass Rectangle 

I 
8 
9 

10 
11 
u 
1 i 
1-1 

LS 
LI 
17 
18 
19 
20 
2) 
22 
23 
24 
25 
26 
2? 
28 
29 
30 
II 
32 > 

private double length; 
pr ivate double width; 

/ » » 

The setLength method stores a value in the 
length f i e ld . 
Iparam len The value to store in length. 

* / 

public void setLength(double len) 

i 
length • len; 

/ . . 

The setwidth method stores a value in the 
width f ie ld . 
iparam w The value to s tore in width. 

* / 

public void setwidth(double w) 

< 

w i d t h • w; 
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The aetwidth method has a parameter variable named w, which is assigned to the width 
field. For example, assume that box references a Rectangle object and the following state­
ment is executed: 

box.aetWidthf20.0|; 

After this statement executes, the box object's width field will be set to 20.0. 

Writing the getLength and getwidth Methods 
Because the length and width fields are private, we wrote the aetLength and aetwidth 
methods to allow code outside the Rectangle class to store values in the fields. We must also 
write methods that allow code outside the class to get the values that arc stored in these 
fields. That's what the getLength and getwidth methods will do. The getLength method will 
return the value stored in the length field, and the getwidth method will return the value 
stored in the width field. 

I Icrc is the code for the getLength method: 

public double getLength. () 

return length; 
) 

Assume that eizo is a double variable and thai box references a Rectangle object, and ihc 
following statement is executed: 

• We * box.getLength) ); 

This statement assigns the value that is returned from ihe getLength method to the aiza 
variable. After this statement executes, the aWe variable will contain ihc same value as the 
box object's length field. 

The getwidth method is similar to getLength. The code for the method follows: 

public double gctwidthu 

I 
return width; 

) 

This method returns the value that is siored in the width field. For example, assume that 
aize is a double variable and that box references a Rectangle object, and the following 
statement is executed: 

aize - box.getwidth)); 

This statement assigns the value that is returned from the getwidth method to the aize vari­
able. After this statement executes, the aize variable will contain the same value as the box 
object's width field. 

C,'odc Listing 6-5 shows the Rectangle class with all of the members we have discussed so 
far. The code for the getLength and getwidth methods is shown in lines 33 through 5.3. 
(This file is siored in the source code folder Chapter 06\Ret~ tangle Class Phase .J.) 
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Code Listing 6-5 ( R e c t a n g l e . J a v a ) 

/ . . 

Rectangle c lass , phase 3 
Under construction! 

* / 

public c lass Rectangle 

i 
private double length; 
pr ivate double width; 

/ * * 

The setLength method s tores a value in the 
length f ie ld . 
Iparam len The value to s tore in length. 

* / 

public void setLengthfdouble lon| 

( 

length * len; 

) 

/ * * 

The setwidth method stores a value in the 
width f ie ld . 
Iparam w The value to s tore in width. 

* / 

public void ietWidth(double w) 

width • w; 

> 

/ . . 

The getLength method returns a Rectangle 
ob jec t ' s length. 
•?return The value in the length f i e ld . 

* / 

public double getLength() 

return length; 

I 

/ # # 

The getwidth method returns a Rectangle 
ob jec t ' s width-
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47 
48 
49 
50 
51 
52 
53 
54 ) 

Sreturn The value in the width field. 
• / 

public double getWidth() 

< 

return width; 

> 

llctorc continuing we should demonstrate how these methods work. Look at ihc program in 
Code Listing 6-6. (This file is also stored in the source code folder Chapter Ob\Reelanf>le 
Class Phase .?.) 

Code Listing 6-6 ( L e n g t h W i d t h D e m o . J a v a ) 

: / • • 

This program demonstrates the Rectangle c l a s s ' s 
setLength, setWidth, getLength, and getWidth Methods. 

4 • / 
3 
E public c lass LengthWidthDemo 

public s t a t i c void na in (S t r ing[ | args) 

< 

/ / Create a Rectangle object . 
Rectangle box - new Rectangle(); 

B 
9 

10 

n 
12 
13 
14 
15 
L6 
L7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 > 

/ / Call the ob j ec t ' s setLength method, passing 10.0 
/ / as an argument, 
box.setLength(10.0); 

/ / Call the ob j ec t ' s setWidth method, passing 20.0 
/ / as an argument. 
box.setWidth(20.0); 

/ / Display the ob j ec t ' s length and width. 
System.out.println("The box's length i s • • 

box.getLength(l); 
System.out.println("The box's width i s • + 

box.getWidth()); 

Program Output 

The box's length i s 10.0 
The box's width i s 20.0 
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Let's take a closer look at the program. In line 11 this program creates a Rectangle object, 
which is referenced by the box variable. Then the following statements execute in lines 15 
and 19: 

box.aetLength(10.0); 

box.aetWidth(20.0); 

After these statements execute, the box object's length field is set to 10.0 and its width field 
is set to 20.0. The state of the object is shown in Figure 6-13. 

Figure 6-13 State of the box object 
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Next, the following statement in lines 22 and 23 executes as follows: 

System.out.print In("The box's length i s " • 

box.getLengthf)); 

I Ins si.urmeni ..ills ihe box.getLSjngth) | method, wl iuh returns die value 10.0. I lu follow 

ing message is displayed on the screen: 

The box's length i s 10.0 

Then the following statement executes in lines 24 and 25: 

System.out.printlnfThe box's width i s • • 
box.getWidthO); 

This statement calls the box.getwidth() method, which returns the value 20.0.The follow­
ing message is displayed on the screen: 

The box's width i s 20.0 

Writing the getArea Method 

The last method we wi l l write for the Rectangle class is getArea. This method returns the 
area of a rectangle, which is its length multiplied by its width. Mere is the code for the 
getArea method: 

public double getArea() 

« 

return length • width; 

> 

This method returns the result of the mathematical expression length * width. For exam­
ple, assume that area is a double variable and that box references a Rectangle object, and 
the following code is executed: 

box.aetLength(10.0); 
box.setWidth(20.0); 
area - box.getArea(); 
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The last statement assigns the value that is returned from the getArea method to the area 
variable. After this statement executes, the area variable will contain the value 200-0. 

Code Listing 6-7 shows the Rectangle class with all of the members we have discussed so 
far. The getArea method appears in lines 61 through 64. (This file is stored in the source 
code fciMcr Chapter 06\Rectjngle Chss Phase 4.) 

Code Listing 6-7 ( R a c t a n g l * . J a v a ) 

/ • • 

Rectangle c lass , phase 4 
Under construction! 

• / 

public c l a n Rectangle 

< 

8 private double length; 
9 private double width; 
0 

/ « 

The aetLength method s tores a value in the 
length f i e ld . 
Jparam len The value to s tore in length. 

• / 

public void setLength(double len) 

< 

length - len; 

) 

/ • • 

The setWidth method s tores a value in the 
width f ie ld . 
fparam w The value to s tore in width. 

• / 

public void setWidth(double w) 
< 

width - w; 

> 

/ " 

The getLength method returns a Rectangle 
ob jec t ' s length. 
^return The value in the length f ie ld . 

• / 
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39 
40 

: ; 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
56 
59 
60 
61 
62 
63 
64 
65 

public double getLengthf) 

{ 
return length; 

i 

/ * * 

The getwidth method returns a Rectangle 
ob jec t ' s width. 
(return The value in the width f i e ld . 

* / 

public double getwidth() 

i 
return width; 

} 

/ * * 

The getArea method re turn! a Rectangle 
object*a area. 
( re turn The product of length t i m e width, 

• / 

public double getArea() 

i 
return length * width; 

The program in Code Listing 6-8 demonstrate* all the methods of the Rectangle class, 
including getArea. (This file is also stored in the source code folder Chapter Ob\Rcct*inj>lc 
('.lass Phase 4.) 

Code Listing 6-8 ( R e c t a n g l e D e m o . J a v a ) 

1 / * * 

Thia program demonstratea the Rectangle c lass 
setLength, setwidth, getLength, getwidth, and 

4 getArea methods. 
5 * / 
6 

public c lass RectangleDemo 

{ 
9 

10 

II 

12 
1) 

public s t a t i c void main(String[) args) 

< 

/ / Create a Rectangle object . 
Rectangle box - new Rectangle)); 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 

> 

) 

/ / Set length t o 10.0 and width t o 20 .0 . 
box.setLength( lO.O); 
box.aetwidth(20.0>; 

/ / Diaplay the l eng th . 
Sys tem.ou t .p r in t ln ("The box'a length i» " • 

box .ge tLength( ) ) ; 

/ / Diaplay the width . 
Sya tem.out .pr in t In("The box'a width i a " • 

box .ge tWidthU) ; 

/ / Diaplay the a r ea . 
Sya tem.out .pr in t In("The box'a area ia " • 

box.getArea<)) ; 

P r o g r a m O u t p u t 

The 
The 
Tho 

box ' i 
box ' i 
box ' i 

; l ength i a 10.0 
i width ia 20.0 
l area ia 200.0 

Accessor and Mutator Methods 
As mentioned earlier, it is a common practice to make all of a class'* fields private and to 
provide public methods tor accessing and changing those fields. This ensures that the object 
owning those fields is in control of all changes being made to them. A method that gets a 
value from a class's field but does not change it is known as an accessor method. A method 
that stores a value in a field or changes the value of a field in some other way is known as a 
mutator method. In the Rectangle class, the methods getLength and getwidth arc accessors, 
and the methods aetLength and aetwidth arc mutators. 

o N O T E : Mutator methods arc sometimes called "setters" and accessor methods arc 
sometimes called "getters.** 

The Importance of Data Hiding 
Data hiding is an important concept in object-oriented programming. An object hides its 
internal data from code that is outside the class that the object is an instance of. Only the 
class's methods may directly access and make changes to the object's internal data. You hide 
an object's internal data by making the class's fields pr iva te , and making the methods that 
access those fields publ ic. 

As a beginning student, you might be wondering why you would want to hide the data that 
is inside the classes you create. As you learn to program, you will be the user of your own 
classes, so it might seem that you are putting forth a great effort to hide data from yourself. 
If you write software in industry, however, the classes that you create wi l l be used as com­
ponents in large software systems, and programmers other than yourself wi l l be using your 
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classes. By hiding a class's data, and allowing it to be accessed only through rhc class's meth­
ods, you can better ensure that the class wi l l operate as you intended it to. 

Avoid ing Stale Data 
In the Rectangle class, the getLength and getwidth methods return the values stored in 
fields, but the getArea method returns the result of a calculation. You might be wondering 
why the area of the rectangle is not stored in a field, like the length and the width. The area 
is not stored r ,i held because u tould potertialk become stale. When the value ol an item is 
dependent on other data and that item is not updated when the other data is changed, it is 
said that the item has become stale. If the area of the rectangle were stored in a field, the 
value of the field would become incorrect as soon as either the length or width field changed. 

\ \ hen designing a class, you should take care not to store in a field calculated data that can 
potentially become stale. Instead, provide a method that returns the result of the calculation. 

Showing Access Specification in UML Diagrams 
In Ligurc 6-9 we presented a UML diagram for the Rectangle Jass. The diagram listed all 
of the members of the class but did not indicate which members were private and which 
were public. In a UML diagram, you have the option to place a - character before a member 
name to indicate that it is private, or a • character to indicate that it is public. Ligure 6-14 
shows the UML diagram modified to include this notation. 

Figure 6-14 UML diagram for the Rectangle class 

Roctanglo 

length 
width 

¥ setLengthO 
+ setWidth() 
* gotLongthf) 
+ getWidthO 
4 getAreaQ 

Data Type and Parameter Nota t ion in UML Diagrams 
The Unified Modeling Language also provides notation that you may use to indicate the 
data types of fields, methods, and parameter variables. To indicate the data type of a field, 
place a colon followed by the name of the data type after the name of the field. For example, 
the length field in the Rectangle class is a double. It could be listed in the UML- diagram 
as follows: 

- length : double 

The return type of a method can be listed in the same manner: After the method's name, 
place a colon followed by the return type. The Rectangle class's getLength method returns 
a double, so it could be listed in the U M L diagram as follows: 

> getLength{) : double 
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Parameter variables and their data types may be listed inside a method's parentheses. For 
example, the Rectangle class's setLength method has a double parameter named len, so it 
could he listed in the UML diagram as follows: 

+ aetLengthjlen : double) : void 

Figure 6-15 shows a UML diagram for the Rectangle class with parameter and data type 
notation. 

Figure 6-15 UML diagram for the Rectangle class with parameter and data type notation 

Rectangle 

- length: double 
width : doub e 

» sctLcngth(lcn : double) void 
+ setWidth(w * doubte) void 
+ gotLongth() double 
+ getWidthQ ! double 
+ getAreaf) double 

Layout of Class Members 
Notice that in the Rectangle class, the field variables are declared first and then rhc meth­
ods .ire dctincd* You Arc not required to write field declarations before the method defini­
tions. In fact, some programmers prefer to write the definitions tor the public methods first 
and write the declarations for the private fields last. Regardless of which style you use, you 
should be consistent. In this book we always write the field declarations lirst, followed by 
the method definitions. Figure 6*16 shows this layout. 

Figure 6-16 Typical layout of class members 

publ ic c l a s s ClassWjme 
i 

Field dec araiions 

< * 
Checkpoint 

MyProjrammirjLab* www.myprognmiminghb.com 

6.8 You hear someone make the following comment: "A blueprint is a design for a 
house. A carpenter can use the blueprint to build the house. If the carpenter wishes, 
he or she can builj several identical houses from the same blueprint." Think of this 

http://www.myprognmiminghb.com
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.i\ ,1 metaphor tor classes and object*.. Docs the blueprint represent a class, or docs 
it represent an object? 

6.9 In this chapter we used the metaphor of a kite attached to a spool of string to 
describe the relationship between an object and a reference variable. In this metaphor, 
docs the kite represent an object, or a reference variable? 

6.10 When a variable is said to reference an object, what is actually stored in the variable? 

6.11 A string literal, such as "Joe", causes what type of object to be created? 

6.12 Look at the UMI. diagram in Figure 6-17 and answer the following questions: 
a) What is the name of the class? 
b) What arc the fields? 
c) What arc the methods? 
d) What are the private members? 
e) What are the public members? 

6.13 Assume that limoisa variable that references an instance of the class shown in 
Figure 6-17. Write a statement that calls MtMak« and passes the argument "Cadillac". 

Figure 6-17 UML cliaqram 

Car 

maka 
VfiarModtJ 

*MtM*k*<) 
• MtYMrMod* 0 
* gaiMakeo 
• golYoarModa () 

6.14 What docs the key word new do? 

6.15 What is an accessor? What is a mutator? 

6.16 What is a stale data item? 

63 Instance Fields and Methods 

-i CONCEPT: Each instance of a class has its own set of fields, which arc known as 
instance fields. You can create several instances of a class and store 
different values in each instances fields.The methods thai operate on an 
instance of a class are known as instance methods. 

The program in Code Listing 6-8 creates one instance of the Rectangle class. It is possible 
to creare many instances of the same class, each with irs own data. For example, rhe 
RoomAreas. Java program in Code Listing 6*9 creates three instances of the Rectangle class, 
referenced by the variables kitchen, bedroom, and den. Figure 6*18 shows example interac­
tion with the program. (The file in Code Listing 6-9 is stored in the source code folder 
Chapter OoXReclangle Class Phase 4.) 
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Code Listing 6-9 < RoomAreas . j a v a ) 

import javax.swing.JOptionPane; l 

2 

i 

A 
5 
6 • / 

8 public c lass RoomAreas 
9 

10 

11 

12 

; I 

L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

12 
13 
34 

35 

36 

17 

)8 
IS 
40 
41 
42 
43 
44 
45 

This program crea tes three instances of the 
Rectangle c l a s s . 

< 

public s t a t i c void nain(Str ing[] args) 

< 

double number; / / To hold a nuaber 
double totalArea; / / The t o t a l area 
String input; / / To hold user input 

/ / Create three Rectangle objec ts . 
Rectangle kitchen - new Rectangle!); 
Rectangle bedroom • new RectangleO; 
Rectangle den • new Rectangle)); 

/ / Get and s tore the dimensions of the kitchen. 
input - JOptionPane.ahowInputDialog(-What i s the • • 

-k i tchen 's length?"); 
number - Double.p*rseDouble(input); 
kitchen.setLength(number); 
input • JOptionPane.showInputDialog(-What i s the • • 

•ki tchen 's width?-); 
number - Double.parseDouble(input); 
kitchen.setWidth(number); 

/ / Get and s tore the dimensions of the bedrooa. 
input • JOptionPane.showInputDialog("What i s the " • 

-bedroom's length?"); 
number • Double.parseDoublefinput); 
bedroom.setLength(number); 
input • JOptionPane.showInputDialog("What i s the - * 

-bedroom's width?-); 
number • Double.parseDoublefinput); 
bedroom.setWidth(number); 

/ / Get and s tore the dimensions of the den. 
input - JOptionPane.showInputDialog("What i s the - • 

-den's length?"); 
number - Double.parseDoublefinput); 
den.setLength(number); 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

input • JOptionPane.showInputDialog{"What i s the H + 
•den 's width?-); 

number - Double.parseDouble(input); 
den,setwidthfnumber); 

/ / Calculate the to t a l area of the rooms. 
totalArea • kitchen.getArea() + bedroom,gctArea() 

• d*n.getArea(); 

/ / Display the to t a l area of the rooms. 
JOptionFane.showMessageDialogfnull, "The to t a l area " + 

Hof the rooms i s - • totalArea); 

System.exit(0); 

Figure 6 18 Interaction with the RoomAreas. Java program 
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In lines 17, 18, and 19, the fo l lowing code creates three objects, each an instance of the 

Rectangle class: 

Rectangle kitchen • new Rectangle!); 
Rectangle bedroom • new Rectangle*); 
Rectangle den • new Rectangle!J; 

Figure 6-19 illustrates how the k i t c h e n , bedroom, and den variables reference the objects. 

F i g u r e 6 - 1 9 The k i t c h e n , b e d r o o m , and d e n variables reference R e c t a n g l e objects 

The k i t c h e n variable 
hold* the address of 
a Rectangle object. 

The bedroom variable 
holds the address ol 
a Rectangle object. 

The <|i n variahln 
ho ds the address of 
a Rectangle object 

address 

A Rec tang 

l a n g t h : 

w i d t h ; 

I r object 

0 0 

C O 

A R e c t a r . q l c object 

l e n g t h : 

w i d e n ; 

0 0 

A R a c t a n g l a object 

w i d t h -

0 0 

0 .0 

l i i ihc example session wi th the program, the user enters lO . inJ I'I as the length and width 

of the k i tchen, 15 and 12 as the length and w id th of the bedroom, and 20 and .10 as the 

length and wid th of the den. Figure 6-20 shows the states of the objects after these values 

arc stored in them. 

F i g u r e 6 - 2 0 States of the objects after data has been stored in them 

The k i t c h e n variable 
ho ds the address of 
a Rectangle object. 

address 

A Rectangle object 

length: 

width: 

: c . o 

. 4 . 0 

The bedroom variable 
holds the address ol 
a Rectangle object 

address 

A Rectangle Object 

length: 

width; 

1S.0 

12.0 

The den variable 
holds the address ot 
a Rectangle object. 

address 

ARectangl* object 

length:[20.o| 

width* | 30,0J 
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Notice from Figure 6-20 that each instance of the Rectangle class has its own length and 
width variables. For this reason, the variables arc known as instance variables, or instance 
fields. Every instance of a class has its own set of instance fields and can store its own values 
in those fields. 

The methods that operate on an instance of a class arc known as instance methods. All of 
the methods in the Rectangle class arc instance methods because they perform operations 
on specific instances of the class. For example, look at the following statement in line 25 of 
the RoomAreas.Java program; 

kitchen. MtLength (number); 

This statement calls the setLength method, which stores a value in the kitchen object's 
length field. Now look at the following statement in line 35: 

bedroom.tetLength(number); 

This statement also calls the setLength method, but this time it stores a value in the bedroom 
object's length field. Likewise, the following statement in line 45 calls the setLength method 
to store a value in the den object's length field: 

den.setLength(number); 

The setLength method stores a value in a specific instance of the Rectangle class. This is 
true of all of the methods that Ate members of the Rectangle class. 

o NOTE: As previously mentioned, instance methods Jo not have the key word s t a t i c 
ni their headers. 

Checkpoint 
MyPronr*mnMnicUb" www.ntylirogrjmmingljb.com 

6.17 Assume chat r l and r2 are variables (hat reference Rectangle objects, and the fol­
lowing statements are executed: 

r l .»etLength(5.0) ; 
r2.setLength(10.0); 
r l .aetWidth{20.0); 
r2.setWidth<15.0); 

Fill in the boxes in Figure 6-21 that represent each object's length and width fields. 

Figure 6-21 Fill in the boxes for each field 

r l 

A Rectangle object 

r2 

A Rectangle object 

l engthr 

wid th : 

http://www.ntylirogrjmmingljb.com
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i 6.4 Constructors 

CONCEPT: A constructor is a method that is automatically called when an object is 

created. 

Vi i t toNol* 

Initializing an 
Object with a 

Constructor 

A constructor is a method that is automatically called when an instance of a class is created. 
Constructors normally perform initialization or setup operations, such as storing initial 
values in instance fields. They arc called "constructors" because they help construct an 
object. 

A constructor method has the same name as the class. For example, Code Listing 6-10 
shows the first few lines of a new version of the Rectangle class. In this version or the class, 
a constructor has been added. (This file is stored in the source code folder Chapter f)6\ 
Rectangle Class Phase >.) 

Code Listing 6-10 ( R e c t a n g l e . j eve> 

I / • • 
Rectangle c l a n , phaae 5 

3 • / 
-; 

9 public c l a n Rectangle 

B { 
private double length; 
pr ivate double width; 

9 

11 

12 

14 

15 

L6 

18 

LS 

20 

/ • • 

Constructor 
Sparam len The length of the rectangle. 
9param w The width of the rectangle. 

• / 

public Rectangle(double len, double w) 

I 
length - len; 
width - w; 

> 

. . . The remainder of the class has nut changed, and is nut shown. 

This constructor accepts two arguments, which are passed into the len and w parameter 
variables. The parameter variables are then assigned to the length and width fields. 

Notice that the constructor's header doesn't specify a return type—not even void. This is 
because constructors arc not executed by explicit method calls and cannot return a value. 
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The method header for a constructor takes the following general format: 

AcccssSpecitier ClassNametParameters...) 

I Icrc is an example statement that declares the variable box, creates a Rectangle object, ,t\M\ 
passes the values 7.0 and M.O to the constructor. 

Rectangle box - new Rectangle(7.0, 14.0); 

After this statement executes, box will reference a Rectangle object whose length field is set 
to 7 and whose width field is set to 14. The program in Code Listing 6-11 demonstrates the 
Rectangle class constructor. (This file is also stored in the source code folder Chapter 0b\ 
Rectangle Class Phase S.) 

Code Listing 6-11 (Const ruc torDemo. jovo) 

1 

a 

•i 

s 

7 

I 
9 

10 
n 

/ • • 

This program demonstrates the Rectangle c lass ' s 
constructor. 

* / 

public class ConstruetorDemo 
i 

public s ta t ic void main(String(| args) 
< 

/ / Create a Rectangle object, passing 5.0 and 
/ / 15.0 as arguments to the constructor. 
Rectangle box - new Rectangle!5.0, 15.0); 

14 
15 
16 
I7 

18 
19 
20 
21 
22 
23 
24 
25 
26 

> 

> 

/ / Display the length. 
System.out.println("The box's length i s " + 

box.getLengthf)); 

/ / Display the width. 
System.out.println<"The box's width i s " • 

box.getNidthU); 

/ / Display the area. 
System.out.println("The box's area i s " • 

box.getAreaf)); 

Program Output 

The 
The 
The 

box's 
box's 
box's 

length i s 5.0 
width i s 15.0 
area i s 75.0 
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Showing Constructors in a UML Diagram 
There is more than one accepted way of showing a class's constructor in a UML diagram. 
In this book, we simply show a constructor just as any other method, except we list no 
return type. Figure 6-22 shows a UML diagram for the Rectangle class with the construc­
tor listed. 

Figure 6-22 UML diagram (or the Rectangle class showing the constructor 

Rectangle 

- length double 
width double 

* Rectangle(len : double, w : double) 
* sotLonglh(lon : douole) void 
»sotWidth(A double) void 
» gotLongth() : double 
I getWidthO double 
» gotArea(): doubo 

Unini t ia l ized Local Reference Variables 
The program in Code Listing 6-1 I initializes the box variable with the address of a Rectangle 
object. Reference variables can also be declared without being initialized, as m the follow­
ing statement: 

Rectangle box; 

Note that this statement docs not create a Rectangle object. It only declares a variable 
named box that can be used to reference a Rectangle object, because the box variable docs 
not yet hold an object's address, it is an uninitialized reference variable. 

After declaring the reference variable, the following statement can be used to assign it the 
address of an object. This statement creates a Rectangle object, passes the values 7.0 and 
14.0 to its constructor, and assigns the object's address to the box variable: 

box - new Rectangle(7.0, 14.0); 

Once this statement executes, the box variable wi l l reference a Rectangle object 

You need to be careful when using uninitialized reference variables. Recall from Chapter 5 
that local variables must be initialized or assigned a value before they can he used. This is 
also true for local reference variables. A local reference variable must reference an object 
before it can be used. Otherwise a compiler error wi l l occur. 

The Default Constructor 
When an object is created, its constructor is always called. But what if we do not write a 
constructor in the object's class? If you do not write a constructor in a class, Java automati­
cally provides one when the class is compiled. The constructor that Java provides is known 
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.is the default constructor. The default constructor doesn't accept arguments. It sets all of 
the object's numeric fields to 0 a n j boolean fields to fa lse. If the object has any fields that 
arc reference variables, the default constructor sets them to the special value n u l l , which 
means that they do not reference anything. 

The only time that Java provides a default constructor is when you do not write your 
own constructor for a class. For example, at the beginning of this chapter we developed 
the Rectangle class without wri t ing a constructor for it. When we compiled the class, the 
compiler generated a default constructor that set both the length and width fields to 0.0. 
Assume that the fol lowing code uses that version of the class to create a Rectangle 
object: 

/ /We wrote no constructor tor the Rectangle c l a s s . 
Rectangle r - new Rectangle!); / / Calls the default constructor 

When we created Rectangle objects using that version of the class, we did not pass any 
arguments to the default constructor because the default constructor doesn't accept argu­
ments. 

Later we added our own constructor to the class. The constructor that we added accepts 
arguments for the length and width fields. VC'hcn we compiled the class at that point, Java 
did not provide a default constructor. The constructor that we added became the only con­
structor that the class has. When we create Rectangle objects with that version of the class, 
we mint pass the length and width arguments to the constructor. Using that version of the 
class, the following statement would cause an error because we have not provided argu­
ments for the constructor: 

/ / Now we wrote our own constructor tor the Rectangle c l a s s . 
Rectangle box - new Rectangle!); / / Errorl Hust now pass arguments. 

Because we have added our own constructor, which requires two arguments, the class no 
longer has a default constructor. 

Writing Your Own No-Arg Constructor 
A constructor that does not accept arguments is known as a mhOTg i onstructur. The default 
constructor doesn't accept arguments, so it is considered a no-arg constructor. In addition, 
you can write your own no-arg constructor. For example, suppose we wrote the following 
constructor for the Rectangle class: 

public Rectangle!J 

< 

length - 1.0; 
width - 1.0; 

> 

If we were using this constructor in our Rectangle class, wc would not pass any arguments 
when creating a Rectangle object. The following code shows an example. After this code 
executes, the Rectangle object's length and width fields would both be set to 1.0. 

/ / Now we have wri t ten our own no-arg constructor. 
Rectangle r • new Rectangle!); / / Calls the no-arg constructor 
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<? 

The S t r i n g Class Constructor 
Earlier in this chapter (in Section 6.1) we discussed the difference between creating a primi­
tive variable and creating an object. You create primitive variables with simple declaration 
statements, and you create objects with the new operator There is one class, however, that 
can be instantiated without the new operator: the s t r i ng class. 

Because string operations arc so common, Java allows you to create Str ing objects in the 

same way that you create primitive variables. Here is an example: 

String name » "Joe Mahoney"; 

This statement creates a S t r i n g object in memory, initialized with the string literal 
"Joe Mahoney". The object is referenced by the name variable. If you wish, you can use the 
new operator to create a Str ing object, and initialize the object b> passing a string literal to 
the constructor, as shown here: 

String name • now string)"Joe Hahoney*); 

NOTE: Str ing objects arc a special case in Java. Because they are so commonly used, 
Java provides numerous shortcut operations with St r ing objects that are not possible 
with objects of other types. In addition to creating a Str ing object without using the new 
operator, you can use the - operator co assign values to St r ing objects, the + operator to 
concatenate strings, and so forth. Chapter 9 discusses several of the Str ing class methods. 

® In the Spotlight: 
Creating the Cel lPhone Class 

Wireless Solutions, Inc., is a business that sells cell phones and wireless service. You are a 
programmer in the company s information technology (IT) department, and your team is 
designing a program to manage all of the cell phones that are in inventory. You have been 
asked to design a class that represents a cell phone. The data that should be kept as fields in 
the class arc as follows: 

• The name of the phone's manufacturer wi l l be assigned to the manufact field, 
• The phone's model number will be assigned to the model field. 

• The phone s retail price will be assigned to the re ta i lP r i ce field. 

The class wi l l also have the following methods: 

• A COflttrUCtOr that accepts arguments for the manufacturer, model number, and retail 

price. 
• A setManufact method that accepts an argument for the manufacturer. This method 

wi l l allow us to change the value of the aanufact field after the object has been cre­
ated, if necessary. 

• A setModel method that accepts an argument for the model. This method wi l l allow 

us to change the value of the model field after the object has been created, if necessary. 
• A aetRetai lPrice method that accepts an argument for the retail price. H i l l method 

will allow us to change the value of the re ta i lP r i ce field after the object has been 
created, if necessary. 
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• A getManufact method that returns the phone's manufacturer. 
• A getModel method that returns the phone's model number. 
• A getReta i lPr ic t method that returns the phone's retail price. 

Figure 6-23 shows a UML diagram for the class. Code Listing 6-12 shows the claw definition. 

F igure 6-23 UML diagram for the CellPhone class 

CellPhone 

- manulact: Siring 
- model : Slnng 
- retailPrice: double 

• CellPhone(man : Slnng. mod 
pr ice: double); 

Stnng. 

• selManu'acl<man Siring) vo«d 
• selModtj)(mod : Slnng): v o d 
> selRetailPncefpnce double) 
• getManulacU) Slnng 
• gelModeM) Slnng 
* getRetailPriceO double 

VOKJ 

Code L i s t i ng 6-12 ( C a l l P h o n a . J a v a ) 

I 
2 
3 
4 
5 
6 
7 
I 
9 

LO 

n 
12 
13 
14 
15 
14 
17 
18 
19 
20 
21 
22 
23 
24 

/ . . 

The Cellphone c leat holds data about a c e l l phone. 

* / 

public c lass CellPhone 

{ 
/ / Fields 
private String manufact; 
pr ivate String model; 
pr ivate double r e t a i l P r i c e ; 

/ / Manufacturer 
/ / Model 

/ / Reta i l pr ice 

/ . . 

Constructor 
Sparam nan The phone's manufacturer. 
?param mod The phone's model number. 
?param price The phone's r e t a i l prict 

* / 

public CellPhone(String 

< 

manufact - man; 
model - mod; 
r e t a i lP r i ce • price; 

> 

man, String sod, double price) 
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The setManufact method se t s the phone's 
manufacturer nam. 
?param man The phone's manufacturer. 

• / 

public void setManufact(String nan) 

< 

manufact - man; 

> 

The setModel method se t s the phone's 
model number* 
3param mod The phone's model number. 

• / 

public void setMod(String mod) 

< 
model • mod; 

) 

/ « 

The setRetai lPr ice method se t s the phone's 
r e t a i l pr ice . 
tparam price The phone's r e t a i l pr ice . 

• / 

public void setRetailPricefdouble price) 

< 

r e t a i lP r i ce * pr ice; 

> 

getHanufact method 
^return The name of the phone's manufacturer, 

• / 

public String getHanufact() 

< 

return manufact; 

> 

/ • • 

getModel method 
^return The phone's model number. 

• / 
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74 public String getModel{) 
75 ( 
76 return model; 
77 J 
71 
79 /** 
SO gc t rc ta i lP r i cc method 
SI ^return The phone's r e t a i l p r i ce . 
82 */ 
83 
84 public double getRetai lPrice() 
85 < 
86 return r e t a i l P r i c e ; 
87 > 
88 } 

The CellPhone class will be used by several programs rhat your team is developing. To per­
form a simple rest of the class, von write the program shown in Code 1 isting 6-1 1. Tins is .i 
simple program that prompts the user for the phone's manufacturer, model number, and retail 
price. An instance of the c«UPhon« class is created and the data is assigned to its attributes. 

Code List ing 6-13 < C « l l P h o n « T « i t . j « v « ) 

L import Java.utl l .Scanner; 
2 
3 / • • 
4 This program runs a aimple teat 
5 of the CellPhone c laaa . 
6 */ 
7 
8 public claaa CellPhoneTeat 

9 < 
10 public s t a t i c void nain(Str ing[] arga) 

11 { 
12 String testMan; / / To hold a manufacturer 
13 String testMod; / / To hold a model number 
14 double t ea tP r i ce ; / / To hold a price 
15 
16 / / Create a Scanner object for keyboard input. 
17 Scanner keyboard • new Scanner(System.in); 
18 
19 / / Get the manufacturer name. 
20 System.out.printCEnter the manufacturer: " ) ; 
21 testMan - keyboard.nextLine(); 
22 
23 / / Get the model number. 
24 System.out.print("Enter the model number: " ) ; 
25 testMod - keyboard.nextLinef); 
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27 
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31 
32 
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34 
35 
36 
37 
38 
39 
40 
41 
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/ / Get the retai l price. 
System.out.print("Enter the reta i l price: ' ) ; 
testPrice • keyboard.nextDouble(); 

/ / Create an instance of the Cellphone c lass . 
/ / passing the data that was entered as arguaents 
/ / t o the constructor. 
CellPhone phone - new CellPhone(testMan, testHod, testPrice); 

/ / Get the data from the phone and display i t . 
System.out.println()j 
System.out.println("Here i s the data that you provided:"); 
System.out.printlnf"Manufacturer: • * phone.getManufact()); 
System.out.println("Model number: " * phone.getHodelf)); 
System.out.println("Retail price: " * phone.getRetailPrice()); 

) 

Program Output w i th Example Input Shown In Bold 

Enter 
Enter 
Enter 

Mere J 

the manufactureri Acme Electronic* [Enter] 
the model number: Ml000 [Enter) 
the retai l pricei 199.99 (Enter] 

is the data that you provided) 
Manufacturer) Acme Electronics 
Model number) M1000 
Retail pricei S199.99 

< # In the Spotlight: 
Simulating Dice with Objects 
Dice traditionally have six sides, representing the values 1 through 6. Some games, however, 
use specialized dice that have a different number of sides. For example, the fantasy role* 
playing game Dungeons And Drjgon$<& uses dice with four, six, eight, ten, twelve, and 
twenty sides. 

Suppose you are writ ing a program that needs to roll simulated dice with various numbers 
of suit's. A simple approach would be to write a Die class with a constructor that accepts the 
number of sides as an argument. The class would also have appropriate methods for rolling 
the die, and getting the die's value. Figure 6-24 shows the UMI- diagram for such a class, 
and Code Listing 6-14 shows the code. 
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Figure 6-24 UML diagram (or the Die class 

Dw 
S'dos . ml 

- value ml 

* Die(r»umSK*e»: int) 
• r o l l f ) : V O K ! 

• golSidesi): ml 
• gel Valued i ml 

Code Listing 6-14 ( D i e . J a v a ) 

import Java.utii.Random; 

/ . . 

The Die c i a i i simulates a six-sided die 
• / 

public claaa Die 

( 

private lnt aidea; 
pr ivate int value; 

/ / Number of aides 
/ / The d ie ' a value 

/ » * 

The conatructor performs an i n i t i a l 
r o l l of the d i e . 
tparam numSidea The number of aidea for th ia die 

* / 

public Diejint numSidea) 

< 

aidea - numSidea; 

r o l l f ) ; 

) 

/ * * 

The r o l l method simulates the ro l l ing of 
the d i e . 

* / 

public void r o l l ( ) 

{ 
/ / Create a Random object . 
Random rand • new Random(); 

/ / Get a random value for the die 
value - rand .nex t ln t ( i ide t ) + 1; 
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38 / • • 
39 getSides method 
40 Greturn The number of 
41 •/ 

43 public i n t getsidesf) 
44 { 
45 return s ides ; 
46 > 

48 / • • 
49 getValue method 
50 Jreturn The value of 
51 •/ 

53 public int getValue() 
54 < 
55 return value; 
56 > 

5? ) 

sides for 

the d i e . 

t h i s d ie . 

Let's take a closer look .it the code for the class: 

Lines '» and 10: I hese statements declare two in t fields. Ihc sides field wi l l hold ihe num­
ber of sides that the die has, and the value field wi l l hold the value of the 
die once it has been rolled. 

This is the constructor. Notice that the constructor has a parameter for the 
number of sides. The parameter is assigned to the sides field in line 20. 
Line 21 calls the r o l l method, which simulates the rolling of the die. 

This is tlic r o l l method, which simulates the rolling of the die. In line 32 a 
Random object is created, and it is referenced by the rand variable. Line 35 
uses the Random object to get a random number that is in the appropriate 
range for this particular die. For example, if the sides field is set to 6, the 
expression rand.next lnt(s ides) • 1 wi l l return a random integer in the 
range of I through 6. The random number is assigned to the value field. 

This is the getSides method, an accessor that returns the sides field. 

This is the getValue method, an accessor that returns the value field. 

Lines 18-22; 

Lines 2^-36: 

Lines 43-46; 

Lines 53-56: 

Ihc program in Code Listing 6-15 demonstrates the class. It creates two instances of the Die 
class; one with six sides, and the other with twelve sides. It then simulates five rolls of the dice. 

Code L is t ing 6-15 <DiceDe»o. Java) 

1 / • • 
2 This program simulates the ro l l ing of dice. 
3 •/ 
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4 
5 public c lass DiceDemo 

6 ( 
7 public s t a t i c void main(String[] args) 

• < 

9 final int DIE1_SIDES - 6; / / Number of sides for die 11 
10 f inal int DIE2_SIDES - 12; / / Number of sides for die 12 
11 f inal int MAX_R0LLS - 5; / / Number of t ines to ro l l 
12 
13 / / Create two instances of the Die c l a s s . 
14 Die diet - new Die(DIEi_SIDES); 
15 Die die2 - new Die(DIE2_SIDES); 
16 
17 / / Display the i n i t i a l s t a t e of the d ice . 
11 System.out.println("This simulates the ro l l ing of a " + 
19 DIEl_SIDES * " aided die and a " * 
20 DIE2SIDES * • aided d i e . " ) ; 
21 
22 Sys tem.out .pr ln t ln(" In i t ia l value of the d i c e : " ) ; 
23 System.out.println(dlel.getValue<) • " " • die2.getValue()); 
24 
25 / / Roll the dice five t imes. 
26 System.out.println("Rolling the die* " • MAX_ROLLS • " t imes ." ) ; 
27 
21 for ( in t 1 - 0) i < HAX_R0LLS; !•+> 
29 { 
30 / / Roll the d ice . 
31 d i e l . r o l K ) ; 
32 d i e 2 . r o l l ( ) ; 
33 
34 / / Display the values of the d ice . 
35 System.out.println|diel .getValue<) • " " • die2.getValue()) ; 
36 ) 
37 > 
38 ) 

P r o g r a m O u t p u t 

This simulates the rol l ing of a 6 sided die and a 12 sided d ie . 
I n i t i a l value of the d ice : 
2 7 
Rolling the dice 5 times. 
3 5 
5 2 
2 1 
4 I 
5 9 

363 
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I.ct's take a closer look at the program! 

lines 9-11: 

Lines 14-15: 

Lines 2$: 

Lines 28-16: 

These statements declare three constants. D IEI_SIDES is the number of 
sides for the first die (6), DIE2SIDES is the number of sides for the second 
die (l2(,andHWt_R0LLS is the number of times to roll the die (5). 

These statements create two instances of the Die class. Notice that 
DIEI_SIDES, which is 6, is passed to the constructor in line 14, and 
DIE2_SIDES, which is 12, is passed to the constructor in line 15. Asa result, 
d ie l will reference a Die object with six sides,and dic2 will reference a Die 
object with twelve sides. 

Tins statement displays the initial value of both Die objects. (Recall that 
the Die class constructor performs an initial roll of the die.) 

This for loop iterates five times. Fach time the loop iterates, line JI calls 
the d i e l object's r o l l method, and line M calls the die2 object's r o l l 
method. Tine 35 displays the value of both dice. 

< * 
Checkpoint 

MyPiuKran.fiumt.jb" U'U'U'.mytmigramminghh.aim 

6.18 I low is a constructor named? 

6. IV What is a constructor's return type? 

6.20 Assume that the following is a constructor, which appears in a class: 

C l«sAct ( in t number) 

< 

item - number; 

> 

a) What is the name of the class that this constructor appears in? 
b) Write a statement that create* an object from the class and passes the value 25 

as an argument to the constructor. 

Passing Objects as Arguments 

CONCEPT: \\ hen an object is passed as an argument to a method, the object's 
address is passed into the method's parameter variable. \s a result, the 
parameter references the object. 

When you arc developing applications that work with objects, you will often need to write 
methods that accept objects as arguments. For example, suppose that a program is using the 
Die class that was previously shown in Code Listing 6-14. The following code shows a 
ii*i-i In KI named showDieSides that accepts a Die object as an argument: 

void showDieSides(Die d) 

System.out.printIn("This die has 
- s i d e s . ' ) ; 

• d .qets ides() • 
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The following code sample shows how we might create a Die object, and then pass it as an 
argument to the showDieSides method: 

Die myDie • new Die(6); 
showDieS idea{nyDie) 

When you pass an object as an argument, the thing that is passed into the parameter vari­
able is the object's memory address. As a result, the parameter variable references the object, 
and the method has access to the object. 

The program shown in ('ode Listing 6-16 gives a complete demonstration. It creates two 
Die objects: one with six sides, and the other with twenty sides. It passes each object to a 
method named ro l lDie that displays the die's sides, rolls the die, and displays the die's 
value. 

Code Listing 6-16 (DieArgumen t . j»va> 

I 
2 
) 

•l 

5 
6 

7 
I 
9 

10 

11 
12 

13 
M 
15 
16 
17 
18 

19 
20 
2] 
22 
23 
24 
25 
26 
27 
28 
29 
30 
JI 
32 

• • 

This program rol la a 6-aided die and 
a 20-aided d ie . 

* / 

public cLaaa DieArgument 

< 

public a t a t i c void main(String[] args) 

i 
f inal int SIX_SIDES - 6; 
f inal int TWENTY_SIDES - 20) 

/ / Create a 6-aided d i e . 
Die aixDie - new Die(SlX_siDES); 

/ / Create a 20-aided d i e . 
Die twentyDie - new Die|T*ENTY_SIDES); 

/ / Roll the d ice . 
rollDie(aixDie); 
rollDie(twentyDie); 

/ " 

This method simulates a die r o l l , displaying 
the d i e ' s number of sides and value. 
?param d The Die object to r o l l . 

* / 

public s t a t i c void rollDiefDie d) 

/ / Display the number of s ides . 
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33 

3* 

35 

36 
37 

38 

39 

40 

41 > 
42 > 

P r o g r a m 

Rolling a 

The d i e ' s 
Roiling a 

The d i e ' s 

System.out.println("Roll ing s " + d.getSides() + 

• sided d i e . - ) ; 

/ / Roll the d i e . 

d . r o l l O j 

/ / Display the d i e ' s value. 

System.out.printlnf"The d i e ' s valuei • * d .getValuef ) ) ; 

Output 

6 sided d i e . 
value: 3 

20 sided d i e . 
values 19 

® In the Spotlight: 
Simulating the Came of Cho-Han 
Cho-I tan is a traditional Japanese gambling game in which a dealer uses a cup to roll two 
six-sided dice. The cup is placed upside down on a table so that the value of the dice is con­
cealed. Players then wager on whether the sum of the dice values is even (Cho) or odd 
(I Ian).The winner or winners take all of the wagers, or the house takes them if there are no 
winners. 

We will develop a program that simulates a simplified variation of the game. The simulated 
game will have A dealer and two player*. The players wi l l not wager money, but will simply 
guess whether the sum of the dice values is even (Cho) or odd (Hani. One point wi l l be 
awarded to the player, or players, correctly guessing the outcome. The game wil l play for 
five rounds, and the player with the most points is the grand winner. 

In the program, we wi l l use the Die class that was introduced in Code lasting 6-14. We will 
create two instances of the class to represent two six-sided dice. In addition to the Die class, 
we will write the following classes: 

• Dealer class: We wi l l create an instance of this class to represent the dealer. It will have 
the ability to roll the dice, report the value of the dtce, and report whether the total 
dice value is Cho or Man. 

• Player class: We wi l l create two instances of this class to represent the players. 
Instances of the Player class can store the player's name, make a guess between Cho 
and I Ian, and be awarded points. 

First, Id's look at the Dealer class. Figure 6-25 slums a UML diagram for the class, and 
Code Listing 6-17 shows the code. 
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Figure 6-25 UML diagram tor the Dealer class 

Dealer 

-rite IValue: ml 
- rjie2Value: ml 

4 Dealofl) 
* roliOtceO: void 
• getChoOfHanO 
.getDtelVaiueO: 
. getDkt2Vaiue(): 

: String 
ml 
ml 

Code List ing 6-17 ( D e a l e r . ] ava ) 

/ # # 

Dealer c l a n for the game of Cho-Han 
* / 

public c lass Dealer 
{ 

private int dielValue; / / The value of die I I 
pr ivate int die2Value; / / The value of die 12 

/ . . 

Constructor 
• / 

public Dealer() 

( 

dielValue - 0; 
die2Value - 0; 

/ . . 

The rollDice method r o l l s the dice and saves 
thei r values. 

* / 

public void rollDicef) 

I 
f inal int SIDES • 6; / / Number of sides for the dice 

/ / Create the two d ice . (This a lso r o l l s the*.) 
Die diel - new Die(SIDES); 
Die die2 - new Die(SIDES); 

/ / Record thei r values. 
dielValue - d ie l .getValue() ; 
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80 

die2Value - die2.getValue(>; 

• • 

The getChoOrHan method returns the r e su l t of 
the dice r o l l , Cho or Han. 
^return Either "Cho (even)" or "Ran (odd)" 

• / 

public String getChoOrHan() 
{ 

String r e su l t ; / / T o hold the r e su l t 

/ / Get the sum of the dice* 
i n t sum - dielValue # die2Value; 

/ / Determine even or odd. 
if (sum t 2 - - 0) 

r e su l t - "Cho (even)"; 

t l M 
result - "Han (odd)"; 

/ / Return the result , 
return r e su l t ; 

/ • • 

The getDielValue method returns the value of 
die I I . 
^return The dielValue f ie ld 

public int getDielValue)) 

< 

return dielValue; 

t t 

The getDie2Value method returns the value of 
die 12. 
^return The di«2Valu« field 

public i n t g«tDic2Value() 

< 

return die2Value; 
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I r e s take a closer look at the code for the Dealer class: 

• Lines 7 and 8 declare the fields d i e i v a l u e and die2Value. These fields wi l l ho ld the 

value of the two dice after they have been rol led. 

• The constructor, in lines 14 through 18, initializes the d i e i v a l u e and die2Value fields 
t o O . 

• The r o l l D i c e method, in lines 25 through 36, simulates the rol l ing of the dice. Lines 

30 and 31 create two Die objects. Recall that the Die class constructor performs an 

in i t ia l ro l l o f the die, so there is no need to call the Die objects' r o l l method. Lines 34 

and }S save the value of the dice in the d i e i v a l u e and die2Value fields. 

• The getChoOrHan method, in lines 44 through 5% returns a string indicat ing whether 

the sum of the dice is Cho (even) or Han (odd). 

• The getDle lVa lue method, in lines 67 through 70, returns the value of the first die 

(stored in the d i e i v a l u e field). 

• The gotDie2Valuo method, in lines 78 through 8 1 , returns the value of the second die 

(stored in the die2Value field). 

N o w let's look at the Player class. Figure 6*26 shows a U M L diagram for the class, and 

Code Listing 6-18 shows the code. 

F i g u r e 6 - 2 6 UML diagram for the P l a y e r class 

Plnvi 
- name: String 
- guew: String 
- pomti Inl 

4 Player (player Name String) 
I makeGueuO vo*d 
• addPo*nVs(newPo«nlt: int): vox) 
+ golNameO I String 
I getGueuO : Stnng 
* ge!Po*nl5()' int 

C o d e L i s t i n g 6 - 1 8 ( P l a y e r * J a v a ) 

1 import Java.ut i l .Random; 

2 

3 / * * 
4 Flayer c lass for the game of Cho-Han 
5 */ 
6 

7 pub l i c c lass Flayer 

8 { 
9 private String name; 

10 private String guess; 
11 private int poin ts ; 
12 
13 /** 
14 Constructor 

/ / The p layer ' s M 
II The p layer ' s guess 
/ / The p layer ' s points 
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Sparam playerName The p layer ' s name-

public Player(String playerName) 

{ 

name • playerName; 
guess • " j 
points - 0; 

> 

The makeGuess method causes the player t o guess 
e i the r "Cho (even)- or -Han (odd)*. 

• / 

public void makeGuess() 

II Create a Random object . 
Random rand • new Random)); 

/ / Get a random number, e i the r 0 or 1. 
int guessNumber - rand.next lnt (2) ; 

/ / Convert the random number t o a guess of 
/ / e i the r -Cho (even)- or "Han (odd)*. 
if (guessNumber « 0) 

guess - "Cho (even)"; 
e l se 

guess - -Han (odd)-; 

> 

The addPoints method adds a specified number of 
points to the p layer ' s current balance. 
JnewPointa The points to add. 

public void addPoints(int newPoints) 

< 

points *• newPoints; 

> 

/ • • 

The getName method returns the p layer ' s name. 
Sreturn The value of the name field* 
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public String getNaroe() 

I 
return name; 

/ # # 

The getGuess method returns the player ' s guess 
»?return The value of the guess f i e ld . 

* / 

public String getGuess() 

return guess; 

/ * * 

The getPoints method returns the p layer ' s points 
t re turn The value of the points f i e ld . 

* / 

public int getPoints!) 
{ 

return points; 

} 

I lerc's a summary of the code for the Player d t t t l 

• Lines 9 through 11 declare the fields name, guess, and points. These fields will hold 
the player s name, the player 's guess, and the number of points the player has earned. 

• The constructor, in lines 18 through 23, accepts an argument for the player's name, 
which is assigned to the nam field. The guess field is assigned an empty string, and the 
points field is set to 0. 

• The makeGuess method, in lines 30 through 44, causes the player to make a guess. The 
method generates a random number that is either a 0 or a I. The if statement that 
begins at line 41) assigns the string "Cho (even)" to the guess field if the random num­
ber is 0, or it assigns the string Ml Ian (odd)" to the guess field if the random number 
is I. 

• The addPoints method, in lines 52 through 55, adds the number of points specified by 
the argument to the player's point field. 

• The getName method, in lines 62 through 65, returns the player's name. 
• rhc getGuess method, in lines 72 through 75, returns the player's guess* 
• The getPoints method, in lines 82 through 85, returns the player's points. 

Code lasting 6-19 shows the program that uses these classes to simulate the game. The main 
method simulates five rounds of the game, displaying the results of each round, and then 
displays the overall game results. 
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Code Listing 6-19 (ChoHan. J a v a ) 

import JAVA.util .Scanner; 

public c lass ChoHan 

< 

public s t a t i c void oain(Str ing[) args) 

< 

f ina l i n t HAX_R0UNDS • 5; / / Nuaber of rounds 
String playerlName; / / F i r s t p layer ' s nanc 
String player2Name; / / Second p layer ' s name 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new ScennerjSystem.in); 

/ / Get the players ' names. 
System.out.print)"Enter the f i r s t p layer ' s name: " ) ; 
playerlName - keyboard.nextLinef); 
System.out.print)-Enter the second p layer ' s name: " ) ; 

playerlName - keyboard. nextLineO; 

/ / Create the dealer . 
Dealer dealer * new Dealer)); 

/ / Create the two players. 
Player playerl - new Player(playerlNamt)i 
Player player2 - new Player(player2Name); 

/ / Play the rounds. 
for ( int round - 0; round < HAXJtOUNDS; round**) 

< 

System.out .pr in t ing - - - - - - - - - - - - - - - - - - - - - - - • ) ; 
System.out.printf("Now playing round l d . \ n " , round • 1); 

/ / Roll the d ice , 
dea le r . ro l IDice( ) ; 

/ / The players make the i r guesses, 
playerl.makeGuessf); 
player2.makeGuess(); 

II Determine the winner of t h i s round* 
roundResults(dealer, player: , player2); 

> 

/ / Display the grand winner. 
displayGrandWinner(playerl, player2); 
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/ * * 

The roundResults method determines the r e su l t s of 
the current round* 
Gparam dealer The Dealer object 
4param playerl Player II object 
4param player2 Player 12 object 

» / 

public s t a t i c void roundResults{Dealer dealer . Player p layer l . 
Player player2) 

i 
II Show the dice values. 
System.out.print!("The dealer rol led td and %d.\n", 

dealer.getDielValue()# dealer.getDie2Value()); 
System.out .print!(-Result : %s\n", dealer . getChoOrHanu); 

/ / Check each p layer ' s guess and award points . 
checkGueesfplayer1, dea le r ) ; 
checkGuess(player2, dealer ) j 

/ * * 

The checkGuess method checks a p layer ' s guess against 
the dea le r ' s r e s u l t . 
tparam player The Player object to check. 
iparam dealer The Dealer object . 

* / 

public s t a t i c void checkGuess(Player player. Dealer dealer) 

< 

! ina l int POINTS_TO_ADD - l j / / Points to award winner 
String guess - player.getGuessj); / / P layer ' s guei 
String choHanResult - dealer.getChoOrHanj); / / Cho or Han 

/ / Display the p layer ' s guess-
System, out .print!("The player I s guessed %s.\n*# 

player.getName(), player.getGuessj)) ; 

/ / Award points i ! the player guessed cor rec t ly , 
i ! (guess.equalsIgnoreCase(choRanResult)) 

\ 

player. addPointa(POINTSjro_ADD); 
System.out.print!("Awarding td point(s) to %s.\n", 

POINTS_TO_ADD, player.getNamef)); 
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95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 > 

/ . . 

The displayGrandWinner method displays the gane's grand winner. 
Pparam playerl Player II 
Sparam player2 Player 12 

• / 

public s t a t i c void displayGrandwinner(Player p layer l . Player player2) 

< 

System, out . p r i n t i n g • ) ; 
System.out.println("Game over. Here are the r e s u l t s : " ) ; 
System.out.printf("»s: Id po in ts . \n" , playerl .getNane() , 

p laye r l .ge tPo in t s ( ) ) ; 
System, out . p r i n t t f t s i %d points . \n", player2.getNane(), 

p layer2.getPoints() ) ; 

if (p layer l .getPoints( ) > player2.getPoints()) 
System.out.println(playerl.getNaste() • " i s the grand winner!"); 

e l se if (player2.getPoints() > player l .getPointsf ) ) 
System.out.println(player2.getNaae<) • • i s the grand winner!"); 

e l se 
System.out.println("Both players are t i e d ! " ) ; 

Program Output with Example Input Shown In Bold 

Enter the f i r s t p layer ' s name: Chelsea(Enter] 
Enter the second p layer ' s name: Chris (Inter! 

Now playing round 1. 
The dealer rol led 3 and 6. 
Result) Han (odd) 
The player Chelsea guessed Han (odd). 
Awarding 1 point(s) to Chelsea. 
The player Chris guessed Han (odd). 
Awarding 1 point(s) to Chris . 

Now playing round 2. 
The dealer rol led 4 and 5. 
Result: Han (odd) 
The player Chelsea guessed Cho (even) 
The player Chris guessed Cho (even). 

Now playing round 3. 
The dealer rol led 5 and 6. 
Result: Han (odd) 
The player Chelsea guessed Cho (even) 
The player Chris guessed Han (odd). 
Awarding 1 point(s) to Chris . 
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Now playing round 4* 
The dealer rolled 1 and 6. 
Result: Han (odd) 
The player 
The player 

Chelsea guessed Cho 
Chris guessed Cho (i 

Now playing round 5-
The dealer rol led 6 and 6. 
Result: Cho (even) 
The player 
The player 
Awarding 1 

Game over. 
Chelsea: 1 

Chelsea guessed Han 

(even). 
tven). 

(Odd) . 

Chris guessed Cho (even). 
point(s) to Chris . 

Here are the result) 
points . 

Chris: 3 points . 
Chris i s the grand winnerl 

i : 

I ci's look .u the code. I lere is a summary of ihe nain method: 

• l ines 7 through 9 make the fol lowing declarations: HAXROUNDS—the number of 
rounds to play, playerINane—to hold the name of player # 1 , and player2Name—to 
hold the name of player #2. 

• l ines I 5 through 18 prompt the user to enter the players' names. 
• Line 21 create** an instance of the Dealer class. The object represents the dealer, and is 

referenced by the dealor variable. 
• Line 24 creates an instance of the Player class. The object represents player # I , and is 

referenced by the p layer l variable. Notice that playerlName is passed as an argument 
to the constructor. 

• l ine 25 creates another instance of the Player class. The object represents player #2, 
and is referenced by the player2 variable. Notice that player2Nane is passed as an 
argument to the constructor. 

• The fo r loop that begins in line 28 iterates five times, causing the simulation of five 
rounds of the game. The loop performs the following actions: 
• Line 34 causes the dealer to roll the dice. 
• Line 37 causes player •* I to make a guess (Cho or Han). 
• Line 38 causes player #2 to make a guess (Cho or Han). 
• Line 41 passes the dealer, p l a y e r l , and player2 objects to the roundResults 

mcthoJ. The method displays the results of this round. 
• Line 45 passes the playerl and player2 objects to the diaplayGrandWinner method, 

which displays the grand winner of the game. 

The roundResulta method, which displays the results of a round, appears in lines 56 through 
67. Here is a summary of the method: 

• The method accepts references to the dealer , p l a y e r l , and player2 objects as 
arguments. 

• The statement in lines 60 and 61 displays the value of the two dice. 
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• line 62 calls the dea le r object's getChoOrflan method to display the results, Cho 
or I Ian. 

• Line 65 calls the checkGueas method, passing the player 1 and dealer objects as argu­
ments. The checkGueas method compares a player's guess to the dealer's result (Cho or 
I Ian), and awards points to the player, if the guess is correct. 

• Line 66 calls the cheekGuess method, passing the player2 and dealer objects as 
arguments. 

The checkGueaa method, which compares a players guess to the dealer's result, awarding 
points to the player for a correct guess, appears in lines 76 through 93.1 lere is a summary 
of the method: 

• The method accepts references to a Flayer object and the Dealer object as arguments. 
• Line 78 declares the constant P0INTS_TO_AOD, set to the value I, which is the number 

of points to add to the player's balance if the player's guess is correct. 
• Line 7K> assigns the player's guess to ihc String object gueee. 
• Line 80 assigns the dealer's results (Cho or Han) to the String object choHanReault. 
• The statement in lines 83 and 84 displays the player's name and guess. 
• The if statement in line 87 compares the player's guess to the dealer's result. If they 

match, then the player guessed correctly, and line Hl» awards points to the player. 

The dlsplayGrandWinner method, which displays the grand winner of the game, appears in 
lines 101 through 116. Here is a summary of the method: 

• The method accepts references to the player: and player? objects. 
• The statements in lines 105 through 108 display both players' names and points. 
• I h e if-olso-if statement that begins in line 110 determines which of the two players 

has the highest score, and displays that player's name as the grand winner. If both 
players have the same score, a tie is declared. 

i 6.6 Overloading Methods and Constructors 

CONCEPT: Two or more methods in a class may have the same name as long as their 
parameter lists are different. This also applies to constructors. 

Method overloading is an important part of object-oriented programming. When a method 
is overloaded^ it means that multiple methods in the same class have the same name, but use 
different types ot parameters. Method overloading is important because sometimes you 
need several different ways to perform the same operation. For example, suppose a class has 
the following two methods: 

public int add(int numl, int nua2) 

i 
int sum - nual + nu»2; 
return sum; 
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public String add(String » t r l . String s t r2 ) 

String combined • » t r l + »t r2; 
return combined; 

> 

Both of these methods arc named add. They both take two arguments, which arc added 
together. The first one accepts two i n t arguments and returns then sum. The second accepts 
two s t r i ng references and returns a reference to a s t r i ng that is a concatenation of the two 
arguments. When we write a call to the add method, the compiler must determine which one 
of the overloaded methods we intended to call. 

The process of matching a method call with the correct method is known as binding. When 
an overloaded method is being called, Java uses the method's name and parameter list to 
determine which method to bind the call to. If two i n t arguments arc passed to the add 
method, the version of the method with two i n t parameters is called. likewise, when two 
String arguments arc passed to add, the version with two s t r ing parameters is called. 

Java uses a method's signature to distinguish it from other methods of the same name. A 
method's signature consists of the method's name and the data types of the method's param­
eters, in the order that they appear. For example, here are the signatures of the add methods 
that were previously shown: 

add(int , in t ) 
add(String ( String) 

Note that the method's return type is not part of the signature. For this reason, the follow­
ing add method cannot be added to the same class with the previous ones: 

public int addfString f t r l . Str ing s t r2 ) 

< 

int sum - I n t e g e r . p a r s t l n t ( s t r l ) • In tege r .p«rse ln t ( i t r2 ) ; 

return ium; 

> 

Hccausc the return type is not part of the signature, this method's signature is the same as 
that of the other add method that takes two s t r i ng arguments. For this reason, an error 
message will be issued when a class containing all of these methods is compiled. 

Constructors can also be overloaded, which means that a class can have more than 
one constructor. The rules for overloading constructors are the same for overloading 
other methods: Each version of the constructor must have a different parameter list. As 
long as each constructor has a unique signature, the compiler can tell them apart, l o r 
example, the Rectangle class that we discussed earlier could have the fol lowing two 
constructors: 

public Rectangle^) 

< 
length • 0 .0; 
width - 0 .0; 

> 
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public Rectangle(double len, double w) 
I 

length - l en ; 

width » w; 

> 

The first constructor shown here accepts no arguments, and assigns 0.0 to the length and 
width fields. The second constructor accepts two arguments, which are assigned to the 
length and width fields. The following code shows an example of how each constructor is 
called: 

Rectangle boxl • new Rectangle)); 
Rectangle box2 • new Rectangle)5.0, 10.0); 

The first statement creates a Rectangle object, referenced by the boxl variable, and executes 
the no-arg constructor. Its length and width fields will be set to 0.0. The second statement 
creates another Rectangle object, referenced by the box2 variable* and executes the second 
constructor. Its length and width fields will be set to 5.0 and 10.0, respectively. 

Recall that Java provides a default constructor only when you do not write any construc­
tors for a class. If a class has a constructor that accepts arguments, but it docs not have a 
no-arg constructor, you cannot create an instance of the class without passing arguments to 
the constructor. Therefore, any time you write a constructor for a class, and that construc­
tor accepts arguments, you should also write a no-arg constructor if you want to be able to 
create instances of the class without passing arguments to the constructor. 

The BankAccount Class 
Now we will look at the BankAccount class. Objects that are created from this class will 
simulate bank accounts, allowing us to have a starting balance, make deposits, make with­
drawals, and get the current balance. A UML diagram for the BankAccount class is shown in 
Figure 6-27. In the figure, the overloaded constructors and overloaded methods are pointed 
out. Note that the extra annotation is not part of the UMI diagram. It is there to draw 
intention to the items that arc overloaded. 

Figure 6-27 UML diagram for the BankAccount class 
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+ withdraw(str: String): void 
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• setBalance(str. String): void 
4 gelBa ance(): double 
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As you can sec from rhc diagram, rhc class has three overloaded constructors. Also, the class 
has two overloaded methods named deposi t , two overloaded methods named withdraw, 
and two overloaded methods named sctBalancc. The last method, getBalancc, is not over­
loaded. OK!C Listing 6-20 shows the code for the class. 

Code List ing 6-20 (BankAccount - J a v a ) 

/ * * 

The BankAccount c lass simulates a bank account. 
* / 

public c lass BankAccount 

private double balance; / / Account balance 

/ * * 

This constructor sets the s t a r t ing balance 
a t 0 .0 . 

• / 

public BankAccount() 

< 

balance • 0 .0; 

I 

/ * * 

This constructor se t s the s ta r t ing balance 
to the value passed as an argu*ent. 
Cparam startBalance The s t a r t i n g balance. 

* / 

public BankAccount(double startBalance) 

< 

balance - s tar tBalance; 

} 

/ * * 

This constructor se t s the s t a r t i n g balance 
t o the value in the String argument. 
?param s t r The s t a r t ing balance, as a String, 

' / 

public BankAccountfString s t r ) 

< 

balance • Double-parseDouble(str); 

0 
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/ • • 

The deposit method makes a deposit in to 
the account. 
iparam amount The amount to add t o the 

balance f ie ld . 
• / 

public void deposit(double amount) 
1 

balance • - amount; 

> 

/ f t 

The deposit method makes a deposit in to 
the account. 
Sparam s t r The amount to add t o the 

balance f ie ld , as a Str ing. 

• / 

public void d«posit(String s t r ) 

< 

balance *• Double.parseDouble(str); 

/ • • 

The withdraw method withdraws an amount 
from the account. 
flparam amount The amount to subtract from 

the balance f i e ld . 
• / 

public void withdraw(double amount) 

{ 
balance - - amount; 

) 

/ • • 

The withdraw method withdraws an amount 
from the account. 
?param s t r The amount to subtract from 

the balance f ie ld , as a String, 
• / 

public void withdraw!String * t r ) 

< 

balance - - Double.parseDouble(str); 



6.6 Overloading Methods and Constructors 381 

8 9 

90 

91 

92 
9) 

'.•I 

95 
96 
97 

98 

99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

/ * * 

The setBalance method sets the account balance. 
Sparam b The value t o s tore in the balance f ie ld 

* / 

public void setBalance(double b) 

{ 

balance • b ; 

/ * * 

The aetBalance method te ta the account balance, 
Jparam atr The value, aa a St r ing , to s tore in 

the balance f i e ld . 
* / 

public void aetBalance(String a t r ) 

{ 
balance • Double.paraeDouble(atr); 

/ * * 

The getBalance method returns the 
account balance. 
• return The value in the balance f ie ld . 

* / 

public double getBalance)) 

return balance; 

The class has one field, balance, which is a double. This field holds an account's current 
balance* I Icrc is a summary of the class's overloaded constructors: 

• The first constructor is a no-arg constructor. It sets the balance field to 0.0. If we 
wish to execute this constructor when we create an instance of the class, we limply 
pass no constructor argument!. I Icrc is If] example: 

BankAccount account - new BankAccount(); 

* The second constructor has a double parameter variable, s ta r tBalance , which is 
assigned to the balance field. If we wish to execute this constructor when we create an 
instance of the class, we pass a double value as a constructor argument. Merc is an 
example: 

BankAccount account • new BankAccount(1000.0); 



;iK2 Chapter 6 A First Look at Classes 

• The third constructor has a St r ing parameter variable, s t r . It is assumed that the 
Str ing contains a string representation of the account's balance. The method uses the 
Double.parseDouble method to convert the string to a double, and then assigns it to 
the balance field- If we wish to execute this constructor when we create an instance of 
the class, we pass a reference to a s t r i n g as a constructor argument. Here is an 
example: 

BankAccount account - new BankAccount( * 1000-0"); 

This constructor is provided as a convenience. If the class is used in a program that 
reads the account balance from • dialog box, or from a text file, the amount does not 
have to be converted from a string before it is passed to the constructor. 

I Icre is a summary or che overloaded deposit methods: 

• The first deposit method has a parameter, amount, which is a double. When the 
method is called, an amount that is to be deposited into the account is passed into this 
parameter. The value of the parameter is then added to value in the balance field. 

• The second deposit method has a parameter, s t r , which is a reference to a Str ing, It 
is assumed thai the s t r iag conwins .1 string representation oi die unouiM :<> be depot 
iced. The method uses the Double.parseDouble method to convert the string to a 
double, and then adds it to the balance field. l;or example, if we call the method and 
pass "500.0" as the argument, it wi l l add 500.0 to the balance field. As with the over­
loaded constructors, this method is provided as a convenience for programs that read 
the amount to be deposited from a dialog box or a text file. 

I lere is a summary of che overloaded withdraw methods; 

• Ihc first withdraw method has a parameter, amount, which is a double. When the 
method is called, an amount that is to be withdrawn from the account is passed into 
this parameter. The value of the parameter is then subtracted from the value in the 
balance field. 

• The second withdraw method has a parameter, s t r , which is a reference to a Str ing. It 
is assumed that the Str ing contains ,1 string representation of the amount to be with* 
drawn. This amount is converted to a double, and then subtracted from the balance 
field. As with the overloaded constructors and deposit methods, this method is pro* 
vided as a convenience. 

I Icre is a summary of the overloaded setBalance methods: 

• Ihc first setBalance method accepts a double argument, which is assigned to the 

balance field. 
• The second setBalance method accepts a S t r ing reference as an argument. It is 

assumed that the Str ing contains a string representation of the account's balance. Ihc 
Str ing is converted to a double and then assigned to the balance field. As with many 
of the other overloaded methods, this method is provided as a convenience. 

The remaining method is getBalance. It returns the value in the balance field, which is the 
current account balance. The AccountTest. Java program, shown in Code I-isting 6*21, 
demonstrates the BankAccount class. Its output is shown in Figure 6-28. 



6.6 Overloading Methods and Constructors 383 

Code Listing 6-21 (AccountTes t .Java ) 

import javax.swing.JOptionPanc; / / For the JOptionPanc c lass 
import Java.text.DecimalFormat; / / For the DecimalFormat clai 

/ ' 

This program demonstrates the BankAccount c lass 
* / 

public c lass AccountTest 

{ 

public s t a t i c void main(String[) args) 

{ 

String input; / / To hold user input 

/ / Create a DecimalFormat object for displaying dol lars 
DecimalFormat dol lar - new DecimalFormat)»#,III.00"); 

/ / Get the s t a r t ing balance. 
input - JOptionPane.showInputDialogfWhat i s your " * 

"account's starting balance?**); 

/ / Create a BankAccount object . 
BankAccount account - new BankAccount(input); 

/ / Get the amount of pay. 
input - JOptionPanc.showInputDialogpHow much were " + 

-you paid t h i s month? **); 

/ / Deposit the u se r ' s pay into the account, 
account .deposi t( input) ; 

/ / Display the new balance. 
JOptionPane.showMessageDialogfnull, 

"Your pay has been deposited. \n" + 
"Your current balance i s $ " + 
dollar.format<account.getBalance( ) ) ) ; 

/ / Withdraw some cash from the account. 
input • JOptionPanc.showInputDialogfltov much would " * 

"you l ike to withdraw? " ) ; 
account.withdraw!input); 

/ / Display the new balance 
JOptionPane.showMessageDialogfnull, 

"Now your balance i s $" * 
dollar .format(account.getBalance())); 
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46 
System.exit(O); 

48 > 

49 > 

Figure 6-28 Interaction with the AccountTcst program 
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Overloaded Methods Make Classes More Useful 
You might be wondering why all those overloaded methods appear in the BankAccount 
claw, especially because many of them weren't used by the demonstration program in Code 
Listing 6-21. After all, wouldn't it be simpler it the Jass had only the methods wc were 
going to use? 

An object's purpose is to provide a specific service. The service provided by the BankAccount 
class is that it simulates a bank account. Any program that needs a simulated bank accouui 
can simply create a BankAccount object and then use us methods to put the simulation into 
action. BcCSUM the BankAccount class has numerous overloaded methods, it is much more 
flexible than it would be if it provided onl\ one wa> to perform every operation. By provid­
ing overloaded constructors, deposit methods, withdraw methods, and sctBalanca meth­
ods, we made the BankAccount class useful to programs other than our simple demonstration 
program. This is an important consideration to keep in mind when you design classes of 
your own. 

Scope o f Instance Fields 

CONCEPT: Instance fields are visible to all of the class's instance methods. 

Recall from Chapter 2 that a variable s scope is the part of a program where the variable 
may be accessed by its name. A variable's name is visible only to statements inside the vari­
able's scope. The location of a variable's declaration determines the variable's scope. 
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In this chapter you have seen variables vice la re J as instance fields in a class. An instance field 
can be accessed by any instance method in the same class as the field. If an instance field is 
declared with the public access specifier, it can also be accessed by code outside the class. 

* 

Shadowing 
In Chapter 2 you saw that you cannot have two local variables with the same name in the 
same scope. This applies to parameter variables as well. A parameter variable is, in essence, 
a local variable. So, you cannot give a parameter variable and a local variable in the same 
method the same name. 

However, you can have a local variable or a parameter variable with the same name as 
a field. When you do, the name of the local or parameter variable shadows the name of the 
field. This means that the field name is hidden by the name of the local or parameter variable. 

For example* assume that the Rectangle class's setLength method had been written in the 
following manner; 

public void setLength(double len) 

< 

int length; // Local variable 
length - l tn ; 

> 

In this code a local variable is given the same name as a field. Therefore, the local variable's 
name shadows the field's name. When the statement length - lenj is executed, the value of 
ien is assigned to the local variable length, noi :<> the held. I he unintentional shadowing ol 
field names can cause elusive bugs, so you need to be careful not to give local variables the 
same names as fields* 

Checkpoint 

M)rProj[r4iTinmijLUb* u'unt'.mypragrjmminjtUb.i 

6.21 Is it required that overloaded methods have different return values, different 
parameter lists, or both? 

6.22 What is a method's signature? 

6.23 Look at the following class: 

public c lass Checkpoint 

< 

public void message!int x) 

Sys tem.out .pr in t fThis i s the f i r s t version " ) ; 
System.out.println("of the method."); 

> 

public void message(String x) 

< 

System.out.print)"This i s the second version " ) ; 
System.out-pr int lnfof the method.*); 

> 

I 
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What wi l l the following code display? 

Checkpoint cp - new Checkpoint.( ) ; 
c p . m e s s a g e C l " J ; 
cp .message ( l ) ; 

6.24 I low many default constructors may a class have? 

6.8 Packages and impor t Statements 

CONCEPT: The classes in the Java AIM arc organized into packages. An import 
statement tells the compiler which package a class is located in. 

In Chapter 2 you were introduced to the Java API, which is a standard library of prewritten 
classes. Fach class in the Java AIM is designed for a specific purpose, and you can use 
the classes in your own programs. You've already used a few classes from the AIM, such as 
the Str ing class, the Scanner class, the JOptionPane class, the DecimalPormat class, and the 
Random class. 

All of the classes in the Java AIM arc organized into packages. A pM'kjgv is simply a group 
of related classes. Fach package also has a name. For example, the Scanner class is in the 
Java.ur.lL package. 

Many of the classes in the Java AIM arc not automatically available to your program. Quite 
often, you have to import an AIM class in order to use it. You use the import key word GO 
import a class. For example, the following statement is required to import the Scanner class: 

import Java.uti l .Scanner; 

This statement tells the compiler that the Scanner class is located in the j a v a . u t i l package. 
Without this statement, the compiler wi l l not be able to locate the Scanner class, and the 
program will not compile. 

Explicit and Wildcard import Statements 
Then arc two types of import statements: explicit and wildcard. An explicit import state* 
merit identifies the package location of a single class. For example, the following statement 
explicitly identifies the location of the Scanner class: 

import J a v a . u t i l . S c a n n e r ; 

The Java .u t i l package contains several other classes as well as the Scanner class. For 
example, the Random class is also part of the Java.ut i l package. If a program needs to use 
the Scanner class and the Random class, it wi l l have to import both of these classes. One way 
to do this is to write explicit import statements for each class, as follows: 

import J a v a . u t i l . S c a n n e r ; 
import Java.ut i l .Random; 

http://Java.ur.lL
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Another way to import both of these classes is to use a wildcard import statement. A wild­
card import statement tells the compiler to import all of the classes in a package. I lere is an 
example: 

import j a v a . u t i l . * ; 

The . * that follows the package name tells the compiler to import all the classes that are 
part of the j a v a . u t i l package. Using a wildcard import statement does not affect the per­
formance or the si/c of your program. It merely tells the compiler that you want to make 
even* class in a particular package available to your program. 

The j a v a . l a n g Package 
The Java API docs have one package, java. lang, which is automatically imported into 
every Java program. This package contains general classes, such as s t r i ng and Syatem, that 
arc fundamental to the Java programming language. You do not have to write an import 
statement for any class that is part of the Java.lang package. 

Other API Packages 
There arc numerous packages in the |ava API. Table 6-2 lists a few of them. 

Table 6 2 A few of the standard Java packages 

Package 

Java.applet 

java.awt 

java. io 

Java.lang 

java.net 

Java.security 

java.sql 

Java.text 

j a v a . u t i l 

javax.awing 

Description 

Provides the classes necessary to create an applet. 

Provides classes for the Abstract Windowing Toolkit. These classes are used 
in drawing images and creating graphical user intrrl.ucs. 

Provides classes that perform various types of input and output. 

Provides general classes for the Java language. This package is automatically 
imported. 

Provides classes for network communications. 

Provides classes that implement security features. 

Provides classes for accessing databases using structured query language. 

Provides various classes for formatting text. 

Provides various utility classes. 

Provides classes for creating graphical user interfaces. 

Sec Appendix H t available on the book's companion Web site at www.pearsonhighcrcd. 
com/gaddis, for a more detailed look at packages. 

http://java.net
http://www.pearsonhighcrcd
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( 
6.9 Focus on Object-Oriented Design: Finding the Classes 

and Their Responsibilities 
So far you have learned the basics of writ ing a class, creating an object from the class, an J 
using the object to perform operations. Although this knowledge is necessary to create an 
object-oriented application, it is not the first step. The first step is to analyze the problem 
that you are trying to solve and determine the classes that you wi l l need. In this section we 
wi l l discuss a simple technique for finding the classes in a problem and determining their 
responsibilities. 

Finding the Classes 
When developing an object-oriented application, one of your first tasks is to identify the 
classes that you will need to create. Typically, your goal is to identify the different types of 
real-world objects that are present in the problem, and then create classes for those types of 
objects within your application. 

Over the years, software professionals have developed numerous techniques for finding the 
classes in a given problem. One simple and popular technique involves the following steps: 

I! (iet a written description of the problem domain, 
2. Identify all the nouns (including pronouns and noun phrases) in the description. Fach 

of these is a potential class. 
3. Refine the list to include only the classes that arc relevant to the problem. 

Let's take a closer look at each of these steps. 

Wri t ing a Description of the Problem Domain 

The prohtem dtmuiin is the set of real-world ob|ects, parties, and major events related to the 
problem. If you adequately understand the nature of the problem you are trying to solve, 
you can write 1 description of (he problem domain yourself, It you do not thoroughly 
understand the nature of the problem, you should have an expert write the description 
for you. 

For example, suppose we are programming an application that the manager of Joe's 
Automotive Shop wi l l use to print service quotes for customers. Here is a description that 
an expert, perhaps Joe himself, might have written: 

Joe's Automotive Shop services foreign cars, and specializes in servicing cars made by 
Mercedes, Porsche, and BMW. When a customer brings a car to the shop, the manager 
gets the customer's name, address, and telephone number. Then the manager determines 
the make, model, and year of the car, and gives the customer a service quote. The service 
quote shows the estimated parts charges, estimated labor charges, sales tax, and total 
estimated charges. 

The problem domain description should include any of the following: 

• Physical objects such vehicles, machines, or products 
• Any role played by a person, such as manager, employee, customer, teacher, student, 

and so forth 
• The results of a business event, such as a customer order, or in this case a service quote 
• Recordkeeping items, such as customer histories and payroll records 
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Identifying All of the Nouns 

The next step is to identify nil of the nouns and noun phrases. (If the description contains 
pronouns, include them too.) I lerc's another look at the previous problem domain descrip­
tion. This time the nouns and noun phrases appear in bold. 

Joe's Automotive Shop services foreign cars, and specializes in servicing cars made by 
Mercedes, Porsche, and BMW. When a customer brings a car to the shop, the manager 
gets the customer's name, address, and telephone number. Then the manager deter­
mines the make, model, and year of the car, and gives the customer a service quote. 
The service quote shows the estimated parts charges, estimated labor charges, sales 
tax, and total estimated charges. 

Notice that some of the nouns are repeated. The following list shows all of the nouns with­
out duplication. 

address 

BMW 

car 

cars 

customer 

estimated labor charges 

estimated pans charges 

foreign ears 

Joe's Automotive Shop 

make 

manager 

Mercedes 

modi I 

Porsche 

sales tax 

service quote 

shop 

telephone number 

total estimated charges 

year 

Refining the List of Nouns 

The nouns that appear in the problem description are merely candidates to become classes. 
It might not be necessary to make classes for them all. The next step is to refine the list to 
include only the classes that arc ncccssan to solve the particular problem at hand. We will 
look at the common reasons that a noun can be eliminated front the list of potential classes. 

1 . Some of the nouns really mean the same thing. 

In this example, the following sets of nouns refer to the same thing: 

• car, cars, and foreign cars 

These all refer to the general concept of a car. 

• Joe's Automotive Shop and shop 

Both of these refer to the company "Joe's Automotive Shop." 

We can settle on a single class tor each of these. In this example we will arbitrarily eliminate cars 
and foreign cars from the list, and use the word car. Likewise, we will eliminate Joe's Automotive-
Shop from the list and use the word shop. The updated list of potential classes is as follows: 

lincign cars Porsche 

make service quote 

manager shop 

Mercedes telephone number 

model total estimated charges 

name year 

address 

BMW 

car 

car* 

customer 

estimated labor charges 

estimated parts charges 
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Because car, cars, and foreign cars mean the same thing in this problem, we have eliminated 
cars and foreign cars. Also, because Joes Automotive Shop and shop mean the same tiling, 
we have eliminated Joc\ Automotive Shop, 

2, Some nouns might represent I tems that we do not need to be concerned 
w i t h In order to solve the problem. 

A quick review of the problem description reminds us of what our application should do: 
print a service quote. In this example we can eliminate two unnecessary classes from the list: 

• We can cross shop off the list because our application only needs to be concerned with 
individual service quotes. It doesn't need to work with or determine any company-
wide information. If the problem description asked us to keep a total of all the service 
quotes, then it would make sense to have a class for the shop. 

• We wi l l not need a class for the manager because the problem statement does not 
direct us to process any information about the manager. If there were multiple shop 
managers, and the problem description had asked us to record which manager gener­
ated each service quote, then it would make sense to have a class for the manager, 

At tlus point the updated list of potential classes is as follows: 

Porsche 

sales tax 

service quote 

shop 

telephone number 

total estimated charges 

year 

Our problem description does not direct us to process any information about the shop, or 
any information about the manager, so we have eliminated those from the list. 

3. Some of the nouns might represent objects, not classes. 

We can eliminate Mercedes. Porsche, and BMW as ̂  lasses because, in this example, they all 
represent specific cars, and can be considered instances of a car class. In the description it 
refers to a specific car brought to the shop by a customer. Therefore, it would also represent 
an instance of a cars class. At this point the updated list of potential classes is as follows: 

address 

BMW 

car 

< V S 

customer 

estimated labor 

estimated 

chances 

parts charges 

foreign 01 

make 

manager 

Mercedes 

model 

name 

address 

BMW 

car 

an 
customer 

estimated labor charges 

estimated parts charges 

joes Automotive Shop 

make 
IIKIIUIgCI 

Mercedes 

model 

name 

Porsche 

sales tax 

service quote 

telephone number 

total estimated charges 

year 

We have eliminated Mercedes, Porsche, and B M W because they are all instances of a car 
class. That means that these nouns identify objects, not classes. 



6.9 Focus on Object-Oriented Design: Finding the Classes and Their Responsibilities 391 

& 

T I P : Some object-oriented designers take note of whether a noun is plural or singular. 
Sometimes a plural noun will indicate a class and a singular noun will indicate an object. 

4. Some of the nouns might represent simple values that can be stored In a 
primit ive variable and do not require a class. 

Kemcmher, a class contains holds and methods. Fields are related items that are stored 
within an object of the class, and define the object's state. Methods are actions or behaviors 
that may he performed by an object of the class. If a noun represents a type of item thai 
would not have any identifiable holds or methods, then it can probably be eliminated from 
the list. To help determine whether a noun represents an item that would have fields and 
methods, ask the following questions about it: 

• Would you use a group of related values to represent the item's state? 
• Are there any obvious actions to be performed by the item? 

If the answers to both of these questions are no, then the noun probably represents a value 
that can be stored in a primitive variable. If we apply this lest to each of the nouns thai 
remain in our list, we can conclude that the following are probably not classes: address, 
estimated labor charges, estimated parts charges, make, model, name, sales tax, telephone 
number, total estimated charges, and year, I hose are all simple string or numeric values thai 
can be stored in primitive variables. Here is the updated list of potential classes: 

address InrcTicn cars PDflCIK 

car 
nunivr Shcip *atcvt *w 

U l s t o l l H ' r 

iiunagcr 

labor charges 

service quote 

strop 

telephone number 
charges 

We have eliminated address, estimated labor charges, estimated parts charges, make, model, 
name, sales tax, telephone number, total estimated charges, and year as classes because they 
represent simple values that can be stored in primitive variables. 

As you can see from the list, we have eliminated everything except cars, customer, and ser­
vice quote. This means that in our application, we wi l l need classes to represent cars, cus­
tomers, and service quotes. Ultimately, we wi l l write a Car class, a Customer class, and a 
ServiccQuote class. 

Ident i fy ing a Class's Responsibilit ies 
Once the classes have been identified, the next task is to identify each class's responsibilities. 
A class's responsibilities are as follows: 

• The things that the class is responsible for knowing 
• The actions that the class is responsible for doing 
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When you have identified the things that a class is responsible for knowing, you have identi­
fied the class's attributes. These values will be stored in fields. Likewise, when you have 
identified the actions that a class is responsible for doing, you have identified its methods. 

It is often helpful to ask the questions "In the context of this problem, what must the class 
know? What must the class do?" The first place to look for the answers is in the description 
of the problem domain. Many of the things that a class must know and do will be men­
tioned. Some class responsibilities, however, might not be directly mentioned in the problem 
domain, so brainstorming is often required. Let's apply this methodology to the classes wc 
previously identified from our problem domain. 

The Customer class 

In the context of our problem domain, what must the Customer class know? The description 
directly mentions the following items, which are all attributes of a customer: 

• The customer's name 
• The customer's address 
• The customer's telephone number 

These arc all values that can be represented as strings and stored in the class's fields. The 
Customer class can potentially know many other things. One mistake that wan be made at 
this point is to identify too many things that an object is responsible lor knowing. In some 
applications, a Customer class might know the customer's email address. This particular 
problem domain does not mention that the customer's email address is used for am pur­
pose, so we should not include it as a responsibility. 

Now let's identify the class's methods. In the context of our problem domain, what must the 
Customer class do? The only obvious actions ATC as follows: 

• Create an object of the Customer class 
• Set and get the customer's name 
• Set and get the customer's address 
• Set and get the customer's telephone number 

From this list wc can sec that rhc Customsr class will have a constructor, as well as accessor 
and mutator methods for each of its fields. Figure 6*29 shows a UMI. diagram for the 
Customer class. 

Figure 6-29 UML diagram (or the Customer class 

Customer 

- name : Si ring 
address! String 

- phone : String 

+ Customer)) 
+ selName(n String): VOKJ 
4 selAddress(a Sfnng): vend 
+ selPhonefp String): void 
• getNamef) Stnng 
+ gelAddressO ! Stnng 
+ getPhoneO : Stnng 
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The Car Class 

In the context of our problem domain, what must an object of the car class know? The fol­
lowing items arc all attributes of a car, and arc mentioned in the problem domain: 

• The car's make 
• The tar's model 
• The car's year 

Now let's identify the class's methods. In the context of our problem domain, what must lin­
ear class do? Once again, the only obvious actions arc the standard set of methods that we 
will f ind in most classes (constructors, accessor*, and mutators). Specifically, the actions are: 

• Create an object of the Car class 
• Set and get the car's make 

• Set and get the car's model 
• Set and get the car's year 

Figure 6-10 shows a UMI . diagram lor the Car class at this point. 

Figure 6-30 UML diagram for the Car class 

Car 

- maka : String 
- modal: Slnng 
- year:inl 

•Car() 
•:Make(m Slnng) VOHJ 

* salModal(m Slnng): votd 
* selVear(y ml) vo«d 
* getMakeO i Slnng 
* get Model () Slnng 
* get Year 0 '. ml 

The ServiceQuote Class 

In the context of our problem domain, what must an object of the ServiceQuote class 
know? The problem domain mentions the following items: 

• The estimated parts charges 
• The estimated labor charges 
• Hie sales tax 
• The total estimated charges 

Careful thought and a little brainstorming wi l l reveal that two of these items are the results 
of calculations: sales tax and total estimated charges. These items are dependent on the val­
ues of the estimated parts and labor charges. In order to avoid the risk of holding stale data, 
we wi l l not store these values in fields. Rather, we wi l l provide methods that calculate these 
values and return them. The other methods that we wi l l need for this class are a constructor 
and the accessors and mutators for the estimated pans charges and estimated labor charges 
fields. Figure 6-31 shows a U M I . diagram for the ServiceQuote class. 
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Figure 6-31 UML diagram lor the ServiceQuote class 

ServtceQuo:e 

partsCharges: double 
laborCharges double 

ServiceQuoteO 
selParlsCharges<c double) 

void 
selLaborCharges(c: double) 

void 
gelPartsChargesO: double 
getLaborChargesO : double 
geiSaiMTaxO double 
qylfolaChargeiiD dOUWl 

This Is Only the Beginning 
You should consider the process that we have discussed in this section merely as a starting 
point. It's important to rcali/c that designing an object-oriented application is an iterative 
process. It may take you several attempts to identify all of the classes that you will need, and 
determine all of their responsibilities. As the design protest unfolds. \ou wi l l gain a deeper 
understanding of the problem, and consequently you wi l l see ways to improve the design. 

^A Checkpoint 

Myfto|r*niiipiy.Lib* www.mypru^utmmin^lahxum 

6.25 What is a problem domain? 

6.26 When designing an object-oriented application, who should write a description of 
the problem domain? 

6.27 I low do you identify the potential classes in a problem domain description? 

6.28 What are a class's responsibilities? 

6.29 What two questions should you ask to determine a class's responsibilities? 

6..10 Wil l all of a class's actions always be directly mentioned in the problem domain 

desen ption > 

See the Amortization Class Case Study, available on the book's companion Web site at 
www.pearsonhighcred.eom/g.iddis, for an in-depth example using this chapter's topics. 

6.10 Common Errors to Avoid 
• Putting a semicolon at the end of a method header. A semicolon never appears at the 

end of a method header. 
• Declaring a variable to reference an object, but forgetting to use the n«w key word to 

create the object. Declaring a variable to reference an object does not create an object. 
You must use the new key word to create the object. 

http://www.mypru%5Eutmmin%5Elahxum
http://www.pearsonhighcred.eom/g.iddis
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Forgetting the parentheses that must appear after the class name, which appears alter 
the new key word. The name of a class appears after the new key word, and a set of 
parentheses appears after the class name. You must write the parentheses even if no 
arguments are passed to the constructor 
Forgetting to provide arguments when a constructor requires them. When using a 
constructor that has parameter variables, you must provide arguments tor them, 
Trying to overload methods by giving them different return types. Overloaded meth­
ods muse have unique parameter lists. 
Forgetting to write a no-arg constructor for a class that you want to be able to create 
instances of without passing arguments to the constructor. II you write a constructor that 
accepts arguments, you must also write a no-arg constructor for the same class if you want 
to be able to create instances of the class without passing arguments to the constructor 
Unintentionally declaring a local variable with the same name as a field of the same 
class in a method. When a method's local variable has the same name as a field in the 
same class, the local variable's name shadows the field s name. 

Review Questions and Exercises 

Mult iple Choice and True/False 

1. This is a collection of programming statements thai specify the fields and methods 
that a particular type of object may have. 
a. class 
b. method 
c. parameter 
d. instance 

2. A class is analogous to a(n) . 
a. house 
b. blueprint 
c. drafting table 
d. architect 

3. An object is a(n) . 
a. blueprint 

b. primitive data type 
c. variable 
d. instance of a class 

4. This is a class member that holds data. 
a. method 

b. instance 
c field 
d. constructor 

5. This key word causes an object to be created in memory. 
a. create 
b. new 
c. object 
d. construct 
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6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

This is a method that gets a value from a class's field, but does not change it. 
a. accessor 
b. constructor 
c. void 
d. mutator 

This is a method that stores a value in a field or in some other way changes the value 
of a field. 
a. accessor 
b. constructor 
c. void 
d. mutator 

When the value of an item is dependent on other data, and that item is not updated 
when the other data is changed, what has the value become? 
a. bitter 
b. stale 
c. asynchronous 
d. moldy 

This is a method that is automatically called when an instance of a class is created. 
a. accessor 
b. constructor 
C. void 
d. mutator 

When a local variable has the same name as a field, the local variable's name docs this 
to the field's name. 
a. shadows 
b. complements 
c. deletes 
d. merges with 

l"his is automata alh provided for .i class it you do m i • ffot OOC JrOOfWlfi 

a. accessor method 
b. default instance 
c. default constructor 
d. variable declaration 

Two or more methods in a class may have the same name, as long as this is different. 
a. their return values 

b. their access specifier 
c. their parameter lists 
d. their memory address 

The process of matching a method call w i th the correct method is known as 

ft, matching 

b. binding 
c. linking 
d. connecting 
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14. A class's responsibilities arc . 
a. the objects created from the class 
b. things the class knows 
c. actions the class performs 

d. both b and c 

15. True or False: The new operator creates an instance of a class. 

16. True or False: I'ach instance of a Jass has us own set of instance fields. 

17. True or False: Vt'hcn you write a constructor for a class, it still has the default 
constructor that Java automatically provides. 

18. True or False: A class may not have more than one constructor. 

19. True or False: To find the classes needed for an object-oriented application, you 
identify all of the verbs in a description of the problem domain. 

Find the Error 

1. Find the error in the following class: 

publ ic c l a n MyClass 

I 
private int x; 
private double y; 
publ ic void MyClassfint a, double b) 
( 

x - a; 

y - b; 
) 

> 

2. Assume that the following method is a member of a class. Find the error. 
publ ic void t o t a l ( i n t va lue l , value2, value3) 

{ 
return valuel + value2 + value); 

> 

3. The following statement attempts to create a Rectangle object. Find the error. 
Rectangle box - new Rectangle; 

4. Find the error in the following class: 
publ ic class TwoValues 

{ 
pr ivate i n t x , y ; 
publ ic TwoValuesf) 

< 

x - 0; 

) 
publ ic TwoValuesf) 

< 

x 
y 

0; 
0; 
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5. Find chc error in the following class: 
public c lass FindTheError 

public i n t square)int number) 

< 

return number * number; 

> 

public double square(int number) 

< 

return number • number; 

> 

Algorithm Workbench 

1. Design a class named Pet, which should have the following fields: 

• name. The name field holds the name of a pet. 
• animal. The animal field holds the type of animal thai a pet is. Fxamplc values are 

" D o g V ^ a t " , and "Bird". 
• age. The age field holds the pet's age. 

The Pot class should also have the follow tug methods: 

setName, The setName method stores a value in the name field. 
setAnimal. The setAnimal method stores a value in [he animal field. 
setAge. The sotAgo method stores a value in the age field. 
getName. The get Name method returns the value of the name field. 
getAnimal. The getAnimal method returns the value of the animal field. 
getAge. The getAge method returns the value of the age field. 

a, Draw a UMI. diagram of the class, Ik sure to include notation showing each field 
and method's access specification and data type. Also include notation showing any 
method parameters and their data types. 

b. Write the Java code for the Pet class. 

2. Look at the following partial class definition, and then respond to the questions that 
follow it: 
public c lass Book 

private String t i t l e ; 
pr ivate String author; 
pr ivate String publisher; 
pr ivate i n t copiesSold; 

> 

A, Write a constructor for this class. The constructor should accept an argument for 
each of the fields. 

b. Write accessor and mutator methods for each field. 
c. Draw a UMI. diagram for the class, including the methods you have written. 
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3, Consider the following class declaration: 
public class Square 
{ 

private double sideLength; 
public double getArea() 
< 

return sideLength * sideLength; 

public double getSideLengtho 
{ 

return sideLength; 

> 

} 

a. Wriii1 a no'ji« constructor tor this class. It should assign the sideLength field the 
value 0.0. 

b. Write M\ overloaded constructor (or this class. It should accept an argument that is 
copied into the sideLength field. 

4. Look at the following description of a problem domain: 

The bank offers the following types of accounts to its customers: savings accounts, 
checking accounts, and money market accounts. Customers are allowed to deposit 
money into an account Ithereby increasing its balance), withdraw money from an 
account (thereby decreasing its balance), and earn interest on the account. I\ich 
account has an interest rate. 

Assume that you arc writing an application that will calculate the amount of interest 
earned for a bank account. 

a. Identify the potential classes in this problem domain. 
b. Kefinc the list to include only the necessary class or classes for this problem. 
c. Identify the responsibilities of the class or classes. 

Short Answer 

1. What is the difference between a class and an instance of a class? 

2. A contractor uses a blueprint to build a set of identical houses. Arc classes analogous 
to the blueprint or the houses? 

3. What is an accessor method? What is a mutator method? 

4. Is it a good idea to make fields private? Why or why not? 

5. If a class has a private field, what has access to the field? 

6. What is the purpose of the new key word? 

7. Assume a program named HailList.java is stored in the DataBase folder on your 
hard drive. The program creates objects of the Customer and Account classes. Describe 
the steps that the compiler goes through in locating and compiling the Customer and 
Account classes. 

8. Why are constructors useful for performing "stan-up" operations? 

9. Under what circumstances docs Java automatically provide a default constructor for 
a class? 

10. What do you call a constructor that accepts no arguments? 
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11. When the same name is used for two or more methods in the MUM class* how does 
Java tell them apart? 

12. Mow does method overloading improve the usefulness of a class? 

Programming Challenges 

MyProRranwiinfUb' Visit unvw.myprogramminglahxom to complete nutty of these Programming Challenges 

online and get instant feedback. 

1. Employee Class 

Write a class named Employee that has the following fields: 

• name. The name field references I String object that holds the employee's name. 
• idNumber. The idNumber is an int variable that holds the employee's II) number. 
• department. The department field references a String object that holds the name of 

the department where the employee works. 
• poaition. The position field references a String object that holds the employee's 

job title. 

The class should have the following constructors: 

• A constructor chat accepts the following values as arguments ,ind assigns them to the 
appropriate fields: employee's name, employee's II) number, department, and position. 

• A constructor that accepts the following values as arguments and assigns them to the 
appropriate fields: employee's name and ID number. The department and position 
fields should be assigned an empty string ( " ) . 

• A no-arg constructor that assigns empty strings (••) to the name, department, and 
position fields, and 0 to the idNumber field. 

Write appropriate mutator methods that store values in these fields and accessor methods 
that return the values in these fields. Once you have written the class, write a separate pro­
gram that creates three Employee objects to hold the following data: 

Name 

Susan Meyers 

Mark Jones 

Joy Rogers 

II) Number 

47899 

39119 

81774 

Department 

Accounting 

IT 

Manufacturing 

Position 

Vice President 

Programmer 

Engineer 

The program should store this data in the three objects and then display the data for each 
employee on the screen. 

2. Car Class 

Write a class named car that has the following fields: 

• yearModal. The yearModel field is an int that holds the car's year model. 
• maka. The make field references a String object that holds the make of the car. 
• spaad. The speed field is an int that holds the car's current speed. 



Programming Challenges 401 

In addition, the class should have the following constructor and other methods. 

• Constructor. The constructor should accept the car's year model and make as argu­
ments. These values should be assigned to the object's yearModel and make fields. The 
constructor should also assign 0 to the speed field. 

• Accessor*. Appropriate accessor methods should get the values stored in an object's 
yearModel, make, and speed fields. 

• accelerate. The accelerate method should add 5 to the speed field each time it is 
called. 

• brake. The brake method should subtract 5 from the speed field each time it is called. 

Demonstrate the class in a program that creates a Car object, and then calls the accelerate 
method five times. After each call to the accelerate method, get the current speed of the car 
and display it. Then call the brake method five times. After each call to the brake method, 
get the current speed of the car and display it. 

J . Personal In format ion Class 

, 0 „ Design a class that holds the following personal data: name, address, age, and phone num-
The Personal her. Write appropriate accessor and mutator methods. Demonstrate the class by writ ing a 
information program that creates three instances of i t. One instance should hold your information, and 

CUM Problem t | l c o t ( , e r t w „ should hold your friends' or family nKmbers* information. 

4 . R e t a i l l t e m Class 

Write a class named Retai l l tein that holds data about an item in a retail Mine. The ilass 
should have the following fields: 

• desc r i p t i on . The descr ip t ion field references a St r ing object that holds a brief 
description of the item. 

• unitsOnHand. The unitsOnHand field is an i n t variable that holds the number of units 
currently in inventory. 

• p r ice . The pr ice field is a double that holds the item's retail price. 

Write a constructor that accepts arguments for each field, appropriate mutator method', 
that store values in these fields, and accessor methods that return the values in these fields. 
Once you have written the class, write a separate program that creates three Retai l l tem 
objects and stores the following data in them: 

Description Units on Hand Price 

Item «I 
Item n 
Item 13 

Jacket 
Designer Jeans 

Shirt 

12 

40 

20 

59.95 

34.95 

24.95 

5. P a y r o l l Class 

Design a Payrol l class that has fields for an employee's name, ID number, hourly pay rate, 
and number of hours worked. Write the appropriate accessor and mutator methods and 
a constructor that accepts the employee's name and II) number as arguments. The class 
should also have a method that returns the employee's gross pay, which is calculated as the 
number of hours worked multiplied by the hourly pay rate. Write a program that demon-
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stratcs the class by treating a Payrol l object, then asking the user to enter the data for an 
employee. The program should display the amount of gross pay earned. 

6. TestScores Class 

Dtt igl l a TestScores class that has fields to hold three test scores. The class should have 
a constructor, accessor and mutator methods for the test score fields, and a method that 
returns the average of the test scores. Demonstrate the class by writ ing a separate program 
that creates an instance of the class. The program should ask the user to enter three test 
scores, which are stored in the TestScores object. Then the program should display chc 
average of the scores, as reported by the TestScores object. 

7 . C i r c l e Class 

Write a C i rc le class that has the following fields: 

• rad ius : a double 
• P I : a f i n a l double initialized with the value J.I4159 

The class should have the following methods: 

• Constructor. Accepts the radius of the circle as an argument. 
• Constructor. A no-arg constructor that sets the radius field to 0.0. 
• setRadius* A mutator method for the radius field. 
• getRadius. An accessor method for the radius field. 
• get Area. Returns the area of the circle, which is calculated as 

area - PI • radius • radius 
• getoiameter. Returns the diameter of the circle, which is calculated as 

diameter • radius * 2 
• getc i rcumf erence. Returns the circumference of the circle, which is calculated as 

circumference - 2 • PI • radius 

Write a program that demonstrates the C i rc le class by asking the user for the circle's radius, 
creating a C i rc le object, and then reporting the circle's area, diameter, and circumference. 

8. A Came of Twen ty -One 

For this assignment, you will write a program that lets the user play against the computer in 
a variation of the popular blackjack card game. In this variation of the game, two six-sided 
dice are used instead of cards. The dice arc rolled, and the player tries to beat the computer's 
hidden total without going over 21. 

I lerc are some suggestions for the game's design: 

• F.ach round of the game is performed as an iteration of a loop that repeats as long as 
the player agrees to roll the dice, and the player's total does not exceed 21. 

• At the beginning of each round, the program wil l ask the user whether or not he or 

she warns to roll the dice to accumulate points. 
• During each round, the program simulates the rolling of two six-sided dice. It rolls chc 

dice first for the computer, and then it asks the user whether he or she wants to roll. 
(Use the Die class that was shown in O K I C Listing 6-14 to simulate the dice.) 

• The loop keeps a running total of both the computer's and the user's points. 
• The computer's total should remain hidden until the loop has finished. 
• After the loop has finished, the computer's total is revealed, and the player with the 

most points, without going over 2 1 , wins. 
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9. Freezing and Boiling Points 

The following table lists the freezing and boiling points of several substances. 

Substam Freezing Point Boiling Point 

Ethyl Alcohol 

Oxygen 

Water 

-17* 

-362 

n 

172 

-306 

212 

Design a class that stores a temperature in a temperature field and has the appropriate 
accessor and mutator methods for the field. In addition to appropriate constructors, the 
class should have the following methods: 

• i a l thy lFreez ing . This method should return the boolean value true if the tempera­
ture stored in the temperature field is at or below the freezing point of ethyl alcohol. 
Otherwise, the method should return false. 

• isEtbylBoil ing. This method should return the boolean value true if the tempera­
ture stored in the temperature field is at or above the boiling point of ethyl alcohol. 
Otherwise, the method should return false. 

• isoxygenFreezing. This method should return the boolean value true if the tem­
perature stored in the temperature field is at or below the freezing point of oxygen. 
Otherwise, the method should return false. 

• isOxygenBoiling. I his method should return the boolean value true it the tempera­
ture stored in the temperature field is at or above the boiling point of oxygen. Other­
wise, the method should return talae. 

• IsWaterFreezlng. This method should return the boolean value true it the tempera­
ture stored in the temperature field is at or below the freezing point of water. Other­
wise, the method should return false. 

• i e v u t e r i o i l i n g This method should return the boolean value true if the tempera­
ture stored in the temperature field is at or above the boiling point of water. Other­
wise, the method should return f alae. 

Write a program that demonstrates the class. The program should ask the user to enter a 
temperature, and then display a list of the substances that will freeze at that temperature 
and those that will boil at that temperature. For example, if the temperature is -20 the class 
should report that water will freeze and oxygen will boil at that temperature. 

10. SavingsAccount Class 

Design a SavingsAccount class that stores a savings account's annual interest rate and bal­
ance. Hie class constructor should accept the amount of the savings account's starting 
balance. The class should also have methods for subtracting the amount of a withdrawal, 
adding the amount of a deposit, and adding the amount of monthly interest to the balance. 
The monthly interest rate is the annual interest rate divided by twelve. To add the monthly 
interest to the balance, multiply the monthly interest rate by the balance, and add the result 
to the balance. 

Test the class in a program that calculates the balance of a savings account at the end of a 
period of time. It should ask the user for the annual interest rate, the starting balance, and 
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the number of months that have passed since the account was established. A loop should 
then iterate once for even* month, performing the following: 

a. Ask the user for the amount deposited into the account during the month. Use the 
class method to add this amount to the account balance. 

b. Ask the user for the amount withdrawn from the account during the month. Use the 
11.INS method to subtract tins amount from the ICCOaill In lame. 

c. Use the class method to calculate the monthly interest. 

Alter the last iteration, the program should display the ending balance, the total amount of 
deposits, the total amount of withdrawals, and the total interest earned. 

1 1 . Deposit and Wi thdrawal Files 

Use Notepad or another text editor to create a text file named Dapoaita.txt. The file 
should contain the following numbers, one per line: 

100.00 
124.00 
76.92 
37.55 

Next, create a text file named withdrawala.txt . The file should contain the following num­
bers, one per line: 

29.88 
110.00 
27.52 
50.00 
12.90 

The numbers in the Depoeita.txt file are the amounts of deposits thai were made to a 
savings account during the month, and the numbers in the Withdrawala.txt file arc the 
amounts of withdrawals that were made during the month. Write a program that creates 
an instance of the SavingaKccount class that you wrote in Programming (Challenge 10. 
The starting balance for the object is 500.00. The program should read the values from 
the Depoaita.txt file and use the object's method to add them to the account balance. The 
program should read the values from the withdrawala.txt file and use the object's method 
to subtract them from the account balance. The program should call the class method to 
calculate the monthly interest, and then display the ending balance and the total interest 
earned. 

12. Coin Toss Simulator 

Write a class named Coin. The Coin class should have the following field: 

• A Str ing named aideUp. The aideUp field w i l l hold either "heads" or " ta i ls" indicating 
the side of the coin that is facing up. 

The Coin class should have the following methods: 

• A no-arg constructor that randomly determines the side of the coin that is facing up 
("heads" or "tails") and initializes the aideUp field accordingly. 
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• A void method named toss that simulates the tossing of the coin. When the toss 
method is called, it randomly determines the side of the coin that is facing up ("heads" 
or "tai ls") and sets the sidellp field accordingly. 

• A method named getsideup that returns the value of the sideUp field. 

Write a program that demonstrates the Coin class. The program should create an instance of 
the class and display the side that is initially facing up. I hen. use a loop to toss the coin 20 
times. Each time the coin is tossed, display the side that is facing up. The program should 
keep count of the number of times heads is facing up and the number of times tails is facing 
up, and display those values after the loop finishes. 

13. Tossing Coins for a Dollar 

I or this assignment you will create a game program using the Coin class from Programming 
Challenge 12. The program should have three instances of the Coin class: one representing 
a quarter, one representing a dime, and one representing a nickel. 

When the game begins, your starting balance is $0. During each round of the game, the 
program will toss the simulated coins. When a coin is tossed, the value of the coin is added 
to your balance if it lands heads-up. For example, if the quarter lands heads-up, 25 cents is 
added to your balance. Nothing is added to your balance for coins that land tails-up. The 
game is over when your balance reaches one dollar or more. If your balance is exactly one 
dollar, you win the game. You lose if your balance exceeds one dollar. 

14. Fishing Came Simulation 

For this assignment! you will write a program that simulates a fishing game. In this game, 
a six-sided die is rolled to determine what the user has caught. Facli possible item is worth 
a certain number of fishing points. The points wi l l remain hidden until the user is finished 
fishing, and then a message is displaced congratulating the user, depending on the uumher 
of fishing points gained. 

I lerc arc some suggestions for the game s design: 

• Each round of the game is performed as an iteration of a loop that repeats as long as 
the player wants to fish for more items* 

• At the beginning of each round, the program will ask the user whether or not he or 
she wants to continue fishing. 

• The program simulates the rolling of a six-sided die (use the Die class that was shown 
in Cock lasting 6-14). 

• lach item that can be caught is represented by a number generated from the die; for 
example, I for "a huge f ish", 2 for - an old shoe", 3 for "a little f ish", and so on. 
Kach item the user catches is worth a different amount of points. 
I lie keeps a running total of the user's fishing points. 
After the loop has finished, the total number of fishing points is displayed, along with 
a message that varies depending on the number of points earned. 
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EPT: An array can hold multiple value* of the same data type Mmultancously. 

The primitive variable* you have worked with so far are designed to hold one value at a 
time. Each of the variable declarations in Figure 7-1 causes only enough memory to be 
reserved to hold one value of the specified data type. 

An array, however, is an object that can store a group of values, all of the same type, Creating 
and using an array in Java is similar to creating and using any other type of object: You 
declare • reference variable and use the new key word to create an instance of the array in 
memory. I Icre is an example of a statement that declares an array reference variable: 

i n t ( | numbers; 

This statement declares numbers as an array reference variable. I lie numbers variable can 
reference an array of i n t values. Notice that this statement looks like a regular i n t variable 
declaration except for the set of brackets that appears after the key word i n t . The brackets 
indicate that this variable is a reference to an i n t array. Declaring an array reference vari­
able does not create an array. The next step in the process is to use the new key word to 
create an array and assign its address to the numbers variable. The fol lowing statement 
shows an example: 

numbers • new in t (6 | ; 
407 
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Figure 7-1 Variable declarations and their memory allocations 

i n t county Enough memory to 
hold one i 

12J4 

double number; Enough memory to 
*oW ore louble, 

12*4 ,55 

char letter. Enough memory lo 
hoW one char. 

• 

The number inside the brackets is the arra\ \ >/:r */<*</jr,i/nr« It indicates the number of ele­
ments, or values, the array can hold. When this statement is executed, numbers will reference 
an array that can hold six elements, each one an i n t . This is shown in Figure 7-2. 

Ffcjure 7-2 The numbers array 

numbers VSrtaWe 
n • t a r e en array with enough momoiy lor 6 i m values 

Element 0 Element 1 Element 2 Elemenl 3 Element 4 Element 5 

As with any other type of object, it is possible to declare a reference variable and create an 
instance of an array with one statement. Mere is an example: 

i n t [ ] numbers - new i n t [ 6 ) ; 

Arrays of any data type can be declared. The following are all valid array declarations: 

float[1 temperatures - new float(100); 
char(] letters • new char(41); 
long(] units • new long(501; 
double(] sizes • new double!1200]; 

An array's si/c declarator must be a non negative integer expression. It can be a literal value, 
.is shown in the previous examples, or a variable. It is a common practice to use a f i n a l 
variable as a size declarator, I lerc is an example: 

final int NUM_ELEMENTS - 6; 
int[i numbers - new int[NUM_ELEMENTS]; 
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I I s pr.n tuc can make programs easier to maintain. \ \ hen \vc More the M/e ol an , I IT, I \ in 
a variable, we can use the variable instead of a literal number when we refer to the si/e of 
the array. If wc ever need to change the array s size, we need only to change the value of the 
variable. The variable should be f i n a l so its contents cannot be changed during the 
program's execution. 

o NOTE: Once an array is created, its size cannot be changed. 

Accessing Array Elements 
Although an array has only one name, the elements in the array may be accessed and used 
as individual variables. This is possible because each element is assigned a number known 
as a suhscrtpt. A subscript is used as an index to pinpoint a specific element within an array. 
The first element is assigned the subscript 0, the second element is assigned 1, and so forth. 
The six elements in the numbers array (described earlier) would have the subscripts 0 
through 5. This is shown in Hgure 7*3. 

F igure 7-3 Subscripts for the numbers array 

Subscripts 

0 1 2 

I t t t 1 l 

Tho numbers array has six olomonts, numborod 0 through 5. 

Subscript numbering always starts at zero. The subscript of the last element in an array is 
one less than the total number of elements in the arrav. This means that for the numbers 
array, which has six elements, 5 is the subscript for the last clement. 

Kach clement in the numbers array, when accessed by its subscript, can be used as an i n t 
variable. Kir example, look at the following code. The first statement stores 20 in the first 
element of the array (clement 0), and the second statement stores 30 in the fourth clement 
(clement 3). 

numbers!0) • 20; 
numbers(3 | - 30; 

O NOTE: Ihe expression numbers(Ol is pronounced "numbers sub zero." You read these 
assignment statements as "numbers sub zero is assigned twenty" and "numbers sub three 
is assigned thirty.'* 

Kigure 7-4 illustrates the contents of the array after these statements execute. 
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Figure 7-4 Contents of the array after 20 is assigned to numbers 101 
and 30 is assigned to numbers [ 3 ] 

numbers[0] numbers[ l ) nutnbers(? | r.urnbers' 3] numbers[4] numbers[5 

I i 
20 0 0 30 0 0 

NOTE: By default, Java initializes array elements with 0. In Figure 7-4, values have not 
been stored in elements 1, 2 ,4 , and 5, so they are shown as 0s. 

By this point you should understand the difference between the array si/c declarator and a 
subscript. When you use the new key word to create an array object, the number inside the 
brackets is the si/c declarator. It indicates the number of elements in ihc array. The number 
inside the brackets in an assignment statement or an> statement that works with the con­
tents of an array is a subscript. It is used to access a specific clement in the array. 

Inputting and Outputting Array Contents 
You can read values from the keyboard and store them in an array clement iiisi as you can 
a regular variable. You can also output the contents of an arra\ clement with p r in t and 
p r i n t l n . I lode l ist ing 7-1 shows an arra> being used to store and display values entered by 
the user. figure 7-5 shows the contents of the hours array with the values entered by the 
user in the example output. 

Code Listing 7-1 ( A r r a y D e m o l . Java) 

1 

J 

I 
i 

6 

import Java.uti l .Scanner; / / Needed for Scanner c lass 

9 
10 
11 
12 
13 
14 
15 
Lfi 

L7 

18 

i i 

This program shows values being stored in an a r r ay ' s 
elements and displayed. 

8 public c lass ArrayDemol 

< 

public s t a t i c void main(String[ | args) 
i 

f ina l int EMPLOYEES - i; II Number of employees 
in t [ ) hours - new int[EMPLOYEES]; / / Array of hours 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(System.in); 

System.out .pr int lnfEnter the hours worked by " * 



7.1 Introduction lo Arrays 411 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 ) 
19 > 

EMPLOYEES + - employees.•); 

/ / Get the hours worked by employee 1. 
System.out.print("Employee 1: " ) ; 
hours(O) • keyboard.nextlnt() ; 

/ / Get the hours worked by employee 2. 
System.out.print("Employee 2: " ) ; 
hours)1] - keyboard.nextlnt() ; 

/ / Get the hours worked by employee 3. 
System.out.print("Employee 3: " ) ; 
hours(2] • keyboard.nextlnt() ; 

/ / Display the values entered. 
System.out.prlntln("The hours you entered a r e : " ) ; 
System.out.prlntln(hours!0]); 
System.out .pr intIn(hours[ i l l ; 
System.out.print In(hours(2|) ; 

Program Output with Example Input Shown In Bold 

Enter the hours worked by 3 employee*. 
Employee 
Employee 
Employee 
The houri 
40 
20 
15 

It 40 [Enter] 
2i 20 [Enter] 
3• IS [Enter] 

i you entered are: 

Figure 7-5 Contents of the hours array 

hours(0] hours[I] hours[2] 

1 
40 

I 
20 

i 
15 

Accessing Array 
Elements In 

Subscript numbers can be stored in variables. This makes it possible to use a loop to "cycle 
through** an entire array, performing the same operation on each element. Hor example, 
Code Listing 7-1 could be simplified by using two for loops: one for inputting the values 
into the array and the other for displaying the contents of the array. This is shown in Code 

a Loop Listing 7-2. 
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Code Listing 7-2 (ArrayDemo2. J a v a ) 

l 

2 

i 

A 

5 

6 

B 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

17 

LB 

• '.' 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

import Java.uti l .Scanner; / / Needed for Scanner c lass 

This program shows an array being processed with loops. 

public c lass ArrayDemo2 

i 
public s t a t i c void main(String[1 args) 

{ 
f inal int EMPLOYEES - 3; 
i n t ( | hours - new int[EMPLOYEES]; 

/ / Number of employees 
/ / Array of hours 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner)System.in); 

Systcm.out.println("Enter the hours worked by " • 
EMPLOYEES • - employees."); 

/ / Get the hours for each employee. 
for ( in t index - 0; index < EMPLOYEES; index**) 

< 

System.out.print("Employee " • (index • 1) • ": 

hours|index) - keyboard.next1nt(); 

> 

System.out.println("The hours you entered a r e s ' ) ; 

/ / Display the values entered, 
for ( in t index - 0; index < EMPLOYEES; index**) 

System.out.printIn(hours[index]); 

) 

Program Output w i t h Example Input Shown In Bold 

Enter the hours worked by 3 employees. 

Employee 1 
Employee 2 
Employee 3 

40 [Enter) 
20 [Enter] 
15 [Enter] 

The hours you entered are : 
40 
20 
15 
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I res rake a closer look at the first loop in this program, which appear* in lines 21 through 
25. Notice that the loop's control variable* index, is used as a subscript in line 24: 

hours(index) - keyboard.nextXnt(); 

The variable index starts at 0. During the loop's first iteration, the user's input is stored in 
hours 10|. Then, index is incremented, so its value becomes I. During the next iteration, the 
user's input is stored in hoursf 11- This continues until values have been stored in all of the 
elements of the array. Notice that the loop correctly starts and ends the control variable 
with valid subscript values (0 through 21, as illustrated in Figure 7-6, This ensures that only 
valid subscripts arc used. 

F igure 7-6 Annotated loop 

The variable index starts at 0, which 
is tho first valid subscript value. 

The loop ends before the 
variabe index reaches 3, which 
is the first invalid subscript value. 

/ 

tor (int index - 0; index < HMPLOYEES; index*4) 
< 

System ou t . p r i n t ( "Employee " • ( index + 1 ) 4 
hours [ index) - k e y b o a r d . n e x t l n t ( ) ; 

) 

: " ) ; 

Java Performs Bounds Checking 
Java performs array hounds checking, which means that it Joes not allow a statement to 
use a subscript that is outside the range of valid subscripts for an array. For example, the 
following statement creates an array with 10 elements. The valid subscripts for the array 
arc 0 through 9. 

int( | valuta - new int(10| ; 

Java wi l l not allow a statement to use a subscript that is less than 0 or greater than 9 with 
this array, hounds checking occurs at runtime. The Java compiler docs not display an error 
message when it processes a statement that uses an invalid subscript. Instead, when the 
statement executes, the program throws an exception and immediately terminates. For 
instance, the program in Code Listing 7-3 declares a three-element array, but attempts to 
store four values in the array. In line 17, when the program attempts to store a value in 
valuesf 31, it halts and an error message is displayed. 

Code Listing 7-3 ( i n v a l i d S u b s c r i p t . Java) 

i / * * 

This program uses an invalid subscript with an array. 
3 */ 
4 
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5 
6 
i 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 

public c lass InvalidSubscript 

< 

public s t a t i c void main(String[) args) 

< 

i n t [ | values • new i n t [ 3 ) ; 

System.out.println("I wil l attempt t o s tore four " + 
"numbers in a thrcc-clcocnt a r r a y . " ) ; 

for ( in t index • 0; index < 4; index*+) 

i 
System.out.println("Now processing elenent • + index); 
values[index] • 10; 

> 

> 

) 

P r o g r a m O u t p u t 

X wil l «tt«mpt to atore four numbers in a three-element ar ray . 
Now 
Now 
NOW 

NOW 

processing element 0 
processing element 1 
processing element 2 
processing clement 3 

Exception in thread "main" 
Java.lang.ArrayX ndexOutOfBoundiExceptioni 3 

at InvalidSubscript.main(InvalidSubscript.Javai17) 

<? NOTE: I lie error message you sec may be different, depending on your system. 

Watch Out for Off by One Errors 
Because array subscripts start at 0 rather than I , you have to be careful not to perform an 

off-by-one error. For example, look at the following code: 

// This code has an off-by-one error. 
final int SIZE - 100; 
int[) numbers - new int(SIZE); 
for (int index - 1; index <• SIZE; index**) 

numbers!index] • 0; 

The intent of this code is to create an array of integers with 100 elements, and siorc the 
value 0 in each element. I lowcvcr, this code has an off-by-one error. The loop uses its con­
trol variable, index, as a subscript with the numbers array. During the loop's execution, the 
variable index takes on the values I through 100, when it should take on the values 0 
through 4»l>. As a result, the first element, which is at subscript 0, is skipped. In addition, the 
loop attempts to use 100 as a subscript during the last iteration. Because 100 is an invalid 
subscript, the program wil l throw an exception and halt. 
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Array Initialization 
l ike regular variables, Java allows you to initialize an array s elements when you create the 
array. Here is an example: 

intf | days - (31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}; 

This statement declares the reference variable days, creates an array in memory, and stores 
initial values in the array. The series of values inside the braces and separated with commas 
is called an initialization list. These values are stored in the array elements in the order they 
appear in the list. (The first value, 31 , is stored in days[0| , the second value, 28, is stored in 
daysl 11, and so forth.) Note that you do not use the new key word when you use an initia­
lization list. Java automatically creates the array and stores the values in the initialization 
list in it. 

The Java compiler determines the size of the array by the number of items in the initializa­
tion list. Because there are 12 items in the example statement's initialization list, the 
array will have 12 elements. The program in Code I isting 7-4 demonstrates an array being 
initialized. 

Code List ing 7-4 ( A r r a y l n i t i a l i z a t i o n . J a v a ) 

l /#* 
Thin program shows an array being i n i t i a l i z e d . 

3 */ 
4 
S public e l m Arrayln i t ia l iza t ion 

public s t a t i c void nain(Str ing[] args) 

8 < 

i n t | ] days - < 31, 28, 31, 30, 31, 30, 
31, 31, 30, 31, 30, 31 >) 

9 
10 
11 
12 
I) 
M 

LS 
16 
L7 
18 
19 y 

for ( i n t index - Oj index < 12; index**) 

( 

System.out.printlni"Month ' • (index • 1) * 
• has • • days[index) • 
• days."); 

} 

Program Output 

Month 1 has 31 days. 
Month 2 has 28 days. 
Month 3 has 31 days. 
Month 4 has 30 days. 
Month 5 has 31 days. 
Month 6 has 30 days. 
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Month 7 has 31 days. 
Month 8 has 31 days. 
Month 9 has 30 days. 
Month 10 has 31 days. 
Month 11 has 30 days. 
Month 12 has 31 days. 

Java allows you to spread the initialization list across multiple lines. Both of the following 
array declarations arc equivalent: 

doubled coins - { 0.05, 0.1, 0.25 )t 

double!1 coins - { 0.05, 

0.1, 
0.25 } ; 

Alternate Array Declaration Notation 
Java allows you to use two different styles when declaring array reference variables. The 
first style is the one used in this hook, with the brackets immediately following the data 
type, as shown here: 

int(] numbers; 

In the second st\ le the brackets are plated alter the variable name, as shown here: 

int numbers!I; 

Nnth of these statements accomplish the same thing: They declare that numbers is a refer­
ence to an int array. The difference between the two styles is noticed when more than one 
variable is declared in the same statement. For example, look at the following statement: 

int(] numbers, codes, scores; 

This statement declares three variables: numbers, codes, and scores. All three are references 
to int arrays. This makes perfect sense because int() is the data type for all the variables 
declared in the statement. Now look at the following statement, which uses the alternate 
notation: 

int numbers!], codes, scores; 

This statement declares the same three variables, but only numbers is a reference to an int 
array. The codes and scores variables are regular int variables. This is because int is the 
data type for all the variables declared in the statement, and only numbers is followed by the 
brackets. To declare all three of these variables as references to int arrays using the alter­
nate notation, you need to write a set of brackets after each variable name. Here is an 
example; 

int numbers!], codes!|, scores!]; 

The first style is the standard notation for most Java programmers, so that is the style used 
in this book. 
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* * 
Checkpoint 

MyProgranvnm|Ub" wwwMiyprogrjmmingljb.com 

7.1 Write statements that create the following arrays: 
a) A 100-cIcmcnt i n t array referenced by the variable eaployccNumbers. 
b) A 25-clcmcnt double array referenced by the variable payRates. 
c) A 14-elcmcnt f l oa t array referenced by the variable miles. 
d) A 1000-clcmcnt char array referenced by the variable l e t t e r s . 

7.2 What's wrong with the following array declarations? 

in t | | readings • new i n t ( - l ) ; 
double(| measurements • new double[4.5); 

7.3 What would the valid subscript values be in a four-element array of doubles? 

7.4 What is the difference between an array's si/c declarator and a subscript? 

7.5 What does it mean for a subscript to be out-of-bounds? 

7.6 What happens in Java when a program tries to use a subscript that is out-of-
bounds? 

7.7 What is the output of the following code? 

int() values - new int(5); 
tor (int count • 0; count < 5; count**) 

values(count| - count • 1; 
for {Int count • 0; count < S; count**) 

System.out.printIn(values[count)); 

7.8 Write a statement that creates and initializes a double array with the following 

values: 1.7,6.4,8.9, 3 .1 , and 9.2.1 low many elements are in the array? 

Processing Array Elements 

CONCEPT: Individual array elements arc processed like any other type of variable. 

Processing array elements is no different from processing other variables. For example* the 
following statement multiplies hours[3| by the variable payRate: 

grossPay • hours[3| * payRate; 

The following are examples of pre-increment and post-increment operations on array 
elements: 

i n t [ ) ecore - {7, 8, 9, 10, 11); 
« s c o r e ( 2 ) ; / / Pre-increment operat ion 
score[4)++; / / Post-increment operat ion 

When using increment and decrement operators, be careful not to use the operator on the 
subscript when you intend to use it on the array clement. For example, the fol lowing 
statement decrements the variable count, but does nothing to the value stored in the array 
clement amount(count |: 

amount(count—]; 

http://wwwMiyprogrjmmingljb.com
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(!ovlc Listing 7-5 demonstrates the use of array elements in a simple mathematical state­
ment. A loop steps through each element of the array, using the elements to calculate the 
gross pay of five employee*. 

Code Listing 7-5 (PayArray . Java) 

import Java.uti l .Scanner; / / Needed for Scanner c lass 

/ • • 

This program s tores in an array the hours worked by 
five employees who a l l make the sane hourly wage. 

• / 

public c lass PayArray 
< 

public s t a t i c void main(String(] args) 

< 

f ina l int EMPLOYEES - 5; / / Number of enployees 
double payRate; / / Hourly pay ra te 
double grossPay; / / Gross pay 

/ / Create an array to hold employee hours. 
i n t [ | hours - new int(EMPLOYEES); 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard * new Scanner(System,in); 

/ / Get the hours worked by each employee. 
System.out.println("Enter the hours worked by • * 

EMPLOYEES • • employees who a l l earn • • 
"the same hourly r a t e . " ) ; 

for ( in t index - 0; index < EMPLOYEES; index**) 

{ 
System.out.print( "Employee • " • (index • 1) + ": " ) ; 

hours[index] - keyboard.nextInt(); 

> 

/ / Get the hourly pay r a t e . 
System.out.print("Enter the hourly ra te for each employee: " ) ; 
payRate - keyboard.nextDouble(); 

/ / Display each employee's gross pay. 
System.out.println( "Here i s each employee's gross pay:") ; 
for ( in t index - 0; index < EMPLOYEES; index**) 

< 

grossPay • hours!index) * payRate; 
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42 
43 
44 
45 ) 

46 > 

> 

Syatem.out .pr int ln("Employee • " + (index + 
" : $" • groaaFay); 

P r o g r a m O u t p u t w i t h E x a m p l e Input S h o w n In Bold 

Enter the houra worked 

Employee 
Employee 
Employee 
Employee 
Employee 

11: 
12: 
13: 
14: 

15: 

10 [Enter] 
20 [Enter] 
30 [Enter] 
40 [Enter] 
50 [Enter] 

Enter the hourly r a t e f 
Here ia each 
Employee 
Employee 
Employee 
Employee 
Employee 

11: 
12: 
13: 
• 4: 
IS: 

employee's 
$100.0 
$200.0 
$300.0 
$400.0 
$500.0 

by 5 employees who a l l earn the 

or each employee: 10 [Enter] 
gross pay: 

1) + 

same hourly r a t e . 

In line 4 1 , the following statement assigns the value of hours)index] times psyRate to the 
grossPay variable: 

grossPay - hours!index| * payRate; 

Array elements may also be used in relational expressions. For example, the following i f 
statement determines whether cost[ 201 is less than cost(O): 

if (cost(20| < cost(0]) 

And the following while loop iterates as long as valuef count | does not equal 0: 

while <value(count) •• 0) 

< 

Statements 

) 

In this chapters source code (available at www.pcarsonhighcred.com/gaddisl, you will 
find the file Overtime*java% which is a modification of the PjyArrjy\jjvj program in Code 
Listing 7-5. The Overtime.java program includes overtime wages in the gross pay. If an 
employee works more than 40 hours, an overtime pay rate of 1.5 times the regular pay 
rate is used for the excess hours. 

Array Length 
Each array in Java has a public field named length. This field contains the number of cle* 
ments in the array. For example, consider an array created by the following statement: 

double() temperatures • new double!25|; 

http://www.pcarsonhighcred.com/gaddisl
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Because the temperatures array has 25 elements, the following statement would assign 25 
to the variable size: 

s ize • temperatures.length; 

The length field can be useful when processing the entire contents of an array. For example, 
the following loop steps through an array and displays the contents of each element. The 
array's length field is used in the test expression as the upper l imit for the loop control 
variable: 

tor <int i - 0; i < temperatures.length; i++) 
System.out.printIn(temperatures|i|); 

© W A R N I N C ! lie v .ireful not localise an off-by-one error when using ihc length field as 
ihc upper l imit of a subscript. The length field contains the number of elements in an 
array. The largest subscript in an array is length L. 

o NOTE: You cannot change the value of an array's length field. 

The Enhanced fo r Loop 
Java provides a specialized version of the for loop [hat, in many circumstances, simplifies 
array processing. It is known as the enhanced for /OO/J. I lere is die general format of the 
enhanced for loop: 

for (datatype mlmmmntV&riablm : array) 
Btatmmmnt/ 

The enhanced for loop is designed to iterate once for every element in an array. Kach time 
the loop iterates, it copies an array element to a variable. Lert look at the syntax more 
closely as follows: 

• dataTypc elemcntVariable is a variable declaration. This variable wi l l receive 
the value of a different array element during each loop iteration, During the tirst loop 
iteration, it receives the value of the first element; during the second iteration, it 
receives the value of the second element, and so on. This variable must be of the same 
data type as the array elements, or a type that the elements can automatically be con­
verted to. 

• array is the name of an array on which you wish the loop to operate. The loop wi l l 
iterate once for every clement in the array. 

• statement is a statement that executes during a loop iteration. 

For example, assume that we have the following array declaration: 

i n t ( ] numbers - { 3, 6, 9 }; 

We can use the following enhanced for loop to display the contents of the numbers array: 

for <int val : numbers) 
System.out*pr in t ln(val ) ; 
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Because the numbers army has three elements, this loop wi l l iterate three times. The first 
time it iterates, the v * l variable will receive the value in numbers)0]. During the second 
iteration, v * l will receive the value in numbers(11. During the third iteration, val will receive 
the value in numbers! 2 |, The code's output wi l l be as follows: 

s 
6 
9 

If you need to execute more than one statement in the enhanced for loop, simply enclose 
the block of statements in a set of braces. I lere is an example: 

i n t | | numbers - { 3 , 6, 9 } ; 
for ( i n t val t numbers) 

< 

Sys tem.ou t .p r in t )"The next value i s " ) ; 

S y s t e m . o u t . p r i n t I n ( v a l ) ; 

> 

Tins code will produce the following output: 

The 
The 

The 

next 
next 
n u t 

value 
value 
value 

la 
ia 
ia 

i 

1 
9 

The Enhanced f o r Loop versus the Traditional f o r Loop 

When you need to access the values that are stored in an array, from the first element 10 the 
last element, (he enhanced for loop is simpler to use than the traditional for loop. Wil l i the 
enhanced for loop you do not have to be concerned about the si/e of the array, and you do 
not have to create an " index" variable to hold subscripts. I lowever, there are circumstances 
in which the enhanced for loop is not adequate. You cannot use the enhanced for loop as 
follows; 

if yon need to change the contents of an array element 
if you need to work through the array elements in reverse order 

if you need to access some of the array elements, but not all of them 
it you need to simultaneously work with two or more arrays within the loop 
if you need to refer to the subscript number of a particular element 

In any of these circumstances, you should use the traditional for loop to process the array. 

Let t ing the User Specify an Array's Size 
|a\a allows you to use an integer variable to specify an array's size declarator. This makes it 
possible to allow the user to specify an array's size. Code Listing 7-6 demonstrates this, as 
well as the use of the length field. It stores a number of test scores in an array and then 
displays them. 
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Code Listing 7-6 ( D i s p l a y T e s t S c o r e * . Java) 

l 

2 

i 

A 
5 

6 

B 

9 

LQ 

11 
12 

; I 
L4 
15 

. i , 

17 
LB 
• '.' 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
12 
13 
34 
35 
36 
17 
IB 
)9 

import Java.util.Scanner; / / Heeded (or Scanner class 

' • • 

This program demonstrates how the user stay specify an 
array's s ize . 

public c lass DisplayTestScores 

I 

) 

public s tat ic void nain(String[] args) 
< 

int numTests; / / The number of tes t s 
in t [ | t e s t s ; / / Array of tes t scores 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

/ / Get the number of tes t scores. 
System.out.print)"How many testa do you have? ' ) ; 
numTests • keyboard.nextlnt(); 

/ / Create an array to hold that nuaber of scores. 
t e s t s - new int(numTests); 

/ / Get the individual teat scores. 
for (int index - 0; index < tests . length; index**) 

I 
System.out.print("Enter tes t score • • 

(index • 1) • "i • ) ; 
tests[index) - keyboard.nextlnt(); 

) 

/ / Display the tes t scores. 
System.out.println(); 
System.out.println("Here are the scores you entered! 
for (int index • 0; index < tests . length; index**) 

System.out.print(tests[index) * " "); 

Program Output w i t h Example Input Shown in Bold 

How many tes t s do you have? 5 [Enter] 
Enter tes t score 1: 72 [Enter] 
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Enter 
Enter 
Enter 
Enter 

t e a t 
t e a t 
t e a t 
t e a t 

acore 2: 
acore 3 : 
acore 4: 
acore 5: 

Here a re the acorea 
72 85 81 94 99 

85 (Enter) 
81 [Enter] 
94 [Enter] 
99 [Enter] 

you e n t e r e d : 

This program allows the user to determine the size of the array. In line 1\ the following 
statement creates the array, using the nuaTests variable to determine its size: 

t e s t s • new i n t ( n u v T e s t s | ; 

The program then uses two for loops. The first, in lines 26 through $\% allows the user to 
input each test score. The second, in lines \h and 17, displays all of the test scores. Both 
loops use the length member to control their number of iterations as follows: 

for {int index - 0; index < t e s t s . l e n g t h ; index++) 

Reassigning Array Reference Variables 
It is possible to reassign an array reference variable to a different array, as demonstrated by 
the following code: 

// Create en array referenced by the numbers variable. 

int| 1 numbers - new int|10 |; 

// Reassign numbers to a new array. 

numbers * new int|5|; 

The first statement ideates a ten-element integer array and assigns its address to the numbers 
variable. This is illustrated in Figure 7-7, 

Figure 7-7 The numbers variable references a ten-element array 

The numbers variable holds 
the address of an i n t array • mai l 

1 A len-olemont int array 

The second statement allocates a five-element integer array and assigns its address to the 
numbers variable. The address of the five-element array takes the place of the address of 
the ten-element array. After this statement executes, the numbers variable references the five-
clement array instead of the ten-clement amy . This is illustrated in Figure 7-8. Because the 
ten-clement array is no longer referenced, it cannot be accessed. 
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Figure 7-8 The numbers variable references a live-element array 

The ten-e ement i n t array 
previous y referenced 

The numbern variable holds 
Ihe address ol an i n t array 

A five-e errant i n t array 

Copying Arrays 
Because an array is an object, there is a distinction between an array and the variable that 
references it. The array and the reference variable are two separate entities. This is impor­
tant to remember when you wish to copy the contents of one array to another. You might be 
tempted to write something like the following code, thinking that you arc copying an array: 

i n t [ | a r rayl - < 2, 4, 6, 
i n t | | array2 - a r r a y l ; 

8, 10 >; 

// Thia does not copy arrayl 

The first statement creates .in array and assigns its address to the arrayl variable. I lie sec­
ond statement assigns array l to array2. This does not make a copy of the array referenced 
by a r ray l . Rather, it makes a copy of the address that is stored in arrayl and stores it in 
• r ray2. After this statement executes, both the array l and array2 variables wi l l reference 
the same array. This type of assignment operation is called a reference copy. Only the 
address ol the arr.iy object is copied, not the contents of the array object. I Ins is illustrated 
in Figure 7-9. 

Figure 7-9 Both a r r a y l and ar ray2 reference the same array 

The a r ray l variable holds 
the address ol an i n t array. 

The arrays variable holds 
Ihe address ol an | n-_ array. 

An i n t array 

2 4 6 8 10 

Code Listing 7-7 demonstrates the assigning of an array's address to two reference variables. 
Regardless of which variable the program uses, it is working with the same array. 



7.2 Processing Array Elements 425 

Code Listing 7-7 (SameAr ray . j a v a ) 

i 

-

i 

5 
6 
7 

/ » » 

This program demonstrates that two variables can 
reference the same array . 

* / 

public c lass SameArray 

< 

9 

10 

II 

L2 

1 ) 

i - i 

LS 
16 
17 
LI 
L9 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
JO 
31 ) 

public s t a t i c void main(String() args) 

{ 

i n t ( ] arrayl - { 2, 4, 6, 8, 10 >; 
l n t | 1 array2 • a r ray l ; 

/ / Change one ot the elements using ar rayl -
array1(0] - 200; 

/ / Change one ot the elements using array2. 
array2(4] - 1000; 

/ / Display a l l the elements using arrayl 
System.out.println(HThe contents of a r r a y l : " ) ; 
for ( int value : a r rayl ) 

System.out.print(value • " ">; 
System.out .pr int ln() ; 

/ / Display a l l the elements using array2 
System.out.println("The contents of a r ray2 :" ) ; 
for ( int value : array2) 

System.out.print)value + • ')% 
System.out .pr int lnf) ; 

Program Output 

The contents of a r r ay l : 
200 4 6 8 1000 
The contents of array2: 
200 4 6 8 1000 

The program in Code listing 7-7 illustrates that you cannot copy an array by merely assign­
ing one array reference variable to another. Instead, to copy an array you need to copy the 
individual elements of one array to another. Usually, this is best done with a loop, such as 
the following: 
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< * 

„ 

i n t [ ] f irstArray - < 5, 10, 15, 20, 25 >; 
i n t [ ) aecondArray - new i n t ( 5 ] ; 

for ( i n t index • 0; index < first Array . l e n g t h ; index +•+) 
aecondArray! index | • f irst Array) index | ; 

The loop in this code copies each element of t i ra tAr ray to the corresponding clement <>! 

aecondArray. 

Checkpo in t 

htyProjrammintfLitf unvw.myprogrjmmmghbxom 

7.9 Look at the following statements: 

i n t ( ] numberal • { 1, 3, t , I >; 
i n t ( ] numbera2 • { 2, 4, 6, • >; 
int resu l t ; 

Write a statement that multiplies element 0 of the numberal array by element * of 
the numbers2 array and assigns the result to the resu l t variable. 

7.10 A program uses a variable named array that references an array of integers. You do 
not know the number of elements in the array. Write a for loop thai stores - I in 
each element of the array. 

7.11 A program has the following declaration: 

double) ) values; 

Write code that asks the user for the si/e of the array and then creates an array of 
the specified si/e, referenced by the valuea variable. 

7.12 Look at the following statements: 

i n t [ ] a - { 1, 2, 3, 4, 5, 6, 7 >; 
i n t ( ] b • new i n t ( 7 ) ; 

Write code that copies the a array to the b array. 

73 Passing Arrays as Arguments to Methods 

I— CONCEPT: An array can be passed as an argument to a method. To pass an array, you 

pass the value in the variable that references the array. 

Quite often youI I want to write methods that process the data in arrays. As you wi l l sec, 
methods can be written to store values in an array, display an array's contents, total all of 

Passing an ;*n array's elements, calculate their average, and so forth. Usually, such methods accept an 
Array to a array as an argument. 

Method 
When a single clement of an array is passed to a method, it is handled like any other vari­
able. For example, Code Listing 7-8 shows a loop that passes each element of the array 
numbers to the method showValue. 

Vtdfoflof* 
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Code Listing 7 8 ( P a s s E l e m e n t s . J a v a ) 

/ » » 

This program demonstrate* passing individual array 
elements as arguments to a method. 

* / 

public c lass PassElements 

< 

public s t a t i c void main(String() args) 

{ 

i n t ( ] numbers - {5, 10, IS, 20, 25, 30, 35, 40); 

for ( int index - 0; index < numbers.length; index**) 
showValuefnumbers!index]ll 

/ * * 

The showValue method displays i t s arg 
tparam n The valua to display. 

n t . 

• / 

public s t a t i c void showValut(int n) 

( 

System.out.print(n • • " ) ; 

Program Output 

5 10 15 20 25 30 35 40 

Etch time showValue is called in this program, an array clement is passed to the method. 
The showValue method has an int parameter variable named n, which receives the argu­
ment. The method simply displays the contents of n. If the method were written to accept 
the entire array as an argument, however, the parameter would have to be set up differently. 
For example, consider the following method definition. Hie parameter array is declared as 
in array reference variable. This indicates that the argument will be an array, not a single 
value. 

public static void showArray(int|) array) 

< 

for (int i - 0; i < array.length; i**) 
System.out.print(array(i] * • • ) ; 

) 
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When you pass an array as an argument, you simply p.ivs the value in the variable that 
references the array, as shown here: 

ahowArray(numbers); 

When an entire array is passed into a method, it is passed just as an object is passed: The 
actual array itself is not passed, but a reference to the array is passed into the parameter. 
Consequently, this means the method has direct access to the original array. This is illus­
trated in l-'igurc 7-10. 

Figure 7-10 An array passed as an argument 

ahowArray(numbara 

An array 

5 10 IS 20 26 30 36 40 

"1 
public ataeic void ahowArray(intU array) 

i 
for (inC i • 0 ; 1 < a r r a y l e n g t h ; 1*4) 

S y a t e r n . o u t . p r i n t ( a r r a y ( i ) • " " ) ; 

CIKIC listing 7-l> shows rhc showArray method in use.,is well as .mother method, getValues. 
The getValues method accepts .in army a* an argument. It asks the user to enter a value for 
each element. 

Code Listing 7-9 ( P a n A r r a y . Java) 

import Java.uti l .Scanner; / / Needed for Scanner c lass 

/ * * 

This program demonstrates passing an array 
as an argument to a method. 

• / 

B public c l a s s PassArray 
9 < 

public s t a t i c void main(String[1 args) 

H < 
final int ARRAY_SXZE • 4; / / Size of the array 

13 
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/ / Create an ar ray . 
i n t [ ] numbers - new int[ARRAY_SIZE); 

/ / Pass the array to the getValues method. 
getValues(numbers); 

System.out.println("Here are the " + 
**numbers that you en te red :" ) ; 

/ / Pass the array to the showArray Method. 
•howArray(numbers); 

/ * * 

The getValues method accepts a reference 
to an array as i t s argument. The user i s 
asked to enter a value for each element. 
Gparam array A reference to the array. 

* / 

private s t a t i c void getValues(int(] array) 

i 
II Create a Scanner objects for keyboard input. 
Scanner keyboard • new Scanner(System.in); 

System.out.println("Enter a se r ies of " • 
array. length + " numbers."); 

/ / Read values into the array 
for ( int index • Oj index < array. length; index++) 

{ 
System.out .pr intfEnter number • • 

(index + ! ) • - : " ) ; 
array[index| - keyboard.nextlnt(); 

/ • • 

The showArray method accepts an array as 
an argument and displays i t s contents , 
flparam array A reference t o the array. 

* / 

public s t a t i c void showArray(int[] array) 

< 

/ / Display the array elements. 
for ( int index - 0; index < a r ray. length; index++) 

System.out.print(array[index| • " " ) ; 
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62 ) 
63 ) 

< * 

>1 

Checkpo in t 

MyPro|r*fflm*n|L»b* www.myprogramminglabxom 

7.13 L<K>k at the following method header: 

publ ic s t a t i c void myMcthod(double|) array) 

I Icrc is an array declaration: 

double!] numbers - new double!100); 

Write a statement that passes the njnbers arra> to the myMcthod method. 

7.14 Write a method named zero, which adepts an i n t array .is an argument and stores 
the value 0 in each clement. 

Some Useful Array Algorithms and Operations 

Comparing Arrays 
In the previous section you saw that you cannot copy an array by simply assigning its refer­
ence variable to another array's reference variable. In addition, you cannot use the • - ope­
rator to compare two array reference variables and determine whether the arrays arc equal. 
For example, the following code appear* to compare two arrays, but in reality does not: 

i n t [ | f irstArray - { 5, 10, 15 , 20, 25 >; 
i n t [ | secondArray - { 5, 10, 15, 20, 25 ) ; 
i f ( f i r s tA r ray - - secondArray) / / Th i s i s a m is take . 

S y s t e m . o u t . p r i n t l n ( " T h e a r rays are the same . " ) ; 
e l se 

S y s t e m . o u t . p r i n t l n f T h e a r rays are not t h e same. " ) ; 

When you use the - - operator with reference variables, including those that reference 
arrays, the operator compares the memory addresses that the variables contain, not the 
contents of the objects referenced by the variables. Because the two array variables in this 
code reference different objects in memory, they will contain different addresses. Therefore, 
the result of the boolean expression t i r s t A r r a y — secondArray is fa lse and the code 
reports that the arrays are not the same. 

To compare the contents of two arrays, you must compare the elements o i the two arrays. 

http://www.myprogramminglabxom
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For example, look at the following code: 

i n t | ) firstArray - { 2, 4 , 6 , 8, 10 ) ; 
i n t | ) aecondArray • < 2, 4, 6, 8, 10 >; 
boolean a r raysEqua l - t r u e ; / / Flag v a r i a b l e 
i n t index • 0; / / Loop c o n t r o l v a r i a b l e 

/ / F i r s t de termine whether t h e a r r a y s a r e t h e same s i z e , 
i f ( f i r s tAr ray . l eng th I - s econdArray . l eng th ) 

a r raysEqua l - f a l s e ; 

/ / Next de te rmine whether t h e e lements c o n t a i n t h e same d a t a . 
whi le (a r raysEqual i t index < firstArray.length) 

< 

i f ( f i r s tAr ray ) index | ! • secondArray! index)) 
a r raysEqua l - f a l s e ; 

index++; 
) 

if (arraysEqual) 
System.out.println("The arrays are equal."); 

else 
System.out.println("The arrays are not equal. ) ; 

This code determines whether f i rs tArray and sscondArray contain the same values, A 
boolean flag variable, arraysEqual, which is initialized to t rue, is used to signal whether the 
arrays are equal. Another variable, index, which is initialized to 0, is used as a loop control 
variable. 

First, this code determines whether the two arrays are the same length. If they are not the 
same length, then the arrays cannot be equal, so the flag variable arraysEqual is set to 
false. Then a while loop begins. I he loop executes as long as arraysEqual is t rue and the 
control variable index is less than f i rs tArray. length. During each iteration, it compares a 
different set of corresponding elements in the arra\s. When it finds two corresponding ele­
ments that have different values, the flag variable arraysEqual is set to false. After the loop 
finishes, an if statement examines the arraysEqual variable. If the variable is t rue, then the 
arrays arc equal and a message indicating so is displayed. Otherwise, they are not equal, so 
a different message is displayed. 

Summing the Values in a Numeric Array 
To sum the values in an array you must use a loop with an accumulator variable. The loop 
adds the value in each array element to the accumulator. For example, assume that the follow­
ing statement appears in a program and that values have been stored in the uni ts array: 

i n t | | units - new i n t ( 2 5 | ; 

The following loop adds the values of each element of the uni ts array to the t o t a l variable. 
When the code is finished, t o t a l will contain the sum of all of the units array's elements. 
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in t t o t a l - 0; / / I n i t i a l i z e accumulator 
for ( in t index - 0; index < u n i t s . l e n g t h ; index++) 

t o t a l *• uni ta ( index) ; 

Gett ing the Average of the Values in a Numeric Array 
The first step in calculating the average of all the values in an array is to sum the values.The 
second step is to divide the sum by the number of elements in the array. Assume that the 
following statement ippeui in I program ind thai values have been stored in the ioor*i 
array: 

double!) ecorea » new double!10); 

I lu* follow mg code calculates the average of the values in the acorea array. When the code 
completes, the average will be stored in the average variable. 

double total - 0; // Initialize accumulator 
double average; // Will hold the average 
for (int index - 0; index < scorea. length; index") 

total *• acoreaI index); 
average - total / ecoree.length; 

Notice that the last statement, which divides total by acorea. length, is not inside the loop. 
This statement should execute only once, after the loop has finished its iterations. 

Finding the Highest and Lowest Values In a Numeric Array 
The algorithms tor finding the highest and lowest values in an array are very similar, hrst. 
let s look at code for finding the highest value in an array. Assume that the following state­
ment exists in a program and that values have been stored in the numbera array: 

int() numbera • new int[50); 

The code to find the highest value in the array is as follows: 

int higheat - numbera|0|; 
for <int index • 1; index < numbera.length; index**) 

< 

if (numbera(index] > highest ) 
higheat - numbera(index); 

> 

First we copy the value in the first array element to the variable higheat. Then the loop 
compares all of the remaining array elements, beginning at subscript I, to the value in 
higheat. luich time it finds a value in the array that is greater than higheat, it copies that 
value to higheat. VC'hen the loop has finished, higheat will contain the highest value in the 
array. 

The following code finds the lowest value in the array. As you can see, it is nearly identical 
to the code for finding the highest value. 
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i n t lowest - numbers[0); 
for < i n t index • 1; index < numbers . length ; index++) 

< 

if (numbers!index) < lowest) 
lowest • numbers!index); 

i 
When the loop has finished, lowest will contain the lowest value in the array. 

The SalesData Class 
To demonstrate these algorithms, look at the SalesData class shown in Code Listing 7-10. 
An instance of the class keeps sales amounts for any number of days in an array, which is ,i 
private field. Public methods are provided that return the total, average, highest, and lowest 
amounts of sales. The program in Code Listing 7-11 demonstrates the class, and l-'igurc 7-1 I 
shows an example of interaction with the program. 

Code Listing 7-10 (SalesData.Java> 

l 

2 

J 

•i 

S 
I 
7 

I 
9 

10 

11 
12 

I) 
M 
13 
16 
L7 
18 
19 
20 
21 

22 
- I 
24 
25 
26 

/ • • 

Thin c l a n keeps the sales figures (or a nuaber of 
days in an array and provides methods for get t ing 
the to t a l and average s a l e s , and the highest and 
lowest aaounts of s a l e s . 

* / 

public c lass SalesData 

< 

private doublef | sa les ; / / The sales data 

/ . . 

The constructor copies the elements in 
an array to the sa les array. 
eparam s The array to copy. 

• / 

public SalesData(double[) s) 

I 
/ / Create an array as large as s . 
sa les - new doublets . length) ; 

/ / Copy the elements from s to sa l e s . 
for ( in t index - 0; index < s . length; index**) 

sales[index] • • [ index) ; 
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/ • • 

getTotal method 
?return The to t a l of the elements in 
the sales array. 

public double getTotal() 

< 

double to t a l - 0.0; / / Accumulator 

/ / Accumulate the sum of the elements 
/ / in the sa les array. 
for ( int index * 0; index < sa les . length; index*•) 

t o t a l *• sales[ index); 

/ / Return the t o t a l , 
return t o t a l ; 

/ • • 

( re turn The average of the e l 
in the sa les array. 

nts 

I 

public double gctAvcrage() 
K 

return getTotal() / sa les . length; 

/ • • 

getHighest method 
Ire turn The highest value stored 
in the sales array. 

• / 

public double getHighest() 

< 

double highest - s a l e s [0 ] ; 

for ( in t index • 1; index < sa les . length; index**) 

< 

if (sales[index) > highest) 
highest - sa les( index] ; 
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73 
74 
75 
76 
77 

78 
79 

80 
81 
82 
83 
84 
85 
86 
87 

88 
89 
90 
91 
92 
93 
94 

9* ] 

> 

return highest; 

/ * * 

* / 

getLowest method 
^return The lowest value stored 
in the sa les ar ray . 

public double getLowest() 

1 

) 

\ 

double lowest - s a i e s (0 | ; 

tor ( in t index - 1; index < sal 

< 

if (sales[index) < lowest) 
lowest - sales!index); 

> 

return lowest; 

Code L i s t i ng 7-11 ( S a l e s . Java) 

i import javax.swing.JOptionPane; 
import Java.text.DecimalPormat; 

3 
4 / * • 

This program gathers sales amounts for the week. 
I t uses the SalesData class to display the t o t a l , 
average, highest, and lowest sales amounts. 

« * / 

9 
10 publ ic class Sales 

1 1 < 
12 publ ic s t a t i c void main(S t r ing( ] args) 

13 < 
f i n a l i n t ONE_WEEK - 7; / / Number of elements 

15 
/ / Create an a r ray t o hold s a l e s anounts for a week. 

17 d o u b l e d s a l e s - new doublefONE WEEK); 
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0 

1 

2 > 

/ / Get the week's sa les figures, 
getValues(sales); 

/ / Create a SalesData object , i n i t i a l i z ed 
/ / with the week's sa les f igures. 
SalesData week • new SalesData(sales); 

/ / Create a DecinalPormat object . 
Decimal Format dol lar - new DecioalForoat(M, MO-00*); 

/ / Display the t o t a l , average, highest, and lowest 
/ / sales amounts tor the week. 
JOpt ionPane.showMessageDialog(nullf 

"The to t a l sa les were $" • 
dollar.format(week.getTotal()) * 
•\nThe average sa les were $" • 
dollar.format(week.getAverageO) * 
"\nThe highest sa les were $• * 
dollar.format(week.getHighest()) + 
•\nThe lowest sa les were S" * 
dollar.format(week.getLow*st())); 

System.exit(0)j 

/ » 

The getValues method asks the user t o enter sa les 
amounts for each element of an array. 
Pparam array The array to s tore the values in. 

• / 

private s t a t i c void getValues(double(] array) 

< 

String input; / / To hold user input. 

/ / Get sales for each day of the week, 
for ( int i - 0; i < array. length; i++) 

i 
input - JOptionPane.showInputDialogfEnter 

• the sa les for day • + ( i * 1) + " • • ) ; 
a r r ay [ i ] • Double.parseDoublefinput); 

file://?/nThe
file:///nThe
file://?/nThe
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Figure 7 -11 Interaction w i t h the S a l e s * Java program 
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< $ > In the Spotlight: 
Creating an Object That Processes an Array 
Dr. LatMaire gives a set of exams dur ing the semester in her chemistry class. At the end ol 

the semester, she drops each student's lowest test score before averaging the scores. She has 

asked you to wr i te a program that w i l l read a students test scores as input, and calculate the 

average wi th the lowest score dropped. 

The fo l low ing pseudocode shows the steps for calculating the average of a set of test scores, 

w i th the lowest score dropped: 

ddadate the total of the scores. 
Find the lowest score. 
Subtract the lours! store from the total. This gilts the adjusted total 
Divide the adjusted total by (number of stores - //. This ts the average. 

You decide to create a class named Grader, w i th a constructor that accepts a double array 

of test scores. The Grader class wi l l have a method named get Lowest Score that returns the 

lowest score in the array, and a method named getAverage that returns the average of the 

test scores wi th the lowest score dropped. Figure 7-12 shows a U M I diagram for the class. 
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Figure 7-12 UML diagram lor the Grader class 

Grader 

- testScores: doublet 1 

+ Grader(scoreArray : dout>le[ ]); 
+ getLowestScore(): double 
+ get Averaged : double 

Oxle Listing 7-12 shows rhc code for the class. 

Code Listing 7-12 (Grader . Java ) 

/ ' • 

The Grader claaa calculates tha average 
of an array of tes t scores, with the 
lowest score dropped. 

• / 

public class Grader 

< 

/ / The testScores field i s a variable 
/ / that wil l reference an array 
/ / o f test scores. 
private double[| testScores; 

/ f t 

Constructor 
Sparam scoreArray An array of t u t scores 

7 

public Grader(double[] scoreArray) 
i 

II Assign the array argument to 
/ / the testScores field* 
testScores - scoreArray; 

I t t 

getLowestScore method 
3return The lowest tes t score. 

• / 

public double getLowestScore() 
< 

double lowest; / / To hold the lowest score 
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/ / Get the f i r s t t e s t score in the array. 
lowest - tes tScores[01; 

/ / Step through the res t of the array, when 
/ / a value less than lowest i s found, assign 
/ / i t to lowest. 
for ( int index • 1; index < testScores . length; index++) 

I 
if ( testScores[index| < lowest) 

lowest - testScores[index); 

) 

/ / Return the lowest t e s t score . 
return lowest; 

) 

getAverage method 
^return The average of the teat scores 

with the lowest score dropped. 
* / 

public double getAverage() 

( 

double to t a l - 0; / / To hold the score to t a l 
double lowest; / / To hold the lowest score 
double average; / / T o hold the average 

/ / If the array contains less than two t e s t 
/ / scores, display an error message and se t 
/ / average to 0. 
if ( testScores. length < 2) 

{ 

System.out.println("ERROR: You mist have at - • 
" leas t two t e s t scores!") ; 

average • 0; 
) 

else 

< 

/ / P i r s t , calculate the t o t a l of the scores. 
for (double score : testScores) 

t o t a l +- score; 

/ / Next, get the lowest score, 
lowest • getLowestScoref); 

/ / Subtract the lowest score from the t o t a l . 
t o t a l - • lowest; 
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83 

84 

85 

86 
67 
88 
89 
90 
91 > 

II Get the adjusted average, 
average • t o t a l / ( testScores. length - i ) ; 

> 

/ / Return the adjusted average, 
return average; 

• l ine 12 declare! ,i field named testScores, which will be used CO reference a double 
array of test scores. 

• Hie constructor appears in lines 19 through 24. It accepts a double array as an argu­
ment, which is assigned to the testScores field. 

• The get Lowest Score method appears in lines 31 through 49. It finds the lowest value 
in the testScores array and returns thai value. 

• The getAverage method appears in lines 57 through 90. This method first determines 
whether there arc less than 2 elements in the testScores array (in line 66). If that is 
the case, we cannot drop the lowest score, so an error message is displayed and the 
average variable is set to 0. Otherwise, the code in lines 74 through 85 calculates the 
average of the test scores with the lowest score dropped, and assigns that value to the 
average variable. Line 89 returns the value of the average variable. 

Code Listing 7-13 slums the program that Or. LaClairc will use to calculate a student's 
adjusted average. The program gets a series of test scores, stores those scores in an array, 
and uses an instance of the Grader class to calculate the average. 

Code Listing 7-13 ( C a l c A v e r a g e . J a v a ) 

1 import Java.uti l .Scanner; 
2 
3 / • • 
4 This program gets a se t of t e s t scores and 
5 uses the Grader c l a s s to ca lcula te the average 
6 with the lowest score dropped. 
7 •/ 

9 public c lass CalcAverage 

10 < 
public s t a t i c void main(String[] args) 11 

12 
13 
14 
15 
16 
17 
18 
19 

< 

int numScores; / / To hold the nunber of scores 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

/ / Get the number of t e s t scores . 
System.out.print("How many t e s t scores do you have? 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3« 
35 
36 
37 
31 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 } 
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numScores • keyboard.nextlnt(); 

/ / Create an array to hold the test scores. 
double[] scores - new double[numScores]; 

/ / Get the test scores and store then 
/ / in the scores array. 
for (int index - 0; index < nunScores; index**) 

i 
System.out.printfEnter score 1" » 

(index • 1) • - : - ) ; 
scoresiindex) - keyboard.nextDoublef); 

} 

/ / Create a Grader object, passing the 
/ / scores array as an argument to the 
/ / constructor. 
Grader myGrader - new Grader(scores); 

/ / Display the adjusted average. 
System.out.printlnfYour adjusted average i s " + 

myGrader.getAverage()); 

/ / Display the lowest score. 
System.out.println("Your lowest test score was • + 

myGrader.getLowestScore{)); 

) 

Program Output with Example Input Shown In Bold 

How many test scores do you have? 4 (Enter) 
Enter 
Enter 
Enter 
Enter 
Your i 

Your 

score 111 100 (Enter) 
score 12: 100 [Enter] 
score «3: 40 [Enter] 
score Ml 100 [Enter] 

idjusted average i s 100.0 
Lowest tes t score was 40.0 

441 

Partially Filled Arrays 
Sometimes you need to store a series of items in an array, but you do not know the number of 
items that there are. As a result, you do not know the exact number of elements needed for the 
array. One solution is to make the array large enough to hold the largest possible number of 
items. This can lead to another problem, however. If the actual number of items stored in the 
array is less than the number of elements, the array will be only partially filled. When you pro­
cess a partially filled array, you must process only the elements that contain valid data items. 
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A partially filled array is normally used with an accompanying integer variable that holds 
the number of items stored in the array. For example, suppose a program uses the following 
code to create an array with 100 elements and an In t variable named count, which will 
hold the number of items stored in the array: 

final i n t ARRAV_SI2E - 100; 
i n t [ | a r r a y - now int(ARRAY_SIZE); 
i n t count - 0; 

Each time we add an item to the array, we must increment count. The following code 
demonstrates: 

Scanner keyboard • new S c a n n e r ) S y a t e * , i n ) ; 
S y s t e m . o u t . p r i n t ( " E n t e r a number o r -1 t o q u i t : " ) j 
number - keyboa rd .nex t ln t ( ) ; 
whi le (number I - -1 i t count < a r r a y . l e n g t h ) 

< 

a r r a y I count | • number; 
count-*-*; 
System.out.print*"Enter a number or -1 to quitt * ) ; 
number - keyboard.nextlnt(); 

> 

Each iteration of this sentinel-controlled loop allows the user to enter a number to he stored 
in the array, or - I to quit. The count variable ts used as the subscript of the next available 
element in the array, and then incremented. VThcn the user enters - I , or count reaches the 
si/c of the array, the loop stops. The following code displays all of the valid items in tlie 
array: 

for (int index • Oj index < count; index**) 

< 

System.out.printIn(array!index)); 

> 

Notice that this code uses count to determine the maximum array subscript to use-

o NOTE: If a partially filled array is passed as an argument to a method, the variable that 
holds the count of items in the array must also be passed as an argument. Otherwise, the 
method will not be able to determine the number of items that are stored in the array. 

Working w i th Arrays and Files 
Saving the contents ot an array to a file is a straightforward procedure: Use a loop to step 
through each clement of the array, writing its contents to the file- For example, assume a 
program declares an array as follows: 

i n t ( ] numbers - ( 10, 20, 30, 40, 50 >; 

The following code opens a file named Vjhtcs.txt and writes the contents of each element of 
the numbers array to the file: 

i n t [ ] numbers - { 10, 20, 30, 40, 50 }; 
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/ / Open t h e file. 
P r i n t W r i t e r o u t p u t F i l e - new P r i n t W r i t e r ( " V a l u e s . t x t " ) ; 

/ / Wri te t h e a r r a y e lements t o t h e file. 
for ( i n t index - 0; index < numbers . length ; index++) 

o u t p u t F i l e * p r i n t I n ( n u n b e r s [ i n d e x ) ) ; 
/ / Close t h e fi le. 
o u t p u t F i l e , c l o s e ( ) ; 

The following code demonstrate* how to open the ValuesJxt file and read its contents back 
into the numbers array. 

final i n t SIZE - 5; 
i n t | ) numbers • new in t |S IZE | ; 
i n t index • 0; / / Loop c o n t r o l v a r i a b l e 

/ / Open t h e file* 
F i l e file - new F i l e ) " V a l u e s . t x t - ) ; 
Scanner i n p u t F i l e - new Scanner ( f i le) ; 

/ / Read t h e file c o n t e n t s i n t o t h e a r r a y . 
whi le ( i n p u t F i l e , h a s N e x t ( ) t i index < numbers . length) 

( 

> 

numbers! index ) - i n p u t F i l e . next Int. ( ) ; 
index*** 

/ / Close t h e f i le . 
i n p u t F i l e . c l o s e { ) ; 

The file is opened, then a while loop reads all of the values from the file inio the numbers 
array. The loop repeats as long as inputrile.hasNext( > returns t rue, and index is less than 
numbers. length. The inputPile.hasNext( > method is tailed to make sure there is a value 
remaining in the tile. This prevents an error in case the file docs not contain enough values 
to fill the array. The second condition (index < numbers.length) prevents the loop from 
writing outside the array boundaries. 

7.5 Returning Arrays from Methods 

CONCEPT: In addition to accepting arrays as arguments, methods may also return arrays. 

A method can return a reference to an array. To do so, the return type of the method must 
be declared properly. For example, look at the following method definition: 

public static double)] getArrayO 

< 

doublet) array - < 1.2, 2.3, 4.5, 6.7, 8.9 }; 
return array; 

> 
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The getArray method returns an array of doubles. Notice that the return type listed in the 
method header is double[ I-The method header is illustrated in Figure 7-13. It indicates that 
the method returns a reference to a double array. 

Figure 7-13 Array reference return type 

Method h public s ta t ic doublet] getArrayO 

• 

The method's return type 

Inside the method an array of doubles is treated, initialized with sonic values, and refer­
enced by the array variable. Then the re turn statement returns the array variable. By 
returning the array variable, the method is returning a reference to the array. The method's 
return value can be stored in any compatible reference variable, as demonstrated in Code 
Listing 7-14. 

Code Listing 7-14 ( R a t u r n A r r a y . J a v a ) 

1 
2 
J 

•i 

•J 

6 

7 
e 
9 

LO 

11 

12 

13 

:•; 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Thia program demonstrates how a reference t o an 
array can be returned from a method. 

7 

public clasa ReturnArray 

< 

public s t a t i c void main(String(| args) 

I 
double! | values; 

values - g«tArray()j 
Cor (double nun : values) 

System.out.print(nun • • " > ; 

/ • • 

getArray method 
3return A reference to an array of doubles. 

• / 

public s t a t i c double[] getArray() 

doublet) array • ( 1.2, 2 .3 , 4 .5 , 6.7, 8.9 >; 

return array; 
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27 > 

28 > 

P r o g r a m O u t p u t 

1.2 2.3 4.S 6.7 6.9 

The fol lowing statement, which appears in line 12, assigns the array returned by the 
getArray method to the array variable values: 

values - getArray{) ; 

Then the tor loop in lines 13 and 14 displays the value of each element of the values array. 

7.6 s tr ing Arrays 

CONCEPT: An array of s t r i ng objects may be created, but if (he array is uninitialized, 
each s t r i ng in the array must be created individually. 

Java also allows you to create arrays of Str ing objects. Here i i a statement that creates an 
array of Str ing object* initialized with values: 

S t r i n g ! | names - < " B i l l " , "Susan", "Steven", "Jean" }; 

In memory, an array of s t r i ng objects is arranged differently than an array of a primitive 
data type. In order to use a Str ing object, you must have a reference to the Str ing object. 
So, an array of s t r i ng objects is really an array of references to s t r i ng objects. Figure 7-14 
illustrates how the names variable wi l l reference an array of references to s t r ing ohjetts. 

F igure 7-14 The names variable references a S t r i n g array 

The n.imra variable hotds Ihe 
address ol a s t r i n g array. 

A S t r i n g array is 
an array of reference* 

to S t r i n g objects. 

1 u 
• & I 

names(0J 
t k a 

n a v e s [ 1 | 

n » e i ! 2 | 

n » « i [ 3 ] 

1 
* * *<« 

-»*„, 

~ » M . 

« - « 

Fach clement in the names array is a reference to a St r ing object. The n*mes[0] clement 
references a S t r ing object containing " B i l l " , the n»es [ 1 ] element references a St r ing 
object containing **Susan*\ and so forth. The program in O H I C l ist ing 7-1S demonstrates 
an array of Str ing objects. 
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Code Listing 7-15 ( M o n t h D a y s . J a v a ) 

: / • • 

This program demonstrates an array of String objects , 
i • / 

4 

5 public c lass MonthDays 

B { 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 > 

public s t a t i c void main(String[] args) 
< 

String!) months • ( "January", "February", "March", 
"April", "May", "June", "July", 
"August", "Septenber", "October", 
"November", "Deceaber" )j 

i n t [ | days - { 31, 28, 31, 30, 31, 30, 31, 
31, 30, 31, 30, 31 ) ; 

for ( int index • 0; index < months.length; index**) 

4 
System.out.println(months[index) • • has " • 

days(index) t • days." ) ; 

> 

Program Output 

January has 31 days. 
February has 28 days. 
March has 31 days. 
April has 30 days. 
May has 31 days. 
June has 30 days. 
July has 31 days. 
August has 31 days. 
September has 30 days. 
October has 31 days. 
November has 30 days. 
December has 31 days. 

As wuh the primitive data types, an initialization list automatically causes an array of 
String objects to be created in memory. If you do not provide an initialization list, you mutt 
use the new key word to create the array. I lerc is an example: 

final i n t SIZE - 4; 
S t r i n g ( ) names - new s t r ing ]SIZE | ; 
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I'd is si.iti-iiK-iii creates U Utt) <>' four reference :<> s t r i ng objects, as shown in Figure 
7-15. Notice that the array is an array of four uninitialized s t r i ng references. Because they 
do not reference any objects, they arc set to n u l l . 

F igure 7-15 An uninitialized Siring array 

The nam.-ii variable holds the 
address of a s t r i n g array. 

A S t r i n g array is 
an array of references 

to s t r i n g objects 

names[0] 

M M l ( l ] 

naiMS[2l 

n«!MS[3) 

i 
nul l 

nul l 

nul l 

null 

When you create an uninitialized array of s t r ing objects, you 
clement in the array that you intend to use. I lerc is an example: 

assign a value to each 

f ina l i n t SIZE - 4; 
S t r i n g ! 1 names - now S t r i n g l S I 2 E | ; 
namesIO] - " B i l l " ; 
name*[1 | - "Susan"; 
names[2] - "S tevan" ; 
names[3] - " J e a n " ; 

After these statements execute, each clement of the nanes array wi l l reference I St r ing 
object. 

Calling s t r ing Methods f rom an Array Element 
Recall from Chapter 2 that S t r i n g objects have several methods. For example, ihc 
toUpperCase method returns the uppercase equivalent of a Str ing object. Because each cle­
ment of a Str ing array is a Str ing object, you can use an clement to call a Str ing method. 
For example, the fol lowing statement uses clement 0 of the names array to call the 
toUpperCase method: 

System.out.println(nanes(0|.toUpperCase(>>; 

I he following code shows another example. It uses element .5 of the na»es array to call the 
charAt method. When this code executes, the first character of the siring stored in names! 31 
will be assigned to the l e t t e r variable. 

// Declare a char variable named letter. 
char letter; 
// Assign the first character in names(3| to letter. 

letter - names(3)-charAt(O); 
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<p TIP: Arrays have a field named length and String objects have a method named length. 
When working with string arrays, do not confuse the two. The following loop displays 
the length of each string held in names, which is assumed to he a String array. Note that 
the loop uses both the array's length field and each element's length method. 

for ( in t i • 0; i < names.length; i++) 
Sys tem.out .p r in t In(names( i | . l eng th(>) ; 

Because the array's length member is a field, you do not write a set of parentheses after 
its name. You do write the parentheses after the name of the String class's length method. 

* 
Checkpoint 
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7.15 a) Write a statement that declares a string array initialized with the following 
Krinp: "Mercury","Venus", "Earth", and "Mars". 

b) Write a loop that displays the contents ot each clement in the array you 
declared in A. 

c) Write a loop that displays the first character of the strings stored in each 
element of the array you declared in A. [Hint: Use the String class's charAt 
method discussed in Chapter 2.) 

Arrays of Objects 

CONCEPT: You may create arrays of objects that arc instances of classes that you 
have written. 

Like any other data type, you can create arrays of class objects. For example, recall the 
DankAccount class that we developed in Chapter 6. An array of BankAccount objects could 
be created to represent all of the bank accounts owned by a single person. The following 
code declares an array of five BankAccount objects: 

final in t NUM_ACCOUNTS - 5; 
BankAccountI) account* - now BankAccount|NUM_ACCOUNTS); 

The variable that references the array is named accounts. As with string arrays, each ele­
ment in this array is a reference variable, as illustrated in Figure 7-16. 

Notice from the figure that each clement of the array is initialized with the value null. This 
is a special value in Java that indicates the array elements do not yet reference objects. You 
must individually create the objects that each element will reference. The following code 
uses a loop to create objects for each element: 

for (int index - 0; index < accounts.length; index++) 
accounts(index| - new BankAccount<); 

http://ivivw.myprogramminglah.com
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Figure 7-16 The accounts variable references an array of references 

The accounts variable 
holds (he address ol a 
BankAccount array. 

The array is an array of 
references to 

BankAccount objects 

immi 

accounts Eo! 

accounts( l ) 

Accounts[2] 

accounts!)] 

accounts[4] 

1 
null 

n . : : 

aull 

null 

au l l 

In this code, the no-arg constructor is called for each object. Recall that the BankAccount 
class has a no-arg constructor that assigns 0.0 to the balance field. After rhc loop executes, 
each clement of the accounts array wi l l reference a BankAccount object, as shown in 
Figure 7-17. 

F igure 7-17 Each element of the array references an object 

The account • variable I 
holds (ha address of a 
BankAccount array 

accounts(0) 

accounts III 

accounts 12] 

account•[3] 

accounts(4] 

BankAccount objects 

balance fo Q| 

balance: 0.0 

Objects in an array are accessed with subscripts, just like any other data type in an array. 

For example, the following code uses the accounta(2| element to call the setBalance and 
withdraw methods: 

accoun ts !2 | . se tBa lance (2500 .0 ) ; 
accoun ts !2 | .w i thd raw*500 .0> ; 

Code Listing 7-16 shows a complete program that uses an array of objects. 
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Code Listing 7-16 (Objec tArray . Java) 

l 

2 

i 

A 
5 

6 

B 

9 

10 

11 
12 

; I 
L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

13 
34 

35 

36 

17 

IB 
IS 
40 
41 
42 
43 
44 
45 

import Java.util.Scanner; / / Needed (or the Scanner class 

' • • 

This program works with an array of three 
BankAccount objects. 

public c lass ObjectArray 

I 
public s tat ic void nain(String[] args) 

< 

final int NUHJKXOUNTS - 3; / / Nuaber of accounts 

/ / Create an array that can reference 
/ / BankAccount objects. 
BankAccount[| accounts - new BankAccount[ WJH_ACCOUHTS ] ; 

/ / Create objects for the array. 
createAccounts(accounts J; 

/ / Display the balances of each account. 
System.out.println("Here are the balances • * 

"for each account:"); 

for (int index - Oj index < accounts.length; index**) 

I 
System.out.println("Account • • (index • 1) • 

": $" • accounts!index).getBalance(>>» 

i t 

The createAccounts method creates a BankAccount 
object for each element of an array. The user 
is asked for each account's balance, 
gparam array The array to reference the accounts 

private s tat ic void createAccounts<BankAccount(1 array) 

I 
double balance; / / To hold an account balance 

/ / Create a Scanner object. 
Scanner keyboard - new Scanner(Systea.in); 
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46 
47 

49 
50 
51 
52 
bi 

54 
55 
56 
57 
58 > 

/ / Create the accounts. 
for ( int index • 0; index < array. length; index++) 

{ 
/ / Get the account's balance. 
System.out.print("Enter the balance for " » 

"account " • (Index • 1) • ": " ) ; 
balance • keyboard.nextDouble(); 

/ / Create the account. 
array!index] - new BankAccountfbalance); 

Program Output w i th Example Input Shown In Bo ld 

Enter the balance for account 1: 2500.0 [Enter) 
Enter the balance for account 2: 5000.0 [Enter) 
Enter the balance for account 3: 1500.0 [Enter) 
Here are the balances for each account: 
Account Li $2500.0 
Account 2i $5000.0 
Account 3i $1500.0 

Checkpoint 

MyProjnifnniifmltb" u'u-ir.myprogr.immm^Lihxuni 

7.16 Kccal I that we discussed a Rectangle class in Chapter 6. Write code that declares a 
Rectangle array with five elements. Instantiate each element with a Rectangle 
object. Use the Rectangle constructor to initialize each object with values for the 
length and width fields. 

7.8 The Sequential Search Algorithm 

^ CONCEPT: A search algorithm is a method of locating a specific item in a larger 
collection of data. This section discusses the sequential search algorithm, 
winch is a simple technique for searching the contents of an array. 

It is vers* common for programs not only to store and process information stored in arrays, 
bur also to search arrays for specific items. This section shows you how to use the simplest 
of all search algorithms—the sequential search. 

The sequential search algorithm uses a loop to sequentially step through an array, starting 
with the first element. It compares each element with the value being searched for and stops 
when the value is found or the end of the array is encountered. If the value being searched 
for is not in the array, the algorithm unsuccessfully searches to the end of the array. 
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The Search Array program shown in Code Listing 7-17 searches the five-clement array 
tests to find a score of 100. It uses a method, sequentialsearch, to find the value in the 
array. The array that is passed as an argument into the array parameter is searched for an 
occurrence of the number passed into value. If the number is found, its array subscript is 
returned. Otherwise, - I is returned, indicating the value did not appear in the array. 

Code Listing 7-17 (SearchAr ray .Java ) 

I 

2 

i 

i 

6 
7 

8 

9 

10 

11 
12 
i l 

H 
19 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

28 

10 

11 

32 

13 

34 

ir) 

36 

37 

/ • • 

Thia program sequentially searches an 
int array Cor a specified value. 

• / 

public class SearchArray 

i 
public s tat ic void main(String(| args) 
< 

i n t [ ) tests - 1 87, 75, 98, 100, 82 >; 
int results; 

/ / Search the array for the value 100. 
results - sequentialsearch)teats, 100); 

/ / Determine whether 100 was found and 
/ / display an appropriate message. 
if (results - - -1) 

System.out.println("You did not " • 
"earn 100 on any t e s t ." ) ; 

) 

else 
< 

System.out.println("You earned 100 ' + 
"on tes t • • (results • 1)); 

> 

/ • • 

The sequentialsearch method searches an array for 
a value. 
?param array The array to search. 
?param value The value to search for. 
•? return The subscript of the value if found in the 

array, otherwise - 1 . 
*/ 
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38 
39 
40 
•II 

42 
•li 

•1-1 

45 
46 
47 

public s t a t i c int sequentialSearch(int( ] a r ray . 

int index; 
int element; 
boolean found; 

i n t value) 

/ / Loop control variable 
/ / Element the value i s found at 
/ / Flag indicating search result i 

/ / Element 0 i s the s t a r t ing point of the search. 
index - 0; 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

/ / Store the default values element and found. 
element • - 1 ; 
found • false; 

/ / Search the array. 
while (tfound fcfc index < array. length) 

i 
if (array!index) • • value) 

1 
found • t rue ; 
element - index; 

> 

index++; 

> 

return element; 

) 

) 

Program Output 

You earned 100 on t e s t 4 

o NOTE: The reason —I is returned when the search value is not found in the array is 
because —I is not a valid subscript. 

Sec the PinTeiter Class Case Study on this bonks companion Website (available at www; 
pearsonhighcrcd.coni/Kaddis) for another example using arrays. Also, sec the companion 
Web site for the Bonus Section on Parallel Arrays to learn about another programming 
technique using arrays. 
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7.9 Two-Dimensional Arrays 

-1 
I— C O N C E P T : A two-dimensional array is an array of arrays. I t can be thought of as 

having rows ami columns. 

An array is useful for stor ing and wo rk i ng wi th a set of data. Sometimes, though, it's neces­

sary to work w i t h mul t ip le sets o f da ta . For example, in a grade-averaging program a 

teacher might record all o f one student's test scores in an array of doubles. If the teacher has 

.10 students, that means she'll need JO arrays to record the scores for the entire class. Instead 

of defining 30 indiv idual arrays, however, it wou ld be better to define a two-dimensional 

array. 

The arrays that you have studied so far are one-dimensional arrays. 'I*hcy are called utw-

ilintensioiul because they can hold only one set of data. Two-dimensional arrays, which are 

sometimes called 2D arrays, can hold mul t ip le sets of data. Al though a two-dimensional 

array is actually an array of arrays, it's best to think of it as having rows and columns of 

elements, as shown in Figure 7-18. This figure shows an array of test scores* having three 

rows and four columns. 

F i g u r e 7 - 1 8 Rows and columns 

Column 0 Column 1 CoMwt? Column 3 

RowO 

How 1 

Row 2 

The array shown in the figure has three rows (numbered 0 through 2) and four columns 

(numbered 0 through 3>. There are a total o f 12 elements in the array. 

To declare a two-dimensional array, t w o sets of brackets and t w o size declarators are 
required: The first one is for the number of rows and the second one is for the number of 
columns. Here is an example declaration of a two-dinict iMon.i l array wi th three rows and 
four columns: 

doublet H I scores - new doublet 3](4 ] ; 

The two sets of brackets in the data type indicate that the scores variable w i l l reference a 

two-dimensional array. The numbers 3 and * arc size declarators. The first size declarator 

specifics the number of rows, and the second si/c declarator specifics the number of columns. 

Notice that each si/c declarator is enclosed in its own set of brackets. This is i l lustrated in 

Figure 7-19. 

http://two-dinictiMon.il
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Figure 7 - 1 9 Declaration of a two-dimensional array 

d o u b l e d [] s c o r e s • new d o u b l e l 3 ) [ 4 

HS 
Two sets of brackets indicate 

a two-dimensional array 
Number ol 

rOWf 
Number ol 
CO ymns 

When processing the data in a two-dimensional array, each clement has two subscripts; 

one for its row and another for its co lumn. In the scores array, the elements in row 0 arc 

referenced as fo l lows: 

scores(O)[0] 
scores(0][l] 
scores(0][2] 
scores(0][3] 

The elements in row I are as fo l lows: 

s c o r e s ! 1 1 [ 0 ] 

s c o r e s ! 1 1 1 1 ] 

s c o r e s ! 1 ) [ 2 \ 

s c o r e s ! i | [ 3 ] 

And the elements in row 2 arc as fo l low\ : 

s c o r e s ! 2 | [ 0 ] 

s c o r e s ( 2 ) [ 1 ] 

s c o r e s ( 2 | [ 2 | 

s c o r e s ( 2 ] [ i \ 

Figure 7-20 illustrates the array w i t h the subscripts shown for each clement. 

Figure 7 2 0 Subscripts for each element of the scores array 

The scores variable 
holds tho address o' a 
?D array of doubles. 

fow0 

i , v Z 

COIUTWIO c o b ^ l column? column 3 

•coreal 01 |o; 

•cosestl I(01 

•core*[2] [Ol 

icoreelO] [1J 

scores[1] ; i ] 

scores u ; : n 

scores[0J(?) 

scores(l)[2] 

•cores[0]()) 

scores [1][91 

12] [2\ •cores 12] (J] 

To access one of the elements in a two-dimensional array, you must use both subscripts. For 

example, the fo l lowing statement stores the number 95 in scores(2 ] ( 1 ] : 

s c o r e s ( 2 ] ( i ] - 95; 
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Programs that p roem two-dimensional arrays can Jo so with nested loops. For example, 
the following code prompts the user to enter a score, once for each clement in the array: 

final int ROWS - 3j 
final int COLS - 4; 
double!](I scores - new double!ROWS)(COLS); 
tor (int row - 0; row < ROWS; row++) 

< 

for (int col - 0; col < COLS; col++) 

< 

System,out.print("Enter a score: " ) ; 
scores!row|[col) • keyboard.nextDoublet)f 

} 

> 

And the following code displays all the elements in the scores array: 

t o r ( i n t row - 0 ; row < ROWS; row++) 

< 

t o r ( i n t co l - 0; co l < COLS; c o l - * ) 

i 
System.out.println(scores|row||col|); 

) 

> 

Hie program in Code Listing 7-18 uses a two-dimensional arra\ to store corporate sales 
data. The array has three rows (one for each division of the company) and four columns 
(one for each quarter). 

Code Listing 7-18 (CorpSalos . Java) 

l 

2 

i 
5 

6 

7 

B 
9 

10 
11 
12 
13 
14 
15 

import Java.uti l .Scanner; 

/ • • 

This program demonstrates a two-diatensional array, 
• / 

public c lass CorpSales 
< 

public s t a t i c void mainjStringl) args) 

< 

f inal int DIVS • 3; / / Three divis ions in the company 
final int 0TRS - 4; / / Pour quar ters 
double to ta lSales • 0.0; / / Accumulator 

/ / Create an array to hold the sa les for each 
/ / d iv is ion, for each quar ter . 
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double t ] ( ] sales - new double[DIVS](QTRS); 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
17 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5 4 , 

> 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(System.in); 

/ / Display an introduction. 
System.out.println("This program wil l calculate the " + 

"total sales o f ) ; 
System.out.println("all the company's divisions. " • 

"Enter the following sales data:"); 

/ / Nested loops to f i l l the array with quarterly 
/ / sales figures for each division. 
for (lnt dlv • 0; div < DIVS; div**) 
< 

for (lnt qtr - 0; qtr < OTRS; qtr**) 
i 

System.out.printf("Division %d. Quarter %d: $", 
(div • 1), (qtr + 1)); 

sa les(div | [qtr] • keyboard.nextDoublef); 
> 
System.out.printlnf); / / Print blank Una. 

> 

/ / Nested loops to add a l l the elements of the array. 
for (lnt div - 0; div < DIVS; div**) 

< 
for (int qtr • 0; qtr < OTRS; qtr**) 

< 
totalsales +- sa les [d iv | (qtr | ; 

) 
) 

/ / Display the total sa les . 
System.out.printf("Total company sales: $%,.2f\n", 

totalSales); 

Program Output with Example Input Shown In Bold 

This 
a l l 
Divii 
Divii 
Divii 
Divii 

program wil l calculate the total sales of 
Lhe 
lion 
•ion 
•ion 
•ion 

company's divisions. Enter the following sales data: 
1, Quarter 1: $35698.77 (Enter) 
1, Quarter 2: $36148.63 [Enter] 
1, Quarter 3: $31258.95 [Enter] 
1, Quarter 4: $30864.12 [Enter] 
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D i v i s i o n 2, 

D i v i s i o n 2, 
D i v i s i o n 2, 

D i v i s i o n 2, 

D i v i s i o n 3 f 

D i v i s i o n 3, 

D i v i s i o n 3, 

D i v i s i o n 3, 

Quarter 1 : 

Quarter 2: 

Quarter 3: 
Quarter 4 : 

Quarter 1 : 

Quarter 2: 

Quarter 3: 

Quarter 4 : 

$41289.64 (Enter] 

$43278.52 (Enter] 

$40928.18 (Enter] 

$42818.98 [Enter] 

$28914.56 [Enter] 

$27621.52 [Enter] 

$30596.64 [Enter] 

$29834.21 [Enter] 

To ta l company sa les : $419,262.72 

Look at the following array declaration in line 17: 

double! ) ( ] sales • new double!DIVS|(QTRS); 

As mentioned earlier, the array has three row* lone for each division) and four columns 
(one for each quarter) to store the compam \ sales data. The row subscripts arc 0, I»and 2, 
and the column subscripts are 0, l t 2, and 3. Figure 7-21 illustrates how the quarterly sales 
data is stored in the array. 

Figure 7-21 Division and quarter data stored in the sales array 

The a* l»rt vanabte 
fWdt the address of a 
2D errayol doublet. 

fefctH 

H * r̂  

row2 

coumn 0 couron 1 coumnZ column 3 

• t l e e i t l l o i 

dM*on t. QMrt* 1 

Mlee t l ] (oi 
MMSdMf lDf 

n l e e t t l IOI 

MleelS) i l l 

M U e l l ] 11! 

MleelSl CD 
HoMt f r t i lO ' 

1 ' 
»rU««|0)12) 

**•*<* i. qu*rtw 1 

M l « e ( l | |2) 
Mtfat <ma to* 

a«ltffl|2)12) 

Notch d»i» tor 
tfmnon 1, Qutrftr 4 

t a l M U l (JJ 

Hotdt rirm tor 
+ t f W 1 2 <ju*fttr 4 

M l t l U l (1) 
lfc+ft<W*lU 

JMiipn Jh Ourxtor 4 

Initializing a Two Dimensional Array 
When initializing a two-dimensional array, you enclose each row's initialization list in its 
own set of braces. I lerc is an example: 

i n t l H ] number* - { ( 1 , 2, 3>, <4, 5, 6 ) , (7 , 8, 9) >; 

As with one-dimensional arrays, you do not use the new key word when you provide an 
initiali/ation list. Java automatically creates the array and fills its elements with the initial­
ization values. In this example, the initiali/ation values for row 0 are {1 ,2 , 3|, the initializa­
tion values for row I are (4, 5, 6|, and the initialization values for row 2 are (7, 8, 9J. So, 
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this statement declares an array with three rows and three columns. For more clarity, the 
same statement could also be written as follows: 

i n t n i l numbers - < { 1 , 2 , 3 ) , 
{ 4 , 5 , 6 } , 
<7, 8 , 9} ) ; 

In either case, the values are assigned to the nuabers array as illustrated in Figure 7-22, 

F igure 7-22 The numbers array 

The numbers variable 
holds the address ol a 

2D array of in ts . 

* * V * 4 4 

column 0 column 1 column 2 

rowO 

row 1 

ro* 2 

n u t f u r s t o ; [0] 

1 

nuatocr fUl [G, 

4 

mi*ber» ;? | [0] 

7 

nwto*ra[0] [1] 

2 

nuaA*r#[ : ) [I] 

5 

m j t b * r * | 2 ) (1) 

8 

numbtra io ] |2 ] 

3 

6 

n u m e r a l ? ; (2] 

9 

The length Field in a Two-Dimensional Array 

A onc-dimcnsional arra> has a len jth held ih.n holds the number of elements in the array. 
A two-dimensional array, however, has multiple length fields. It has a length field thai 
In »lds i IK number ni nms, and then each row has I Length field thai holds ilic number ol 
columns. This makes sense when you think of a two-dimensional array as an array of onc-
dimcnsional arrays. Figure 7-22 shows the nuabers array depicted in rows and columns, 
Figure 7-23 shows another way of thinking of the nuabers array: as an array of arrays. 

Figure 7-23 The numbers array is an array of arrays 

The numbem variable 
holds the address of an 

array ol references lo arrays. 
n i o i o i 

numbers[0j 

numbered] 

numbers(2] 

m a * * ™ [ c ; [X] mrtber»[Q] [2\ 

i»u) to; nuab*r»( l ] (1) nu«b«r»[l) [2 | 

r s [ J ] ( 0 ] nu-ib«raI2l 111 number*121 [2 
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As you can sec from the figure, the numbers variable references a one-dimensional array 
with three elements. Each of the three elements is a reference to another one-dimensional 
array. The elements in the array referenced by numbers!0] arc numbers | 0) | 0],mimbcrs|0)| 1], 
and numbers[0)[2 |. This pattern continues with nuabers | l ) and numbcrs(2]. The figure 
shows a total of four arrays. Fach of the arrays in the figure has its own length field. The 
program in Code lasting 7-19 uses these length fields to display the number of rows and 
columns in a two-dimensional array. 

Code Listing 7-19 ( L e n g t h s * J a v a ) 

This program uses the length f ie lds of a 2D array 
to display the number of rows, and the number of 
columns in each row. 

• / 

public c lass Lengths 
i 

9 public s t a t i c void main(String[) args) 

< 

II Declare a 2D array with 3 rows 
/ / and 4 columns. 

in t | | | | numbers - { { 1, 2, 3, 4 ) ( 

< 5, 6, 7, 8 >, 
| 9t 10, 11, 12 ) >; 

/ / Display the number of rows. 
System.out.println("The number of " • 

"rows la • * numbers.length); 

/ / Display the number of columns in each row. 
for ( int index • 0; index < numbers.length; index++) 

{ 

System.out.println("The number of • # 
"columns in row " * index • " i s • • 
numbers!index].length); 

> 

) 

Program Output 

The number of rows i s 3 
The number of columns in row 0 i s 4 
The number of columns in row 1 i s 4 
The number of columns in row 2 i s 4 
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Displaying Al l the Elements o f a Two-Dimensional Array 
As you have seen in previous example programs, a pair of nested loops can be used to dis­
play all the elements of a two-dimensional array. For example, the following code creates 
the numbers array with three rows and four columns, and then displays all the elements in 
the array: 

i n t D I I numbers - ( { 1, 2 , 3 , 4 >, 
< 5, 6 , 7, 8 >, 
{ 9 , 1 0 , 1 1 , 12 > > ; 

for ( i n t row • 0; row < 3 ; row++) 

< 

I 

for (int col - 0; col < 4; col++) 
System.out.println(numbers)row](col|); 

Although this code will display all of the elements, u is limited in ihc following way: The 
loops arc specifically written to display an array with three rows and four columns. A better 
approach is to use the array's length fields for the upper limit of the subscripts in the loop 
test expressions. Here arc the modified loops: 

for ( i n t row - 0; row < number*. length; row++) 

I 
for ( i n t c o l - 0; c o l < n u m b e r s | r o w | . l e n g t h ; col**) 

S y s t e m . o u t . p r i n t I n ( n u m b e r s | r o w | ( c o l ) ) ; 

Let's take a closer look at the header for the outer loop: 

for ( int row - 0; row < numbers.length; row**) 

I his loop <.<niliu\ ilu- sabtcripl foi the number array's rows. Because BUmton. Leogl b holdl 
the number of rows in the array, we have used it as the upper limit for the row subscripts. 
I (ere is the header lor the inner loop: 

for ( int col - 0; col < numbers(row).length; col**) 

This loop controls the subscript for the number array's columns. Because each row's length 
field holds the number of columns in the row, we have used it as the upper limit for the 
column subscripts. By using the length fields in algorithms that process two-dimensional 
arrays, you can write code that works with arrays of any number of rows and columns. 

Summing Al l the Elements of a Two Dimensional Array 
To sum all the elements of a two-dimensional array, you can use a pair of nested loops to 
.iJJ the contents oi eecfc element :<> an accumulator. 1 he following code shows an example 

i n t U I | numbers - ( ( 1, 2 , 3 , 4 ) , 
( 5 , 6 , 7, 8 >, 
{ 9, 10, 11 , 12 > }j 
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i n t t o t a l - 0; / / Accumulator, s e t t o 0 
/ / Sum t h e a r ray e l e m e n t s . 
for ( i n t row - 0 ; row < numbers . l eng th ; row++) 

< 

for (int col • 0; col < numbers!row].length; col++) 

total +• numbers!row)(col); 

> 

// Display the sum. 
System.out.printlnf'The total is " * total); 

Summing the Rows o f a Two-Dimensional Array 
Sometimes you may need to calculate the sum of each row in a two-dimensional array. Tor 
example, suppose a two-dimensional array is used to hold a set of test scores for a set of 
students. Fach row in the array ts a set of test score* for one student. To pet the sum of a 
student's test scores I perhaps so an average may be calculated), you use a loop to add all the 
elements in one row. The following code shows an example: 

i n t [ ) | ] numbers - { { 1, 2 , 3 , 4 ) f 

< 5, 6, 7, 8 >, 
( 9, 10, 11, 12 > }; 

int total; // Accumulator 
for <int row • 0; row < numbers.length; row++) 

< 

// Set the accumulator to 0* 
total - 0; 

// Sum a row. 

for (int col - 0; col < numbers!row].length; col++) 

total +• numbers(row|(col|; 

// Display the row's total. 
System.out.println("Total of row • 

• i s " • t o t a l ) ; 
row 

I 
Notice that the to t a l variable, which is used as an accumulator, is set to zero just before 
the inner loop executes, because the inner loop sums the elements of a row and stores the 
sum in t o t a l . Therefore, the t o t a l variable must be set to zero before each iteration of 
the inner loop. 

Summing the Columns of a Two-Dimensional Array 
Sometimes you may need to calculate the sum of each column in a two-dimensional array. 
For example, suppose a two-dimensional array is used to hold a set of test scores for a set 
of students, and you wish to calculate the class average for each of the test scores. To do 
this, you calculate the average of each column in the array. This is accomplished with a set 



7-9 Two-Dimensional Arrays 463 

of nested loops. The outer loop controls the column subscript and the inner loop controls 
the row subscript. The inner loop calculates the sum of a column, which is stored in an 
accumulator- The following code demonstrates: 

i n t ( ] ( ] numbers -

i n t t o t a l ; 

{ { 1 , 2 , 3 , 4 } , 
< 5, 6 , 7, 8 | , 
{ 9, 10, 1 1 , 12 } >; 

/ / Accumulator 

for ( i n t co l •* 0 ; co l < numbers] 0 ) . l eng th ; col++) 

< 

// Sot the accumulator to 0. 
total - 0; 

// Sum a column. 
for (int row - 0; row < number*.length; row**) 

total +• numbers(row||col]; 

// Display the columns** total. 
System.out.printing"Total of column 

" is " + total); 
• col + 

Passing Two -Dimensional Arrays to Methods 
When a two-dimensional array is passed to a method, the parameter must he declared .is a 
reference to a two-dimensional array, The following method header shows an example: 

pr ivate s t a t i c void showArray(int |) |1 array) 

This methods parameter, array, is declared as a reference to a two-dimensional int array. 
Any two-dimensional int array can he passed as an argument to the method, Code Listing 
7-20 demonstrates two SIKII methods* 

Code Listing 7-20 ( Pa*s2Darray . Java) 

1 / * * 

This program demonstrates methods that accept 
a two-dimensional array as an argument. 

4 */ 
5 

public c lass Pass2Darray 

{ 

public s t a t i c void sa in(St r ing[] args) 
9 { 

i n t ( ] ( ] numbers - { { I, 2, 3 , 4 >, 

11 < 5, 6, 7, 8 ) , 
12 { 9, 10, 11, 12 ) ) ; 
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/ / Display the contents of the array. 
System.out.println("Here are the values • + 

• in the a r ray .*) ; 
showArray(numbers J; 

/ / Display the sum of the a r r ay ' s values. 
System.out.println("The sum of the values " + 

•i» • 4 arraySuAjmiAbers)); 

The showArray method displays the contents 
of a two-dimensional int array. 
0param array The array to display. 

pr ivate s t a t i c void showArray(int[ | ( | array) 

i 
for ( in t row - 0; row < array. length; row**) 

i 
tor ( int col - 0; col < array!row).length; col**) 

System.out.print(array[row)(col) * " " ) ; 
System.out .print ln() j 

/ • • 

The arraySum method returns the sua of the 
values in a two-dimensional i n t array. 
flparam array The array to sum. 
i re turn The sum of the array elements. 

• / 

private s t a t i c int arraySum(int[][) array) 

< 

i n t t o t a l • 0; / / Accumulator 

for ( in t row • 0; row < array. length; row**) 

i 
for ( in t col - 0; col < array(row).length; col++) 

to t a l +- array[row](col); 
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57 
58 ) 
59 } 

return t o t a l ; 

Program Output 

Here are the valuee in the ar ray . 
1 2 3 4 

5 6 7 8 
9 10 11 12 
The eum of the value* is 78 

/ / 

/ / 

/ / 

/ / 

Row 

Row 

Row 

Row 

0 

1 

2 

i 

ha* 
haa 
has 
ha* 

1 
•; 

5 

0 

c o l u m n a . 

c o l u m n a . 

c o l u m n a . 

columna. 

Ragged Arrays 
Because the rows in a two-dimensional array are also arrays, each row can have its own 
length. When the rows of a two-dimensional array are of different lengths, the array is 
known as a ragged array. You create a ragged array by first creating a two-dimensional 
array with a specific number of rows, but no columns. I lerc is an example: 

i n t ( | ( | ragged - new i n t ( 4 | ( | ; 

I his statement partial I > creates a :\w> dimension a arra>. I he arra> wan haw loin rows. Inn 
the rows have not yet been created. Next, you create the individual rows as shown in the 
following code: 

r*gged (0 | - new i n t ( 3 | ; 
r * g g e d ( l ] - new i n t ( 4 ) ; 
r*gged(2] - new i n t ( 5 | ; 

raggod(3] • new i n t ( 6 | ; 

This code creates the four rows. Kow 0 has three columns, row I has tour columns, row 2 
has five columns, and row 3 has six columns. The following code displays the number of 
columns in each row: 

for ( i n t index - 0; index < r a g g e d . l e n g t h ; index++) 

S y s t e m . o u t . p r i n t l n f T h e number of columns a + 
" in row • • index + • i s m * 

r a g g e d ) i n d e x | . l e n g t h ) ; 

) 

This code will display the following output: 

The number of columns in row 0 is 3 

The number of columns in row 1 is 4 

The number of columns in row 2 is 5 

The number of columns in row 3 is 6 
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, , . 

^ 

10 Arrays wi th Three or More Dimensions 

CONCEPT; Java docs not limit the number of dimensions that an array may have. It is 
possible to create arrays with multiple dimensions, to model data that 
occurs in multiple sets. 

Java allows you to create arrays with virtually any number of dimensions. Here is an exam* 
pie of a three-dimensional array declaration: 

doublet](](] seats - new double[3|[5|[8|; 

This array can be thought of as three sets ol live rows, with each row containing eight ele­
ments. The array might be used to store the prices of seats in an auditorium, where there are 
eight seats in a row, five rows in a section* and a total of three sections. 

Figure 7-24 illustrates the concept of a three-dimensional array as "pages" of two-
dimensional arrays. 

Figure 7-24 A three-dimensional array 

fOWO 

row I 

row 2 
J -

pago 7 

— pa »*1 

ptgeO 

cc'ymn 0 COhirm 1 CQfcfflt2 coK*™j 

* 

Arravs with more than three dimensions are difficult to visualize, but can be useful in some 
programming problems. For example, in a factory warehouse where cases of widgets are 
stat Iced on pa I Ires, an array with four dimensions could be used to si ore A pan Dumber for 
each widget. The lour subscripts of each element could represent the pallet number, case 
number, row number, and column number of each widget. Similarly, an array with five 
dimensions could be used if there were multiple warehouses. 

Checkpoint 

7.17 A video rental store keeps videos on 50 racks with 10 shelves each. Fach shelf holds 
25 videos. Declare a three-dimensional array large enough to represent the store's 
storage system. 
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7*11 The Selection Sort and the Binary 
^ W Search Algorithms 

CONCEPT: A sorting algorithm is used to arrange dala into some order. A search 
algorithm is a method of locating a specific item in a larger collection of 
data. The selection sort and the binary search are popular sorting and 
searching algorithms. 

The Selection Sort Algorithm 
Often the data in an array must be sorted in some order. Customer lists, for instance, are 
commonly sorted in alphabetical order. Student grades might be sorted from highest to low­
est. Product codes could be sorted so all the products of the same color are stored together. 
In this section we explore how to write your own sorting algorithm, A sorting algorithm is 
a technique for scanning through an array and rearranging its contents in some specific 
order. The algorithm that we wi l l explore is called the selection sort. 

Ihc svli't'tion sttrt works like this: The smallest value in the array is located and moved to 
clement 0. Then the next smallest value is located and moved to clement I . This process 
continues until all of the elements have been placed in their proper order I el's see how the 
selection sort works when arranging the elements of the follow ing array in Figure 7*25. 

F igure 7-25 Values in an array 

ft 7 2 • 9 1 

Ebmant 0 Elomonl 1 Elomorl 2 Efcmtnl 3 El#m*nl 4 Elomonl 5 

The selection sort scans the array, starting at element 0, and locates the element with the 
smallest value. The contents of this clement arc then swapped with the contents of clement 
0. In this example, the I stored in element 5 is swapped with the 5 stored in clement 0, After 
the exchange, the array would appear as shown in Figure 7-26. 

Figure 7 26 Values in array after first swap 

i 
Thfts* two * •mtntft wtr* arapprt. 

i 1 
1 7 2 8 9 5 

t t * ' t t 
ElanwnIO ElanMnt 1 Elanwil 2 Elamwil 3 Etonwnt4 ElwiwUft 
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The algorithm then repeats the process, but because element 0 already contains the smallest 
value in the array, it can be left out of the procedure. This time, the algorithm begins the 
scan at clement I , In this example, the contents of clement 2 are exchanged with that of ele­
ment I . The array would then appear as shown in Figure 7-27, 

Figure 7-27 Values in array alter second swap 

Thwt two elements w*'« swapped 

r^ 
1 2 7 8 9 5 

L f _L t t 1 
Ei#m«nt 0 Eltmtnt 1 EE+mtnl 2 Eltmtnt 3 E tmtnt 4 Element 5 

Once again the process is repeated, but this time the scan begins at element 2. The algorithm 
wil l find that element 5 contains the next smallest value. This element's value is swapped 
with that of element 2, causing the array to appear as shown in Figure 7*28. 

Figure 7-28 Values in array after third swap 

rh*M! hfc . . t*m M mm Mnpptd 

i i 
1 2 5 8 9 7 

I t * f t t 
ttom«n(Q E)«TOtnt I Eltrrwl 2 E«mtn|3 Eltm#ot4 EemtntS 

Next, the scanning begins at element 3. Its value is swapped with that of element 5, causing 
the array to appear as shown in Figure 7-29, 

Figure 7-29 Values in array after fourth swap 

Th«M two «t#mtnts wtrt *w*pp#d 

f } 
1 2 5 7 9 8 

Etanwnt 0 Eternal 1 Etomwil 2 E J m l 3 E omonl 4 Etomant & 
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At this poinr there arc only two elements left to sort. The algorithm finds that the value in 
clement 5 is smaller than that of clement 4 t so the two are swapped. This puts the array in 
its final arrangement as shown in Figure 7-30. 

Figure 7-30 Values in array after (itth swap 

These two e em*nt$ were swapped 

* i 
1 2 5 7 8 • 

t t t t ' t 
El«mtnt 0 Etemtnt I Eltfliant 2 Etamant 3 Eiomani 4 Etomont 5 

I lere is the selection sort algorithm in pseudocode: 

For a tar tScan is each subscript m array from 0 thnrngh the next to-lMt subscript 
Set minlndex variable to ttartScan. 
Set minValue tanahle ft* array(mtartScan) . 
for index is each subscript in array from (MtartScan + I) through the last subscript 

If Array I index} is less than minValue 
Set minValue to array{ index/. 
Set minlndex to index. 

Bud If, 
huremvnt index. 

Emt For 
Set array[minTndcx] to array(BtartScanJ. 
Set array[startScanf to minValue. 

I n,t lor. 

The following method performs a selection Mirt on an integer array. The array that is passed 
as an argument is sorted in ascending order 

public static void selectionSortfint[) array) 

< 

int atartScan, index, minlndex, minValue; 

for (*tartScan - 0; atartScan < (array.length-1); startScan++) 

{ 
minlndex - atartScan; 
minValue - array)atartScan); 
for<index - atartScan • 1; index < array.length; index++) 

< 

i f ( a r r a y ! i n d e x ) < minValue) 

i 
minValue • a r r a y ( i n d e x | ; 
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I 

minlndex - index; 

> 

} 

ar ray(min lndex) • a r r a y | a t a r t S c a n | ; 
a r r a y [ s t a r t S c a n | • minValue; 

The SclectionSortDcmo- java program demonstrates the sclcct ionSort method* You can 
download this chapter's source code from the book's companion Web site at www, 
pcarsonhighered.com/gaddis. 

The Binary Search A lgo r i t hm 
This chapter previously presented the sequential search algorithm tor starching an array. 
The advantage of the sequential search is its simplicity. It is easy to understand and imple­
ment. Furthermore, it doesn't require the data in the array to be stored in any particular 
order. Its disadvantage, however, is its inefficiency. If the array being searched contains 
20,000 elements, the algorithm wil l have to look at all 20,000 elements in order to find a 
value stored in the List clement. In an average case, an item is just as likely to be found near 
the end of the array as near the beginning. Typically, for an array of N items, the sequential 
search will locate .\n item in N/2 attempts. If an array has 50,000 elements, the sequential 
search will make a comparison with 25,000 of them in a typical case. 

This is assuming, of course, that the search item is consistently found in the array. (N/2 is 
the average number of comparisons. The maximum number of comparisons is alwavs N.) 
When the sequential search fails to locate an item, it must make a comparison with every 
element in the array. As the number of failed search attempts increases, so does the average 
number of comparisons. Obviously, the sequential search should not be used on large arrays 
if speed is important. 

The binary search is a clever algorithm that is much more efficient than the sequential 
search. Its only requirement is that the values in the array must be sorted in ascending order. 
Instead of testing the array's first element, this algorithm starts with the element in the 
middle. If that element happens to contain the desired value, then the search is over. 
Otherwise, the value in the middle element is either greater than or less than the value being 
searched for. If it is greater, then the desired value (if it is in the list) wi l l be found some­
where in the first half of the array. If it is less, then the desired value (again, if it is in the list) 
wi l l be found somewhere in the last half of the array. In either case, half of the arrays ele­
ments have been eliminated from further searching. 

If the desired value wasn't found in the middle clement, the procedure is repeated for the 
half of the array that potentially contains the value. For instance, if the last half of the array 
is to be searched, the algorithm tests its middle element. If the desired value isn't found 
there, the search is narrowed to the quarter of the array that resides before or after that 
clement. This process continues until the value being searched for is cither found, or there 
arc no more elements to test. Here is the pseudocode for a method that performs a binary 
search on an array; 

http://pcarsonhighered.com/gaddis
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Set first toO. 
Set last to the last subscript m the array. 
Set position to t. 
Set found to false. 
While found is not true and first is less than or equal to last 

Set middle to the subscript half way betuxen 
array f first}and array (last I. 

// array {middle! equals the desired value 
Set found to true. 
Set position to middle. 

Else If array (middle) ts greater than the desired value 

Set last to middle - I. 
Else 

Set first to middle + L 
End If 

End While. 
Return p o s i t i o n . 

This algorithm uses three variable* to mark positions within the array: f i r s t , l a s t , and 
middle. The f i r s t and l a s t variables mark the boundaries ol the portion o( the array cur­
rently being searched. They arc initiali/cd with the subscripts of the arrat \ f i r s t and last 
elements. The subscript of the element halfway between f i r s t and l i s t is calculated and 
stored in the middle variable. If the clement in the middle ol the array does not contain the 
search value, the f i r s t or l a s t variables arc adjusted so that only the top or bottom halt of 
the array is searched during the next iteration. This cuts the portion of the array being 
searched in half each time the loop fails to locate the search value. 

The following method performs .1 binary search on an integer array. The first parameter, 
array, is searched for an occurrence of the number stored in value. If the number is found, 
its array subscript is returned. Otherwise, - 1 is returned, indicating the value did not appear 
in the array. 

pub l i c s t a t i c i n t b i n a r y S e a r c h f i n t | ) a r r a y , i n t v a l u e ) 

< 

int first; // First array element 
int last; // Last array element 

int middle; // Midpoint of search 
int position; // Position of search value 
boolean found; // Flag 
// Set the inital values. 
first • 0; 
l a s t • a r r a y . l e n g t h - 1; 
p o s i t i o n • - I f 
found - f a l s e ; 
/ / Search for t h e value* 
whi le ( (found i t f irst <- l a s t ) 

i 
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/ / Calculate midpoint 
middle - (first + l a s t ) / 2; 
/ / If value i s found a t Midpoint . . . 
if <array[middle] • • value) 

found • t r u e ; 
pos i t ion • middle; 

II e l se if value i s in lower h a l f . . . 
e l se if (array|middle) > value) 

l a s t - middle - l j 
/ / e l se i f value i s in upper h a l f . . . . 
e l s e 

first - middle + 1; 
> 

// Return the position of the item, or -1 
// if it was not found. 
return position; 

» 

The BinaryScarchDemo program demonstrates this method. You can download this chapter's 
source code from the book's companion Web site at www.pcarsonhinhcred.com/gaddis. 

< * 
Checkpoint 

Myfro|nmmWi|Ub* xvxvwjnypru^uimmm^lahxom 

7.18 What value in an array does the selection sort algorithm look for first? 

When the selection sort finds this value, what does it do with it? 

7.19 I low many times will the selection son swap the smallest value in an array with 
another value? 

7.20 Describe the difference between the sequential search and the binary search. 

7.21 On average, with an array of 20,000 elements, how many comparisons will the 
sequential search perform? (Assume the items being searched for arc consistently 
found in the array.) 

7.22 If a sequential search is performed on an array, and it is known that some items arc 
searched for more frequently than others, how can the contents of the array be 
reordered to improve the average performance of the search? 

7.12 Command-Line Arguments and Variable-Length 
Argument Lists i CONCEPT: When you invoke a Java program from the operating system command 

line, you can specify arguments that arc passed into the main method of 
the program. In addition, you can write a method that takes a variable 
number of arguments. When the method runs, it can determine the 
number of arguments that were passed to it and act accordingly. 

http://www.pcarsonhinhcred.com/gaddis
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Command-Line Arguments 
Every program you have seen in this book and even- program you have written uses a static 
main method with .1 header char looks like this: 

public s t a t i c void main(String(J args) 

Inside the parentheses of the method header is the declaration of a parameter named arga. 
This parameter is an array name. As its declaration indicates, it is used to reference an array 
of Str ings. The array that is passed into the arga parameter comes from the operating sys­
tem command line. For example, look at Code I isting 7-21. 

Code L i s t i ng 7-21 (CommandLine.Java) 

1 /## 

Thia program displays the arguments passed to 
i t from the operating system command l i n e . 

4 */ 
5 
6 public c lass CommandLine 

1 i 
public s t a t i c void main(String[] args) 

9 < 
10 for ( int index - 0; index < args . length; index**) 
11 System.out.print In(argsI index)) ; 

12 } 

> 

If this program is compiled and then executed with the following command: 

Java CommandLine How does th i s work? 

its output will be as follows: 

How 
duus 

t h i s 
work? 

Any items typed on the command line, separated by spaces, and after the name of the class 
are considered to be one or more arguments that are to be passed into the main method. In 
the previous example, four arguments arc passed into args. The word " M o w " is passed into 
args 10),"does" is passed intoargs( 1) ," th is" is passed into args(2],and "work?" is passed 
into argsf 3 |. The for loop in main simply displays each argument. 

o NOTE: It is not required that the name of main's parameter array be a rq i . You can name 
it anything you wish. It is a standard convention, however, for the name args to be used. 
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Variable-Length Argument Lists 
Java provides a mechanism known as variable-length argument lists, which makes it possi­
ble to write a method that takes a variable number of arguments. In other words, you can 
write a method that accepts any number of arguments when it is called. When the method 
runs, it can determine the number of arguments that were passed to it and act accordingly. 

For example, suppose we need to write a method named sum that can accept any number of 
int values and then return the sum of those values. \X'c might tall the method as shown 
here: 

result - SUID( 10, 20); 

I lerc we pass two arguments to the method: 10 and 20. After this tode executes, the value 
.10 would be stored in the result variable. But, the method does not have to accept two 
arguments each time it is tailed. We could call the method again with a different number of 
arguments, as shown here: 

in t firstVal - 1, secondVal - 2, thirdVal - 3, fourthVal - 4; 
r e su l t - aum(flrstVal, secondVal, thirdVal , fourthVal); 

I lere we pass four arguments to the method: firstVal (which is set to I), secondVal (which 
is set to 2), thirdVal (which is set to 1). and fourthVal (which is set to 4). After this code 
executes, the value 10 would be stored in the result variable. Mere's the code for the sum 
method: 

publ ic s t a t i c in t aumfint . . . numbers) 

< 

int total - 0; // Accumulator 

// Add all the values in the number 
for (int val : numbers) 

total •- val; 

s array. 

// Return the total. 
return total; 

I 
Notice the declaration of the numbers parameter in the method header. The ellipsis (three 
periods) that follows the data type indicates that numbers is a special type of parameter 
known .is a vararg parameter. A vararg parameter can take a variable number of arguments. 

In fact, vararg parameters are actually arrays. In the sum method, the numbers parameter is 
an array of ints. All of the arguments that arc passed to the sum method are stored in the 
elements of the numbers array. As you can see from the code, the method uses the enhanced 
for loop to step through the elements of the numbers array, adding up the values stored in 
its elements. (The VarargsDemol .Java program in tins chapter's source code demonstrates 
the sum method.) 

You can also write a method to accept a variable number of object references as arguments. 
For example, the program in Code Listing 7-22 shows a method that accepts a variable 
number of references to BankAccount objects. The method returns the total of the objects' 
balance fields. 
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Code Listing 7-22 (VarargsDemo2. Java) 

This program demonstrates a method tha t accepts 
a variable number of arguments (varargs) . 

* / 

public c lass VarargsDemo2 

< 

public s t a t i c void main(String() args) 

{ 
double t o t a l ; / / To hold the to t a l balances 

/ / Create BankAccount object with (100. 
BankAccount accountl • new BankAccount(100.0); 

/ / Create BankAccount object with $500. 
BankAccount accounts - new BankAccount(500.0); 

/ / Create BankAccount object with $1500. 
BankAccount account.) - new BankAccount(1500.0) ; 

/ / Call the method with one argument, 
t o t a l - totalBalance(accountl); 
System.out.printlnt"Totali $" • t o t a l ) ; 

/ / Call the method with two arguments. 
t o t a l - totalBalance(accountl, account2); 
System.out .print lnl"Total : $" • t o t a l ) ; 

/ / Call the method with three arguments. 
t o t a l - totalBalance(accountl, accounts, accountl); 
System.out .print lnl"Total : $" • t o t a l ) ; 

> 

The totalBalance method takes a variable number 
of BankAccount objects and returns the to t a l 
of thei r balances. 
Cparam accounts The target account or accounts, 
^return The sum of the account balances 

* / 

public s t a t i c double totalBalancefBankaAccount... accounts) 

I 
double to t a l - 0 .0; / / Accumulator 

/ / Add a l l the values in the accounts array. 
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41 
48 
49 
50 
51 
52 
53 > 

for (BankAccount acctObject : accounts) 
t o t a l +• acctObject.getBalanceU; 

/ / Return the t o t a l . 
return t o t a l ; 

> 

Program Output 

Total : 
Total : 
Total : 

$100.0 
$600.0 
$2100.0 

You can write a tncthoj to accept a mixture of fixed arguments and a variable-length argu-
mem list. For example, suppose we want to write a method named courseAverage, which 
accepts the name of a course as a Str ing, and a variable-length list of test scores as doubles. 
We could write the method header as follows: 

publ ic static void courseAveragc(String cour t * , double . . . scores) 

[his method has a regular Str ing parameter named course, and a vararg parameter named 
scores. When we call this method, we always pass a Str ing argument, then a list of double 
values, i I Ins method is demonstrated in the program VjrjrgsDvmoi,fjt*j% which is in tins 
chapter's source code folder.) Note that when a method accepts a mixture of fixed argu­
ments and a variable-length argument list, the vararg parameter must be the last one 
declared. 

You can also pass an array to a vararg parameter. This is demonstrated in the program 
VarargsDcmo4.jjva* You can download this chapters source code from the books com­
panion Web site at www.pearsonhighered.com/gaddis. 

7.13 The ArrayList Class 

CONCEPT: ArrayList is a class in (he Java API that is similar to an array and allows 
you to store objects. Unlike an array, an ArrayList object's size is 
automatically adjusted to accommodate the number of items being stored 
in it. 

The Java API provides a class named ArrayList, which can be used for storing and retriev­
ing objects* Once wm CTtatC UI IkrrajList Object, fQU CM think ol ii .is a container foi 
holding other objects. An ArrayList object is similar to an array of objects, but offers many 
advantages over an array. I lere are a few: 

• An ArrayList object automatically expands as items are added to it. 
• In addition to adding items to an ArrayList , you can remove items as well. 
• An ArrayList object automatically shrinks as items arc removed from it. 

http://www.pearsonhighered.com/gaddis
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The ArrayLii t class is in the j a v a . u t i l package, so the following import statement is 
required: 

import java .u t i l .ArrayLis t ; 

Creating and Using an ArrayList Object 
Here is an example of how you create an ArrayList object: 

ArrayList<String> nameList - new ArrayList<String><)# 

This statement creates a new ArrayList object and stores its address in the nameList 
variable. Notice that in this example the word String is written inside angled brackets <> 
immediately after the word ArrayList. This specifies that the ArrayList can hold String 
objects. If we try to store any other type of object in this ArrayList, an error will occur. 
(Later in this section, you will see an example that creates an ArrayList for holding other 
types of objects.) 

To add items to the ArrayList object, you use the add method. For example, the following 
statements add a series of String objects to nameList: 

nameLis t .add<"James") ; 
nameLi s t . add { "Ca the r ine" ) ; 
n a m e L i s t . a d d ) " B i l l " ) j 

Alter these statements execute, nameList will hold three references to String objects. The 
first will reference "James", the second will reference "Catherine**, and the third will refer­
ence-Hill". 

The items that are stored in an ArrayList have a corresponding index. The index specifics 
the item** location in the ArrayList, so it is much like an arra> subscript. Ihe first item that 
is added to an ArrayList is stored at index 0. "Hie next item that is added to the ArrayList 
is stored at index I, and so forth. After the previously shown statements execute, "James" 
will he stored at index 0, "Catherine" will be stored at index I, and "Bill" will be stored 11 
index 2. 

The ArrayList class has a s i ze method that reports the number of items stored in an 
ArrayList. It returns the number of items as an int . For example, the following statement 
uses the method to display the number of items stored in nameList: 

S y s t e m . o u t . p r i n t I n ( " T h e ArrayLis t has " + 
nameLis t . s i ze<) + 
• o b j e c t s s t o r e d in i t . " ) ; 

Assuming that nameList holds the Strings "James", "Catherine", and "Bill", the following 
statement will display: 

The ArrayList has 3 objects stored in i t . 

The ArrayList class's get method returns the item stored at a specific index. You pass the 
index as an argument to the method. Tor example, the following statement will display the 
item stored at index I of nameList: 

System.out.printIn(nameList .get(1)); 

The program in Code Listing 7-25 demonstrates the topics discussed so far. 
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Code Listing 7-23 ( A r r a y L i s t D e n o l . Java) 

l 

2 

i 

A 
5 

6 

B 

9 

10 

11 
1 2 

; I 

15 

. i , 

17 

LB 

• '.' 

20 
21 
22 
23 
24 
25 
26 
27 
28 

import Java.util.ArrayList) / / Needed for ArrayLiat class 

This program demonstrates an ArrayList. 

public class ArrayListDemol 
i 

public s tat ic void main(String[1 args) 
< 

/ / Create an ArrayList to hold soae names. 
ArrayList<String> nameList - new ArrayList<String>(); 

/ / Add some names to the ArrayList. 
nameList. add ("James"); 
nameList.add("Catherine"); 
nameList.add(-Bill">; 

/ / Display the s i t e of the ArrayList. 
System.out.println("The ArrayList has • * 

nameList.sized * 
• objects stored in i t . - ) j 

// Now display the items in nameList. 
for (int index - Oj index < nameList.size(); index**) 

System.out.printIn(nameList.get(index)); 

) 

Program Output 

The ArrayList has 3 objects stored in i t . 
James 
Catherine 
B i l l 

Notice in line 25 that the for loop uses the value returned from nameList's size method to 
control the number of times the loop iterates. This is to prevent a bounds checking error 
from occurring. The last item stored in an ArrayList wi l l have an index that is I less than 
the size of the ArrayList . If you pass a value larger than this to the get method, an error 
wi l l occur. 

Using the Enhanced for Loop w i th an ArrayList 
Earlier in this chapter, you saw how the enhanced fo r loop can be used to iterate over each 
element in an array. You can also use the enhanced for loop to iterate over each item in an 
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ArrayList. Code Listing 7-24 demonstrates. The enhanced for loop is used in lines 26 and 
27 to display all of the items stored in the ArrayList. 

Code Listing 7-24 < Ar r ayL i s tDemo2 . j a v a ) 

i 

2 
i 
A 

5 

6 

7 

I 
9 

10 

11 

L2 

1 ) 

i - i 

19 
u, 
17 
LI 
L9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

import Java.ut i l .ArrayLii t ; / / Needed for ArrayList c l a s s 

/ * * 

This program demonstrates how the enhanced for loop 
can be used with an ArrayList. 

* / 

public c lass ArrayListDemo2 

( 

public s t a t i c void nain(Str ing[] args) 

{ 

/ / Create an ArrayList to hold sone names. 
ArrayLiet<Strlng> nameList - new ArrayList<String>(>; 

/ / Add some names to the ArrayList. 
nameList.add("James"); 
nameList.add("Catherine"); 
nameList .add(-Bill-); 

/ / Display the size of the ArrayList. 
System.out.println("The ArrayList has • • 

nameLis t . s i ieo • 
" objects stored in i t . " J ; 

/ / Now display the items in nameList. 
for (String name i nameList) 

System.out.println(name); 

I 

Program Output 

The ArrayList has 3 objects stored in i t . 
James 
Catherine 
Bi l l 

The ArrayList Class's toString method 
The ArrayList class has a toString method that returns a string representing all of the 
items stored in an ArrayList object. For example, suppose we have set up the nameList 
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object as previously shown, with the s t r ings "James", "Catherine", and "Bill". Wc could 
use the following statement to display all of the names: 

System.out.println(naneList); 

The contents of the ArrayList will be displayed in the following manner: 

[James, Catherine, Bi l l ) 

This is demonstrated in the program ArrjyListToString.java, which is in this chapter's 
source code folder, available at www.pearionhighered.coni/gaddis. 

Removing an Item from an ArrayList 
The ArrayList class has a remove method that removes an item at a specific index. You pass 
the index as an argument to the method. The program in (lode Listing 7-25 demonstrates. 

Code Listing 7-25 ( A r r a y L i s t D e n o 3 . J a v a ) 

l 
2 
J 
•i 
•J 

6 

B 
9 

10 

n 
12 
13 
14 
15 
L6 
L7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
J: 

32 

import Java.ut i l .ArrayList ; / / Needed for ArrayList c lass 

/ • • 

This program demonstrates an ArrayList, 

public c lass ArrayListDemo3 

public s t a t i c void ma in(St r ing | ) args) 

< 

II Create an ArrayList to hold some names. 
ArrayList<String> naneList - new ArrayList<String>(); 

/ / Add some names to the ArrayList. 
naneList. add ("James''); 
nameList.add("Catherine"); 
naneList.add("Bill-)f 

/ / Display the items in nameList and the i r indices , 
for ( int index - 0; index < nameList .size(); index**) 

< 

System.out.println("Index: • • index • " Name: • • 

nameList.get(index)); 

) 

/ / Now remove the item at index 1. 
naneList.remove(1); 

System.out.println("The item at index 1 i s removed. • 
"Here are the i t cas now."); 

/ / Display the items in nameList and the i r indices . 

http://www.pearionhighered.coni/gaddis
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33 
34 
35 
36 
37 
38 
39 > 

> 

for ( int index - 0; index < naaeLis t . s i ze ( ) ; index++) 

{ 
System.out.println("Index: " + index + " Heme: " + 

nameList.get(index)); 

> 

P r o g r a m O u t p u t 

Index: 
Index: 
Index: 

0 
I 
2 

The item 
Index: 
Indox: 

0 
1 

Name: James 
Name: Catherine 
Name: Bill 
a t index 1 i s removed. Hore are the items now. 
Name: James 
Name: Bil l 

Note that when the irem .it index 1 was removed (in line 27), the item that was previously 
stored at index 2 was shifted in position to index I, When an item is removed from an 
ArrayList, the items that come after it are shifted downward in position to fill the empty 
spate, This means that the index of each item after the removed item will be decreased 
by one. 

Note that an error will occur if you call the reaove method with an invalid index. 

Inserting an Item 
The add method, as previously shown, adds an item at the last position in an ArrayList 
object. The ArrayLiit class has an overloaded version of the add method that allows you to 
add an item at a specific index. This causes the item to be inserted into the ArrayList object 
at a specific position. The program in Code Listing 7-26 demonstrates. 

Code Listing 7-26 ( A r r a y L i i t D a m o 4 . Java) 

1 import Java .u t i i .ArrayLi i t ; / / Needed for ArrayLiit c lass 
2 

This program demonstrates inser t ing an i t ea . 
5 */ 
6 

public c lass ArrayListDemo4 
8 { 

public s t a t i c void aa in (S t r ing[ | args) 
10 < 

/ / Great* an ArrayLiit to hold lone names. 
12 ArrayLiit<String> naoeLiit - new ArrayLiit<String>(); 
13 
14 / / Add some names to the ArrayLiit* 
15 nameList.add("James"); 
16 nameList.add("Catherine"); 
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L7 
18 
L9 
20 
21 
22 
23 
24 
25 
26 
27 
2G 

29 

JO 

n 
32 
) ) 

34 
35 
36 
37 
38 
39 > 

nameList .add(-Bill-); 

/ / Display the items in nameList and the i r indices , 
for ( in t index • Oj index < naneLis t .s izef) ; index**; 

i 
System.out.println("Index: • + index + " Name: " H 

nameList.get(index)); 
) 

/ / Now inse r t an item at index 1* 
nameList.add(1, "Mary"); 

System.out.println("Mary was added at index 1. • * 
"Here are the i t eas now."); 

/ / Display the items in nameList and the i r indices , 
for ( int index • 0; index < naaeLis t . s i zeO; index++) 

< 

System.out.println("Index: • • index # • Nana: • * 
nameList.get(index)); 

) 

Program Output 

Indexi 0 Name: James 
Indexi 1 Namei Catherine 
Index: 2 Name: Bil l 
Mary was added at index 1 
Index: 0 Name: James 
Index: 1 Name: Mary 
Index: 2 Name: Catherine 
Index: 3 Name: Bi l l 

Here are the i t e w now, 

Note that when a new item was added at index 1 (in line 27), the item that was previously 
stored at index I was shifted in position to index 2. When an item is added at a specific 
index, the items that come after it are shifted upward in position to accommodate the new 
item. This means that the index of each item after the new item will be increased by one. 

Note that an error wi l l occur if you call the add method with an invalid index. 

Replacing an Item 
The ArrayList class's set method can be used to replace an item at a specific index with 
another item. For example, the following statement will replace the item currently at index I 
with the String "Becky": 

nameList .setfl , "Becky"); 
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This is demonstrated in the program Array7.islDemoS.Java* which is in this chapter's source 
code folder, available at www.pcarsonhighcrcd.com/gaddis. Note that an error will occur if 
you specify an invalid index. 

Capacity 
Previously you learned that an ArrayLiit object's si/c is the number of items stored in the 
ArrayLiit object. When you add an item to the ArrayLiit object, its si/c increases by one, 
and when you remove an item from the ArrayLiat object, its si/c decreases by one. 

An ArrayLiat object also has a capacity* which is the number of items it can store without 
having to increase its size. When an AxrayLiat object is first created, using the no-arg con­
structor, it has an initial capacity of 10 items. This means that it can hold up to 10 items 
without having to increase its size. When the eleventh item is added, the ArrayLiit object 
must increase its size to accommodate the new item. You can specify a different starting 
capacity, if you desire, by passing an int argument to the ArrayList constructor. For exam­
ple, the following statement creates an ArrayLiat object with an initial capacity of 100 
items: 

ArrayList<Strinq> l i a t - new ArrayLiit<Strinq>(100); 

All of the examples we have looked at so far use ArrayLiit objects to hold s t r ings . You 
can create an ArrayLiat to hold any type of object. For example, the following statement 
creates an ArrayLiat that can hold BankAccount objects: 

ArrayLiat<BankAccount> accountLiat • new ArrayList<BankAccount>(); 

By specifying BankAccount inside the angled brackets, we are declaring that the ArrayLiat 
can hold only BankAccount objects, (."ode I istmg 7-27 demonstrates such an ArrayLiat. 

Code List ing 7-27 (Ar royLis tDemob . J a v a ) 

i 

2 
i 
•i 
c. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

LS 

16 

17 

18 

L9 

import Java.ut i l .ArrayLiat ; / / N««d«d for ArrayLiat c l a a i 

/ . » 

This program demonatratea how to store BankAccount 
objecta in an ArrayLiat. 

* / 

public c lass ArrayLiatDeaofi 

public a t a t i c void aain(String[1 args) 

< 
/ / Create an ArrayLiat to hold BankAccount objec ts . 
ArrayLiat<BankAccount> l i a t - new ArrayList<BankAccount>(}; 

/ / Add three BankAccount objects to the ArrayLiat. 
list.addfnew BankAccount( 100.0)); 
l ist .add(new BankAccount(500.0)); 
liat.add(new BankAccount(1500.0)); 

http://www.pcarsonhighcrcd.com/gaddis
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20 
21 
22 
23 
24 
25 
26 
27 ) 

28 > 

/ / Display each item. 
for ( int index • 0; index < l i s t . s i z e f ) ; index**) 

< 

BankAccount account • l i s t . g e t ( i n d e x ) ; 
System.out.println("Account a t index * + index + 

"NnBalance: • + account.gatBalance()); 

> 

Program Output 

Account 
Balance; 
Account 
Balance: 
Account 
Balance: 

at index 0 
100.0 

a t index 1 
500.0 

a t index 2 
1500.0 

Using the Diamond Operator for Type Inference (Java 7) 
Kegnining with Java 7, you can simplify the instantiation of an ArrayLiat by using the 
dLimtmd operator ( <> ). For example, in this chapter you have seen several programs that 
create an ArrayList object with a statement such as this: 

ArrayLiat<String> l i s t • new ArrayLiat<String><); 

Notice that the data type (in this case. String) appears between the angled brackets in two 
locations: first in the part that declares the reference variable, and then again in the pan 
that calls the ArrayList constructor. Beginning with Java 7, you are no longer required to 
write the data type in the part of the statement that calls the ArrayList constructor. Instead, 
you can simply write a set of empty angled brackets, as shown here: 

ArrayLiat<String> l i s t - new ArrayLiet<>(); 

This set of empty angled brackets ( <> ) is called the diamond operator. It causes the com­
piler to infer the required data type from the reference variable declaration. Here is another 
example: 

ArrayList<InventoryItem> l i s t - new ArrayList<>(); 

This creates an ArrayList that can hold Inventoryltem objects. Keep in mind that type 
inference was introduced in Java 7. If you are using an earlier version of the Java language, 
you will have to use the more lengthy form of the declaration statement to create an 
ArrayList. 

< * 
Checkpoint 

MyProtrammiinLab" wwu'.nryprogrammingtab.com 

7.23 What import statement must you include in your code in order to use the 
ArrayList class? 

7.24 Write a statement that creates an ArrayList object and assigns its address to a vari­
able named frogs. 
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7.25 Write a statement that creates an Ar r tyL is t object and assigns its address to a vari­
able named l i z a r d i . The ArrayList should be able to store Str ing objects only. 

7.26 How do you add items to an ArrayList object? 

7.27 I low do you remove an item from an ArrayList object? 

7.28 I low do you retrieve a specific item from an ArrayList object? 

7.29 I low do you insert an item at a specific location in an ArrayList object? 

7.30 I low do you determine an ArrayList object's size? 

7.31 What is the difference between an ArrayList object's size and its capacity? 

7.14 Common Errors to Avoid 
The following list describes several errors that are commonly committed when learning this 

chapter's topics: 

• I King an invalid subscript, Java does not allow \mi to use a subscript value that is 

outside the range of valid subscripts for an arr.n, 
• Confusing (he contents of an integer array element with (he elements subscript. An 

element's subscript and the value stored in the element are not the same thing. The 
subscript identifies an element, which holds a value. 

• Causing an off-by-one error. When processing arravs, the subscripts start at zero and 
end at one less than the number of elements in the array. Off-hy-one errors are corn-
monly caused when a loop uses an initial subscript of one and/or uses a maximum 
subscript that is equal to the number of elements in the array. 

• Using the = operator to copy an array. Assigning one array reference variable to 
another with the • operator merely copies the address in one variable to the other. To 
copy an array, you should copy the individual elements of one array to another 

• Using the == operator to compare two arrays. You cannot use the • • operator to com­
pare two array reference variables and determine whether the arrays are equal. When 
you use the • • operator with reference variables, the operator compares the memory 
addresses that the variables contain, not the contents of the objects referenced by the 
variables. 

• Reversing (he row and column subscript when processing a (wo-dimensional array. 
When thinking of a two-dimensional array as having rows and columns, the first sub­
script accesses a row and the second subscript accesses a column. If you reverse these 
subscripts, you will access the wrong element. 

Review Questions and Exercises 
Mult iple Choice and True/False 

1, In an array declaration, this indicates the number of elements that the array will have. 
a. subscript 
b. size declarator 
c. element sum 

d. reference variable 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Each clement of an arrav is accessed bv a number known as a(n) _ , 
1, subscript 
b. size declarator 
c. address 
d. specifier 

The first subscript in an array is always 
ft. 1 
b. 0 
c. - 1 
d. 1 less than the number of elements 

1 he lasi subst npt in an arra\ is . i lu.ns 

ft. 100 
b. 0 

c. - 1 
d. 1 less than the number of elements 

a. when the program is compiled 
b. when the program is saved 
C. when the program runs 
d. when the program i \ loaded into memory 

1 I s n t.u held linUK the number <>t t lcnKIKI d i l l (be VftS lus. 
a. size 
b. element* 
C< length 
d . width 

This search algorithm steps through an array, comparing each item w nh the sc.irih 

value. 
a. binary search 
b. sequential search 
c. selection search 

d. iterative search 

This search algorithm repeatedly divides the portion of an arrav being searched in 
half. 
a, binary search 
b, sequential search 
c* selection search 
d. iterative search 

This is the typical number of comparisons performed by the sequential search on an 
arrav of N elements (assuming the search values are consistently found), 
a. 2N 
b. N 

c. N 2 

d. N/2 
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10. When initializing a two-dimensional array, you enclose each row's initialization list in 

a. braces 
b. parentheses 
c. brackets 
d. quotation marks 

11. To insert an item at a specific location in an ArrayList object, you use this method. 
a. atore 
b. insert 
c. add 
d. get 

12. To delete an item from an ArrayLitt object, you use this method. 
a. rmov* 
b. dalata 
Ct erase 
d. get 

13. To determine the number of items stored in an ArrayList object, you use this method, 
a. size 
b. capacity 
C i t l M 
d. length 

14. True or False: Java does not allow a statement to use a subscript that is outside the 
range of valid subscripts for an array. 

15. True or False: An array's sit/c declarator can be a negative integer expression. 

16. True or False: Both of the following declarations are legal and equivalent: 

lnt[ ] numbers; 
int numberaf ); 

17. True or False: The subscript of the last element in a single-dimensional array is one 
less than the total number of elements in the array. 

18. True or False: The values in an initialization list are stored in the array in the order 
that they appear in the list. 

I9« True or False: The Java compiler does not display an error message when it processes 
a statement that uses an invalid subscript. 

20. True or False: Vt'hcn an array is passed to a method, the method has access to the 
original array. 

21. True or False: The first size declarator in the declaration of a two-dimensional array 
represents the number of columns. The second si/e declarator represents the number 
of rows. 

22. True or False: A two-dimensional array has multiple length fields. 

23. True or False: An ArrayList automatically expands in size to accommodate the items 
stored in it. 
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Find the Error 

1. i n t [ | co l lec t ion - new in t [ -20 ) ; 

2. i n t [ ] hours - 8, 12, 16; 

3. i n t [ ] table - new in t ( lO) ; 
Cor ( int x - 1; x <- 10; x++) 

i 
t ab le [x | - 99; 

> 

4. String!) names • ( 'George", "Susan" ) ; 
int totalLength - 0; 
tor ( int i - 0; i < names.length)); l*+) 

totalLength • - names!i].length; 

5. String!I words - < "Hello", "Goodbye" >; 
Syaten.out.println(words.toUpperCaae(U; 

A l g o r i t h m W o r k b e n c h 

1. The variable names references an integer array with 20 elements. Write a lor loop that 

prints each clement of the array. 

2. The variable* numberArrayl and nuaberArray2 reference arrays that each have 100 
elements. Write code that copies the values in nuaberArrayl to numberArray2. 

3. •• Write a statement that declares a s t r i ng array initialized with the following 
strings: 

"1 instein", "Newton" , "Copernicus", and "Kepler". 

b. Write a loop that displays the contents of each element in the array that you 
declared in Question t(a). 

c. Write code that displays the total length of all the strings in the array that you 
declared in Question 3(a). 

4. In a program you need to store the populations of 12 countries. 
a. Define two arrays that may be used in parallel to store the names of the countries 

and their populations. 
b. Write a loop that uses these arrays to print each country's name and its population. 

5. In a program you need to store the identification numbers of ten employees (as i n t 
values) and their weekly gross pay (as double values). 
a. Define two arrays that may be used in parallel to store the 10 employee identifica­

tion numbers and gross pay amounts. 
b. Write a loop that uses these arrays to print each of the employees' identification 

number and weekly gross pay. 

6. Declare • two-dimensional i n t array named grades. It should have 30 rows and 10 
columns. 

7. Write code that calculates the average of all the elements in the grades array that you 
declared in Question 6. 
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8. Look tit the following array declaration: 

in t ( ] ( ] numberArray - new i n t ( 9 | ( l l | ; 

a. Write a statement that assigns 145 to the first column of the first row of this array, 
b. Write • statement that assigns 18 to the last column of the last row of this array. 

9. The values variable references a two-dimensional double array with 10 rows and 20 
columns. Write code that sums all the elements in the array and stores the Mini in the 
variable tota l . 

10. An application uses a two-dimensional array declared as follows: 

ln t ( ] ( ] days - new int[29][5]; 

a. Write code that sums each row in the array and displays the results. 
b. Write code that sums each column in the array and displays the results. 

11. Write code that creates an ArrayList that can hold string objects. Add the names of 
three cars to the ArrayList, and then display the contents of the ArrayList. 

Short Answer 

1. What is the difference between a si/e declarator and a subscript? 

2. I ook at the following array definition: 

i n t | ] values - new int110 |; 

a. I low many elements does the array have? 
b. What is the subscript of the first element in the array? 
c\ What is the subscript of the last element in the array? 

3. Look at the following array definition: 

int[] values - { 4, 7, 6, 8, 2 >; 

What docs each of the following code segments display? 

System.out.println(values[4|); a. ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ _ 

x • values(2) + velues[3]; 
System.out.println(x); b. ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ _ 

x • ++values(1]; 
System.out.println(x); c. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

4. I low do you define an array without providing a si/e declarator? 

5. Assuming that arrayl and array2 are both array reference variables, why is it not 
possible to assign the contents of the array referenced by array2 to the array refer­
enced by arrayl with the following statement? 

arrayl - array2; 

6. I low do you establish an array without providing a si/c declarator? 

7. The following statement creates a BankAccount array: 

BankAccount|I ace * new BankAccount(10]; 

Is it okay or not okay to execute the following statements? 

acc(0].setBalance(5000.0>; 
acc(0].withdraw(100.0»; 
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8. 

9, 

If a sequential search method is searching for a value that is stored in the last clement 
of a 10,000-clement array, how many elements will the search code have to read to 
locate the value? 

look at the following array definition: 

double!)[) sales - new doublet8)110); 

a. I low many rows dt>es the array have? 
b. I low many columns docs the array have? 
c. How many elements docs the array have? 
d Write a statement that stores a number in the last column of the last row in the array. 

Programming Challenges 

MyPro|ramniin|Lab" Visit unvwjnyprugramminglahxom to complete many of these Programming Challenges 
online and get instant fttdback* 

1 . Rainfall Class 

Write a RainFall class that stores the total rainfall for each of 12 months into an array of 
doubles. The program should have methods that return the follow ing; 

• the total rainfall for the year 
• the average monthly rainfall 
• the month with the DOM rain 
• the month with the least rain 

Demonstrate the class in a complete program. 

Input Validation: Do not accept negative numbers for monthly rainfall figures, 

2. Payroll Class 

Write a Payroll class that uses the following arrays as fields: 

• smployseid. An array of seven integers to hold employee identification numbers. The 
array should be initialized with the following numbers: 

5658845 4520125 7895122 8777541 
8451277 1302850 7580489 

• hours. An array of seven integers to hold the number of hours worked by each 
employee 

• payRate. An array of seven doubles to hold each employees hourly pay rate 
• wages. An array of seven doubles to hold each employees gross wages 

The class should relate the data in each array through the subscripts. For example, the 
number in element 0 of the hours array should be the number of hours worked by the 
employee whose identification number is stored in element 0 of the eroployeeld array. Thai 
same employee's pay rate should be stored in element 0 of the payRate array. 

In addition to the appropriate accessor and mutator methods, the class should have a 
method that accepts an employee s identification number as an argument and returns the 
gross pay for that employee. 
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Demonstrate the class in a complete program that displays each employee number and asks 
the user to enter that employee's hours and pay rate. It should then display each employee's 
identification number and gross wages. 

Input Validation: Do not accept negative values for hours or numbers less than 6.00 for pay 
rate. 

3. Charge Account Validation 

Create a class with a method that accepts a charge account number as its argument. The 
method should determine whether the number is valid by comparing it to the following list 
of valid charge account numbers: 

5658845 
8080152 
L00523L 

4520125 
4562555 
6545231 

7895122 
5552012 
3852085 

8777541 
5050552 
7576651 

8451277 
7825877 
7881200 

1302850 
1250255 
4581002 

VWMHMI 

These numbers should be stored in an array or an ArrayList object. Use a sequential search 
to locate the number passed as an argument. If the number is in the array, the method 

n«'Ch should return t ruo, indicating the number is valid. If the number is not in the array, the 
Account method should return Ealsc, indicating the number is invalid. 

Problem Write a program that tests the class by asking the user to enter a charge account number. 
Ihc program should display a message indicating whether the number is valid or invalid. 

4. Charge Account Modif icat ion 

Modify the charge account validation class that you wrote for Programming Challenge * so 
it reads the list of valid charge account numbers from a file. Use Notepad or another text 
editor to create the file. 

5. Driver's License Exam 

The local Driver's License Office has asked you to write a program thai grades ihc written 
portion of the driver's license exam. The exam has 20 multiple choice questions. I Icrc arc 
the correct answers: 

1. B 
2. D 
3. A 
4. A 
5. t : 

6. A 
7. B 
8. A 
9. C 

10. 0 

I I . B 
12. t: 
13. D 
14. A 
15. D 

16. C 
17. C 
18. B 
19. D 
20. A 

A student must correctly answer 15 of the 20 questions to pass the exam. 

Write a class named DriverExam that holds the correct answers to the exam in an array field. 
The class should also have an array field that holds the student's answers. The class should 
have the following methods: 

• passed. Returns true if the student passed the exam, or false if the student failed 
• to ta lCorrect . Returns the total number of correctly answered questions 
• t o ta l l nco r rec t . Returns the total number of incorrectly answered questions 

• questionsMissed. An i n t array containing the question numbers of the questions that 

the student missed 
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Demonstrate the class in a complete program that asks the user to enter a student's answers, 
and then displays the results returned from the DriverExaa class's methods. 

Input Validation: t )nly accept the letters A, B. C. or D as answers. 

6. Quarterly Sales Statistics 

Write a program that lets the user enter four quarterly sales figures for six divisions of a 
company. The figures should be stored in a two-dimensional array. Once the figures arc 
entered, the program should display the following data for each quarter: 

• A list of the sales figures by division 
• Each division's increase or decrease from the previous quarter (this will not be dis­

played lor the first quarter) 

• The total sales for the quarter 
• The company's increase or decrease from the previous quarter ithis wi l l not be dis­

played lor the first quarter) 
• The average sales for all divisions that quarter 
• The division with the highest sales for that quarter 

Input Validation: Do not accept negativa numbers for sales figures. 

7. Cradc Book 

A teacher has five students who have taken four tests. The ten her uses the following grad­
ing scale to assign a letter grade to a student, based on the average of his or her four test 
scores: 

l i s t Score 

90-100 
80-89 

70-79 

60-69 

0-59 

1 cltcr firade 

A 

B 

C 

I) 

F 

Write a class that uses a s t r i ng array or an ArrayList object to hold the five students' 
names, an array of five characters to hold the five students' letter grades, and five arrays of 
four doubles each to hold each student's set of test scores. The class should have methods 
that return a specific student's name, the average test score, and a letter grade based on the 
average. 

Demonstrate the class in a program that allows the user to enter each student's name and 
his or her four test scores. It should then display each student's average test score and letter 
grade. 

Input Valiilation: Do not accept test scores less than zero or greater than 100. 

8. Crade Book Modif icat ion 

Modify the grade book application in Programming Challenge 7 so thai it drops each stu­
dent's lowest score when determining the test score averages and letter grades. 
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9 . Lottery Application 

Write a Lottery class that simulates a lottery. The class should have an array of five integers 
named lotteryNumbcrs. The constructor should use the Random class (from the Java API) to 
generate a random number in the range of 0 through 9 for each clement in the array. The 
class should also have a method that accepts an array of five integers that represent a per­
son's lottery picks. The method is to compare the corresponding elements in the two arrays 
and return the number of digits that match. For example, the fol lowing shows the 
lotteryNumbers array and the user's array with sample numbers stored in each. There are 
two matching digits (elements 2 and 4). 

lotteryNumbers array: 

7 4 9 1 3 

I scr's arrav: 

4 2 , 7 3 

In addition, the class should have a method that returns a copy of the lotteryNumbere Amy. 

Demonstrate the class in a program that asks the user to enter five numbers. The program 
should display the number of digits that match the randomly generated lottery numbers. If 
all of the digits match, displa\ i message proclaiming the user a grand pri/c winner. 

10. Array Operations 

Write a program with an array that is initialized with test data. Use any primitive data type 
of your choice. The program should also have the following methods: 

• g« tTo t * l . This method should accept, a one-dimensional array as its argument and 
return the total of the values in the arr.iv. 

w 

• gctAverage. This method should accept a one-dimensional array as its argument and 
return the average of the values in the array. 

• getHigheit . This method should accept a one-dimensional array as its argument and 
return the highest value in the array. 

• getLoweit. This method should accept a one-dimensional arra\ .is us argument and 
return the lowest value in the array. 

Demonstrate each of the methods in the program. 

1 1 , Number Analysis Class 

Write a class with a constructor that accepts a file name as its argument. Assume the file 
contains a series of numbers, each written on a separate line. The class should read the con­
tents of the file into an array; and then displays the following data: 

• The lowest number in the array 
• The highest number in the array 
• The total of the numbers in the array 
• The average of the numbers in the array 
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This chapter's source code folder, available at www.pcarsonhighercd.coni/Raddis, con­
tains a text file named XunibcrsJxt. This file contains twelve random numbers. Write a 
program that tests the class by using this file. 

12. Name Search 

If you have downloaded this book's source code (the companion Web site is available at 
www.pcarsonhighcrcd.com/gaddisK you wi l l f ind the fol lowing files in the Chapter 07 
folder: 

• Girl\M9u>$Jxt - This file contains a list of the 200 most popular names given to girls 
born in the United States for the years 2000 through 2009. 

• BoyKjmes.txt - This file contains a list o l the 200 most popular names given to boys 
born in the United States for the years 2000 through 2009. 

Write a program that reads the contents of the two files into two separate arrays, or 
ArrayLists. The user should be able to enter a boy's name, a girl's name, or both, and 
the application will display messages indicating whether the names were among the most 
popular. 

13. Popu la t i on Da ta 

If you have downloaded this book 's source code (the companion Vtcb site is available at 
www.pcarsonhighercd.com/gaddis), you wi l l f ind a file named VSPtipuUtitmJxt in the 
Chapter 07 (older. The tile contains the midyear population of the United States, in thou­
sands, during the years 1950 through 1990. The first line in the file contains the population 
for 1950, the second line contains the population for 1951, and so forth. 

Write a program that reads the file's contents into an array. The program should display 
the following data: 

• The average annual change in population during the time period 
• The year with the greatest increase in population during the time period 
• The year with the smallest increase in population during the time period 

14* W o r l d Series Champions 

If you have downloaded this book s source code (the companion Web site is available at 
www.pearsonhiglicred.com/gaddis), you wi l l f ind a file named WorltiScricsWinncrsJxt. 
This file contains a chronological list of the winning teams in the World Scries from 1903 
through 2009. (The first line in the file is the name of the team that won in 190 J, and the 
last line is the name of the team that won in 2009. Note that the World Series was not 
played in 1904 or 1994, so those years arc skipped in the file.) 

Write a program that lets the user enter the name of a team, and then displays the number 
of times that team has won the World Series in the time period from 1903 through 2009. 

& 

T I P : Read the contents of the XVorUSeriesWimtersJxt file into an array, or an ArrayList . 
When the user enters the name of a team, the program should step through the array or 
ArrayList , counting the number of times the selected team appears. 

http://www.pcarsonhighercd.coni/Raddis
http://www.pcarsonhighcrcd.com/gaddisK
http://www.pcarsonhighercd.com/gaddis
http://www.pearsonhiglicred.com/gaddis
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15. 2D Array Operations 

Write a program that creates a two-dimensional array initialized with test data. Use any 
primitive data type that you wish. The program should have the following methods: 

• getTotal . This method should accept a two-dimensional array as its argument and 
return the total of all the values in the arrav. 

• getAverage. This method should accept a two-dimensional array as its argument and 

return the average of all the values in the array. 
• getRowTotal. This method should accept a two-dimensional array as its first argu­

ment and an integer as its second argument. The second argument should be the sub­
script of a row1 in the array. The method should return the total of the values in the 
specified row. 

• gctColumnTotal. This method should accept a two-dimensional array as its first argu­
ment and an integer as its second argument. The second argument should he the sub­
script of a column in the array. The method should return the total of the values in the 
specified column. 

• getHighettlnRow. This method should accept a two-dimensional array as its first 
argument and an integer as us second argument. The second argument should be the 
subscript of a row in the array. The method should return the highest value in the 
specified row of the array, 

• getLoweatlnRow, This method should accept a two-dimensional array as its first argu­
ment and an integer as its second argument. I lie second argument should be the sub­
script of a row in the array. The method should return the lowest value in the specified 
row of the array. 

Demonstrate each of the methods in this program. 

16. Phone Book ArrayL i t t 

Write a class named PhoneBookEntry that has fields for a person's name and phone number. 
The class should have a constructor and appropriate accessor and mutator methods. Then 
write a program that creates at least five PhoneBookEntry objects and stores them in an 
Ar rayL i t t . Use a loop to display the contents of each object in the ArrayLiat. 

17. Trivia Came 

In this programming challenge, you wi l l create a simple trivia game for two players. The 
program wil work like this; 

Starting with player I , each player gets a turn at answering 5 trivia questions. (There 
are 10 questions, 5 for each player.) When a question is displayed, four possible 
answers are also displayed. Only one of the answers is correct, and if the player selects 
the correct answer, he or she earns a point. 
After answers have been selected for all o f the questions, the program displays the 
number of points earned by each player and declares the player with the highest num­
ber of points the winner. 
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You <ire to design a Question class to hold the data tor a trivia question. The Question class 
should have Str ing fields for the following data: 

• A trivia question 

• Possible answer 1 
• Possible answer 2 
• Possible answer 3 
• Possible answer 4 
• The number of the correct answer (1 ,2 , 3, or 4) 

The Question class should have appropriate constructors), accessor, and mutator methods. 

Hie program should create an array of 10 Question objects, one for each trivia question. (If 
you prefer, you can use an ArrayList instead of an array.) Make up your own trivia ques­
tions on the subject or subjects of your choice for the objects. 
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s i Static Class Members 

CONCEPT: A static class member belongs to the class, not objects instantiated from 
(he class. 

A Quick Review of Instance Fields and Instance Methods 
Recall from Chapter 6 that each instance of a claw has its own set of fields, which arc 
known as instance fields. You can create several instances of a class and store different 
values in each instance's fields. For example, the Rectangle class that we created in Chapter 6 
has a length field and a width field. Let's say that box references an instance of the Rectangle 
class and we execute the following statement: 

box.aetLength(10); 

This statement stores the value 10 in the length field that belongs to the instance that is 
referenced by box. You can think of instance fields as belonging to a specific instance of a 
s lass. 

You wi l l also recall that classes may have instance methods as well. When you call an 
instance method, it performs an operation on a specific instance of the class. For example. 

4«>7 
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assuming that box references an instance of the Rectangle class, look at the fol lowing 
statement: 

x • box.getLength(); 

This statement calls the getLength method, which returns the value of the length field that 
belongs to a specific instance of the Rectangle class: the one referenced by box. Both instance 
fields and instance methods are associated with a specific instance of a class, and they can­
not be used until an instance of the class is created. 

Static Members 
It is possible to create a field or method that docs not belong to any instance of a class. Such 
members arc known as sialic fields and siauc methods. Vfhcn a value is stored in a static 
field, it is not stored in an instance of the class. In face, an instance of the class doesn't even 
have to exist in order for values to be stored in the class's statu fields. Likewise, static meth­
ods do not operate on the fields that belong to any instance ol the class. Instead, they can 
operate only on static fields. You can think of static fields and static methods as belonging 
to the class instead of an instance of the class. In this section, we will take a closer look at 
static members. First we wi l l examine static fields. 

Static Fields 
When a field is declared with the key word s ta t i c , there wi l l be only one copy of the field 
in memory, regardless of the number of instances of the class that might exist. A single copy 
of a class's static field is shared by all instances of the class. For example, the countable 
class shown in Code l ist ing S-l uses a static field to keep count of the number of instances 
of the class that arc created. 

Code Listing 8-1 ( C o u n t a b l e . j a v a ) 

1 / • • 
This c lass demonstrates a a t a t i c f i e ld . 

3 • / 
i 
9 public c l a s s Countable 

private a t a t i c i n t instanceCount • 0; 

10 
u 
12 
13 
14 
15 

L7 

/ f t 

The constructor increments the s t a t i c 
f ie ld instanceCount* This keeps track 
of the number of instances of t h i s 
c lass tha t are created. 

• / 

public Countable!) 

{ 
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18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

instanceCount**; 

> 

/„ 
The getlnstanceCount method returns 
the number of instances of t h i s c lass 
that have been created. 
^return The value in the instanceCount f i e ld . 

* / 

public int getlnstanceCount!J 

< 

return instanceCount; 

} 
> 

Pint, notice in line 7 the declaration of the static field named instanceCount as follows: 

private s tat ic int instanceCount - 0; 

A static field is created by placing the key word s ta t ic after the access specifier and before 
the field's data type. Notice that we have explicitly initialized the instanceCount field with 
the value I*, This initialization takes place only once, regardless of the number of instances 
of the class that arc created. 

<? NOTE: |ava automatically stores 0 in all uninitialized static member variables. The 
instanceCount field in this class is explicitly initialized so it is clear to anyone reading (he 
code that the field starts with the value 0, 

Next, look at the constructor in lines 16 through 19. The constructor uses the ++ operator 
to increment the instanceCount field. Each time an instance of the Countable class is cre­
ated, the constructor will be called and the instanceCount field will be incremented. As a 
result, the instanceCount field will contain the number of instances of the Countable class 
that have been created. The getlnstanceCount method, in lines 1H through II, returns the 
value in instanceCount. The program in (lode Listing 8-2 demonstrates this class. 

Code Listing 8-2 (S ta t i cDemo. Java ) 

/ * * 

This program demonstrates the Countable class 
* / 

public class StaticDemo 
I 

public s ta t ic void main(String[) args) 
8 { 

int objectCount; 
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LO 

n 

L2 

13 

14 

15 

A, 

n 
IB 

L9 

20 

2. 

22 

23 

24 

/ / Create three instances of the 
/ / Countable c l a s s . 
Countable object l - new Countable!); 
Countable object2 • new Countable!); 
Countable object) • new Countable(J; 

/ / Get the number of instances froa 
/ / the c l a s s ' s s t a t i c f i e ld . 
objectCount - objectl .getInstanceCount(); 
System.out.printlnfobjectCount * 

• instances of the c lass " * 
"were c rea ted . " ) : 

Program Output 

3 instances of the c l a s s were created. 

The program creates three instances of the Countable class, referenced by the variables 
object l , object2, and objecta. Although there arc three instances of the class, there is only 
one copy of the static field. This is illustrated in Figure 8-1. 

Figure 8-1 All instances of the class share the static field 

instanceCount held 
(stahc> 

Instances ol the countable 

In line 19 rhc program calls the getlnstanceCount method to retrieve the number of 
instances that have been created: 

objectCount - objectl .getlnstanceCountf); 

Although the program calls the getlnstanceCount method from objec t l , the same value 
would be returned from any of the objects. 
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Static Methods 
When a class contains a static method, it isn't necessary for an instance of the class to he 
created in order to execute the method. The program in Code Listing 8-3 shows an example 
of a class with static methods. 

Code List ing 8-3 ( M e t r i c . J a v a ) 

tthods. 

9 
10 
11 
12 
I I 
M 

IS 
16 
i r 
LI 
L9 
20 
21 
22 
21 
24 
25 

1 /** 
This c lass demonstrates s t a t i c 

I */ 
4 

5 public c lass Metric 

B < 

The milesToKilometers method converts a 
distance in miles to kilometers. 
Jparam m The distance in miles. 
i re turn The distance in kilometers. 

public s t a t i c double milesToKiloaetersfdouble • ) 

< 

return m * 1.609; 

> 

/ * « 

The kilometeraToHiles method converts 
a distance in kilometers to miles. 
3param k The distance in kilometers, 
• return The distance in miles. 

• / 

26 
27 
28 
29 
30 > 

pub l ic s t a t i c double kiloi 

< 
r e t u r n k / 1.609; 

> 

•etersToMilesfdouble k) 

A static method is created by placing the key word s t a t i c after the access specifier in the 
method header. The Metric class has two static methods: milesToKilometers and 
kilometersToMiles. Because they are declared as s t a t i c , they belong to the class and may 
be called without any instances of the class being in existence. You simply write the name of 
the class before the dot operator in the method call. Mere is an example: 

kilometers - Metric.milesToKilometers(lO.O); 
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[his statement calls the milesToKilooeters method, pawng the value 10,0 as an argument. 
Notice that the method is not called from an instance of the class, but is called directly from 
the Metric class, Code I istmg 8-4 shows a program that uses the Metric class. Figure 8-2 
shows an example of interaction with the program. 

Code Listing 8-4 (Met r i cDerao . Java> 

import Javax.swing.JOptionPane; 
import Java.text.DecimalFormat; 

This program demonstrates the Metric clasi 
• / 

public c lass MetricDemo 
< 

public s t a t i c void main(String(] args) 

I 
String input; / / To hold input 
double miles) / / A distance in miles 
double k i los ; / / A distance in k i loae ters 

/ / Create a DecimalFormat object . 
DecimalFormat fmt -

new DecimalFormatrO.OO-); 

/ / Get a distance in miles-
input - JOptionPane.showInputDialogfEnter * • 

"a distance in • l i e s . " ) ; 
miles - Double.parseDoublefinput); 

/ / Convert the distance to k i loae te r s . 
kilos - Metric.milesToKiloaeters(ailes); 
JOptionPane.shovMessageDialog(null# 

fmt.format(miles) + " miles equals " • 
fmt.format(kilos) * • k i l oae t e r s . * ) ; 

/ / Get a distance in kilometers. 
input • JOptionPane.showInputDialogfEnter " + 

' a distance in k i loae te r s :* ) ; 
kilos • Double.parseDouble(input); 

/ / Convert the distance to k i loae te r s . 
miles - Metric.kilometersToMiles(kilos); 
JOptionPane.showMessageDialog(null, 
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39 
40 
41 
42 
43 
44 > 

fmt.format(kilos) • • kilometers equal* • • 
fmt.format(milea) + • mi le s . " ) ; 

System.exit(0); 

1 

Figure 8-2 Interaction with the M e t r i c D c m o . Java program 

1 
w 

: . > . , . . ' 

4 Enter a (Miartc* m nines 
1 ii« 

OK Cancel 

D 

o Cntef a rtwance m Mtonwetr»: 
i.:-

QM CaiKCl 

Static methods arc convenient for many tasks because they can be called directly from the 
class, as needed. They are most often used to create utility classes that perform operations 
on data, but have no need to collect and store data. The Metric class is a good example. It 
is used as a container to hold methods that convert miles to kilometers and vice versa, but 
is not intended to store any data. 

The only limitation that static methods have ts that thev cannot refer to non-stain members 
of the class. This means that any method called from a static method must also be static. It 
also means that if the method uses any of the class's fields, they must be static as well. 

Checkpoint 

MyProtrimmmjlab" www.myfnogrjmmingtab.a3IH 

8.1 What is the difference between an instance field and a static field? 

8.2 What action is possible with a static method that isn't possible with an instance 
method? 

8.3 Describe the limitation of static methods. 

http://www.myfnogrjmmingtab.a3IH
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« • B Passing Objects as Arguments to Methods 

CONCEPT: To pass an object as a method argument, you pass an object reference. 

In (lhaptcr 5 we discussed how primitive values, as well as references to s t r ing objects, can 
be passed as arguments to methods. You can also pass references to other types of objects as 
arguments to methods. For example, recall that in Chapter 6 we developed a Rectangle 
class. The program in Code Listing 8-5 creates an instance of the Rectangle class and then 
passes .i reference u> tlui ubicct .is .in argument :«> .i method. 

Code Listing 8-5 ( P a a s O b j e c t . J a v a ) 

i 

2 

i 

i 

5 

6 

7 

B 

9 

10 

n 
ia 
11 
:i 
L5 

L6 

17 

IB 

.'I 

20 

21 

22 

23 

H 

25 

26 

27 

28 

29 

30 

/ • • 

This program passes an object as an argument 
• / 

public c lass PassObject 

t 
public s t a t i c void nain(Str ing() args) 

< 

/ / Create a Rectangle object . 
Rectangle box - new Rectangle)12.0, 5.0); 

/ / Pass a reference to the object t o 
/ / the displayRectangle method. 
displayRectangle)box); 

/ • • 

The displayRectangle method displays the 
length and width of a rectangle. 
Pparam r A reference to a Rectangle 
object . 

' / 

public s t a t i c void displayRectangle)Rectangle r ) 

< 

/ / Display the length and width. 
System.out.println("Length : " * r.getLength() * 

- Width : " • r .ge tMidthO); 

> 

I 

Program Output 

Length i 12.0 Width : 5.0 
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In this program's main method, the box variable is a Rectangle reference variable. In line 14 
its value is passed as an argument to the displayRectangle method. The displayRectangle 
method has a parameter variable, r, which is also a Rectangle reference variable, that 
receives the argument. 

Recall that a reference variable holds the memory address of an object. When the 
displayRectangle method is called, the address that is stored in box is passed into the r 
parameter variable. This is i l lustrated in Figure 8-3. This means thai when the 
displayRectangle method is executing, box and r both reference the same object. This is 
illustrated in Figure 8-4. 

Figure 8 1 Passing a reference as an argument 

A Rectangle object 

diapLayR«ct*ngl«(box); 

length: 

width: 

1 2 . 0 

5 . 0 

pub l ic s t a t i c vo id d lsp l ty f tect t ing l r (Rectangle r ) 
( 

/ / Diaplay the length and width. 
Syeten.out .printIn{"Length t " - r .getLengthl) * 

• Width : • • r .getWidthO) , 

Figure 8-4 Both box and r reference the same object 

The box variable ho ds 
the addcOM of a 

Rectangle object 

Tho r paramotor variable 
holds the address ot a 

Rectangle object. 

A Rectangle object 

IrHpttil tr 

/ 

/ 

*Mt+%\* 

l e n g t h : 

w i d t h : 

ia o] 

* . o | 

Recall from Chapter 5 that when a variable is passed as an argument to a method, it is said 
to be passed by value. This means that a copy of the variable's value is passed into the 
method's parameter. When the method changes the contents of the parameter variable, 
it does not affect the contents of the original variable that was passed as an argument. 
When a reference variable is passed as an argument to a method, however, the method has 
access to the object that the variable references. As you can sec from Figure 8-4, the 
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displayRcctangle method has access to the same Rectangle object that the box variable 
references. When a method receives an object reference as an argument, it is possible for the 
method to modify the contents of the object referenced by the variable. This is demon­
strated in Code Listing 8-6. 

Code Listing 8-6 < P a s s 0 b j e c t 2 . J a v a ) 

l 

2 

i 

•; 

'J 

8 

9 

10 

11 

12 

; i 

L4 

;•> 

; • 

LB 

LS 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

r-
18 
19 
40 

/ • • 

This program passes an object as an argument. 
The object is modified by the receiving method. 

I 

public c lass Pass0b]ect2 

< 

public s t a t i c void main(String(] arga) 

< 

/ / Create a Rectangle object . 
Rectangle box - new Rectangle(12.0, 5.0); 

/ / Display the ob j ec t ' s contents . 
System.out.println("Contents of. the box ob jec t : " ) ; 
System.out.println("Length i • • box.getLength() • 

• Width i • * box.getwid th( l ) ; 

/ / Pass a reference to the object t o the 
/ / changeRectangle method. 
changeRectangle(box); 

/ / Display the ob j ec t ' s contents again. 
System.out.println("\nNow the contents of the • • 

"box object a r e : " ) ; 
System.out.println("Length : " * box.getLength() * 

" Width i - • box.getNidthO); 

/ • • 

The changeRectangle method se t s a Rectangle 
ob jec t ' s length and width to 0. 
Pparam r The Rectangle object t o change. 

7 

public s t a t i c void changeRectangle!Rectangle r ) 

< 

r.setLength(O.O); 
r.setWidth(O.O); 

> 

file:///nNow
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Program Output 

Contents 
Length : 

Now the 
Length : 

of the box 
12.0 Width 

contents of 
0.0 width i 

object : 
i 5.0 

the box 
! 0.0 

object are: 

When writing a method that receives the value of a reference variable as an Argument, 
yoti must take care not to accidentally modify the contents of the object that is referenced 
In [he variable. 

8.3 Returning Objects from Methods 

CONCEPT: A method can return a reference to an object. 

Just as methods can he written to return an int , double, f loat , or other primitive data type, 
[hey can also he written to return a reference to an object. l:or example, recall the 

' BankAccount class that was discussed in Chapter 6. The program in Code I uting 8-7 uses a 
from Methods m c " u >d, getAccount, which returns a reference to a BankAccount oh|cu. figure 8-5 shows 

example interaction with the program. 

Code Listing K / ( R e t u r n O b j a c t . Java) 

l 

2 

3 

•i 

\ 

% 

7 

I 
9 

10 
11 
12 
13 
14 
L5 
16 
17 
18 
L9 
20 
21 

import javax.swing.JOptionPane; 

/ • • 

This program demonstrates how a method 
can return a reference to an object . 

* / 

public c lass ReturnObject 

i 
public s t a t i c void na in(St r ing[ | args) 
I 

BankAccount account; 

/ / Get a reference to a BankAccount object , 
account • getAccount(); 

/ / Display the account 's balance. 
JOptionPane.showMcssageDialogfnull, 

"The account has a balance of 5" + 
account.getBalance()); 
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Syatem.exit(0>; 

t t 

The getAccount method crea tes a BankAccount 
object with the balance specified by the 
user. 
9return A reference to the object . 

7 

public s t a t i c BankAccount getAccountO 

< 

String input; / / To hold input 
double balance; / / Account balance 

/ / Get the balance from the user. 
input - JOptionPane.showInputDialogf"Enter - + 

"the account balance*"); 
balance • Double.parseDouble(input); 

/ / Create a BankAccount object and return 
/ / a reference to i t . 
return new BankAccount(balance)j 

Figure 8-5 Interaction with the R e t u r n o b j e c t . J a v a program 

1 Input 

F l M - l H W ACCOUNT 

3:0000! 

OH 

2 M»tug« 

Ihe account h<n*lMl.Mic* of (3700 0 

Notice that the getAccount method has a return data type of BankAccount. Figure 8*6 shows 
the method's return type, which is listed in the method header. 

Figure 8-6 The g e t A c c o u n t method header 

The method's return type 

. 
Method header c u t . : : s t a t i c BankAccount MtJhOOOUnt 
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A return type of BankAccount means the method returns a reference to a BankAccount object 
when it terminates.The following statement, which appears in line 15, assigns the getAccount 
method's return value to account: 

account • getAccount)); 

After this statement executes, the account variable will reference the BankAccount object 
that was returned from the getAccount method. 

Now lets look at the getAccount method. In lines 38 and 39 the method uses a JOptionPane 
dialog box to net the account balance from the user. In line 40 the value entered by the user 
is converted to a double and assigned to balance, a local variable. The last statement in the 
method, in line 44, is the following return statement: 

return new BankAccount(balance); 

This statement uses the new key word to create a BankAccount objeu, passing balance as an 
argument to the constructor. The address of the object is then returned from the method, as 
illustrated in l;igurc 8-7, Back in line 15, where the method is called, the address is assigned 
to account. 

Figure 8 7 The getAccount method returns a reference to a BankAccount object 

account * getAccount() ; 

A uankAceount object 

CM I .LM o : 3200 . 0 
publ ic s t a t i c BankAccount getAccount!) 
i 

(SMtemmts appear h*n) 

re turn new BankAccountIbalancc)f 

8.4 The t o S t r i n g Method 

CONCEPT: Most clasacs can benefit from having a method named t o S t r i n g , which 
is implicitly called under certain circumstance*. Typically* the method 
returns a string that represents the slate of an object. 

Quite often we need to display a message that indicates an object's state. An object's sUite is 
simply the data that is stored in the object's fields at any given moment. For example, retail 
that the BankAccount class has one field: balance. At any given moment, a BankAccount 
object1! balance field will hold some value* The value of the balance field represents the 
object's state at that moment. The following might be an example ol code that displays a 
BankAccount object's state: 

BankAccount account • new BankAccount(1500.0); 
System.out.println(*The account balance i s S" + 

account.qetBalance()); 
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The Itrsc statement creates a BankAccount object, passing the value 1500.0 to the construc­
tor. Recall that the BankAccount constructor stores this value in the balance field. After this 
statement executes, the account variable will reference the BankAccount object. In the second 
statement, the Sys tem.out .p r in t ln method displays a string showing the value of the 
object's balance field. The output of this statement will look like this: 

The account balance i s $1500*0 

Let's take a closer look at the second statement, which displays the state of the object. The 
argument that is passed to System.out.println is a string, which is put together from two 
pieces. The concatenation operator (+) joins the pieces together. The first piece is the string 
literal "The account balance i s 5".To this, the value returned from the getBalance method 
is concatenated. The resulting string, which is displayed on the screen, represents the current 
state of the object. 

Creating a string that represents the state of an object is such a common task that many 
programmers equip their classes with a method that returns such a string. In Java, it is stan­
dard practice to name this method toString. Let's look at an example of a class that has a 
toString method. Figure 8-8 shows the UML diagram for the Stock class, which holds data 
about a company's stock. 

Figure 8 8 UML diagram for the Stock ( I.ISS 

Stuck 

symbol : Siring 
- sharePrice : double 

• Slock{aym Stnng, pnee : double): 
+ getSymboK); String 
* galSharePftceO : double 
+ toStringO : Siring 

This class has two fields: symbol and sharePr ice . The symbol field holds the trading 
symbol for the company's stock. This is a short series of characters iliat are used to identify 
the stock on the stock exchange. Tor example, the XYZ Company's stock might have the 
trading symbol XYZ. The sharePrice field holds the current price per share of the stock. 
Table 8-1 describes the class's methods. 

Table 8-1 The stock class methods 

Method 

Constructor 

getSymbol 

getSharePrice 

toString 

Description 

This constructor accepts arguments that are assigned to the symbol and 
sharePrice fields. 

This method returns the value in the symbol field. 

This method returns the value in the sharePrice field. 

This method returns a string representing the state of the object. The 
string will be appropriate for displaying on the screen. 
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(iodc Listing 8-8 shows the code for the stock class. (This file is in the source code folder 
Ouf>ter OS\Stwk Class Phase U) 

Code Listing 8-8 ( S t o c k . j a v a ) 

i 

2 

i 
A 

5 

6 

7 

I 
9 

10 
11 
L2 
1 ) 

i - i 

19 
u, 
17 
LI 
L9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
JI 
32 
33 
14 
35 
36 
37 
38 
39 
40 
•II 

42 

/ * * 

The Stock c lass holds data about a stock. 
* / 

public class Stock 

i 
private String symbol; 
pr ivate double shareFrice; 

/ / Trading symbol of stock 
/ / Current price per share 

/ • • 

Constructor 
tjparam sym The s tock 's trading symbol. 

iram price The stock's share price* 
* / 

public StockfString sym, double price) 

symbol - sym; 
sharcPrlcc - p r ice ; 

/ * * 

getSymbol method 
^return The stock's trading symbol. 

* / 

public String getSymbol! 

{ 
return symbol; 

} 

/ • • 

getSharePrice method 
^return The s tock ' s share pr ice 

* / 

public double getSharePrice() 

i 
return shareFrice; 

i 

/ * * 
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43 

50 
51 

toString method 
Qreturn A s t r ing indicating the ob jec t ' s 

trading symbol and share pr ice . 

public String toStr ing() 

< 

II Create a s t r ing describing the stock. 
String s t r - "Trading symbol: • • symbol + 

"\nShare pr ice : • • sharePrice; 

/ / Return the s t r i ng . 
return s t r ; 

> 

) 

I he toString method appears in lines 48 through 56. The mt tho j creates a string listing 
the stock's trading symbol and price per share. This string is then returned from the method. 
A call to the method can then be parsed to System.out .print ln, as shown in the follow­
ing code: 

Stock xyzCompany • new Stock ("XY»", 9.62); 
System.out.printIn(xyzCompany.toString!)); 

This code would produce the following output: 

Trading symbol: XYZ 
Share pr ice : 9.62 

In actuality, it is unnecessary to explicitly call the toString method in this example. If you 
write a toSt r ing method for a class, Java will automatically call the method when the 
object is passed as an argument to pr in t or pr in t ln . I he following code would produce the 
same output as that previously shown: 

Stock xyzCompany • new Stock ("XY»", 9,62); 
System.out.println(xyzCompany); 

Java also implicitly calls an object's toString method any time you concatenate an object of 
the class with a string, hor example, the following code would implicitly call the xyzCompany 
object's toString method: 

Stock xyzCompany - new Stock ("XY2*f 9.62); 
System.out.println(*The stock data i s : \ n " + xyzCompany); 

This code would produce the following output: 

The stock data i s : 
Trading symbol: XYZ 
Share pr ice : 9.62 

Code Listing 8-9 shows a complete program demonstrating the Stock class's toSt r ing 
method. (This file is in the source code folder CJiapter QfPStock Class Phase J.) 

file:///nShare
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Code L i s t i ng 8-9 ( S t o c k D e a o l . j ava) 

i 

-

i 
•i 

5 

6 

7 

8 

9 

10 

u 

/ . . 

This program demonstrates the Stock c l a s s ' s 
toString method. 

* / 

public c l a n StockDemol 

< 

public s t a t i c void main(String() arga) 

( 

/ / Create a Stock object for the XYZ Company 
/ / The trading symbol i s XYZ and the current 

/ / price per share i s $9.62. 
Stock xyzCompany • new Stock ("XYJ", 

14 
/ / Display the ob jec t ' s values. 
System.out.printIn(xy2Company); 

} 
Lfl } 

P r o g r a m O u t p u t 

Trading symbol: XYZ 
Share pricet 9.62 

9.62); 

o NOTE: I very class automatically has a toSt r ing method that return1; a string con­
taining the object's class name, followed by the 9 symbol, followed by an integer that 
is usually based on the object's memory address. This method is called when necessary 
if you have not provided your own toSt r ing method. You wi l l learn more about this 
in Chapter 10. 

8.5 Writing an equals Method 

CONCEPT: You cannot determine whether two objects contain the same data by 
comparing them with the • • operator. Instead, the class must have a 
method such as equals for comparing the contents of objects. 

Recall from Chapter 3 that the Str ing class has a method named equals, which determines 
whether two strings are equal. You can write an equals method for any of your own 
classes as well. 

Il) fact, you must write an equals method (or one that works like it) for a class in order 
to determine whether two objects of the class contain the same values. This is because 
you cannot use the — operator to compare the contents of two objects. For example, the 
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fol lowing code might appear to compare the contents of two Stock objects, but in reality 
docs not: 

/ / Create two Stock objects with the sane values. 
Stock companyl - new Stockf"XYZ-, 9.62); 
Stock company2 - new Stock("XY2", 9.62); 

/ / Use the « operator to compare the objec ts . 
/ / (This i s a mistake.> 
if (companyl « company2) 

System.out.printlnpBoth objects are the same."); 
e lse 

System.out.ptintln)"The objects are d i f f e r e n t . " ) ; 

When you use the • • operator with reference variables, the operator compares the memory 
.ivUrcsscs tli.it the variables contain, not the contents of the objects referenced by the vari­
ables. This is illustrated in Hgure 8-9. 

Figure 8-9 The i f statement tests the contents of the reference variables, 
not the contents of the objects the variables reference 
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sharePrlce 
• i , a n t t ' i 

• h " l 

The if slate men I compares 
those Iwo addresses 

The company? 
holds tho Address 

of a stock objecl 

A stock object 

symbol ;|"XYZ"| 

«harePri< < 1 v.62 1 

Because the two variables reference different objects in memory, they will contain different 
addresses. Therefore, the result of the boolean expression company; • - company2 is false 
and the code reports that the objects are not the same. Instead of using the — operator to 
compare the two stock objects, we should write an equals method that compares the con* 
tents of the two objects. 

In the source code folder Chapter OH^Stock Class Phase 2f you will find a revision of the 
Stock class* This version of the class has an equals method. The code for the method 
follows (no other part of the class has changed, so only the equals method is shown): 

public boolean equals(Stock object2) 

{ 
boolean s t a t u s ; 

/ / Determine whether th i s ob j ec t ' s symbol and 
/ / sharePrice f ie lds are equal to object2*s 

http://tli.it
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/ / symbol and sharePrice f i e ld s . 
if {symbol.equals(object2.symbol) it 

sharePrice - - object2.sharePrice) 
s ta tus • t rue ; / / Yes, the objects are equal. 

t:l:U: 

s ta tus • fa l se ; / / No, the objects are not equal 

/ / Return the value in s t a t u s . 
return s t a tus ; 

I 
The equals method accepts a Stock object as its argument. The parameter variable object2 
will reference the object that was passed as an argument. The if statement performs the 
following comparison: If the symbol field of the calling object is equal to the symbol field of 
object2, ami the sharePrice field of the calling object is equal CO the sharePrice field of 
object2, then the two objects contain the same values. In this case, the local variable s ta tus 
(a boolean) is set to t rue . Otherwise, s t a tus is set to fa lse . Finally, the method returns the 
value of the s ta tus variable. 

Notice that the method can access object2's syabol and sharePrice fields directly. Because 
object2 references a Stock object, and the equals method is a member of the Stock clavi, 
the method is allowed to access ob)ect2's private fields. 

The program in Code I isting 8-10 demonstrates the equals method. (This file is also stored 
in the source code folder Chapter 0H\Stock Class Phase 2.) 

Code List ing 8-10 ( S t o c k C o a p a r e . j «va ) 

I 
a 

•i 

5 
6 

7 

a 
9 

10 

n 
12 
13 
;•; 
15 
16 
17 
18 
19 
20 

/ * * 
This program uses the Stock c l a s s ' s equals 
method to compare two Stock objec ts . 

»/ 

public c lass StockCompare 

< 
public s t a t i c void aa in (S t r i ng | | args) 

< 
/ / Create two Stock objects with the saae values. 
Stock companyl - new Stock("XYJ-, 9.62); 
Stock company2 • new Stock("XYJ-, 9.62); 

/ / Use the equals method t o coapare the objects , 
if (companyl.equals(company2)) 

System.out.println("Both objects are the same, 
e lse 

System.out.println("The objects are d i f fe ren t . 
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P r o g r a m O u t p u t 

Both objects Are the same. 

If you want to be able to compare the objects of a given class, you should always write an 
equals method lor the class. 

o 
8.6 

NOTE: Every class automatically has an equals method, which works the same as 
the « operator. This method is called when necessary if you have not provided your 
own equals method. You wi l l learn more about this in Chapter 10. 

Methods That Copy Objects 

CONCEPT: V iu can simplify the process of duplicating objects by equipping a class 
with a method that returns a corn of an object. 

You cannot make I copy of an object with a simple assignment statement, as you would 

with a primitive variable. For example, look at the following code: 

Stock company! - new StockCXYl", 9.62); 
Stock company2 - companylj 

The first statement creates a Stock object and assigns its address to the company! variable. 
I In M'IOIUI st.iK men! .issrgns company] ED company2, 1his does not nuki- .i u»p\ nl ilu nh|cu 
referenced by company 1. Rather, it makes a copy of the address that is stored in company l and 
stores that address in company2. After this statement executes, both the company l and company2 
variables will reference the same object. This is illustrated in Figure 8-10. 

Figure 8-10 Both variables reference the same object 
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This type of assignment operation is called a reference copy because only the object's 
address is copied, not the actual object itself. To copy the object itself, you must create a 
new object and then set the new object's fields to the same values as the fields of the object 
that is being copied. This process can be simplified by equipping the class with a method 
that performs this operation. The method then returns a reference to the duplicate object. 
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In the source code folder Chapter 08^Stock Class Phase i, you will find a revision of the 
stock class. This version of the class has a method named copy, which returns a copy of a 
stock object. The code for the method follows (no other part of the class has changed so 
only the copy method i*. shown}: 

public Stock copy!) 

{ 
/ / Create a new Stock object and i n i t i a l i z e i t 
/ / with the sane data held by the cal l ing object . 
Stock copyObject - new Stock(synbol, sharePrice); 

/ / Return a reference to the new object . 
return copyObject; 

I 

The copy method creates a new Stock object and passes the calling object's symbol and 
sharePrice fields as arguments to the constructor. This makes the new object a copy of the 
calling object. The program in (.'ode Listing 8-11 demonstrates the copy method. (This file 
is also stored in the source code folder CJupter O&Stock Class Phase 3.) 

Code Listing 8-11 (ObjactCopy. Java) 

9 
10 
n 
i ; 

u 

M 
LS 
16 
17 
18 
L9 
20 
21 
22 
23 
24 
25 
26 

1 / « 
This program uses the Stock c l a s s ' s copy method 
to create a copy of a Stock object . 

-l */ 
5 
b public c lass ObjectCopy 

( 

public s t a t i c void main(String[1 args) 

i 
II Create a Stock object . 
Stock companyl - new Stockf"XY2", 9.62); 

/ / Declare a Stock variable 
Stock company2; 

/ / Make company2 reference a copy of the object 
/ / referenced by companyl. 
company2 • companyl.copy(); 

/ / Display the contents of both objec ts . 
System.out.println("Company l : \n" + coaptnyl); 
System.out .pr intIn() ; 
System.out.println("Company 2:\n" + coftpany2); 

/ / Confirm tha t we actual ly have two objects , 
if (companyl ™ company2) 
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27 
28 
29 
10 

31 
32 
33 
34 
ir> 

!0 
37 

< 

System.out.print In("The companyl and company2 • 
"variables reference the sane object . 

> 

e l se 

) ; 

1 
System-out.println( "The companyl and coapany2 

"variables reference different objec ts . 

> 

Program Output 

Company 1: 
Trading symbol: XYZ 
Share pr ice : 9.62 

Company 2: 
Trading symbol: XYZ 
Share pr ice : 9.62 
The companyl and company} variables reference different objects , 

Copy Constructors 
Anocher way IO create a copy of an object is to use a copy constructor. A copy COHStmCtOf 
is simply a constructor that accepts an object of the same class as an argument. It makes the 
object that is being created a copy of the object that was passed as an argument. 

In the source code folder Chj/rttr 0S\Stnt'k CUss Phjse 4t you will find another revision of 
the Stock class. This version of the class has a copy constructor. The code for the copy con* 
structor follows (no other part of the class has changed, so only the copy constructor is 
shown): 

public StockfStock object2) 

< 

symbol • object2.symbol; 

sharePrice - object2.sharePrice; 

I 
Notice that the constructor accepts a Stock object as an argument. The parameter variable 
object2 will reference the object that was passed as an argument. The constructor copies 
the values that arc in object 2*s symbol and sharePrice fields to the symbol and sharePrice 
fields of the object that is being created. 

The following code segment demonstrates the copy constructor. It creates a stock object 
referenced by the variable companyl. Then it creates another Stock object referenced by the 
variable company2. The object referenced by compeny2 is a copy of the object referenced 
by companyl. 
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/ / Create a Stock object . 
Stock companyl • new Stock(-XY2", 9.62); 
/ / Create another Stock object that i s a copy of the companyl object. 
Stock company2 • new Stock(companyl); 

87 Aggregation 

- 1 c 

VidaoNoi* 

A(J*Jli'<14lK)ll 

ONCEPT: Aggregation occurs when an instance of a class is a field in another class. 

In real life, objects arc frequently made of other objects. A house, for example, is made of 
door objects, window objects, wall objects, and much more. It is the combination of all 
these objects that nukes a house object. 

When designing software, it sometimes makes sense to create an object from other objects. 
For example, suppose you need an object to represent a course that you .nc taking in 
college. You decide to create a Course class, which wi l l hold the following information: 

• The course name 
• Ihc instructor's last name, first name, and office number 

• The textbook's title, author, and publisher 

In addition to the course name, the class will hold items related to the instructor and the 
textbook. You could put fields tor each of these items in the Course class. I lowcvcr, a good 
design principle is to separate related items into their own classes. In this example, an 
Instructor class could be created to hold the instructor-related data and a TcxtDook class 
could be created to hold the textbook-related data. Instances ot these classes could then be 
used as fields in the Course class. 

Let's take a closer look at how this might be done. Figure 8-11 shows a UM1. diagram for 
the Instructor class. To keep things simple, the class has only the following methods: 

• A constructor, which accepts arguments for the instructor's last name, first name, and 
office number 
A copy constructor 
A set method, which can be used to set all of the class's fields 
A toStrtnq method 

F igure 8-11 UVIL diagram for the i n s t r u c t o r class 

Instructor 

-lastName ; String 
- firstName : String 
-otftceNumber Stnng 

* lnslructor(lname ; String, fname : String. 
office : String): 

+ Instructor (objects : Instructor): 
+ set(lname : String, fname : String, 

office ; Stnng) ; void 
• toSlnngO : String 
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The code for the Instructor class is shown in Code Listing 8-12. 

Code Listing 8-12 ( I n s t r u c t o r . J a v a ) 

l 

2 

I 

A 

5 

6 

7 

e 
9 

10 

11 

12 

; I 

H 

15 

: < > 

17 

LB 

• '.' 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
17 
38 
39 
40 
41 
42 
43 

/ • • 

This c lass s tores data about an ins t ruc tor . 
• / 

public c l a s s Ins t ructor 

< 

private String last.Same; 
private String tirstNane; 
pr ivate String officeNumber; 

/ / Last nane 
/ / F i r s t nane 
/ / Office nunber 

/ • • 

This constructor i n i t i a l i z e s the l a s t name, 
f i r s t name, and office nunber. 
Pparam Inane The i n s t ruc to r ' s l a s t nane. 
Pparam tnane The i n s t ruc to r ' s f i r s t nane. 
Pparam office The office nunber. 

• / 

public Instructor(Str ing lnamc, String fnane. 
String off ice) 

lastName - Inane; 
firstName • fnanc; 
officeNumber - off ice; 

/ • • 

• / 

The copy constructor i n i t i a l i z e s the object 
as a copy of another Instructor object, 
iparam object2 The object to copy. 

public Ins t ruc tor ! Ins t ruc tor object2) 

i 
lifltName - objects .lastNane; 
firstName - object2.firstName; 
officeNumber - object2.officeNumber; 

> 

/ t t 

The set method se t s a value for each field, 
t! par am Lname The i n s t r u c t o r ' s l a s t nane. 
tlparam fname The i n s t r u c t o r ' s f i r s t nane. 
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Sparam office The office number. 
* / 

public void se t (St r ing lname, String fn 
String office) 

< 

lastName • lname; 
firstNamc • fnamc; 
officeNumber - office; 

) 

/ * * 

toString method 
freturn A str ing containing the instructor 

information. 
• / 

pubiic String toStringf) 

< 

II Create a s t r ing representing the object . 
String s t r - "Last Name: " * lastName * 

" \nPirs t Name: • * firstHas* * 
"\nOffice Number: • • officeNustber; 

/ / Return the s t r i n g , 
return s t r j 

Figure 8-12 shows a UML diagram for the TextBook class. As before, wc want to keep the 
class simple. The only methods it has arc a constructor, a copy constructor, a set method, 
and a toStr ing method. The code for the TextBook class is shown in Code l ist ing 8-13. 

Figure 8-12 UML diagram lor the Tex tBook class 

TextBook 

- title Siring 
- author: String 
- publisher Siring 

» TextBook(textTrtle : String, auth : String. 
pub : String): 

t TextBook(object2 : TextBook): 
» set(textTitle String, auth : String. 

pub : String): void 
t toStnng() String 

file:///nPirst
file:///nOffice
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Code Listing 8-13 (TextBook. Java) 

l 

2 

I 

5 

6 

B 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

17 

IB 
IS 
40 
41 
42 
43 
44 
45 

' • • 

This c lass s tores data about a textbook. 

public c lass TextBook 

< 

private String t i t l e ; 
pr ivate String author; 
pr ivate String publisher; 

/ / T i t l e of the book 
/ / Author's l a s t naae 
/ / Naae of publisher 

/ • • 

This constructor i n i t i a l i z e s the t i t l e , 
author, and publisher f ie lds 
Sparam tex tT i t l e The book's t i t l e . 
Bparam auth The author ' s name. 
Bparam pub The name of the publisher. 

• / 

public TextBook(String t ex tT i t l e , String auth. 
String pub) 

< 

t i t l e - t ex tT i t l e ; 
author - auth; 
publisher - pub; 

> 

/ • 

The copy constructor i n i t i a l i z e s the object 
as a copy of another TextBook object . 
gparam object2 The object to copy. 

public TextBook(TextBook object2) 

i 
t i t l e - o b j e c t 2 . t i t l e ; 
author • object2.author; 
publisher - object2.publisher; 

' • • 

The se t method se t s a value for each field, 
Sparam tex tT i t l e The book's t i t l e . 
Sparam auth The author ' s name. 
Sparam pub The name of the publisher. 
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public void se t (St r ing t ex tT i t l e , String auth. 
String pub) 

i 
t i t l e - t e x t T i t l e ; 
author • auth; 
publisher • pub; 

I 

/ * * 

toString method 
^return A s t r ing containing the textbook 

information. 
* / 

public String toStringf) 

< 

/ / Create a s t r ing representing the object 
String s t r - "T i t l e ; » + t i t l e + 

•\nAuthor: " + author • 
"VnPublisher: • * publisher; 

/ / Return the s t r i n g , 
return s t r ; 

Figure 8-1 i shows a UMI. diagram for the Course class. Notice that the Course class has an 
Instructor object and a TextBook object as fields. Making an instance of one class a field in 
another class is called object aggregation. The word aggregate means "a whole which is 
made of constituent parts." In this example, the Course class is an aggregate class because it 
is made of constituent objects. 

When an instance of one class is a member of another class, it is said that there is a "has a" 
relationship between the classes. Tor example, the relationships that exist among the Course, 
Inst ructor , and TextBook classes can be described as follows: 

• The course has an instructor. 
• The course has a textbook. 

The "has a" relationship is sometimes catted a whole-part relationship because one object is 
part of a greater whole. The code for the Course class is shown in Code Listing 8-14. 

file://�/nAuthor
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Figure 8-13 UML diagram lor the Course class 

Course 

coursoName \ String 
instructor: Instructor 
textBook: TextBook 

Course{name : String, instr: Instructor. 
text: TextBook): 

getNameQ : String 
getlnstructor(): nstructor 
getTextBooK(): TextBook 
toStrmgO . String 

Code Listing 8-14 (Course . Java) 

i 

2 

I 

i 

s 
)> 

7 

8 

9 

10 
11 

12 

13 

14 

IS 
16 

IB 

LS 

20 

21 

22 

a t 

24 
25 
26 
27 
28 
29 
30 
31 
32 

/ • • 

This c lass s tores data about a course. 

public c lass Course 

< 
private String courseNamej 
private Instructor ins t ructor] 
pr ivate TextBook textBook; 

/ / HIM of the course 
/ / The ins t ructor 
/ / The textbook 

/ • • 

This constructor i n i t i a l i z e s the courseNeae, 
ins t ruc tor , and text f i e lds . 
iparam name The name of the course, 
iparam ins t ruc tor An Instructor object. 
flparam text A TextBook object . 

• / 

public Course(String name, Instructor i n s t r , 
TextBook tex t ) 

< 

/ / Assign the courseware. 
courseName - name; 

/ / Create a new Instructor object , passing 
/ / i n s t r as an argument to the copy constructor. 
ins t ruc tor - new I n s t r u c t o r ! i n s t r ) ; 

/ / Create a new TextBook object , passing 
/ / tex t as an argument to the copy constructor. 
textBook - new TextBook(text); 



/ * * 

getName method 
^return The name of the course. 

* / 

public String getNamef 

return courseName; 

) 

/ * * 

get lns t ructor method 
•return A reference to a copy of thig course1 

Instructor object. 
• / 

public Instructor g e t l n s t r u c t o r u 

i 
II Return a copy of the ins t ruc tor object . 
return new Ins t ruc to r ! ins t ruc to r ) ; 

) 

/ * * 

getTextBook method 
(re turn A reference to a copy of t h i s course'; 

TextBook object . 
* / 

public TextBook getTextBook() 

/ / Return a copy of the textBook object . 
return new TextBook(textBook); 

> 
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/ • • 

>9 
'0 

I 

'2 

' i 
'•I 
'3 

'6 

'7 

'8 

'9 

80 

81 

toString method 
•?return A s t r ing containing the course info 

* / 
r ion. 

public String toStr ing() 

( 
/ / Create a s t r ing representing the object . 
String s t r - "Course name: • * courseName • 

"Xnlnstructor Information:\n" + 
inst ructor + 
"\nTextbook Information:\n" • 
textBook; 

file:///nTextbook
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/ / Return the s t r i ng . 
83 return s t r ; 
84 > 

85 > 

The program in Code listing 8-15 demonstrates the Courae class. 

Code Listing 8-15 (CourseDemo. J a v a ) 

2 This program demonstrates the Course c l a s s . 
i •/ 
4 

public c lass CourseDemo 

' { 

public s t a t i c void main(String[) args) 

8 < 
9 / / Create an Instructor object . 

10 Instructor mylnstructor -
new Instructor)"Kramer", -Shawn", "RH3010-)j 

12 
13 / / Create a TextBook object . 
14 TextBook myTextBook -

new TextBook("Starting Out with Java", 
16 -Caddis", -Addison-Wesleya)i 
17 
18 / / Create a Course object . 
19 Course myCourse -

new CourseCIntro to Java", aylnstructor , 
21 myTextBook); 
22 
23 / / Display the course information. 

System.out.printIn(myCourse); 
25 > 

26 > 

Program Output 

Course names Intro to Java 
Ins t ructor Information: 
Last Name: Kramer 
P i r s t Ntuw: Shawn 
Office Number: RH3010 
Textbook Information: 
T i t l e : Star t ing Out with Java 
Author: Gaddis 
Publisher: Addison-Wesley 



8.7 Aggregation 527 

Aggregation in UML Diagrams 
You show aggregation m .1 UMI . diagram by connecting two classes with a line that has w 
open diamond at one end. The diamond is closcsc to the class that is the aggregate. Figure 
8-14 is a U M I . diagram that shows the relationship among the Court*, I n t t r u c t o r , and 
TextBook classes. The open diamond is closest to the Court* class because it is the aggregate 
(rhe whole). 

Figure 8 14 UML diagram showing aggregation 

Court* 

-courseNamt: String 
-instructor: Inttructor 

textBooK TcxtBook 

* Cours*<nam« String mti-1 Instructor. 
text: ToxtBook) 

• 9*tNamet) String 
. gatmstructorO nstructor 
• gotTextBookO ! TcxtBook 
* toSlnngO String 

Instructor 

- laatNamo : String 
firstNomo String 

- officeNumber: Siring 

+ Instructor) name : String, (name String, 
olfico Siring) : 

• lnslruclor(objecl2 Instructor): 
+ ttt( lnam* : String, Inam* String. 

olttco String) : void 
+ toSlrlngO : String 

TwtBook 

- Mt t : String 
- author String 

puMahtf' Stnng 

• Teitfiook(toxlTttlft ; String, aulh Suing, 
pub String): 

• T«tBook(objoct2 ToxtBook): 
• »t(textTi«e String, aulh String. 

pub String) : void 
• toStnng<): Stnng 

Security Issues w i th Aggregate Classes 
When writ ing an aggregate class, you should be careful not to unintentionally create "secu­
rity holes** that can allow code outside the class to modify private data inside the t lass. NX'c 
will focus on the following two specific practices that can help prevent security holes in 
your classes: 

• Perform Deep Copies When Creating Field Objects 
An aggregate object contains references to other objects. When you make a copy of 
the aggregate object, it is important that you also make copies of the objects it refer­
ences. This is known as a deep copy. If you make a copy of an aggregate object, but 
only make a reference copy of the objects it references, then you have performed a 
shallow copy. 
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• Return Copies of Field Objects, Not the Originals 
When a method in the aggregate class returns a reference to a field object* return a 
reference to a copy of the field object. 

Let's discuss each of these practices in more depth. 

Perform Deep Copies W h e n Creating Field Obfects 

let 's take a closer look at the Course class. First, notice the arguments that the constructor 
accepts in lines 19 and 20 as follows: 

• A reference to a s t r i ng containing the name of the course is passed into the name 
parameter. 

• A reference to an inst ructor object is passed into the ins t r parameter. 
• A reference to a TextBook object is passed into the text parameter. 

Next, notice that the constructor does not merely assign i n s t r to the ins t ruc to r field. 
Instead, in line 27 it creates a new Instructor object for the ins t ructor field and passes 
ins t r to the copy constructor. I Icre is the statement: 

ins t ructor • new I n s t r u c t o r ! i n s t r ) ; 

This statement creates a copy of the object referenced by ins t r . The inst ructor field will 
reference the copy. 

When a class has a field that is ait object, u i\ |M>ssiblc that a shallow copy operation will 
create a security hole, hor example, suppose the Course constructor had been written at 
follows: 

/ / Bed constructor! 
public Cuurse(String name, Instructor i n s t r , TextBook tex t ) 

II Assign the courseName. 
courseNaroe - name; 

/ / Assign the ins t ructor (shallow copy) 
ins t ructor • i n s t r ; / / Causes securi ty hole! 

/ / Assign the textBook (shallow copy) 
textBook • t ex t ; / / Causes securi ty hole! 

) 

In this example, the ins t ruc tor and textBook fields are merely assigned the addresses of 
the objects passed into the constructor This can cause problems because there may be 
variables outside the Course object that also contain references to these Ins t ructor and 
TextBook objects. These outside variables would provide direct access to the Course 
object's private data. 

At this point you might be wondering why a deepcopy was not also done for the courseName 
field. In line 23 the Course constructor performs a shallow copy, simply assigning the 
address of the String object referenced by naoe to the courseName field. This is permissible 
because Str ing objects are immutable. An immutable object does not provide a way to 
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change its contents. Even if variables outside the course class reference the same object thai 
courseName references, the object cannot be changed. 

Return Copies of Field Objects, Not the Originals 

When a method in an aggregate class returns a reference to a field object, it should return a 
reference to a copy of the field object, not the field object itself. For example, look at the 
getlnstructor method in the Course class. The code is shown here: 

public Instructor getInstructor() 

< 

/ / Return a copy of the instructor object. 
return new Instructor(instructor); 

> 

Notice that the return statement uses the new key word to create a new Instructor object, 
passing the instructor field to the copy constructor. The object that is created is a copy of 
the object referenced by instructor. The address of the copy is then returned. This is prefer­
able to simply returning a reference to the field object itself. For example, suppose the 
method had been written this way: 

/ / Bad method 
public Instructor getlnstructor |) 

i 
II Return a reference to the instructor object. 
return instructor; / / WRONG! Cause* a security hole. 

This method returns rhc value stored in the instructor field, which is the address of an 
Instructor object. Any variable that receives the address can then aucss the Instructor 
object. This means that code outside the Course object can change the values held by the 
Instructor object. This is a security hole because the Instructor object is a private field! 
Only code inside the Course class should be allowed to access it-

o NOTE: It is permissible to return a reference to a String object, even if the String 
object is ,\ private field. This is because String objects arc immutable. 

Avoid Using n u l l References 
By default, a reference variable that is an instance field is initialized to the value null. This 
indicates that the variable docs not reference an object. Because a null reference variable 
does not reference an object, you cannot use it to perform an operation that would require 
the existence of an object. For example, a null reference variable cannot be used to call a 
method. If you attempt to perform an operation with a null reference variable, the program 
will terminate. For example, look at the FullNaae class shown in Code Listing 8-16. 
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Code Listing 8-16 (Ful lName. Java) 

l 

2 

i 

5 

6 
7 

9 

LQ 

11 
12 

; I 
L4 

15 

. i , 

L7 

1 
• '.' 

20 
21 

22 

23 

24 

25 
26 

27 

28 

25 
30 
31 

32 

33 
34 

35 
36 

17 

38 

39 
40 
41 
42 
43 
44 
45 

' • • 
This c lass stores a person's f i rs t , last , and Diddle 
names. The class i s dangerous because i t does not 
prevent operations on null reference f ie lds . 

public class FullName 
i 

private String lastName; 
private String firstName; 
private String nuddleName; 

/ / Last name 
/ / First naae 
/ / Middle naae 

/ • • 

The setLastName method sets the lastName field, 
Pparam str The String to set lastName to-

public void setLastName(String str) 

< 
lastName - str; 

/ • 

• / 

The setFirstName method sets the firstName field 
0param str The String to set firstNaoc to. 

public void setFirstName(String str) 

firstName - strj 

i t 

The setMiddleName method sets the middleName f ie ld 
Iparam str The String to set middleName to. 

• / 

public void setMiddleName(String str) 

< 

middleName - str; 

/ • • 

The getLength method returns the length of the 
fu l l name. 
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46 
47 

^return The length. 
* / 

49 
50 
51 
52 
bi 
54 
55 
56 
57 
58 
59 
60 
61 
6̂  
63 
(,•1 
65 ) 

public int getLength)) 

i 
return lastName.length)) + f irstNaac.length)) 

+ middleName.length)); 

I 

/ * * 

The toString method returns the ful l n 
^return A reference to a S t r ing . 

* / 

public String toStringf) 

{ 

return firstName * w w • middleN 
+ lastName; 

First, notice that the d i s s has three String reference variables .is fields: lastName, firstName, 
and middleName. Second, notice diat the class does not have a programmer-defined con* 
structor. When an instance of this class is created, the lastName, firstName, and middleNamt 
fields will be initialized to nul l by die default constructor. Third, notice that the getLength 
method uses the lastName, firstName, and middletJanc variables to call the String i lass\ 
length method in lines 51 and 52. Nothing is preventing the length method from being 
called while any or all of these reference variables are set to null . The program in Code 
Listing 8-17 demonstrates this. 

Code Listing 8-17 ( N a m e T e s t e r . J a v a ) 

l /** 
This program creates a FullName object , and then 
c a l l s the ob jec t ' s getLength method before values 
are established for i t s reference f i e ld s . As a 
resu l t , th i s program wil l crash. 

6 * / 
7 

8 public c lass NameTester 

9 < 
public s t a t i c void main(String[] args) 

1 1 < 

int len; / / To hold the name length 
13 
14 / / Create a PullName object . 
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15 
16 
17 
18 
19 
20 > 

FullName name - new FullNamef); 

/ / Get the length of the full nane 
len - name.getLength)); 

This program will crash when you run it because the getLength method is tailed before the 
name object's fields are made to reference String objects. One way to prevent the program 
from crashing is to use if statements in the getLength method to determine whether any of 
the fields are set to nul l . Here is an example: 

public int getLength)) 

i 
int len - 0; 

if (lastName I- nul l ) 
len +- laatName.length(); 

if (firatNane I- nul l ) 
Len • • flratName.lengthf); 

if (middleName I - null) 
len *• middleName.length)); 

return len; 

8.8 

i 

Another way to handle this problem is to write a no-argconstructor that assigns values to 
the reference fields. I lerc is an example: 

public FuLLNameO 

laatName - ""; 
firatNaae - ""; 
middleNarae - •• ; 

The t h i s Reference Variable 

CONCEPT: The t h i i key word is the name of a reference variable that an object can 
use to refer to itself. It is available to all non-static methods. 

The key word t h i s is the name of a reference variable that an object can use to refer to 
itself. For example, recall the stock class presented earlier in this chapter. The class has the 
following equals method that compares the calling Stock object to another stock object 
that is passed as an argument: 
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public boolean equals(Stock object2) 

i 
boolean s t a tus ; 

/ / Determine whether th i s ob j ec t ' s symbol and 
/ / sharePrice f ie lds are equal to object2 's 
/ / symbol and sharePrice f i e ld s , 
if (:iynbol .equals(object2 .symbol) 44 

sharePrice • - object2.sharePrice) 
s ta tus - t rue ; / / Yes, the objects are equal. 

e lse 
s ta tus - fa l se ; / / No, the objects are not equal 

/ / Return the value in s t a t u s . 
return s t a tus ; 

> 

When this method is executing, the th is variable contains the address of the calling object. 
Wc could rewrite the i f statement as follows, and it would perform the same operation (the 
changes appear in bold): 

if (this.symbol.equals(object2.symbol) 44 
th is . sharePr ice « object2.sharePrice) 

The t h i s reference variable is available to all of a class's non-static methods. 

Using t h i s to Overcome Shadowing 

One common use of the th is key word ts to overcome the shadowing of a field name by a 
parameter name, Recall from Chapter 6 that if a methods parameter has the same name as 
a field in the same class, then the parameter name shadows the field name. Tor example, 
look at the constructor in the Stock class: 

public Stock(String sym, double price) 

< 
symbol • sym; 

sharePrice • pr ice; 

> 

This method uses the parameter sym to accept an argument that is assigned to the symbol 
field, and the parameter pr ice to accept an argument that is assigned to the sharePrice 
field. Sometimes it is difficult rand even time-consuming) to think of a good parameter 
name that is different from a field name. To avoid this problem, many programmers give 
parameters the same names as the fields to which they correspond, and then use the th is 
key word to refer to the field names. For example, the Stock class's constructor could be 
written as follows: 

public Stock(String symbol, double sharePrice) 

i 
this.symbol - symbol; 

th is . sharePr ice * sharePrice; 

> 
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Although die parameter names symbol and sharePricc shadow the field names symbol and 
sharcPrice, the this key word overcomes the shadowing. Because this is a reference to the 
calling object, the expression this.symbol refers to the calling objects symbol field, and the 
expression this.sharePrice refers to the calling objects sharePrice field. 

< * 

Using t h i s to Call an Overloaded Constructor 
f rom Another Constructor 
You already know that a constructor is automatically called when an object is created. You 
also know that you cannot call a constructor explicitly, as you do other methods. I lowcvcr, 
there is one exception to this rule: You can use the this key word to call one constructor 
from another constructor in the same class. 

To illustrate this, recall the Stock class that was presented earlier in this chapter. It has the 
following constructor: 

public StockjString sym, double price) 

< 

symbol • sym; 
sharePrice - price; 

> 

This constructor accepts arguments that are assigned to the symbol and shartPrics fields, 
Let's suppose we also want a constructor that only accepts %\n argument for the symbol field, 
and assigns 0.0 to the sharePrice field. Meres one way to write the constructor: 

public StockfString sym) 

thi i f iym, 0 . 0 ) j 

I 

This constructor simply uses the thi« variable to call ilic first construwor. It passes ihc 
value in gym as the first argument, and 0.0 as the second argument. The result is that the 
aymbol held is assigned the value in syn and the »harePrice field is assigned 0.0. 

Remember the following rules about using thi» to call a constructor: 

* this can only be used to call a constructor from another constructor in the same 
class. 

• It must he the first statement in the constructor that is making the call. If it is not the 
first statement, a compiler error will result. 

Checkpoint 

MyProframmmiUb" www.myprofinimmmglab.com 

8.4 Look at the following code. (You might want to review the stock class presented 
earlier in this chapter.) 

Stock stockl • new StockCXYZ', 9.65); 
Stock 8tock2 - new Stock(-SUHW-, 7.92); 

http://www.myprofinimmmglab.com


8.9 Enumerated Types 535 

While the equals method is executing as a result of the following statement, what 
object does th ia reference? 

i f (stock2.equals(stockl)) 
System.out .pr int ln fThe stocks are the sane.") ; 

89 Enumerated Types 

CONCEPT: An enumerated data type consists of a set of predefined values. You can 
use the data type to create variables that can hold only the values that 
belong to the enumerated data type1. 

You've already learned the concept of data types and how they are used with primitive vari­
ables. For example, a variable of the i n t data type can hold integer values within a certain 
range* You cannot assign floating-point values to an in t variable because only i n t values 
may be assigned to i n t variables. A data type defines the values that are legal for any vari­
able of that data type. 

Sometimes it is helpful to create your own data type that has a specific set of legal values. 
Pol example, suppose you wanted to create a data type named Day, and the legal values in 
that data type were the names of the days of the week (Sunday, Monday, and so forth), 
When you create a variable of the Day data type, you can only store the names of the days 
of the week in that variable. Any other values would be illegal. In |ava, such a type is known 
as an enumerated data type. 

You use the enum key word to create your own data type and specify the values that belong 
to that type, I lere is an example of an enumerated data type declaration: 

enum Day { SUNDAY, MONDAY, TUESDAY, WEDNESDAY, 
THURSDAY, FRIDAY, SATURDAY > 

An enumerated data type declaration begins with the key word enum, followed by the name 
of the type, followed by a list of identifiers inside braces. The example declaration creates 
an enumerated data type named Day. The identifiers SUNDAY, MONDAY, TUESDAY, WEDNESDAY, 

THURSDAY, FRIDAY, and SATURDAY, which are listed inside the braces arc known as enum ctm-
slants. They represent the values that belong to the Day data type. I lere is the general format 
of an enumerated type declaration: 

enum TypeN&me { One or more enum constants > 

Note that the enum constants are not enclosed in quotation marks; therefore, they arc not 
strings, enum constants must be legal Java identifiers. 

^ 

TIP: When making up names fur enuin constants, it is not required that they be written 
in all uppercase letters. VC'e could have written the Day type's enum constants as sunday, 
monday, and so forth. Because they represent constant values, however, the standard con­
vention is to write them in all uppercase letters. 
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Once you have created an enumerated data type ' n your program, you can declare variables 
of that type. For example, the following statement declares workDay as a variable of the 
Day type: 

Day workDay; 

Because workDay is a Day variable, the only values that we can legally assign to it arc the 
enum constants Day.SUNDAY, Day.MONDAY, Day.TUESDAY, Day.WEDNESDAY, Day.THURSDAY, 
Day. FRIDAY, and Day .SATURDAY. If we try to assign any value other than one of the Day type's 
enum constants, a compiler error will result, l o r example, the following statement assigns 
the value Day.WEDNESDAY to the workDay variable: 

Day workDay - Day.WEDNESDAY; 

Notice that we assigned Day.WEDNESDAY instead of just WEDNESDAY. The name Day.WEDNESDAY 

IS the fully qualified name of the Day type's WEDNESDAY constant. Under most circumstances 
you must use the fully qualified name of an enum constant. 

Enumerated Types Are Specialized Classes 
When you write an enumerated type declaration, yon are actually creating a special kind of 
class. In addition, the enum constants that you list inside the braces ire actually objects of 
the class. In the previous example, Day is a class, and the enum constants Day.SUNDAY, 
Day.MONDAY, Day.TUESDAY, Day.WEDNESDAY,Day.THURSDAY, Day.FRIDAY,and Day.SATURDAY are 
all instances of the Day class. When we assigned Day.WEDNESDAY to the workDay variable, we 
were assigning the address of the Day.WEDNESDAY object to the variable. This is illustrated in 
Figure 8-15. 

Figure 8-15 The workDay variable references the Day. WEDNESDAY object 

The workDay variable 
holds the address of tne address 
Day.WEDNESDAY object. '— 

Each of these is an object 
of the Day type, which is a 
specialized class. 

Day . •.'!; •;.••• 

Day .MONDAY 

Day. TUESDAY 

Day.WEDNESDAY 

Day. THURSDAY 

Day .FRIDAY 

Day. SATURDAY 

enum constants, which are actually objects, come automatically equipped with a few meth­
ods. (>ne of them is the toStr ing method. The toStr ing method simplv returns the name of 
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the calling enum constant as a string. Fur example, assuming that the Day type has been 
declared as previously shown, both of the fol lowing code segments display the string 
WEDNESDAY (recall that the tos t r ing method is implicitly called when an object is parsed to 
System, out . p r in t ln ) : 

/ / Thia code displays WEDNESDAY. 
Day workDay • Day.WEDNESDAY; 
System.out.println(workDay); 

/ / Thia code also displays WEDNESDAY. 
System.out.println(Day.WEDNESDAY); 

enum constants also have a method named ord ina l . The ord inal method returns an integer 
value representing the constant's ordinal value. The constant's unlnut v.ilue is its position in 
the enum declaration, with the first constant being at position 0. Figure 8-16 shows the ordi­
nal value of each of the constants declared in the Day data type. 

F igure 8-16 The Day enumerated data type and the ordinal positions of its enum constants 

0 1 2 3 
• \ I \ 

«num Day { SUNDAY, MONDAY, TUESDAY, WEDNESDAY, 
THURSDAY, FRIDAY, SATURDAY ) 

1 

5 
t 
8 

For example, assuming that the Day type has been declared as previously shown, look at the 

following code segment: 

Day lastWorkDay - Day.FRIDAY; 
System.out.printIn(lastWorkDay.ordinal()); 
System.out.printlnfDay.HONDAY.ordinal()); 

The ordinal value for Day.FRIDAY is 5 and the ordinal value for Day.MONDAY is I , so this code 
will displa>: 

s 

The last enumerated data type methods that we wi l l discuss here are equals and compareTo. 
The equals method accepts an object as its argument and returns true if that object is equal 
to the calling enum constant. For example, assuming that the Day type has been declared as 
previously shown, the following code segment wi l l display "The two arc the same": 

Day myDay - Day.TUESDAY; 
i f {myDay.equals(Day.TUESDAY)) 

System.out.printlnf 'The two are the sane ." ) ; 

The compareTo method is designed to compare enum constants of the same type. ' r accepts 
an object as its argument and returns the following: 
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• a negative integer value if the calling enum constant's ordinal value is less than the 
argument's ordinal value 

• zero if the calling enun constant is the same as the argument 
• a positive integer value if the calling enun constant's ordinal value is greater than the 

argument's ordinal value 

For example, assuming that the Day type has been declared as previously shown, the follow­
ing code segment will display-FRIDAY i s greater than MONDAY": 

Day myDay - Day.FRIDAY; 
if (myDay.compareTo(Day.MONDAY) > 0) 

System.out.println(myDay • " i s greater than " 
• Day.MONDAY); 

One place to declare an enumerated type is inside a class. It you declare an enumerated type 
inside a class, it cannot be inside a method, (.'ode Listing 8-18 shows an example. It demon­
strates the Day enumerated type. 

Code Listing 8-18 (BnumDemo.Java) 

1 

8 
9 

10 
11 
12 
13 
H 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

1 / « 
This program demonstrates an enumerated type. 

i •/ 
i 
' public c lass EnumDemo 

/ / Declare the Day enumerated type. 
enum Day { SUNDAY, MONDAY, TUESDAY, WEDNESDAY, 

THURSDAY, FRIDAY, SATURDAY ) 

public s t a t i c void main(String[] args) 
< 

/ / Declare a Day variable and assign i t a value. 
Day workDay - Day.WEDNESDAY; 

/ / The following statement displays WEDNESDAY. 
System.out.printIn(workDay); 

/ / The following statement displays the ordinal 
/ / value for Day.SUNDAY, which i s 0. 
System.out.println("The ordinal value for " * 

Day.SUNDAY + " i s " • 
Day.SUNDAY.ordinal()); 

/ / The following statement displays the ordinal 
/ / value for Day.SATURDAY, which i s 6. 
System.out.println("The ordinal value for • • 

Day.SATURDAY • " i s * • 
Day.SATURDAY.ordinal()); 
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30 
31 
32 
33 
34 
35 
36 
37 

) 

39 } 

/ / The following statement compares two enu« c o n s t a n t s . 
if (Day.FRIDAY.compareTo(Day.MONDAY) > 0) 

System.out.println(Day.FRIDAY • " I s g rea te r than " + 
Day.MONDAY)J 

e l s e 
System.out.println(Day.FRIDAY • " I s NOT g r e a t e r than • • 

Day.MONDAY); 

P r o g r a m O u t p u t 

WEDNESDAY 

The o r d i n a l v a l u e fo r SUNDAY l l 0 

The o rd i 
FRIDAY i 

nal value for SATURDAY i s 6 
s g r e a t e r than MONDAY 

You can also write an enumerated type declaration inside its own file. If you do, the file­
name must match the name of the type. For example, if we stored the Day type in iiv own 
file, we would name the file IXI\\JM>J, This makes sense because enumerated data types are 
specialized classes. For example, look at Code Listing 8-19. This file* d r ' / y /v . /J t ' J * contains 
the declaration of an enumerated data type named CarType. When it is compiled, a byte 
code file named (\irlyin\ch$$ will be generated. 

Code Listing 8 19 (Cat-Type. j a v o ) 

i / « 

2 CarTypc enumerated data type 
i */ 
4 

•num CarTypc { PORSCHE, FERRARI, JAGUAR } 

Also look at Code Listing 8-20. This file, OrCo/or./«iMi t contains the declaration of an enu­
merated data type named CarColor. When it is compiled, a byte code file named CarColor. 
cbss will be generated. 

Code Listing 8-20 ( C a r C o l o r . Java ) 

1 /** 
CarColor enumerated data type 

3 */ 
4 
S enurn CarColor < RED, BLACK, BLUE, SILVER } 
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Code Listing 8-21 shows the SportsCar class, which uses these enumerated types. Code 
Listing 8-22 demonstrates the class. 

Code Listing 8-21 < S p o r t s C a r . j a v a ) 

LO 

11 
12 

1 3 

14 

1 5 

16 

17 

1 8 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
)] 

32 
33 
14 
35 
36 
37 
38 
39 
40 
41 
42 

import Java.text.DecimalFormat; 

/ • • 

SportsCar c lass 

v 

public c lass SportsCar 

< 

private CarTypo make; / / The c a r ' s sake 
private CarColor color; / / The c a r ' s color 
private double pr ice; / / The c a r ' s price 

The constructor i n i t i a l i z e s the c a r ' s sake, 
color , and pr ice . 
?param aHake The c a r ' s make. 
&param aColor The c a r ' s color . 
Pparam aPrice The c a r ' s pr ice . 

7 

public SportsCar(CarType aHake, CarColor aColor, 
double aPrice) 

< 

make • aHake; 
color - aColor; 
price • aPrice; 

> 

/ • • 

gctMake method 
?return The c a r ' s make* 

• / 

public CarType getMake(J 
< 

return make; 

) 

/ • • 

getColor method 
^return The c a r ' s color 
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43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
6) 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

1 

public CarColor getColoru 

< 

return color; 

> 

/ # # 

getPrice method 
(re turn The c a r ' s p r i ce . 

* / 

public double getFrice() 

{ 

return pr ice; 

} 

/ * # 

toString method 
Ire turn A s t r ing indicating the c a r ' s make. 
color, and p r i ce . 

* / 

public String toString() 

< 

II Create a DecimalPornat object for 
/ / dol lar formatting. 
DccimalFormat dol lar - new DeciaalFornaM'f, 110.00**); 

/ / Create a s t r ing representing the object . 
String s t r - "Make: * * make • 

"\nColor: • • color • 
" \nPrice: $" + dol lar . format(pr ice t ; 

/ / Return the s t r i ng . 
return s t r ; 

> 

Code Listing 8-22 (SportBCarDemo. Java) 

l /** 
This program demonstrates the SportsCar class. 

1 */ 

• publ ic class SportsCarDemo 

• < 

file:///nColor
file:///nPrice
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7 
8 
9 

10 
11 
12 
13 
14 
15 
16 > 

public s ta t ic void main(String[) args) 

i 
II Create a SportaCar object . 
SportsCar yourNewCar - new SportsCarfCarType.PORSCHE, 

CarColor.RED, 100000); 

/ / Display the ob j ec t ' s values. 
System.out.printIn(yourNewCar); 

> 

Program Output 

Hake: 
Color 
Price 

PORSCHE 

l RED 

: $100,000.00 

Switching On an Enumerated Type 
Java allows you to test an enun constant with a switch statement. For example, look at the 
program in OKIC Listing 8-2 \. It creates a SportsCar object, and then uses a switch state­
ment to test the object's make held. 

Code Listing 8-23 < S p o r t »CarDaau>2. Java) 

1 

2 

: 

5 
6 
7 
8 
9 

I 10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

/ • ' 

• / 

r 

Thii program shows tha t you can switch on an 
enumerated type. 

public class SportsCarDemo2 

I 
public s t a t i c void main(String[] args) 

i 
/ / Create a SportsCar object . 
SportsCar yourNewCar - new SportsCarfCarType.PORSCHE, 

CarColor.RED, 100000); 

/ / Get the car make and switch on i t . 
switch (yourNewCar.getHake()) 

I 
case PORSCHE : 

System.out.printlnCYour car was u d c in Germany."); 
break; 

case FERRARI : 



8.9 Enumerated Types 549 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 > 

Prog 
Your 

} 

System.out.println("Your car was made in I t a l y . " ) ; 
break; 

case JAGUAR : 
System-out.println("Your car was made in England."); 
break; 

default : 
System.out.println("I 'm not sure where tha t car " 

+ "was made."); 

> 

r a m O u t p u t 

car was made in Germany. 

• # • 

In line 15 (he switch statement tests the value returned from the yourNewCar.getMake() 
method. This method returns a CarType enumerated constant. Based upon the value returned 
from the method, the program then brandies m the appropriate case statement. Notice in 
the case statements that the enumerated constants arc not full> qualified. In other words, 
we had to write PORSCHE, FERRARI, and JAGUAR instead of CarType. PORSCHE, CarType. FERRARI, 
and CarType. JAGUAR. If you give a fully qualified enum constant name as a case expression, 
a compiler error wi l l result. 

T IP : \ u i u r that the switch statement in (!odc l ist ing 8-21 has a defaul t section, even 
though it has a case statement for every enum constant in the CarType type. This wi l l 
handle things in the event that more enum constants arc added to the CarType file. This 
type of planning is an example of "defensive programming." 

< * 
Checkpoint 

MyPro|ramminjL«b' tt'U'U'.myf>m^r.immiHfiljbmcum 

8.5 look at the following statement, which declares an enumerated data type: 

enum Flower < ROSE, DAISY, PETUNIA > 

t ) What is the name of the data type? 
b) What is the ordinal value for the enua constant ROSE? For DAISY? For PETUNIA? 
c) What is the full) qualit'cJ name of the enua constant ROSE? Of DAISY? Of 

PETUNIA? 
d} Write a statement that declares a variable of this enumerated data type. The 

variable should be named f l o r a . Initialize the variable with the PETUNIA con­
stant. 

8.6 Assume that the following enumerated data type has been declared: 

enum Creatures* HODDIT, ELF, DRAGON > 

What will the following code display? 

file:///uiur
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System.out.printlnfCreatures.HOBBIT + " " 
+ Creatures.ELF + " " 
+ Creatures.DRAGOH); 

8.7 Assume that the following enumerated data type has been declared: 

enum Letters { Z, Y, X ) 

Vt'lur will the following code display? 

if (Letters.Z.compareTo(Letters.X) > 0) 
System.out.println("Z i s greater than X."); 

e lse 
System.out .pr int lnfZ i s not greater than X."); 

8.10 Garbage Collection 

C O N C i P T : The Java Virtual Machine periodically run* a process known as the 
garbage collector* which removes unreferenced objects from memory. 

When an object is no longer needed, it should be destroyed so the memory it uses can be 
freed for other purposes* Fortunately, you do not have to destroy objects after you ^\rc 
finished using them. The Java Virtual Machine periodically performs a process known as 
garbage collection, which automatically removes unreferenced objects from memory. l;or 
example, look at the following code: 

/ / Declare two BankAccount reference variable*. 
BankAccount account 1, account2; 

/ / Create an object and reference i t with accountl. 
accounti - new BankAccount(500.0); 

/ / Reference the same object with account2. 
account2 - account 1; 

/ / Store nul l in account 1 so i t no longer 
/ / references the object, 
accountl • nu l l ; 

/ / The object i s s t i l l referenced by account2, though. 
/ / Store nul l in account2 so i t no longer references 
/ / the object. 
account2 - nul l ; 

/ / Now the object i s no longer referenced, so i t 
/ / can be removed by the garbage co l l ec to r . 

This code uses two reference variables, accountl and account2. A BankAccount object is cre­
ated and referenced by accountl. Then, accountl is assigned to account2, which causes 
account2 to reference the same object as accountl. This is illustrated in Figure 8-17. 
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F i g u r e 8 - 1 7 Both a c c o u n t l and a c c o u n t 2 reference the same object 

The accoun t l variable 
holds tho addross o( a 
3ankAccount object. 

The account 2 variable 
holds the address of a 
BunkAccount object. 

A BankAccojni object 

balance |soo . o 

Next , the n u l l value is assigned to accoun t l . This removes the address of the object f rom 

the account l variable, causing it to no longer reference the object. Figure S-IS illustrates 

this. 

F i g u r e 8 1 8 The object is only referenced by the a c c o u n t 2 variable 

The account l variable 
no longer references 

any object. 

The accounts variable 
holds the address of a 
RankAccount Object, 

A BankAccount object 

balance [sOO.o] 

The object is slil accesaihlo 
through the accounts variable. 

The object is stil l accessible, however, because it is referenced by the account2 variable. The 
next statement assigns n u l l to account2. This removes the object's address from account2, 
causing it to no longer reference the object. Figure 8-19 illustrates this, lice a use the object is 
no longer accessible, i t w i l l be removed f rom memory the next time the garbage collector 
process runs. 

F i g u r e 8 - 1 9 The object is no longer referenced 

The accoun t l variable 
no longer references 

any object. 

A BankAccount object 

balance : | so0 .o | 

Tho account2 vanab o 
no longer references 

any objocL 

M<mi 

The object is inaccossib« 
and will be removed by 

garbage coloctor 
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The finalize Method 
If • class has a method named f i n a l i w , it is called automatically just before an instance of 
the class is destroyed by the garbage collector. If you wish to execute code just before an 
object is destroyed, you can create a f inal ize method in the class .ind place the code there. 
The f inal ize method accepts no arguments and has a void return type. 

NOTE: The garbage collector runs periodically, and you cannot predict exactly when 
it will execute. Therefore, you cannot know exactly when an object's finali/c method 
will execute. 

8.11 Focus on Object-Oriented Design: 
^•"•l Class Collaboration 

CONCEPT: It is common lor classes to interact, or collaborate, with each other to 
perform their operations. Part of the object-oriented design process is 
identifying the collaborations among classes. 

In an object-oriented application i l ls common for objects of different classes to collaborate. 
This simply means that objects interact with each other. Sometimes one object will need the 
services of another object in order to fulfill its responsibilities. l-"or example, let's say an 
object needs to read a number from a file and then format the number to appear as a dollar 
amount, so it can Ix- displayed in a message dialog. The object might use the services of a 
Scanner object to read the number from the file, and then use the services of a DecimalFormat 
object to forin.it the number. In this example, the object is collaborating with objects cre­
ated from cla&ses in the Java API. The objects that you create from your own classes can 
also collaborate with each other. 

If one object is to collaborate with another object, then it must know something about the 
other object's class methods and how to call them. For example, suppose we were to write 
.1 class named Stockton- ' - '^ , which uses an <>b|m of the stock class (presented earlier in 
this chapter) to simulate the purchase ot a stock. The Stock Pure haw class is responsible for 
calculating the cost of the stock purchase. To do that, it must know how to call the Stock 
class's getSharePrice method to get the price per share of the stock, (."ode Listing 8-24 
shows an example of the StockPurchase class. (This file is in the source code folder Chapter 
OSVittukPurchase Class.) 

Code Listing 8 24 ( S t o c k P u r c h a s e . J a v a ) 

. / • • 

2 The StockPurchase class represents a stock purchase. 
3 • / 

1 public c lass StockPurchase 
6 { 

private Stock stock; / / The stock tha t was purchased 

http://forin.it
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private int shares; / / Number of shares owned 

/ * * 

Constructor 
•param stockobject The stock to purchase. 
•param numShares The number of shares. 

* / 

public StockFurchase(Stock stockobject, int numShares) 

/ / Create a copy of the object referenced by 
/ / stockobject. 
stock - new Stock(stockObject); 
shares - numShares; 

/ * * 

getStock method 
•return A copy of the Stock object for the stock 

being purchased* 
• / 

public Stock getStock() 

/ / Return a copy of the object referenced by stock 
return new Stock(stock); 

I 

/## 

getshares method 
{return The number of shares being purchased. 

* / 

public int getsharesf) 

i 
return shares; 

/ • • 

getCost method 
•return The cost of the stock purchase 

* / 

3< 

5: 

public double getCost() 
{ 

return shares * stock.getShareFricef); 

} 
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The constructor for this class accepts a stock object representing the stock that is being 
purchased, and an i n t representing the number of shares to purchase. In line 20 we sec the 
first collaboration: The StockPurchase constructor makes a copy of the stock object by 
using the stock class's copy constructor. The copy constructor is used again in the gctstock 
method, in line i i , to return a copy of the Stock object. 

The next collaboration takes place in the getCost method. This method calculates and 
returns the cost of the stock purchase. In line 53 it calls the Stock class's getSharePrice 
method to determine the stock's price per share. The program in Code Listing 8-25 dem­
onstrates this class. (This file is also stored in the source code folder Chapter 0S\ 
StockPurchase Class.) 

Code Listing 8-25 ( S t o c k T r a d o r . j a v a ) 

i 

2 

i 

S 
6 
j 

8 

9 

10 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
J. 
32 

import Java.uti l .Scanner; 

This program allows you to purchase aharea of XYZ 
company's stock. 

7 

public claaa StockTrader 

< 

public s t a t i c void na in(St r ing( | args) 

I 
int sharesToBuy; / / Number of shares t o buy. 

/ / Create a Stock object for the company stock. 
/ / The trading symbol i s XYZ and the stock i s 
/ / current ly S9.62 per share. 
Stock xyzCompany - new StockCXYI', 9.62); 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner)System.in); 

/ / Display the current share pr ice . 
System.out.printf("XYZ stock i s currently $ t , . 2 f . \ n ~ , 

xyzCompany.getSharePrice()); 

/ / Get the number of shares to purchase. 
System.out.print)•How many shares do you want t o buy? " ) ; 
sharesToBuy - keyboard.nextInt(); 

/ / Create a StockPurchase object for the t ransac t ion . 
StockPurchase buy -

new StockPurchase(xyzCoapany, sharesToBuy); 
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33 

34 

35 

36 
37 

38 > 

/ / Display the cost of the t r a n s a c t i o n . 

Sys tem.ou t .p r in t« ( "Cos t of the s tock : $%, 

b u y . g e t C o s t ( ) ) ; 

) 

•ai-i 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n In Bold 

XY2 

How 

Coot 

Btock i s c u r r e n t l y $9-62. 

many shares do you want t o buy? 100 [Enter] 

of the s tock : $962.00 

Determining Class Collaborations w i th CRC Cards 
During the object-oriented design process, you can determine many of the collaborations 
that wi l l be necessary among classes by examining the responsibilities of the classes. In 
Chapter 6, Section 6.9, we discussed the process of finding the classes and their responsi­
bilities. Recall from that section that a class's responsibilities .ire as follows: 

• Things thai the class is responsible for knowing 
• Actions that the class is responsible for doing 

Often you wi l l determine that the class must collaborate with another class in order to ful­
fil l one or more of its responsibilities. One popular method of discovering a class's respon­
sibilities and collaborations is by creating CRC cards. CRC stands tor class, responsibilities, 
and collaborations. 

You can use simple index cards for this procedure. Once you have gone through the pro­
cess of finding the classes (which is discussed in Chapter 6, Section 6.9), set aside one 
index card for each class. At the top of the index card, write the name of the class, Divide 
the rest of the card into two columns. In the left column, write each of the class's respon­
sibilities. As you write each responsibility, think about whether the class needs to collabo­
rate with another class to fulf i l l that responsibility. Ask yourself questions such as the 
fol lowing: 

• Wil l an object ot this class need to get data from another object in order to fulfi l l this 

responsibility? 
• Wil l an object of this class need to request another object to perform an operation in 

order to fulfi l l this responsibility? 

If collaboration is required, write the name of the collaborating class in the right column, 
next to the responsibility that requires it. If no collaboration is required for a responsibility, 
simply write "None** in the right column, or leave it blank. Figure 8-20 shows an example 
< .!<( card for the BtOGkFurchatc ^ lass. 
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Figure 8 20 CRC card 

Name ol the class 

Responsibilities 

*StockPurchase 
Kno*v the »tock t o 

purchase 

Know thtf numbif of 

4ture* to purch jM 

Calculate t h * cost of 
t h * purch jM 

Stock c l * » 

NMH 

Stock C U H 

Collaborating 
classes 

From the ( R< card shown in the figure, wc tan see chat the StockPurchate class has the 
following responsibilities and collaboration*: 

• Responsibility: To know the stock to purchase 
Collaboration: The Stock class 

• Responsibility: To know the number of shares to purchase 
Collaboration; None 

• Responsibility: To calculate the cost of the purchase 
Collaboration: The stock class 

When you have completed a CRC card for each class in the application* you will have a 
good idea of each class's responsibilities and how the classes must interact. 

812 Common Errors to Avoid 
The following list describes several errors that arc commonly committed when learning this 
chapters topics; 

• Attempting to refer to an instance field or instance method in a sialic method. Static 
methods can refer only to other class members that are static. 

• In a method that accepts an object as an argument* writ ing code that accidentally 
modifies the object. When a reference variable is passed as an argument to a method, 
the method has access to the object that the variable references. When writ ing a 
method that receives a reference variable as an argument, you must take care not to 
accidentally modify the contents of the object that is referenced by the variable. 

• Allowing a nu l l reference to be used. Because a na i l reference variable does not refer­
ence an object, you cannot use it to perform an operation that would require the exis­
tence of an object. For example, a n u l l reference variable cannot be used to call a 
method. If you attempt to perform an operation with a nu l l reference variable, the 
program wil l terminate. This can happen when a class has a reference variable as a 
field, and it is not properly initialized with the address of an object. 

• Forgetting to use the fully qualified name of an *aun constant. Under most circum­
stances you must use the fully qualified name of an cnum constant. One exception to 
this is when the enum constant is used as a case expression in a switch statement. 
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Review Questions and Exercises 

Multiple Choice and True/False 

1. This type of method cannot access any non-static member variables in its own class. 
a. instance 
b. void 
c. static 
d. non-static 

2* When an object is passed as an argument to a method, this is actually passed. 
a. a copy of the object 
b- the name of the object 
c. a reference to the object 
d. none of these; you cannot pass an object 

3. It \ou write tins method for a class, Java will automatically call it any time you con­
catenate an object of the class with a string. 
a. toString 
b. pluiStr ing 
C. strlngConvert 
d. concatString 

4. Making an instance of one class a held in another class is called _ . 
a. nesting 
b. class fielding 
C. aggregation 
d. concatenation 

5. This is the name of a reference variable that is alw a\ v available to an instance method 
and refers to the object that is calling the method. 
a. callingObject 
h. th i s 
C. me 
d. instance 

6. This enum method returns the position of an enua constant in the declaration. 
a. posit ion 
b. location 
c. ordinal 
d. toString 

7. Assuming the following declaration exists: 

enum Seasons { SPRING, WINTER, SUMMER, FALL > 

what is the fully qualified name of the FALL constant? 
a. FALL 
b. enum.FALL 
C. FALL.Seasons 
d. Seasons.FALL 
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8. You cannot use the fully qualified name of an enun constant for this. 
a. a twitch expression 
b. a case expression 
c. an argument to a method 
d. all of these 

9. The Java Virtual Machine periodically performs this process, which automatically 
removes unreferenced objects from memory. 
a. memory cleansing 
b. memory deallocation 
C« garbage collection 
d. object expungement 

10. If a class has this method, it is called automatically just before an instance of the class 
is destroyed by the Java Virtual Machine. 
a. finalize 
b. destroy 
c. remove 
d. housekeeper 

I I, CRC stands for 
a- Class, Return value, Composition 
b. (Mass, Responsibilities, Collaborations 
c. Class, Responsibilities, Composition 
d. Compare, Return, Continue 

12. True or False: A static member method mav refer to mm-statu member variables <>r 
the same class, but only after an instance of the tlass has been defined. 

I J. True or False: All static member variables are initialized to -I by default. 

14. True or False; When an object is passed as an argumeni to a method, the mcihod can 
KUSS the argument. 

15. True or False; A method cannot return a reference to an object. 

16. True or False: You can declare an enumerated data type inside a method. 

17. True or False: Fnumerated data types are actually special types of classes. 

18. True or False: ertum constants have a toString method. 

Find the Error 

The following class definition has an error. \\ hi: is it? 

I. public c lass MyClass 

< 

private int x; 
private double y; 

public s ta t ic void setValues{int af double b) 



Review Questions and Exercises 553 

x - a; 
y - b; 

> 

) 

2. Assume the following declaration exists : 

enun Coffee { MEDIUM, DARK, DECAF ) 

Find the crror(s) in the following twitch statement: 

/ / This code has e r ro r s ! 
Coffee myCup • DARK; 
•witch (myCup) 

< 

case Coffee.MEDIUM i 
System.out.println(-Mild f l a v o r . - ) ; 
break; 

case Coffee.DARK i 
System.out.println(-Strong f l a v o r . - ) ; 
break; 

case Coffee.DECAF : 
System.out.println("Won't keep you awake."); 
break; 

default! 
System.out.println( 'Never heard of i t . " ) ; 

> 

Algorithm Workbench 

I . Consider the following class declaration: 

public c lass Circle 

private double radius; 

public Circle(double r ) 
< 

radius • r ; 

> 

public double getArea() 

< 

return Hath.PI * radius * radius; 

public double getRadiusf) 

i 
return radius; 

> 
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a. Write a tos t r i ng method for this class. The method should return a string contain­
ing the radius and area of the circle. 

b. Write an equals method for this class. The method should accept a Circ le object as 
an argument. It should return t rue if the argument object contains the same data as 
the calling object, or false otherwise. 

c. Write a greaterThan method for this class. The method should accept a C i rc le 
object as an argument. It should return true if the argument object has M\ area that 
is greater than the area of the calling object, or fa lse otherwise. 

2. Consider the following class declaration: 

publ ic class Thing 

< 

pr ivate i n t x; 
pr ivate i n t y; 
pr ivate s t a t i c i n t z - 0; 

3. 

publ ic Thing() 

< 

x - si 
y - x; 

) 
s ta t i c void putThingf int a) 

< 

x - *I 

> 

> 

Assume a program containing the class declaration defines three Thing objects with 
the following statements: 

Thing one • new Thing)); 
Thing two • new Thing)); 
Thing three • new ThingO; 

a. I low many separate instances of the x member exist? 
b. How many separate instances of the y member exist? 
c. How many separate instances of the z member exist? 
d What value will be stored in the x and y members of each object? 
e. Write a statement that wi l l call the putThing method. 

A pet store sells dogs, cats, birds, and hamsters. Write a declaration for an enumerated 
data type that can represent the types of pets the store sells. 

Shor t Answer 

1. Describe one thing you cannot do with a static method. 

2. Why are static methods useful in creating utility classes? 

3. Describe the difference in the way variables and class objects are passed as arguments 

to a method, 
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4. Even if you do not write an equals method for a class, Java provides one. Describe 
the behavior of the equals method that Java automatically provides. 

5. A "has a" relationship can exist between classes. What docs this mean? 

6. What happens if you attempt to call a method using a reference variable that is set 
to nul l? 

7. Is it advisable or not advisable to write a method that returns a reference to an object 
that is a private field? What is the exception to this? 

8. What is the th i s key word? 

9. Look at the following declaration: 

enum Color { RED, GRANGE, GREEN, BLUE } 

a. What is the name of the data type declared by this statement? 
b. What arc the enum constants for this type? 

c. Write a statement that defines a variable of this type and initializes it with a valid value. 

10. Assuming the following enum declaration exists: 

enum Dog { POODLE, BOXER, TERRIER ) 

what will the following statements display? 

a. System.out.println(Dog.POODLE * - \ n " • 
Dog.BOXER • "\n" • 
Dog.TERRIER); 

b. System.out .print ln<Dog.POODLE.ordinal*) • " \ n " + 

Dog.BOXER.ordinal!) • "\»B • 

Dog.TERRIER.ordinal)>); 

C Dog myOog - Dog.BOXER; 
if (myDog.compareTo(Dog.TERRIER) > 0) 

System.out.prlntln(myDog • " i s greater than " * 
Dog.TERRIER); 

e lse 
System.out.println(myDog • • i s NOT greater than " • 

Dog.TERRIER); 

I I. Under what circumstances docs an object become a candidate for garbage collection? 

Programming Challenges 

MyProj;r;imminiELab" Visit www.myprogrammingtah.com to complete many of these Programming Challenges 

online ami get instant feedback. 

1 . Area Class 

Write a class that has three overloaded static methods for calculating the areas of the 
following geometric shapes: 

• circles 
• rectangles 

• cylinders 

http://www.myprogrammingtah.com
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I Icrc arc the formulas for calculating the area of the shapes. 

Area of a circle: Area = nr1 

where n is Math.Pi and r is the circle's radius 

Area of a rectangle: Area - Width x Length 

Area of a cylinder: Area • nr~b 
where n is Math.PI, r is the radius of the cylinder's base, and 

h is the cylinder's height 

Because the three nictliiKls arc to be overloaded, they should each have the same name, but 
different parameter lists. Demonstrate the class in a complete program. 

2 . BankAccount Class Copy Constructor 

Add a copy constructor to the BankAccount class. This constructor should accept a 
The ••nkAccaunt BankAccount object as an argument. It should assign to the balance field the value in the 

ClassCopy argument's balance field. As a result, the new object will be a copy of the argument object. 
Constructor 

Probkm 3> Carpet Calculator 

The Wcstfield Carpet Company has asked you to wriic an application that calculates the 
price of carpeting for rectangular rooms. To calculate the price, you multiply the area of the 
Moor (width times length) by the price per square foot of carpet. For example, the area of 
floor that is 12 feet long and 10 feet wide is 120 square feet. To cover that floor with carpet 
that costs S8 per square foot would COM $960. ( 1 2 x 1 0 x 8 - 960.) 

First, you should create a class named RoonDimenaion that has two fields: one for the length 
of the room and one for the width. The RooaDiaanaion class should have a method that 
returns the area of the room. (The area of the room is the room's length multiplied by the 
room's width.) 

Next you should create a RooatCarpet class that has a RoomDimenaion object as a field. It 
should also have a field for the cost of the carpet per square foot. The RoomCarpct class 
should have a method that returns the total cost of the carpet. 

Figure 8-21 is a UMI. diagram that shows possible class designs and the relationships 
among the classes. Once you have written these classes, use them in an application that 
asks the user to enter the dimensions of a room and the price per square foot of the desired 
carpeting. The application should display the total cost of the carpet. 

4. LandTract Class 

Make a LandTract class that has two fields: one for the tract's length and one for the width. 
I he class should have a method that returns the tract's area, as well as an equals method 
and a toString method. Demonstrate the class in a program that asks the user to enter the 
dimensions for two tracts of land. The program should display the area of each tract of land 
and indicate whether the tracts are of equal size. 
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Figure 8-21 UML diagram (or Programming Challenge 3 

RoomCarpet 

size : Room Dimension 
carpetCost: double 

RoomCarpet(dim Room Dimension, 
cost; double): 

gelTolalCosl(): double 
toStnngQ : String 

Roorr Dimension 

- length ; double 
- width : double 

+ RoomDimension(len: doube. 
w : double): 

¥ gotAroa() double 
+ toStnngO : String 

5. Month Class 

VCViie A class turned Month. The claw should have an i n t field named monthNumbcr tli.it 
holds the number of the month. For example, January would be 1, February would be 2, 
and so forth. In addition, provide the following methods: 

A no-arg constructor that sets the monthNumber field to I . 
A constructor that accepts the number of the month as an argument. It should set the 
monthNumber field to the value passed as the argument. If a value less than I or greater 
than 12 is passed, the constructor should set monthNumber to I. 

A constructor that accepts the name of the month, such as "January" or "Februaiy11 as 
an argument. It should set the monthNumber field to the correct corresponding value, 
A setMonthNumber method that accepts an i n t argument, which is assigned to the 
monthNumbcr field. If a value lc*s than I or greater than 12 is passed, the method 
should set monthNumber to 1. 
A qetMonthNumber method that returns the value in the monthNumber field. 
A getMonthName method that returns the name of the month. For example, if the 
monthNumber field contains I , then this method should return "January". 
A toStr ing method that returns the same value as the getMonthName method. 
An equals method that accepts a Month object as an argument. If the argument object 
holds the same data as the calling object, this method should return t rue. Otherwise, 

it should return false. 
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• A greaterThan method that accepts a Month object as an argument. If the calling 
objects monthNufiber field is greater than the argument's monthNumber fields this 
method should return true. Otherwise, it should return false. 

• A lcssThan method that accepts a Month object as an argument. If the calling object's 
monthNumber field is less than the arguments monthNumber field, this method should 
return t rue . Otherwise, it should return false. 

6* CashRegis te r Class 

Write a CashRegister class that can be used with the Retailltem class that you wrote in 
Chapter 6's Programming Challenge 4. The CashRegister class should simulate the sale of 
a retail item. It should have a constructor that accepts a Retailltem objeu as an argument. 
The constructor should also accept an integer that represents the quantity of items being 
purchased. In addition, the class should have the following methods: 

• The getsubtotal method should return the subtotal of the sale, which is the quantity 
multiplied by the price. This method must get the price from the Retailltem object 
that was passed as an argument to the constructor 

• The getTax method should return the amount of Mies tax on the purchase. The sales 
tax rate is 6 percent of a retail sale. 

• The getTotal method should return the total of the sale, which is the subtotal plus the 
sales tax. 

Demonstrate the class in a program that asks the user for the quantity of items being pur­
chased, and then displays the sale's subtotal, amount of sales tax, and total. 

7. Sales Receipt File 

Modify the program von wrote in Programming Challenge 6 to create a tile containing a 
sales receipt. The program should ask the user for the quantity of items being purchased, 
and then generate a file with contents similar to the following: 

SALES RECEIPT 
Unit Pricei $10.00 
Quantity: 5 
Subtotal: $50.00 
Sales Tax: S 3.00 
Total : S53.00 

8. Parking Ticket Simulator 

For this assignment you will design a set of classes that work together to simulate a police 
officer issuing a parking ticket. You should design the following classes: 

• The ParkedCar Class: This class should simulate a parked car. The classes responsibili­
ties are as follows: 

- To know the car's make, model, color, license number, and the number of minutes 
that the car has been parked. 

• The ParkingMeter Class: This class should simulate a parking meter. The class's only 
responsibility is as follows: 

- To know the number of minutes of parking time that has been purchased. 
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• The ParkingTickct Class: This class should simulate a parking ticket. The class's 
responsibilities arc as follows: 

- To report the make, model, color, and license number of the illegally parked car 
- To report the amount of the fine, which is $25 for the first hour or pan of an 

hour that the car is illegally parked, plus $10 for every additional hour or part of 
an hour that the car is illegally parked 

- To report the name and badge number of the police officer issuing the ticket 

• Mic Pol iccOff icer Class: This class should simulate a police officer inspecting parked 
cars. The class's responsibilities arc as follows: 

- To know the police officer's name and badge number 
- To examine a ParkedCar object and a ParkingKeter object, and determine whether 

the car's time has expired 
- To issue a parking ticket (generate a ParkingTicket object) if the car's time has 

expired 

Write a program that demonstrates how these classes collaborate. 

9. Geometry Calculator 

Design a Geometry class with the following methods: 

• A static method that accepts the radius of a circle and returns the area of the circle. 
Use the following formula: 

Area - nr1 

Use Hath.PI for n and the radius of the circle for r. 

• A static method that acccpu the length and width of a rectangle and returns the area 
of the rectangle. Use the following formula: 

Area • Length x Width 

• A static method that accepts the length of a triangle's base and the triangle's height. 
The method should return the area of the triangle. Use the following formula: 

Area - Base x Height x 0.5 

The methods should display an error message if negative values are used for the circle's 
radius, the rectangle's length or width, or the triangle's base or height. 

Next, write a program to test the class, which displays the following menu and responds 
to the user's selection: 

Geometry Calculator 
1. Calculate the Area of a Circle 
2. Calculate the Area of a Rectangle 
3. Calculate the Area of a Triangle 
4. Quit 

Enter your choice (1-4): 

Display an error message if the user enters a number outside the range of 1 through A when 
selecting an item from the menu. 
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10. Car Instrument Simulator 

For this assignment, you wi l l design a set of classes that work together to simulate a cars 
fuel gauge and odometer The classes you will design are the following: 

• H ie Fueloaug* Class: "I his class wi l l simulate a fuel gauge. Its responsibilities are as 

follows: 

• To know the car's current amount of fuel, in gallons. 
• To report the car s current amount of fuel, in gallons. 
• To be able to increment the amount of fuel by I gallon. This simulates purring fuel 

in the car. (The car can hold a maximum of 15 gallons.) 

• To be able to decrement the amount of fuel by I gallon, if the amount of fuel is 
greater than 0 gallons. This simulates burning fuel as the car runs. 

• The Odometer Class: This class wi l l simulate die cars odometer. Its responsibilities arc 

as follows: 

• To know the car's current mileage. 
• To report the car's current mileage. 
• To be able to increment the current mileage by 1 mile. The maximum mileage the 

odometer can store is 999,999 miles. When this amount is exceeded, the odometer 
resets the current mileage CO 0. 

• To he able to work with a Fu*lG*ug» object. It should decrease the Fu«lG«uge 
object's current amount of fuel by I gallon for ever)' 24 miles traveled. (The car's 
fuel economy is 24 miles per gallon.) 

Demonstrate the classes by creating instances of each. SumiLite filling the car up with fuel, 
and then run a loop that increments the odometer until the car runs out of fuel. During each 
loop iteration, print the car's current mileage and amount of fuel. 
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9.1 Introduction to Wrapper Classes 

CONCEPT: Java provides wrapper classes for (he primitive data types. I he wrapper 
class for a given primitive type contains not only a value of that type, but 
also methods that perform operations related to the type. 

Recall from Chapter 2 that the primitive data types arc called "primitive" because they arc 
not created from classes. Instead of instantiating objects, you create variables from the 
primitive data types, and variables do not have attributes or methods. They arc designed 
simpl> to hold .i single vtloc m memory. 

Java also provides wrapper classes for all of the primitive data types. A wrapper class is a 
class that is "wrapped around" a primitive data type and allows you to create objects 
instead of variables. In addition, these wrapper classes provide methods that perform useful 
operations on primitive values. For example, you have already used the wrapper class 
"parse" methods to convert strings to primitive values. 

Although these wrapper classes can be used to create objects instead of variables, few pro­
grammers use them that way. One reason is because the wrapper classes arc immutable, 
which means that once you create an object, you cannot change the object's value. Another 
reason is because they arc not as easy to use as variables for simple operations. For example, 
to get the value stored in an object you must call a method, whereas variables can be used 
directly in assignment statements, used in mathematical operations, passed as arguments to 
methods, and so forth. 

561 
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Although it is not normally useful to create objects from the wrapper classes, they do pro­
vide static methods that arc very useful. We examine several of Java's wrapper classes in this 
chapter. VC'c begin by looking at the Character class, which is the wrapper class for the char 
data type. 

„ 9.2 Character Testing and Conversion 
with the Character Class 1 CONCEPT; The Character class is a wrapper class for the char data type. It provides 

numerous methods for testing and converting character data. 

The Character class is part of the java.lang package, so no import statement is necessary 
to use this class. The class provides several static methods for testing the value of a char 
variable. Some of these methods arc listed in Table M f Path of the methods accepts a single 
char argument and returns a boolean value. 

Table 9 1 Some static Character class methods for tcstinq char values 

Method 

boolean iaDig i t fchar ch) 

isLettor(char ch) boolean 

boolean isLet terOrDlgi t lchar ch) 

boolean IsLowerCasefchar ch) 

boolean isUpperCasefchar ch) 

boolean IsSpaceCharfchar ch) 

boolean isWhiteSpacefchar ch) 

Description 

Returns true if the argument passed into ch is a 
digit from 0 through 9. Otherwise returns fa lse. 

Returns true if the argument passed into ch is an 
alphabetic letter. Otherwise returns fa lse. 

Returns true if the character passed into ch 
contains a digit (0 through 9) or an alphabetic 
letter Otherwise returns fa lse. 

Returns true if the argument passed into ch is a 
lowercase letter. Otherwise returns fa lse. 

Returns true if the argument passed into ch is an 

uppercase letter. Otherwise returns fa lse, 

Returns true if the argument passed into ch is a 
space character. Otherwise returns fa lse. 

Returns true if the argument passed into ch is a 
whitespace character (a space, tab, *>r newline 
character). Otherwise returns fa lse. 

The program in Code Listing 9-1 demonstrates many of these methods. Figures 9-1 and 9-2 
show example interactions with the program. 
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Code Listing 9*1 ( C h a r a c t e r T e s t . J a v a ) 

import javax.awing.JOptionPane; 

/ * * 

This program demonstrates some of the Character 
c l a s s ' s character tes t ing methods. 

* / 

public c lass CharacterTest 

{ 

public s t a t i c void main(String[) args) 

{ 
String input; / / To hold the u se r ' s input 
char ch; / / To hold a single character 

/ / Get a character from the user and s tore 
/ / I t in the ch var iab le . 
input • JOptionPane.showInputDialog("Enter • • 

"any single cha rac te r . " ) ; 
ch - input.charAt(O); 

/ / Test the character . 
if (Character . isLet ter(ch)) 

< 

JOptionPane.showMcssagcDialogf nu l l , 
"That i s a l e t t e r . " ) ; 

} 

if (Character . isDigit(ch)) 

< 

JOptionPane.showKessageDialog(null, 

"That i s a d ig i t . "> ; 

I 

if (Character.isLowerCase(ch)) 

JOptionPane.BhowMessageDialog(null, 
"That i s a lowercase l e t t e r . " ) ; 

> 

if (Character.isUppcrCase(ch)) 

JOptionPane.showHessageDialog(null, 
"That i s an uppercase l e t t e r . " ) ; 

I 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 ) 

if (Character.isSpaceChar(ch)) 

< 

JOptionPane.showMessageDialog(nullf 

"That ia a apace.") ; 

> 

if (Character.iaWhiteapace(ch)) 

< 

JOptionPene.showMessageDialogfnull, 
"That i s a whitespace cha rac te r . " ) ; 

> 

System.exit(0); 

) 

Figure 9-1 Interaction w i t h the C h a r a c t e r T e s t . J a v a p rogram 

1 hp« 

f Ctttcf iMiv single c l i * jc i«. 

2 t*^r 

Tluihalrilcf 

OK 

TlMlhakmeKaselfilef. 

OK 

Code Listing 9-2 shows a more practical application of the character testing methods. It 

tests a str ing to determine whether it is a seven-character customer number in the proper 

format. Figures 9-3 and 9-4 show example interactions wi th the program. 

Figure 9 - 2 Interaction w i t h the C h a r a c t e r T e s t . Java program 

1 Input 

? ; S titter jiiytmotoctufi:i-n. 

OK Cancel 

2 M««9« 

I t , . * I N 4 . l l > ! 
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Code Listing 9*2 (CuBtomerNumber. J a v a ) 

import javax.awing.JOptionPane; 

/ * * 

Thii program tes ta a customer number to 
verify that i t i s in the proper format. 

* / 

pubiic c lass CustomerNumber 

{ 

pubiic s t a t i c void main(String[) args) 
{ 

String input; / / To hold the u se r ' s input 

/ / Get a customer number. 
input • JOptionPane.showInputDialogf'Enter • + 

"a customer number in the form LLLNNNNVn" * 
"(LLL - l e t t e r s and NNNN - numbers)"); 

/ / Validate the input, 
if <iaValld(lnput | | 

i 
JOptionPane.showMessageDialog(null, 

"That 's a valid customer number."); 

I 
else 

{ 
JOptionPane.showMcssagcDialogJ nu l l , 

"That i s not the proper format of a • • 
"customer number.\nHere is an - * 
"example: MJCI234"); 

System.exit(O); 

/ • • 

The isValid method determines whether a 
String i s a valid customer number. If so, i t 
re turns t rue . 
Gparam custNumber The String to t e s t . 
Creturn true if va l id , otherwise fa l se . 

' / 

private s t a t i c boolean isValidfString custNumber) 

< 

file:///nHere
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'1 > 

boolean goodSoFar • t rue ; / / Flag 
i n t i - 0; / / Control variable 

/ / Test the length, 
if (custNumber.length(> !- 7) 

goodSoFar • false; 

/ / Teat the f i r s t three charac te r ! for l e t t e r s . 
while (goodSoFar 11 i < 3) 

< 

if ( I Character . .sLetter) cas ts j nbe r . cha rAtun ) 
goodSoFar - fa l se ; 

L**l 

> 

/ / Test the l a s t tour characters tor d i g i t s . 
while (goodSoFar && i < 7) 

< 

if ((Character. isDigit(custNuaber.charAt(i))) 
goodSoFar • false; 

i**j 

return goodSoFar; 

Figure 9-3 Interaction with the CustonerNumber.Java program 
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Figure 9-4 Interaction with the CustoraerNumber. Java program 
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In this program, the customer number is expected to be seven characters long and consist 
of three alphabetic letters followed by four numeric digits. The isVa l id method accepts a 
s t r i n g argument, which wi l l be tested. The method uses the fol lowing local variables, 
which arc declared in lines 46 and 47: 

boolean goodSoFar - t r u e ; / / Flag 
in t i - 0; / / Control va r i ab le 

The goodSoFar variable is a flag variable that is initialized with t rue , but will be set to fa lsa 
immediately when the method determines the customer number is not in a valid format. 
The i variable is a loop control variable. 

The first test is to determine whether the string is the correct length. In line 50 the method 
tests the length oi the custNumber argument. If the argument is not seven characters long, it 
is not valid and the goodSoFar variable is set to false in line 5 1 . 

Next, the method uses the following loop, in lines 54 through 59, to validate the first three 
characters: 

wh i l e (goodSoFar fcfc i < 3) 

< 

i f ((Character. if lLetter<cu8tNuBber.charAt(i))) 
goodSoFar - fa lsa ; 

> 

Recall from t haptcr 1 that the s t r ing class's charAt method returns a character at a specific 
position in a string (position numbering starts at 0). This code uses the Character, i s Lot tar 
method to test the characters at positions 0, I , and 2 in the custNumber string. If any of these 
characters arc not letters, the goodSoFar variable is set to false and the loop terminates. 
Next, the method uses the following loop, in lines 62 through 67, to validate the last four 
characters: 

wh i l e (goodSoFar tfc i < 7) 

< 

if ([Character.iaDigit(custNumber.charAt(i))> 
goodSoFar • false; 

> 

This code uses the Character. i sD ig i t method to test the characters at positions 3,4,5, and 
6 in the custNumber string. If any of these characters arc not digits, the goodSoFar variable is 
set to false and the loop terminates. Last, the method returns the value of the goodSoFar 
method. 

Character Case Conversion 
The character class also provides the static methods listed in Table 9-2 for converting the 

case of a character. Each method accepts a char argument and returns a char value. 
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Table 9-2 Some Charac te r class methods for case conversion 

Method Description 

char toLowerCasefchar ch) 

char toUpperCase(char ch) 

Returns the lowercase equivalent of the argument 
passed to ch. 

Returns the uppercase equivalent of the argument 
passed to ch. 

If the toLowerCaae method's argument is an uppercase character, the method returns rhc 
lowercase equivalent. For example, the following statement will display the character a on 
the screen: 

System.out.printIn(Character.toLoverCasej 'A')); 

If the argument is already lowercase, the toLoverCase method returns it unchanged. The 
following statement also causes the lowercase character a to be displayed: 

System.out.printIn(Character.toLoverCasef *a*)); 

If the toUpperCase method's argument is a lowercase character, the method returns the 
uppercase equivalent. For example, the following statement will display the character A on 
the screen: 

System.out.printIn(Character.toUpperCasef'•*)ll 

If the argument is already uppercase, the toUpperCase method returns it unchanged, 

Any non-letter argument passed to toLoverCase or toUpperCase is returned as it is. I.u Ii of 
the following statements displays the method argument without any change: 

S y s t e m . o u t . p r i n t In (Charac te r . t oLowerCase (**• ) ) ; 
S y s t e m . o u t . p r i n t In (Charac t e r . t oLowerCase ( ' $* ) ) ) 
S y s t e m . o u t . p r i n t In(Charac ter . toUpperCase)*&*)) ; 
S y s t e m . o u t . p r i n t I n ( C h a r a c t e r . t o U p p e r C a s e < ' % * ) ) ; 

The program in Code I isting W demonstrates the toUpperCase method in a loop that asks 
the user to enter Y or N. The program repeats .is long as the user enters Y or y in response 
to the question. 

Code Listing 9-3 ( C i r c l e A r e a . J a v a ) 

1 import Java.uti l .Scanner; 
2 
3 / « • 

This program demonstrates the Character 
c l a s s ' s toUpperCase method. 

6 •/ 
7 
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- public c lass CircleArea 

{ 
public s t a t i c void main(String[] args) 

< 

double radius; / / 
double area; / / 
String input; / / 
char choice; / / 

The c i r c l e ' s radius 
The c i r c l e ' s area 
To hold a l ine of input 
To hold a s ingle character 

/ / Create a Scanner object to read keyboard input. 
Scanner keyboard - new Scanner(System,in); 

do 

i 
II Get the c i r c l e ' s radius . 
System.out.print("Enter the c i r c l e ' s radius: " ) ; 
radius - keyboard,nextDouble) ); 

/ / Consume the remaining newline character , 
keyboard.nextLine(); 

/ / Calculate and display the area. 
area • Hath.PI * radius * radius; 
System.out.print(("The area i s %.2f.\n", a rea ) ; 

/ / Repeat th is? 
System.out.print("Do you want to do t h i s • • 

"again? (Y or H) M; 
input • keyboard.nextLine(); 
choice • input.charAt(O); 

} while (Character.toUpperCase<choice) •* 'Y*»; 

I 

Program Output with Example Input Shown in Bold 

Enter the c i r c l e ' s radius: 10 [Enter] 
The area is 314.16. 
Do you want to do th i s again? (V or ll| y [Enter] 
Enter the c i r c l e ' s rad ius : 15 [Enter] 
The area i s 706.86. 
Do you want to do th i s again? (Y or N) n [Enter] 
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* 
Checkpoint 

MyProgrammingLab"' www.ntyprogramminglab.aim 

9.1 Write • statement that converts the contents of the char variable big to lowercase. 
The converted value should be assigned to the variable l i t t l e . 

9.2 Write an if statement that displays the word "dipt" if the char variable ch contains 
a numeric digit. Otherwise, it should display "Not a digit." 

9.1 What is the output of the following statement? 

System.out.printIn(Character.toUpperCasefCharacter.toLowerCase<'A'> > >; 

9.4 Write a loop that asks the user, "Do you want to repeat the program or quit? 
<K7Q)*\ The loop should repeat until the user has entered an K or Q (either upper­
case or lowercase). 

9.5 What will the following code display? 

char var • ' $ ' ; 
System.out.println(Character.toUpperCase< var)); 

9.6 Write a loop that counts the number of uppercase characters iliat appear in the 
String object str. 

More String Methods 

CONCEPT: The string class provides several methods for scanning and working 
with String objects. 

Searching for Substrings 
The String class provides several methods that search for a string inside of a string. The 
term substring commonly is used to refer to a string that is part of another string. Tabic 9-3 
summarizes some of these methods. Each of the methods in Table 9-1 returns a boolean 
value indicating whether the string was found. 

Let's take a closer look at each of these methods. 

The s tar tsWith and endswith Methods 

The startsWith method determines whether the calling object's string begins with a speci­
fied substring. Tor example, the following code determines whether the string "Four score 
and seven years ago" begins with "Four". The method returns true if the string begins with 
the specified substring, or false otherwise. 

String str • "Four score and seven years ago"; 
if (str.startsWith(Tour-)) 

System.out.printlnf"The string starts with Four."); 
else 

System.out.println("The string does not start with Four."); 

http://www.ntyprogramminglab.aim
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Table 9-3 S t r ing methods lhat search (or a substring 

Method Dcwription 

boolean startsWith(String str) 

boolean endaWith(String str) 

boolean reg ionMatehee( in t start, 
S t r i n g s t r , i n t Bt&rt2, i n t n) 

boolean regionMatchesfBoolean ignormCaae, 
i n t Btart, S t r i n g s t r , 
i n t Btsrt2, i n t n) 

This method returns t rue if the calling 
string begins with the string passed into 
atr. 

This method returns true il the calling 
string ends with the string passed into 
mtr. 

This method returns t rue if a specified 
region of the calling string matches a 
Specified region ot the string passed into 
a t r . The start parameter indicates the 
starting position of the region within the 
calling string. The s t a r t s parameter 
indicates the starting position of the 
region within a t r . The n parameter 
indicates the number of characters in 
both regions. 

This overloaded version of the 
regionMntcheB method has an addi­
tional parameter, ignoreCanv. If t rue 
is passed into this parameter, rhc method 
ignores the case ot the calling string and 
a t r when comparing the regions. Il 
false is passed into the iqnoreCm 
parameter, the comparison is case-
sensitive. 

In the code, the method call a t r -etartswith( 'Pour*) returns true because the string does 
begin with "Hour". The atartaWith method performs a case-sensitive comparison, so the 
method call a t r .a tar taWith("four") would return false. 

The endsWith method determines whether the calling string ends with a specified substring, 
For example, the following code determines whether the string "Four score and seven years 
ago" ends with "ago". The method returns t rue if the string does end with the specified 
substring or fa lse otherwise. 

S t r i n g a t r - "Four acore and aeven yeara ago" ; 
i f ( a t r . e n d e W i t h r a g o " ) ) 

S y s t e m . o u t . p r i n t I n ( " T h e a t r i n g enda with a g o . " ) ; 
else 

Sys t em.ou t . p r in t l n<"The a t r i n g does not end wi th a g o . " ) ; 

In the code, the method call str.cndswith("ago") returns t rue because the string docs end 
with "ago". The endsWith method also performs a case-sensitive comparison, so the method 
call str.endsWithl"Ago") would return false. 
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The program in Code Listing 9-4 demonstrates a search algorithm that uses the s tar tswi th 

method. The program searches an array of strings for an clement that starts with a specified 

string-

Code Listing 9-4 ( P e r s o n S e a r c h . J a v a ) 

import Java.uti1.Scanner; 

/ " 

This program uses the atartaWith method t o search using 
a p a r t i a l s t r i ng . 

• / 

public c lass PersonSearch 
< 

public s t a t i c void main(String(] args) 

I 
String lookup; / / To hold a lookup s t r ing 

/ / Create an array of names. 
String!I people - { "Cutshaw, Will", "Davis, George", 

"Davis, Jenny", "Russert, Ph i l " , 
"Russell, Cindy", "Setzer, Charles", 
"Smathers, H o l l y , "Smith, Chris", 
"Smith, Brad", -Williams, Jean" >; 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System,in); 

/ / Get a p a r t i a l name to search for. 
System.out.print("Enter the f i r s t few characters of • • 

"the l a s t name t o look up: " ) ; 
lookup - keyboard.nextLine(); 

/ / Display a l l of the names tha t begin with the 
/ / s t r ing entered by the user. 
System.out.println("Here are the names tha t match:"); 
for (String person : people) 

< 

if (person.startsWith(lookup)) 

System.out.printIn(person); 

> 

I 
> 

Program Output with Example Input Shown In Bold 

Enter the f i r s t few characters of the l a s t name to look ap: Davis [Enter] 
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Here are the names 

Davis, 

Davis, 

George 

Jenny 

t h a t na tch : 

Program Output with Example Input Shown In Bold 

Enter the f i r s t tew characters of the l a s t name to look up: Ruts [Enter] 
Here are the names that natch: 
Russert, Phil 
Russell, Cindy 

The regionMatches M e t h o d s 

I lie String class provides overloaded versions of the regionMatches method, which deter­
mines whether specified regions of two string* match. The following code demonstrates: 

S t r i n g s t r - "Four s c o r e and seven y e a r s ago" ; 
S t r i n g s t r 2 • "Those seven y e a r s passed q u i c k l y " ; 
i f <s t r . reg ionMatchea<15, s t r 2 , 6, 11)) 

S y s t e m . o u t . p r i n t I n ( " T h e r e g i o n s m a t c h . • ) ; 
e l s e 

Sys t em.ou t . p r in t l n<"The r e g i o n s do not m a t c h . " ) ; 

This code will display "The regions match." lite specified region of the s t r siring begins at 
position 15, and the specified region of the atr2 string begins at position 6. both regions 
consist of I I characters. Hie specified region in the s t r string is "seven years" and the 
specified region in (he s t r2 string is also "seven years". Because the two regions match, 
the regionMatches method in this code returns t rue . This version of the regionMatches 
method performs a case-sensitive comparison. An overloaded version accepts an addi 
tional argument indicating whether to perform a case-insensitive comparison. The follow­
ing code demonstrates: 

String str * "Four score and seven years ago"; 
String Str2 - "THOSE SEVEN YEARS PASSED QUICKLY"; 

if (str.regionMatchesftrue, IS, str2, 6, 11)) 

System.out.println<"The regions match."); 

else 
System.out.println("The regions do not match."); 

This code will also display "The regions match." The first argument passed to this version 
of the regionMatches method can be t rue or fa lse , indicating whether a case-insensitive 
comparison should be performed. In this example, t rue is passed, so case will be ignored 
when the regions "seven years" and "SEVEN YEARS" arc compared. 

Each of these methods indicates by a boolean return value whether a substring appears 
within a string. The String class also provides methods that not only search for items within 
a string, but also report the location of those items. Table 9-4 describes overloaded versions 
of the indexOf and lastlndexOf methods. 
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Table 9-4 S t r i n g methods lor getting a character or substring's location 

Method Description 

int indexOf(char ch) 

int indexOf(char ch, int atart) 

i n t indexOf(String s t r ) 

int indexOf(String Btr , int s t a r t ) 

i n t lastlndexOf(char ch) 

int iastlndexOf(char ch, int s t a r t ) 

int iastlndexOf(String s t r ) 

i n t Iast lndexOf(Str ing s t r , 
int start) 

Searches the calling s t r i ng object for the character 
passed into ch. If the character is found, the posi­
tion of its first occurrence is returned. Otherwise, 
- I is returned. 

Searches the calling s t r i ng object for the character 
passed into ch, beginning at the position passed 
into start and going to the end of the string. If the 
character is found, the position of its first occur­
rence is returned. Otherwise, - 1 is returned. 

Searches the calling s t r i ng object for the string 
pasted into s t r . If the string is found, the beginning 
position of its first occurrence is returned. Otherwise, 

1 is returned. 

Searches the calling Str ing object for the string 
passed into atr. The search begins at the position 
passed into stare and goes to the end of the string. 
If the string is found, the beginning position of its 
first occurrence is returned. Otherwise, - I is 
returned. 

Searches the calling s t r i ng object for the character 
passed into ch. If the character is found, the posi­
tion of its last occurrence is returned. Otherwise, 
- 1 ts returned. 

Searches the calling Str ing object for the character 
passed into ch, beginning at the position passed 
into s t a r t . Hie search is conducted backward 
through the string, to position 0. If the character is 
found, the position of its last occurrence is returned. 
Otherwise, - I is returned. 

Searches the calling Str ing object for the string 
passed into s t r . If the string is found, the beginning 
position of its last occurrence is returned. Otherwise, 
— I is returned. 

Searches the calling s t r i ng object for the string 
passed into s t r , beginning at the position passed 
into sear t . The search is conducted backward 
through the string, to position 0. If the string is 
found, the beginning position of us last occurrence 
is returned. Otherwise, — I is returned. 
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Finding Characters w i th the indexOf and l as t indexOf Methods 

The indexOf and last lndexof methods can search for cither a character or a substring 
within the calling string. If the item being searched for is found, its position is returned. 
Otherwise -1 is returned. Here is an example of code using two of the methods to search 
for a character: 

String str - "Pour score and seven years ago"; 
int first, last; 

first - str.indexOf('r'); 
last - str.laatlndexOf<T*); 

System,out,println("The letter r first appears at " + 
"position * + first); 

System.out.println("The l e t t e r r l a s t appears at • * 
"pos i t ion • • l a s t ) j 

This code produces the following output: 

The l a t t e r r first appears at p o s i t i o n 3 
The l a t t e r r l a s t appears at p o s i t i o n 24 

The following code shows another example. It uses a loop to show the positions of each 
letter V in the string. 

String str - "Four score and seven years ago"; 
int position; 

System.out.println(aThe letter r appears at the " * 
"following locations:"); 

position - str.indexOf(*r*); 
while (position I- -1) 

< 

S y s t e m . o u t . p r i n t l n ( p o s i t i o n ) ; 
pos i t i on * s t r . indexOf( ' r" , pos i t i on + 1) ; 

> 

This code will produce the following output: 

The l e t t e r r appears at the fo l lowing l o c a t i o n s : 
3 
I 
24 

The following code is very similar, but it uses the lastlndexOf method and shows the posi­

tions in reverse order: 

String s t r • "Four score and seven years ago"; 
int p o s i t i o n ; 

System.out.printIn("The l e t t e r r appears at the " + 
"following l o c a t i o n s . " ) ; 
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position - str.lastlndexOf('r'); 
while (position !- -1) 

System.out.printIn(position); 
position • str.lastIndexOf('r', position - 1); 

> 

This code will produce the following output: 

The l a t t e r r appears a t the following loca t ions . 
24 
8 
i 

Finding Substring! w i t h the indexof and lastlndexof Methods 

The indexOf and lastlndexOf methods can also search for substrings within a string. The 
following code shows an example. It displays the starting positions of each occurrence of 
the word "and" within a string. 

String s t r - "and a one and a two and a th ree" ; 
in t pos i t ion ; 
System.out .pr int in("The word and appears a t the • • 

"following l o c a t i o n s . " ) ; 
pos i t ion - s t r . indexOf("and") ; 
while (posi t ion I- -1) 

< 

8ystem.out *p r in t In (pos i t i on ) ; 

pos i t ion - *tr.ind*xOf{"and", pos i t ion + 1); 

I 
This code produces the following output: 

The word and appears a t the following loca t ions . 
0 
10 
20 

The following code also displays the same results, but in reverse order: 

String str - "and a one and a two and a three"; 
int position; 

System.out.println("The word and appears at the " * 
"following locations."); 

position - str.lastlndexOf("and"); 
while (position !• -1) 

< 
Systern«out*printIn(position); 

position - str.lastlndexOf("and", position - 1); 

> 
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This code produces the following output: 

The word and appears a t the fol lowing l o c a t i o n s 
20 
10 
0 

Extracting Substrings 
The Str ing class provides several methods that allow you to retrieve a substring from a 
string. The methods we wi l l examine are listed in Table 9-5. 

Table 9-5 String methods for extracting substnngs 

Method Description 

String substr ing!int s t a r t ) 

String subst r ing! in t start, 

int mnd) 

void g«tChars(int s t a r t , 

int mnd, 

c h a r l | a r r a y , 

int a r r a y S t a r t ) 

cha r [ | toCharArray() 

This method returns a copy of the substring that begins 
at Btart and goes to the end of the calling object's 
string. 

This method returns a copy of a substring. The argu­
ment passed into s t a r t is the substring's starting 
position, and the argument passed into end is the 
substring's ending position. Hie character at the s t a r t 
position is included in the substring, but the character 
at the end position is not included. 

I Ins method i M ' M v i substring from the Calling 
ob|cct and stores it in a chsr array. I he argument 
passed into s ta re is the substring's starting position, 
and the argument passed into end is the substring's 
ending position. The character at the s t a r t position is 
included in the substring, but the character at the end 
position is not included. (The last character in the sub­
string ends at end - 1.) Hie characters in the substring 
arc stored as elements in the array that is passed into 
the array parameter. The arrayStart parameter 
specifies the starting subscript within the array where 
the characters are to be stored. 

This method returns all of the characters in the calling 
object as a char array. 

T h e s u b s t r i n g M e t h o d s 

The substring method returns a copy of a substring from the calling object. There arc two 
overloaded versions of this method. Hie first version accepts an i n t argument (hat is the 
starting position of the substring. The method returns a reference to a s t r i n g object 
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containing all of the characters from the starting position to the end of the string. The char­
acter at the starting position is part of the substring. Here is an example of the method's use: 

S t r i n g fullName • "Cynthia Susan Lee"; 
S t r i n g lastName - tu l lKame*subs t r ing<14) ; 
S y s t e m . o u t . p r i n t l n { " T h e f u l l name i s " + ful lName); 
S y s t e m . o u t . p r i n t l n f " T h e l a s t name i s * + las tName) ; 

This code will produce the following output: 

The f u l l name i s Cynthia Susan Lee 
The l a s t name i s Lee 

Keep in mind that the substring method returns a new String object that holds a copy of 
the substring, When this code executes, the fullName and lastName variables will reference 
two different String objects, as shown in Figure 9-5. 

Figure 9-5 The fullName and lastName variables reference separate objects 

The fullNcimv variable 
holds the addre&s •» • • • 

o i l s t r i n g object l 

The lastName variable 
holds Iho address 

of a S t r ing object 
V M W l 

A s t r i n g object 

•Cynthia Susan Lea" 

A S t r i n g objocl 

Lee" 

The second version of the method accepts two int arguments. The first specifics the sub­
string's starting position and the second specifics the substring's ending position. The char­
acter at the starting position is included in the substring, but the character at the ending 
position is not. Here is an example of how the method is used: 

S t r i n g fullName • "Cynthia Susan Lee"; 
S t r i n g middleName - f u l lName . subs t r i ng !8 , 13) ; 
S y s t e m . o u t . p r i n t l n f " T h e f u l l name i s " + fullName); 
S y s t e m . o u t . p r i n t l n f " T h e middle name i s " • middleName); 

The code will produce the following output: 

The f u l l name i s Cynthia Susan Lee 
The middle name i s Susan 

The getChars and toCharArray M e t h o d s 

The getChars and toCharArray methods convert the calling String object to a char array. 
The getChars method can be used to convert a substring, while the toCharArray method 
converts the entire string. Here is an example of how the getChars method might be used: 

S t r i n g fullName - "Cynthia Susan Lee"; 
c h a r f ] nameArray - new c h a r ( S ) ; 
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fullName.getChara<8, 13, nameArray, 0); 
System.out.println("The full name is " + fullName); 
System.out.println("The values in the array are:"); 
for (int i - 0; i < nameArray.length; i++) 

Systern.out.print(nameArray(1) * " " ) ; 

This code stores the individual characters of the substring "Susan" in the elements of the 
nameArray array, beginning at clement 0. The code will produce the following output: 

The full name is Cynthia Susan Lee 
The values in the array aret 
S u s a n 

The toCharArray method returns a reference to a char array that contains all of the charac­
ters in the calling object Merc is an example: 

S t r i n g fullName - "Cynthia Susan Lee*; 
c h a r l | nameArray; 
nameArray - fu l lName. toCharArray() ; 
S y s t e m . o u t . p r i n t l n f T h e f u l l name i s " + fullName); 
S y s t e m . o u t . p r i n t l n f T h e v a l u e s in t h e a r r a y a r e : " ) ; 
for ( i n t i • 0; i < nameArray. length; i++) 

Sys t em.ou t . p r in t (nameAr ray ! i ) + " p ) j 

I his code will produce the following output: 

The f u l l name i s Cynthia Susan Lee 
The va lues in t h e a r r a y a r e i 
C y n t h i a S u s a n L e e 

These methods can be used when you want to use an array protcssing algorithm on the 
contents of a String object. The program in Code I isting9-5 converts a s t r ing ob|cct to an 
array and then uses the array to determine the number of letters, digits, and whitcspacc 
characters in the string. Figure 9-6 shows an example of interaction with the program. 

Code List ing 9-5 ( S t r i n g A n o l y z e r . J a v a ) 

i import javax.swing.JOptionPane; 
2 

This program displays the number of l e t t e r s , 
d i g i t s , and whitcspacc characters in a s t r ing . 

6 * / 

7 

public c lass StringAnalyzer 
9 { 

public s t a t i c void main(String [] args) 

11 i 
String input; / / To hold input 
char[1 array; / / Array for input 
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Methods That Return a Modified String 
The String class methods listed in Table 9-6 return a modified copy of a s t r ing object. 

Table 9-6 Methods that return a modified copy of a S t r ing object 

Method 

Str ing concat(String str) 

String replacefchar oldChar, 
char newChar) 

String trim() 

Description 

This method returns a copy of the calling String object 
with the contents of str concatenated to it. 

This method returns a copy of the calling s t r ing object, 
in which all occurrences of the character passed into 
oldChar have been replaced by the character passed 
into newChar. 

This method returns a copy of the calling s t r ing object* 
in which all leading and trailing whitespace characters 
have been deleted. 

The concat method performs the same operation as the * operator when used with strings, 
For example, look at the following code, which uses the • operator: 

S t r i n g tullNamc; 
S t r i n g flratName - -Timothy »j 
S t r i n g laatNamc - "Haynoi*; 
fullNamc - firstNam* + lastN 

Equivalent code can also be written with the concat method. Here is an example: 

S t r i n g fullNamo; 
S t r i n g firstNane • "Timothy »j 
S t r i n g lastName • "Haynes"; 
fuilName • firstNamc ,concat( l a s tNane ) ; 

The replace method returns a copy of a String object, where every* occurrence of a speci­
fied character has been replaced with another character. For example, look at the following 
code; 

String strl - "Tom Talbert Tried Trains'; 

String str 2; 
str2 - strl.replaceffT', *D*); 
System.out.printlnfstrl); 
System.out.println(str2); 

In this code, the replace method will return a copy of the s t r l object with every occurrence 
of the letter *T replaced with the letter D \ The code will produce the following output: 

Tom Talbert Tried Trains 

Dom Dalbert Dried Drains 
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Table 9-7 Some of the S t r i n g class's valueOf methods 

Method Description 

String valueOf(boolean b) 

Str ing valueOf(char c) 

String valueOf(char[ | Array) 

S t r i n g va lueOf<char [1 array, 
i n t subscript, 
i n t count) 

String valueOf(double number) 

String valueOf(float number) 

String valueOf ( i n t number) 

String valu«Of(long number) 

If the boolean argument passed to b is t rue , the 
method returns the string " t rue" . If the argument is 
fa lse, the method returns the string " fa lee*. 

This method returns a Str ing containing the charac­

ter passed into c. 

This method returns a Str ing that contains all of 
the elements in the char array passed into array. 

This method returns a Str ing thai contains part of 
the elements in the char array passed into array. 
The argument passed into subscript is the starting 
subscript and the argument passed into count is the 
number of elements. 

This method returns the Str ing representation of 
the double argument passed into number. 

This method returns the s t r i ng representation of 
the f l oa t argument passed into number. 

This method returns the Str ing representation of 
the in t argument passed into number. 

This method returns the Str ing representation of 
the long argument passed into number. 

* * 

This code will produce the following output: 

t r u e 
abode 
bed 
2.4981567 

7 

Checkpo in t 

MyPro|r»niminjUb* www*mypro$rammin$}ahxom 

9.7 Write a method that accepts a reference to a Str ing object as an argument and 
returns true if the argument ends with the substring "ger". Otherwise, the method 
should return fa lse. 

9.8 Modify the method you wrote for Checkpoint 9.7 so it performs a casc-insensitive 
test. The method should return true if the argument ends with "ger" in any possible 
combination of uppercase and lowercase letters. 

9.9 Look at the following declaration: 

String cateNane • "Broadway Cafe"; 
String a t r ; 

Which of the following methods would you use to make a t r reference the string 
"Broadway"? 
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The first two constructors create empty StringBuildcr objects of a specified size. The first 
constructor makes the StringBuildcr object large enough to hold 16 characters, and the 
second constructor makes the object large enough to hold length characters. Remember, 
StringBuildcr objects automatically resize themselves, so it is not a problem if you later 
want to store a larger string in the object. The third constructor accepts a String object as 
its argument and assigns the object's contents to the StringBuildcr object. Mere is an exam­
ple of its use: 

StringBuildcr city • now StringBuilder("Charleston"); 
System.out.println(city); 

This code creates a StringBuildcr object and assigns its address to the city variable. The 
object is initialized with the string "Charleston". As demonstrated by this code, you can 
pass a StringBuildcr object to the prirttln and print methods. 

One limitation of the StringBuildcr class is that you cannot use the assignment operator to 
assign strings to StringBuildcr objects. For example, the following code will not work: 

StringBuildcr city - "Charleston*; / / ERROR!!! Will not workl 

Instead of using the assignment operator, you must use the new key word and a constructor, 
or one of the StringBuildcr methods, to store a string in a StringBuildcr object. 

Other StringBuildcr Methods 
The StringBuildcr class provides many of the same methods as the String class. Table 9-9 
lists several <>l the StriagBulMw mtthodfl tha: Work cvu ib liki their str ing tlass 
counterparts. 

Table 9-9 Methods that are common to the St r ing and StringBuildcr classes 

char charAt(int pos i t ion) 

void getChars( int s t a r e , in t end, char( | array, i n t arrayStart) 
in t indox0£(String sc r ) 
in t indexOf(String s c r , in t s t a r t ) 
in t last lndexOf(Str ing s t r ) 
in t las t lndcxof(St r ing s t r , in t s t a r t ) 
in t length(> 
String substring!int start) 
String substring!int start, int end) 

In addition, the StringBuilder class provides several methods that the String class does not 
have. Let's look at a few of them. 

The append Methods 

The StringBuildcr class has several overloaded versions of a method named append. 
These methods accept an argument, which may be of any primitive data type, a char array, 
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or a Str ing object. They append a string representation of their argument to the calling 
object's current contents. Because there are so many overloaded versions of append, we will 
examine the general form of a typical call to the method as follows: 

object.appendlitem); 

After the method is called, a string representation of i tew will be appended to ob jec t ' s 
contents. The following code shows some of the append methods being used: 

S t r i ngBu i lde r s t r - new S t r i n g B u i l d e r * ( ; 

/ / Append v a l u e s t o the o b j e c t . 
atr.append*"We s o l d " ) ; / / Append a S t r i n g o b j e c t . 
a t r . a p p e n d ! 1 2 ) j / / Append an i n t . 
a t r . a p p e n d ) " doughnuts for | * ) | / / Append another S t r i n g . 
a t r . a p p e n d f 1 5 . 9 5 ) ; / / Append a doub le . 

/ / Display t h e o b j e c t ' s c o n t e n t s * 
S y s t e m . o u t . p r i n t I n ( s t r ) ; 

Tins code will produce the following output: 

We sold 12 doughnuts tor $15.95 

The i n s e r t M e t h o d s 

The StrinqDuildcr class also lias several overloaded versions of a method named inser t , 
which inserts a value into the calling object's string. These methods accept two arguments; 
an int that specifies the position in the calling object's string where the insertion should 
begin, and the value to be inserted. The value to be inserted may be of any primitive data 
type, a char array, or a String object. Because there are so many overloaded versions of 
inse r t , we will examine the general form of a typical call to the method as follows; 

objtct.insert[atsrt, item); 

In the general form, s ca r e is the starting position of the insertion and item is the item to be 
inserted. The following code shows an example: 

StringBuilder str - new StringBuilder*"New City"); 
str.insert(4, "York * ) ; 
System.out.println(str); 

Hie first statement creates a StringBuilder object initialized with the string "New ci ty" . 
The second statement inserts the string -York • into the StringBuilder object, beginning at 
position 4. The characters that are currently in the object beginning at position 4 are moved 
to the right. In memory, the Str ingBuilder object is automatically expanded in si/c to 
accommodate the inserted characters. It these statements were in a complete program and 
we ran it, we would see New York City displayed on the screen. 

The following code shows how a char array can be inserted into a StringBuilder object: 

char cAr ray l ] - { ' 2 ' , ' 0 ' , • ' >; 
S t r i n g B u i l d e r s t r - new S t r i n g B u i l d e r * - I n J u l y we so ld c a r s . * ) ; 
s t r . i n s e r t * 1 6 , cAr ray) ; 
S y s t e m . o u t . p r i n t I n ( s t r ) ; 
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The first statement declares a char array named cArray,containing the characters ' 2 ' , ' 0 ' , 
and ' ' .The second statement creates a St.ring3jildci object initialized with the string 
"In July we sold c a r s . " The third statement inserts the characters in cArray into the 
StringBuilder object, beginning at position 16. The characters that arc currently in the 
object beginning at position 16 arc moved to the right. If these statements were in a com­
plete program and wc ran it, \vc would sec In July we sold 20 cars , displayed on the screen, 

The r e p l a c e M e t h o d 

The StringBuilder class has a replace method that differs slightly from the String class's 
replace method. While the String class's replace method replaces the occurrences of one 
character with another character, the StringBuilder class's replace method replaces a spec­
ified substring with a string. Mere is the general form of a call to the method: 

ob jec t . rep lace(s ta re , end, s t r ) ; 

In the general form, a t a r e is an int that specifies the starting position of a substring in the 
calling object, and end is an int that specifics the ending position of the substring. (The 
starting position is included in the substring, but the ending position is not.) The s t r param­
eter is a s t r ing object. After the method executes, the substring will be replaced with s t r . 
I Icrc is an example: 

S t r i n g B u i l d e r s t r -
new Str ingBui lder("We moved from Chicago t o A t l a n t a . " ) ; 

s t r . r e p l a c e ! M# 2 1 , "New York") ; 
S y s t e m . o u t . p r i n t I n ( s t r ) ; 

The replace method in this code replaces the word "Chicago" with "New York". The code 
will produce the following output: 

We moved from New York to Atlanta. 

The d e l e t e , de le teCharAt , a n d setCharAt M e t h o d s 

The delete and deleteCharAt methods are used to delete a substring or a character from a 
Str ingBuilder object. The setCharAt inciln*! changes a specified character to another 
value. Table *>-IO describes these metlnnls. 

Table 9-10 The S t r i n g B u i l d e r class's d e l e t e , dele teCharAt , and aetCharAt methods 

Method 
StringBuilder de le tef in t s t a r t , 

in t end) 

StringBuilder deleteCharAt 
( int poMition) 

void setCharAtfint position, 
char ch) 

Description 

The start parameter is an int that specifics the start­
ing position of a substring in the calling object, and 
the end parameter is an int that specifies the ending 
position of the substring. (T he starting position is 
included in the substring, but the ending position is 
not.) The method will delete the substring. 

The position parameter specihes the location ot a 
character that will be deleted. 

This method changes the character at posit ion to 
the value passed into ch. 





590 Chapter 9 Text Processing and More about Wrapper Classes 

Although the parentheses and the hyphen make the number easier for people to read, those 
characters arc unnecessary for processing by a computer In a computer system, a telephone 
number is commonly stored as an unformatted series of digits, as shown here: 

9195551212 

A program that works with telephone numbers usually needs to unformat numbers that 
have been entered by the user. This means that the parentheses and die hyphen must be 
removed before the number is stored in a file or processed in some other way. In addition, 
such a program needs the ability to format the digits so that the number contains the paren­
theses and the hyphen when it appears on the screen or is printed on paper. 

Code Listing 9-6 shows a class named Telephone that contains the fo l lowing static 
methods: 

• isFormatted-This method accepts a Str ing argument and returns true if the argu­
ment is formatted as (XXX)XXX-XXXX. If the argument is not formatted this way, the 
method returns fa lse. 

• unformat-This method accepts a Str ing argument. If the argument is formatted as 
(XXX)XXX-XXXX, the method returns an unformatted version of the argument with the 
parentheses and the hyphen removed. Otherwise, the method returns the original 
argument. 

• format-This method's purpose is to format a sequence of digits as (XXX)XXX-XXXX. 
The sequence of digits is passed as a Str ing argument. If the argument is 10 characters 
in length, then the method returns the argument with parentheses and a hyphen 
inserted. Otherwise, the method returns the original argument. 

The program in Code I tsting 9-7 demonstrates the Telephone class. 

Code L is t ing 9-6 ( T e l e p h o n e . Java) 

t t 

The Telephone e l m provides s t a t i c methods 
for formatting and unformatting U.S. telephone 
numbers. 

public c lass Telephone 

{ 
/ / These constant f i e lds hold the valid lengths of 
/ / s t r ings that are formatted and unformatted, 
public f inal s t a t i c i n t FORMATTED_LENGTH - 13; 
public f ina l s t a t i c i n t UNFORMATTED_LENGTH - 10; 

/ • • 

The isFormatted method determines whether a 
s t r ing i s properly formatted as a U.S. telephone 
number in the following manner: 
( X X X ) X X X - X X X X 

?p«ram s t r The s t r ing to t e s t . 
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(return t rue if the s t r ing i s properly formatted* 
or false otherwise. 

* / 

public s t a t i c boolean isFormattedfString s t r ) 

I 
boolean valid; / / Flag to indicate valid format 

/ / Determine whether s t r i s properly formatted, 
if (Str . length(> • • FORMATTED_LENGTH i i 

str.charAt(O) • • * ( * * * 
s tr .charAt(4) M ' ) ' « 
str.charAt(8> — ' - ' > 
valid • t rue ; 

e lse 

valid " false; 

/ / Return the value of the val id f lag, 
return val id ; 

/ * * 

The unformat method accepts a s t r ing containing 
a telephone number formatted a s : 
(XXX)XXX-XXXX. 
If the argument i s formatted in th i s way, the 
method returns an unformatted s t r ing where the 
parentheses and hyphen have been removed. Otherwise, 
i t re turns the or ig inal argument. 
tparam s t r The s t r ing to unformat. 
(return An unformatted s t r i ng . 

* / 

public s t a t i c String unformat(String s t r ) 

II Create a StringBuilder i n i t i a l i z e d with s t r . 
StringBuilder s t rb • new St r ingBui lder (s t r ) ; 

/ / If the argument i s properly formatted, then 
/ / unformat i t . 
if <isPormatted(str>> 
\ 

II F i r s t , delete the le f t paren a t posit ion 0 
strb.deleteCharAt(O); 

/ / Next, delete the r ight paren. Because of the 
/ / previous deletion i t i s now located a t 
/ / posit ion 3. 



592 Chapter 9 Text Processing and More about Wrapper Classes 

strb.deleteCharAt(3); 

/ / Next, delete the hyphen. Because of the 
/ / previous deletions i t i s now located at 
/ / position 6. 
strb.deleteCharAt(6); 

> 

/ / Return the unformatted string, 
return strb.toStringf); 

/ • • 

The format method formats a string as: 
(XXX)XXX-XXXX. 
If the length of the argument i s UNFORMATTED_LENGTH 
the method returns the formatted string. Otherwise, 
i t returns the original argument. 
9param str The string to format. 
•return A string formatted as a U.S. telephone number. 

• / 

public s tat ic String format(String str) 

< 

/ / Create a StringBuilder in i t ia l i sed with s tr . 
StringDuilder strb - new StringBuilder(str)j 

/ / If the argument i s the correct length, then 
/ / format i t . 
if (Str.length!) — UNFORMATTED_LENGTH) 
{ 

/ / First, insert the lef t paren at position 0 
strb. insert!0, ' (" ) ; 

/ / Next, insert the right paren at position 4, 
strb. insert(4, •>"); 

/ / Next, insert the hyphen at position 8. 
strb. insert(8, " - • ) ; 

> 

/ / Return the formatted string, 
return strb.toStringO; 
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L i s t i n g 9-7 ( T e l e p h o n e T e s t e r . J a v a ) 

sor t Java .u t11 .Scanner ; 

* 

This program demonstrate* the Telephone 
c l a s s ' s s t a t i c methods. 

o l i c c l a s s TelephoneTester 

pub l ic s t a t i c void main(Str ing[1 args) 

{ 
St r ing phoneNumber; / / To hold a phone number 

/ / Create a Scanner ob jec t for keyboard i n p u t . 
Scanner keyboard • new Scanner(Sys tem, in) ; 

/ / Get an unformatted te lephone nuaber. 
Sys t em.ou t .p r in t ( "En te r an unfo raa t t ed te lephone number: " ) | 
phoneNumber - keyboard .nextLinef) ; 

/ / Format the telephone number. 
System, ou t . print. In ("Formatted: • + 

Telephone.format(phoneNumber)); 

/ / Get a formatted telephone number. 
Sys t em.ou t . p r in t l n ( "En te r a te lephone nuaber formatted a s " ) ; 
System.out.print("(XXX)XXX-XXXX : - ) ; 

phoneNumber - keyboard .nextLinef) ; 

/ / Unformat the telephone number. 
Sys tem.out .p r in t ln ("Unformat ted : " • 

Telephone.unformat(phoneNumber)); 

) 

Program Output with Example Input Shown In Bold 

Enter an unformatted telephone number: 9195551212 [Enter] 

Formatted: (919)555-1212 
Enter a telephone number formatted a i 
(XXX)XXX-XXXX : (828)555 1212 [Enter] 

Unformatted: 8285551212 

593 
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9.5 Tokenizing Strings 

CONCEPT: Tokenizing a siring is a process of breaking a siring down into its 
components, which are called tokens. The Str ingTokeniier class and the 
Str ing class's split method can be used to tokeni/e strings. 

Sometimes a string will contain a series of words or other items of data separated by spaces 
or other characters. For example, look a i the following string: 

"peach raspberry strawberry vanilla" 

This string contains the following four items of daia: peach, raspberry, strawberry, and 
van i l l a . In programming terms, items such as these are known as tokens. Notice that a 
space appears between the items. The character that separates tokens is known as a delimiter. 
I Icrc is another example: 

•17 ;92 ;81 ;12 ;46 ;5 -

This string contains the following tokens: 17, 92, 81, 12, 46, and 5. Nonce that a semicolon 
appears between each item. In this example the semicolon is used as a delimiter. Some pro­
gramming problems require you to read a string that contains a list of items and then 
extract all of the tokens from the string for processing. For example, look at the following 
string that contains a date: 

"3-22-2013" 

The tokens in this string are 3, 22, and 2013, and the delimiter is the hyphen character, 
Perhaps a program needs to extract the month, day, and year from such a string. Another 
example is an operating system pathname, such as the following: 

/home/rsullivan/data 

The tokens in this string Ate home, r su l l i van , and data, and the delimiter is the / character. 
Perhaps a program needs to extract all of the directors* names from such a pathname. 

The process ot breaking a string into tokens is known as tokenizing. In this section we will 
discuss two of Java's tool* for tokeni/ing strings: the StringTokenizer class, and the Str ing 
class's s p l i t method. 

The StringTokenizer Class 
The Java API provides a class, StringTokenizer, which allows you to tokenizc a string. The 

class is part of the j a v a - u t i l package, so you need the following import statement in am 
program that uses it: 

import Java.util.StringTokenizer; 

When you create an instance of the StringTokenizer class, you pass a s t r i ng as an argu­
ment to one of the constructors. The tokens will be extracted from this string. Table 9-11 
summarizes the class's three constructors. 
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Code Listing 9 9 ( D a t e T e s t e r . J a v a ) 

1 /** 
This program demonstrates the DateComponent c l 

I */ 
4 

public c lass DateTester 
6 < 

public s t a t i c void na in(St r ing[ | args) 

9 
0 
I 
2 
l 

i 

S 

6 

7 

I 

9 

0 

I 

2 ) 

1 
String date • "10/23/2013"; 
DateComponent dc • 

new DateComponent(date); 

System.out.printlnf"Here's the datei " • 
da te ) ; 

System.out.prlntln("The month i s " • 
dc.getMonr.h(i); 

System.out.printlnf"The day i s • • 
dc.getDay()); 

System.out.println("The year i s " • 
dc.getYearO); 

Program Output 
Here's the datei 10/23/2013 
The month i s 10 
The day i s 23 
The year i s 2013 

Using Multiple Delimiters 
Some situation's require tli.it you use multiple characters as delimiters in the same string. 
For example, look at the following email address: 

joe^gaddisbooks.com 

This string uses two delimiters: 9 (the at symbol) and . (the period). To extract the tokens 
from this string wc must specify both characters as delimiters to the constructor. Here is an 
example: 

StringTokenizer strTokenizer • 
new StringTokenizer("joeegaddisbooka.com*, • • . " ) ; 

while < strTokenizer.hasMoreTokens()) 

< 

System.out.println<strTokenizer.nextToken()); 

) 

http://tli.it
http://joeegaddisbooka.com*
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This code wi l l produce the following output: 

jot 
gaddisbooks 
com 

Trimming a String before Tokenizing 
When you are tokenizing a string that was entered by the user, and you are using characters 
other than whitcspaccs as delimiters, you wi l l probably want to t r im the string before 
tokeni/ing it. Otherwise, if the user enters leading whitespacc characters, they will become 
part of the first token. Likewise, if the user enters trailing whitespacc characters, they wi l l 
become part of the last token. For example look at the following code: 

// Create « string with leading and trailing whitespaces. 

String str - " one;two;three "; 

// Tokoni2o the string using the semicolon as a delimiter. 

StringTokenizer strTokenizer • new StringTokenizer(str, " ; " ) ; 

// Display the tokens. 

while (strTokonizer.hasMoreTokenst)) 

< 

System.out.println("*p • strTokenizer.nextToken() • **")j 

I 

This code wi l l produce the following output: 

* one* 
•two* 
•throe * 

To prevent leading and/or trailing whitespacc characters from being included in the first 
and last tokens, use the Str ing class's t r i » method to remove them. I lere is the same code, 
modified to use the t r im method: 

String str • " one;two;three "; 

StringTokenizer strTokenizer • 

new StringTokenizer(str.trim(), " ; " ) ; 

while (strTokenizer.hasHoreTokens{)> 

< 

i 

Sys t em.ou t .p r in t i ng*" + strTokenizer.nextToken{) + " * " ) ; 

This code wi l l produce the following output: 

•one* 
•two* 
• three* 

The Str ing Class's s p l i t Method 
The Str ing class has a method named s p l i t , which tokenizes a string and returns an array 
of s t r i ng objects. Each element in the array is one of the tokens. The following code, which 
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is taken from the program SplitDemol .Java in this chapters source code, shows an example 
of the methods use: 

/ / Crea te a S t r i n g t o t o k e n i z e . 
S t r i n g a t r • "one two t h r e e t o u r " ; 
/ / Get t h e tokens from t h e s t r i n g . 
S t r i n g ( ] tokens - s t r . s p l i t < " " ) ; 
/ / Display each token , 
for ( S t r i n g s : tokens ) 

S y s t e r n . o u t . p r i n t l n ( s ) ; 

The argument passed to the s p l i t method indicates the delimiter. In this example, a space is 
used as the delimiter. The code will produce the following output: 

one 
two 
t h r e e 
four 

The argument that you pass to the split method is a regular expression* A regular expression 
is a string that specifies a pattern of characters. Regular expressions can be powerful tools, 
and are commonly used to search for patterns that exist in strings, files, or other collections 
of text. A complete discussion of regular expressions is outside the scope of this book. 
I lowever, we will discuss some basic uses of regular expressions for the purpose of tokeniz­
ing strings. 

In the previous example, we passed a string containing a single space to the s p l i t method. 
This specified that the space character was the delimiter. The s p l i t method also allows you 
to use multi-character delimiters. This means you are not limited to a single character as ,1 
delimiter. Your delimiters can be entire words, if you wish. The following code, which is 
taken troin the program SplitDemol,Java in this chapter s source code, demonstrates: 

/ / Crea te a s t r i n g t o t o k e n i z e . 
S t r i n g s t r - "one and two and t h r e e and four" ; 
/ / Get t h e tokens , us ing " and " as t h e d e l i m i t e r . 
S t r i n g ! | tokens - s t r . s p l i t ) " and ">; 
/ / Display t h e tokens* 
for ( S t r i n g s : tokens ) 

S y s t e r n . o u t . p r i n t l n ( s ) ; 

This code will produce the following output: 

one 
two 
t h r e e 
four 

The previous code demonstrates multi-character delimiters (delimiters containing multiple 
characters). You can also specify a series of characters where each individual character is a 
delimiter. In our discussion of the StringTokenizer class we used the following string as an 
example requiring multiple delimiters: 

joetgaddisbooks.con 
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<5> 

This string uses two delimiters: 9 (the "at" character) and . (the period). To specify that 
both the 9 character and the . character are delimiters, we must enclose them in brackets 
inside our regular expression. The regular expression will look like this: 

Because the 9 and . characters are enclosed in brackets, they will each be considered as a 
delimiter. The following code, which is taken from the program Split Demo $. Java in this 
chapter's source code, demonstrates: 

/ / Crea te a s t r i n g t o t o k e n i z e . 
S t r i n g a t r • • joePgadd i sbooks .coa" ; 
/ / Get t h e t o k e n s , us ing 9 and * as d e l i m i t e r s . 
S t r i n g ( 1 tokens - s t r . s p l i t < * I t . ] - ) ; 
/ / Display t h e t o k e n s . 
for ( S t r i n g s t tokens) 

S y s t e m . o u t . p r i n t l n ( s ) ; 

This code will produce the following output: 

joe 
gaddisbooks 
com 

Checkpoint 

MyProfr*fT>min«Ub̂  WWW, myprognmmiHgkdKCOM 

9.25 The following string contains three tokens. What are they? What character is the 
delimiter? 

"apples pears bananas" 

9.26 Look at the following code: 

StrlngTokenizer s t • new StringTokenizerfone two three four"); 
int x • st .countTokens(); 
String stuff • st .nextToken(); 

What value will be stored in x? What value will the stuff variable reference? 

9.27 Look at the following string: 

"/homs/rjones/mydata.txt" 

a) Write the declaration of a StrlngTokenizer object that can be used to extract 
the following tokens from the string: hone, rjones, mydata, and txt . 

b) Write code using the String class's s p l i t method that can be used to extract 
the same tokens specified in part A. 

9.28 Look at the following string: 

"dogScatlbirdlsquirrel" 

Write code using the s t r ing class's s p l i t method that can be used to extract the 
following tokens from the string: dog, cat, bird, and squir re l . 

Write the declaration of a StrlngTokenizer object that can be used to extract the 
same tokens from the string. 

See the SerialNumbcr Class Case Study in this chapters source code for another example 
using the StrlngTokenizer class. 
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9.6 Wrapper Classes for the Numeric Data Types 

CONCEPT: The Java AIM provides wrapper ctav.es for each of the numeric data lypes. 
These classes have methods that perform useful operations involving 
primitive numeric values. 

Earlier in this chapter, we discussed the character wrapper class and sonic of its static 
methods. The Java API also provides wrapper classes for all o f the numeric primitive data 
types, as listed in Table 9-13. 

You have already used many of these wrapper classes' "parse" methods, which convert 
strings to values of the primitive types. For example, the In teger .pane l nr. method con­
verts a string to an I n t , and the Double.paraeDouble method converts a siring to a double. 
Now we wi l l examine other methods and uses of the wrapper classes. 

Table 9-13 Wrapper classes for the numeric primitive data types 

Wrapper 
Byte 

Double 

F loa t 

In teger 

Long 

short 

Class Primitive Type It Applies To 

b y t t 

double 

f l o a t 

In t 

long 

•hor t 

The Static t oS t r i ng Methods 
l\ach of the numeric wrapper classes has a static toStr ing method that converts a number 
to a string. The method accepts the number as its argument and returns a string representa­
tion of that number. The following code demonstrates: 

int i - 12; 
double d - 14.95; 
String strl - Integer.toString(i); 
String str2 - Double.toString(d); 

The toBinaryString, toHexString, 
and toOctalString Methods 
I'hc toBinaryStr ing, toHexString, and toOctalString methods arc static members of the 
Integer and Long wrapper classes. These methods accept an integer as an argument and 
return a string representation of that number converted to binary, hexadecimal, or 0CUll« 
I'he follow trig code demonstrates these methods: 

i n t number • 14; 
System.out.printIn(Integer.toBinaryString(number)); 
System.out.printIn(Integer.toHexString(number)); 
System*out.printIn(Integer*toOctalString(number)); 

http://ctav.es
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This code wi l l produce the following output: 

1110 

16 

The MIN_VALUE and MAX_VALUE Constants 
The numeric wrapper classes each have a set of static f i n a l variables named MIN_VALUE 

and MAX_VALUE. These variables hold the minimum and maximum values for a particular 
data type. For example. Integer.HAX_VALUE holds [he maximum value that an i n t can 
hold. For example, the following code displays the minimum and maximum values for 
an i n t : 

System.out.pnntln("The minimum value tor an * + 
• i n t i» " + Integer.MIN_VALUE); 

System.out.pnntln("The maximum value tor an * + 
"int i s • + Integer.MAX_VALUE>; 

Autobox ing and Unboxing 
It ts possible to create objects from the wrapper classes. One way is to pass an initial value 
(0 the constructor, as shown here: 

Integer number - now Integor(7)# 

This creates an Integer object initialized with the value 7, referenced by the variable number. 
Another way is to simply declare a wrapper class variable, and then assign a primitive value 
to it. For example, look at the following code: 

Integer number; 

number • 7; 

The first statement in this code declares an Integer variable named number. It does not cre­
ate an Integer object, just a variable. The second statement is a simple assignment state­
ment. It assigns the primitive value 7 to the variable. You might suspect that this wi l l cause 
an error. After all, number is a reference variable, not a primitive variable. I lowever, because 
number is a wrapper class variable, Java performs an autoboxing operation. Autoboxmt* is 
Java s process of automatically "boxing up" a value inside an object. When this assignment 
statement executes, Java boxes up the value 7 inside an Integer object, and then assigns the 
address of that object to the number variable. 

Unboxing is the opposite of boxing. It is the process of converting a wrapper class object to 
a primitive type. The following code demonstrates an unboxing operation: 

Integer mylnt - 5; // Autoboxe* the value S 
int primitiveNumber; 

primitiveNumber - mylnt; // Unboxee the object 
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The first statement in this code declares sy ln t as an Integer reference variable. The primi­
tive value 5 is autoboxed, and the address of the resulting object is assigned to the mylnt 
variable. The second statement declares priait iveNunber as an i n t variable. Then, the third 
statement assigns the mylnt object to pri»it iveNu«ber. VThen this statement executes, Java 
automatically unboxes the nylnt wrapper class object and stores the resulting value, which 
is 5, in primitiveNumber. 

Although you rarely need to create an instance of a wrapper class, Java's autoboxing and 
unboxing features make some operations more convenient. Occasionally, you wi l l find 
yourself in a situation where you want to perform an operation using a primitive variable, 
but the operation can only be used with an object. For example, recall the ArrayLiat class 
that we discussed in Chapter 7. An ArrayLiat is an array-like object that can be used 
to store other objects. You cannot, however, store primitive values in an ArrayLiat . It 
is intended for objects only. I f you try to compile the fol lowing statement, an error 
wi l l occur: 

ArrayLiat<int> l i a t • new ArrayLiat<int>Ol / / ERROR! 

I lowever, you can store wrapper class objects in an ArrayLiat. If we need to store i n t values 
in an ArrayLiat , we have to specify that the ArrayLiat wi l l hold Integer objects. I Icrc is 
an example: 

ArrayLiet<Integer> l i a t - new ArrayLiet<Integer>OJ / / Okay. 

Ihis statement declOfCfl i lu i List rtfefCOCM U kH tyL la t thai tan hold Integei obJQCtt* 
One way to store an in t value in the ArrayLiat is to instantiate ^n Integer object, initialize 
it with the desired i n t value, and then pass the Integer object to the ArrayLiat** add 
method, I Icrc is an example: 

ArrayLia t<In tege r> l i a t - new A r r a y L i e t < I n t e g e r > ( ) ; 
I n t e g e r mylnt • 5 ; 
l i a t . a d d < m y l n t ) ; 

I lowever, Java's autoboxing and unboxing features make it unnecessary to create the 
Integer object. If you add an i n t value to the ArrayLiat, Java will autobox the value, The 
following code works without any problems: 

ArrayLia t<In tege r> l i a t • new Ar rayL ie t< In t ege r>{ ) ; 
l i a t . a d d < 5 ) ; 

When the value 5 is passed to the add method, Java boxes the value up in an Integer object. 
When necessary, Java also unboxes values that are retrieved from the ArrayLiat. The follow­
ing code demonstrates this: 

ArrayLia t<In tege r> l i a t - new A r r a y L i a t < I n t e g e r > ( ) ; 
l iat .add<5); 
i n t primitiveNumber • l i s t . g e t ( O ) ; 

The last statement in this code retrieves the item at index 0. Because the item is being 
assigned to an i n t variable, Java unboxes it and stores the primitive value in the i n t 
variable. 
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^ 
Checkpoint 

MyProgrammmgLab"' www.myftrogrjmminglab.ami 

9.29 Write a statement that converts the following integer to a string and stores it in the 
String object referenced by »tr : 

int i - 99; 

9..10 What wrapper class methods convert a number from decimal to another numbering 
system? What wrapper classes arc these methods a member of? 

9 J I What is the purpose of the MIN_VALUE and MAX_VALUE variables that arc members of 
the numeric wrapper classes* 

- : 

Focus on Problem Solving: 
The TestScoreReader Class 
Professor Harrison keeps her students' test scores in a Microsoft Excel spreadsheet. 
Figure 9-8 shows a set of five test scores for five students. Each column holds a test score 
and each row represents the scores for one student. 

Figure 9-8 Microsoft Excel spreadsheet 

11 

3 
4 
. 

A 

v\ y 
8 n 

B 
79 
79 
92 
* 
B 

C 
91 
B1 
51 
67 

IS 
74 
W 
81 
91 

F F 
94 
N 

79 
90 

In addition to manipulating the scores in Excel* Dr. Harrison wants to write a Java applica­
tion that accesses them* Excel, like many commercial applications, has the ability to export 
data to a text file. When the data in a spreadsheet is exported, each row is written to a line, 
and the values in the cells arc separated by commas. For example, when the data shown in 
Figure 9-H is exported, it will be written to a text file in the following format: 

8 7 , 7 9 , 9 1 , 8 2 , 9 4 
7 2 , 7 9 , 8 1 , 7 4 , 8 8 
9 4 , 9 2 , 8 1 , 8 9 , 9 6 
7 7 , 5 6 , 6 7 , 8 1 , 7 9 
7 9 , 8 2 , 8 5 , 8 1 , 9 0 

This is called the comma separated value file format. When you save a spreadsheet in this 
format, Excel saves it to a file with the xsv extension. Dr. I larnson decides to export her 
spreadsheet to a xsv file, and then write a Java program that reads the file. The program 
wil l use the St r ing class's s p l i t method to extract the test scores from each line, and a 
wrapper class to convert the tokens to numeric values. As an experiment, she writes the 
TestScoreReader class shown in Code Listing 9*10. 

http://www.myftrogrjmminglab.ami
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Code Listing 9 10 ( T e s t S c o r e R e a d e r . J a v a ) 

import j ava . io .* ; 
import Java•util•Scanner; 

/ * * 

The TestScoreReader claaa reads t e s t scores as 
tokens from a f i l e and calculates the average 
of each l ine of scores . 

* / 

public c lass TestScoreReader 

< 

private Scanner inputFi le ; 
pr ivate String l i ne ; 

/ * * 

The constructor opens a f i l e t o read 
the grades from. 
Qparam filename The f i l e to open. 

* / 

public TestScoreRoader(String filename) 
throws IOBxception 

< 

File f i l e • new F i l e ( f i l enaae) ; 

input r i le • new Scanner(f i le) ; 

} 

/ * * 

The readNextLine method reads the next l ine 
from the f i l e . 
^return true if the l ine was read, fa lse 
otherwise-

* / 

public boolean readNextLine)) throws IOBxception 

< 

boolean lineRead; / / Flag var iable 

/ / Determine whether there i i K>rc to read. 
lineRead - inputr i le .ha«Next() ; 

/ / If ao, read the next l i n e . 
if (lineRead) 

l ine - i npu t r i l e .nex tL ined ; 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

58 
59 
60 
61 
62 

63 
64 

65 
66 
67 
68 

69 
70 
71 
72 

73 
74 

75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 > 

> 

return lineRead; 

/ • • 

•> 

The getAverage method c a l c u l a t e ! the average 
of the l a s t s e t of t e s t scores read from the f i l e . 
Preturn The average. 

public double getAverage() 

< 

> 

/ ' 

• / 

int to ta l " 0 ; / / Accumulator 

double average; / / The average t e s t score 

/ / Tokenize the l a s t l i n e read froa the f i l e . 
S tr ing! | tokens - l i n e . s p l i t ! " , " ) ; 

/ / Calculate the to ta l of the t e s t scores . 
for (String s t r : tokens) 

< 

to ta l • • In teger .parse ln t ( s t r ) ; 

> 

/ / Calculate the average of the scores . 
/ / Use a cas t to avoid integer d iv i s i on . 
average - (double) to ta l / tokens. length; 

/ / Return the average. 
return average; 

a 

The c l o s e method c l o s e s the f i l e . 

public void c lo se ) ) throws IOException 

i 

> 

i n p u t P i l e . c l o s e t ) ; 

Ihe constructor accepts the name of a file as an argument and opens the file. The 
readNextLine method reads a line from the file and stores it in the l i n e field. The method 
returns true if a line was successfully read from the file, or fa lse if there are no more lines 
to read. The getAverage method tokenizes the last line read from the file, converts the 



9.7 Focus on Problem Solving: The TestScoreReader Class 609 

rokcns to i n t values, .in J calculates the average of the values. The average is returned. The 
program in Code Listing 9-11 uses the TestScoreReader class to open the file Crjdes.csv 
and get the averages of the test scores it contains. 

Code List ing 9-11 ( T e s t A v e r a g e s . J a v a ) 

1 import j a v a . i o . ' ; / / Needed for IOException 
2 
1 /** 
4 This program use* the TestScoreReader class 

to read t e s t scores from a t i l e and get 
thei r averages. 

7 */ 

9 public c lass TestAverages 
10 { 
11 
L2 
1 ) 
M 

19 
u, 
17 
18 
L9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
JI 
12 
33 
14 
35 
36 
37 
38 
39 
40 

public s t a t i c void main(String[] args) 
throws IOException 

I 

double average; 
int studentNumber i; 

/ / Test average 
/ / Control variable 

/ / Create a TestScoreReader object . 
TestScoreReader scoreReader -

new TestScoreReader! "Grades.csV); 

/ / Display the averages. 
while (scoreReader.rcadNextLine()) 

< 
/ / Get the average from the TestScoreReader. 

average • scoreReader.getAveragef); 

/ / Display the s tudent ' s average. 
System.out.println("Average for student " • 

studentNumber • " i s " • 
average); 

/ / Increment the student number. 
studentNumber++; 

) 

/ / Close the TestScoreReader. 
scoreReader-close(); 
System.out.println("No more scores . " ) ; 
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Program Output 

Average 
Average 
Average 
Average 
Average 
No more 

for student 
for student 
for student 
for student 
for student 
scores• 

1 
2 
3 
4 
5 

i s 
i s 
i s 
i s 
i s 

86.6 
79.8 
90.4 
72,0 
83.4 

, : 

Dr. I larrison's class works properly, and she decides that she can expand it to perform other, 
more complex, operations. 

Common Errors t o Avoid 
I he following list describes several errors that are commonly committed when learning this 
chapter's topics: 

• Using static wrapper claw methods as if they were instance methods. Many of the most 
useful wrapper class methods are static, and you should call them directly from the 
class, 

• Trying to use St r ing comparison methods such as stsrtsWith and sndsHith for case-
insensitive comparisons. MOST of the Str ing comparison methods are case-sensitive. 
Only the regionMatches method performs a case-insensitive comparison. 

• Thinking of the first position of a string as 1. Many of the Str ing and Str ingBui ldcr 
methods accept a character position within a string as an argument. Remember, the 
position numbers in a string start at zero. If you think of the first position in a string 
as I, you wi l l cause an off-by-one error, 

• Thinking of the ending position of a substring as part of the substring. Methods such 
as getchars accept the starting and ending position of a substring as arguments. The 
character at the start position is included in the substring, but the character at the 
end position is not included. (The last character in the substring ends at end - 1.) 

• I xn.u 111u; more tokens from a Str ingToksai ier object than exist. Irving to extract 
more tokens from a StringTokenizer object than exist will cause an error. You can use 
the countTokens method to determine the number of tokens and the hasMoreTokens 
method to determine whether there arc anv more unread tokens. 

Review Questions and Exercises 
M u l t i p l e Choice and True/False 

I , The i sD ig i t , isLet ter , and isLet terOrDigi t methods arc members of this class. 
a. Str ing 
b. Char 
c. Character 
d. StringBuildcr 
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2. This method converts a character to uppercase. 
3. makeUpperCase 
b. toUpperCasc 
C* isUpperCase 
d. uppercase 

3. The s tar tswi th , endswith, and regionMatches methods are members of this class. 
a. String 
b. Char 
c. Character 
d. StringTokenizer 

4. The indexOf and lastindexOf methods are members of this class. 
a. String 
b. Integer 
c. Character 
d. StringTokenizar 

5. The substr ing, getChars, and toCharArray methods are members of this class, 
a. String 
b. Float 
c. Character 
d. StringTokenizar 

6. This Str ing class method performs the same operation as the * operator when used 
on strings. 

a. add 
b. jo in 
C* concat 
d. plus 

7. The Str ing class has several overloaded versions of a method that accepts a value of 
any primitive data type as its argument and returns a string representation of the 
value. The name of the method is -
a. s t r ingValu* 
b. valueOf 
C getStr ing 
d. valToString 

8. If you do not pass an argument to the Str ingBuilder constructor, the object wi l l have 
enough memory to store this many characters. 
a. 16 
b. 1 
* 256 
d. Unlimited 
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9-

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

This is one of the methods chat arc common to both the Str ing and Str ingBuilder 
classes. 
a. append 
b. insert 
c. delete 
d. length 

To change the value of a specific character in a Str ingBuilder object, use this method. 
a. changeCharAt 
b. setCharAt 
C. setchar 
d. change 

To delete a specific character in a Str ingBuilder object, use this method. 
a. deleteCharAt 
b. removeCharAt 
c. removeChar 
d. expunge 

a. separator 
b. tokeni/cr 
Ci delimiter 
d. terminator 

This sr.ringTokenizer method returns trua if there arc more tokens to he extracted 
from a string. 

a. moraTokana 
b. tokanaLaft 
C. gatTokan 

d. haaMoraTokana 

These static f i n a l variables arc members of the numeric wrapper classes and hold the 
minimum and maximum values for a particular data type. 
ft, MIN_VALUE and MAX_VALUE 
b. MIN and MAX 

C. MINIMUM and MAXIMUM 

d. LOWEST and HIGHEST 

True or False: Character testing methods, such as iaLet ter , accept strings as argu­
ments and test each character in the string. 

True or False: If the toUpperCaae method's argument is already uppercase, it is returned 
as is, with no changes. 

True or False: If toLowerCaae method's argument is already lowercase, i l will be inad­
vertently converted to uppercase. 
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18. True or h ike : The star tswi th and endswith methods are case-sensitive. 

19. True or False: There are two versions of the regionMatches method: one that is case-
sensitive and one that can be case-insensitive. 

20. True or Fake: The indexOf and lastlndexOt methods can find characters, but cannot 
find substrings. 

21. True or Fake: The Str ing class's replace method can replace individual characters, 
hut cannot replace substrings. 

22. True or Fake: The str ingBui lder class's replace method can replace individual char­
acters, but cannot replace substrings. 

23. True or Fake: You can use the • operator to assign a string to a Str ingBuilder object. 

Find the Error 

Find the error in each of the following code segments: 

1. int number • 99; 
String s t r ; 
/ / Convert number to a s t r ing, 
atr.valueOf(number); 

2. / / Store a name in a Str ingBui lder ob ject . 
StringBuiLder nana • "Joe Schmoe*; 

3. / / Change the very f i r a t character of a 
/ / Str ingBuilder object to ' Z * . 
Str.setCharAt( i* *2* ) ; 

4. / / Tokenize a s t r i ng that ia del imited 
/ / with aemicolona. The string has 3 tokens* 
StringTokoniier strTokenizer • 

new StringTokeni2er("0ne;Two;Three*); 
/ / Extract the three tokens from the string, 
while (strTokenizer.hasMoreTokensf)) 

< 

System.out.printIn(strTokenizer.nextTokenf)); 

> 

Algor i thm Workbench 

1. The following i f statement determines whether choice is equal to 'Y* or 'y': 

if (choice - - 'V II choice — 'y ' ) 

Rewrite this statement so it nukes only one comparison and does not use the 11 
operator. {Hint: Use either the toUpperCese or toLowerCaae method.) 

2. Write a loop that counts the number of space characters that appear in the Str ing 
object str. 
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3. Write a loop that counts the number of digits that appear in the s t r ing object str. 

4. Write I loop that counts the number of lowercase characters that appear in the Str ing 
object str. 

5* Write a method that accepts a reference to a s t r i ng object as an argument and returns 
true if the argument ends with the substring " .com". Otherwise, the method should 
return fa lse, 

6. Modify the method you wrote for Algorithm Workbench 5 so it performs a case* 
insensitive test. The method should return true if the argument ends with " .com" in 
any possible combination of uppercase and lowercase letters. 

7. Write a method that accepts a Str ingBuilder object as an argument and converts all 
occurrences of the lowercase letter V in the object to uppercase. 

8. Look at the following string: 

"cookies>milk>tudge:cake sice crew" 

a. Write code using a StringTokenizer object that extracts the following tokens from 
the string and displays them: cookies, » i l k , fudge, cake, and ice cream, 

b. Write code using the s t r ing class's s p l i t method that extracts the same tokens as 
the code you wrote for part a. 

9. Assume that d is a double variable. Write an i f statement that assigns d to the i n t 
variable i if the value in d is not larger than the maximum value for an i n t . 

10. Write code that displays the contents of the i n t variable i in binary, hexadecimal, and 
octal. 

Short Answer 

1. Why should you use Str ingBuilder objects instead of Str ing objects in a program 
that makes lots of changes to strings? 

2. A program reads a string as input from the user for the purpose of tokeni/ing it. Why 
is it a good idea to trim the string before tokeni/ing it? 

J. T.ach of the numeric wrapper classes has a static toStr ing method. What do these 
methods do? 

4, How can you determine the minimum and maximum values that may be stored in a 
variable of a given data type? 

Programming Challenges 

MyProjnmmingUlT Visit unvw.myprogrammmglahxom to complete nutty of these trogramming (Challenges 
Online and get instant feedback. 

1 . Backward String 

Write a method that accepts a Str ing object as an argument and displays its contents back­
ward. For instance, if the string argument is "gravity" the method should display •*yrivaig*. 
Demonstrate the method in a program that asks the user to input a string and then passes it 
to the method. 
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2. W o r d Counter 

Write a method thai accepts a s t r i n g object as an argument and returns the number of 
words it contains. For instance, if the argument is "Four score and seven years ago" the 
method should return the number 6. Demonstrate the method in a program that asks the 
user to input a string and then passes ic to the method. The number of words in the string 
should be displayed on the screen. 

3. Sentence Capltallzer 

Write a method that accepts a Str ing object as an argument and returns a copy of the string 
with the first character of each sentence capitalized- For instance, if the argument is "hello. 
my name is Joe, what is your name?" the method should return the string "Hello. My name 
is Joe. What is your name?" Demonstrate the method in a program that asks the user to 
input a string and then passes it to the method. The modified string should be displayed on 
the screen. 

4. Vowels and Consonants 

Write a class with a constructor that accepts a St r ing object as its argument, The class 
should have a method that returns the number of vowels in the string, and another method 
that returns the number of consonants in the string. Demonstrate the class in a program 
that perforins the following steps: 

1. The user is asked to enter a string. 
2. The program displays the following menu: 

a. Count the number of vowels in the string 
b, Count the number of consonants in the string 

C Count both the vowels and consonants in the string 
d. Enter another string 
e. F.xit the program 

3. The program performs the operation selected by the user and repeats until the user 

selects c, to exit the program. 

5. Password Verif ier 

Imagine you are developing a software package for Ama/tHi.com that requires users to 
enter their own passwords. Your software requires that users' passwords meet the following 
criteria: 

• The password should be at least six characters long. 
• The password should contain at least one uppercase and at least one lowercase letter. 
• The password should have at least one digit. 

Write a class that verifies that a password meets the stated criteria. Demonstrate the class in 
• program that allows the user to enter a password and then displays a message indicating 
whether it is valid or not. 

6. Telemarket ing Phone Number List 

Write a program that has two parallel arrays of s t r i ng objects. One of the arrays should 
hold people's names and the other should hold their phone numbers. Here are example 
contents of both arrays: 
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name Array Example Content*. 
"Harrison, Rose" 
"James, Jean" 

•Smith, William-

"Smith, Brad" 

phone Arrj> example Content*. 
-555-2234-
•555-9096-
-555-1785-
-555-9224' 

The program should ask the user to enter a name or the first few characters of a name to 
search for in the array. The program should display all of the names that match the user's 
input and their corresponding phone numbers. For example, if the user enters "Smith", the 
program should display the following names and phone numbers from the list: 

Smith, William: 555-1785 
Smith, Brad: 555-9224 

7. Check Wr i te r 

Write i program r lu i displays a simulated paycheck. The program should ask the user to 
enter the date, the payee's name, and the amount of the check. It should then display a 
simulated check with the dollar amount spelled out, as shown here: 

Date: 

Pay to the Order of: John Phillips 

One thousand nine hundred twenty and 85 cents 

11/24/2012 

$1920.85 

8. Sum of Numbers In a String 

Write a program that asks the user to enter a series of numbers separated by commas, I Icrc 

is an example of valid input: 

7,9,10,2,18,6 

I he program should i ale u late and display the SIM] *>t i l l dM MUDDUS. 

9. Sum of Digits In a String 

Write a program that asks the user to enter a series of single digit numbers with nothing 
separating them. The program should display the sum of all the single digit numbers in the 
string. Tor example, if the user enters 2514, the method should return 12, which is the sum 
ol 2, 5, I, and 4. The program should also display the highest and lowest digils in the string. 
(Hint: Convert the string to an array.) 

10. W o r d Counter 

Write a program that asks the user for the name of a file. Hie program should display the 

number of words that the file contains. 

1 1 . Sales Analysis 

The file SalesDjU.txt, in this chapter's source code folder, contains the dollar amount of 
sales that a retail store nude each day for a number of weeks. Each line in the file contains 
seven numbers, which arc the sales numbers for one week. The numbers arc separated by a 
comma. The following line is an example from the file: 

2541.36,2965.88,1965.32,1845.23,7021.11,9652.74,1469.36 
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Write .1 program that opens the file and processes its contents. The program should display 
the following: 

• The total sales for each week 
• The average daily sales for each week 
• The total sales for all of the weeks 
• Hie average weekly sales 
• The week number that had the highest amount of sales 

• Hie week number that had the lowest amount of sales 

12. Miscellaneous String Operations 

Write a class with the following static methods: 

• wordcount. This method should accept a reference to a Str ing object as an argument 
and return the number of words contained in the object. 

• arrayToString. This method adepts a char arra\ as an argument and converts it to a 
Str ing obicct. The method should return a reference to the Str ing object. 

• noitPraquant. This method accepts a reference to a Str ing object as an argument and 
returns the character that occurs the most frequently in the object. 

• raplacaSubatring. This method accepts three references to Str ing objects as arguments. 
I ct's call them a t r i n g l , at r ing2, and atr ing3. It searches a t r i ng l for all occurrences 
of atr ing2. When it finds an occurrence of atr ing2, it replaces it with a t r i n g j , For 
example, suppose the three arguments have the following values: 

a t r i n g l : 
at r ing2: 
a t r inga: 

"the dog jumped over the fence" 
-theM 

-that" 

With these three arguments, the method would return a reference to a Str ing object with 

the value "that dog jumped over that fence". 

Demonstrate each of these methods in a complete program. 

13. Alphabetic Telephone Number Translator 

Many companies use telephone numbers like 555-GFT-K)OI) so the number is easier for 
their customers to remember. On a standard telephone, the alphabetic letters arc mapped to 
numbers in the following fashion: 

A, B, and C = 2 
D, E, and P • 3 
G, H, and I . 4 
J , K , a n d L - 5 
M , N , a n d O - 6 
P, Q, R, and S * 7 
T , U , a n d V = 8 
W , X , Y , a n d Z = 9 

Write an application that asks the user to enter a 10-character telephone number in the for­
mat xxx-xxx-xxxx . The application should display the telephone number with any alpha­
betic characters that appeared in the original translated to their numeric equivalent. For 
example, if the user enters 555-GET-FOOD the application should display 555-4.18-3663. 
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14. W o r d Separator 

Write a program that accepts as input a sentence in which all of the words arc run together, 
but the first character of each word is uppercase. Convert the sentence to a string in which 
the words arc separated h\ spues .mj <>nk rhc first word starts with an uppercase letter. 
For example, the string "StopAndSmellTheRoscs." would be converted to "Stop and smell 
the roses.*1 

15. Pig Latin 

Write a program that reads a sentence as input and converts each word to "Pig Lat in". In 
one version of Pig Latin, you convert a word by removing the first letter, placing that letter 
at the end of the word, and then appending "ay" to the word. I lere is an example: 

Knghah: 

I'v, Latin: 

I SLEPT MOST OF THE NIGHT 

IAY LEFLSAY OSTMAY FOAY HETAY IGHTNAY 

16. Morse Code Converter 

Morse code is a code where each letter of the English alphabet, each digit, and various 
punctuation characters are represented by a series of dots and dashes. Table *M4 shows 
part of the code. Write a program that asks the user to enter a string, and then converts that 
string to Morse code. Use hyphens for dashes and periods for dots. 

Table 9-14 Morse code 

Character 

space 
comma 

period 

question 
mark 

0 
1 
2 
3 
4 
5 

Code 

space 
*"••"" 

."*"*" 

. . " . . 

.*""• 

••"* 

. . . " 

m i " 

( l l . U . k U i 

6 
7 
8 
9 

A 
E 
C 
D 
E 
F 

Code Character ( od< 

*. • 

-•*• 

•• 

G 

H 

I 

J 

K 

L 

M 

N 
O 

P 

Character 

Q 
R 
S 
T 

U 
V 
w 
X 

Y 

z 

( l t d , 

• • 
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TOPICS 
10.1 What Is Inheritance? 
10.2 Calling (he Superclass Constructor 

10.3 Overriding Superclass Methods 
10.4 Protected Members 

10.5 Chains of Inheritance 
10.6 The Object Class 

10.7 Polymorphism 
10.8 Abstract Classes and Abstract 

Methods 
10.9 Interfaces 
10.10 Common Errors to Avoid 

( lo.i what Is Inheritance? 

^ CONCEPT: Inheritance allows a new class to extend an existing class. The new class 
inherits the members of the class it extends. 

VidaoNoia 

Inheritance 

Generalization and Specialization 
In the real world yon can find many objects that arc specialized versions of oilier more gen­
eral objects. For example, the term insect describe* a very general type of creature with 
numerous characteristics. Because grasshoppers and bumblebees arc insects, they have all 
the general characteristics of an insect. In addition, they have special characteristics of their 
own. For example, the grasshopper has its jumping ability, and the bumblebee has its stinger. 
Grasshoppers and bumblebees arc specialized versions of an insect. This is illustrated in 
Figure 10-1. 

619 
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Figure 10-1 Bumblebees and grasshoppers are specialized versions of an insect 

JT " " X Al insect* have 
C Insect ) certain characteristics 

In addition to the common 
insect characteristics, the 

bumblebee has its own unique 
characteristics such as the 

ability to sting 

in adoition to mo common 
insect characteristics, the 

grasshopper has its own unique 
characteristics such as the 

ab<l*ty to jump 

Inheritance and the ' is a" Relationship 
When one object is a specialized version of another object, there is an "is a" relationship 
between them. For example, a grasshopper is an insect. Here are a few other examples of 
the **is a" relationship: 

* A poodle is a dog, 
* A car is a vehicle. 
* A flower is a plant. 

* A rectangle is a shape. 
* A football player is an athlete. 

When an "is a* relationship exists between objects, it means that the specialized object has 
all of the characteristics of the general object, plus additional characteristics that make it 
special. In object-oriented programming, inheritance is used to create an "is a" relationship 
among classes. This allows you to extend the capabilities of a class by creating another class 
that is a specialized version of i t. 

Inheritance involves a superclass and a subclass. The super dan is the general class and 
the subclass is the specialized class. You can think of the subclass as an extended ver­
sion of the superclass. The subclass inherits fields and methods from the superclass 
wi thout any of them having to be rewri t ten. Furthermore, new fields and methods 
may be added to the subclass, and that is what makes it a specialized version of the 
superclass. 

o NOTE: At the risk of confusing you with too much terminology, it should be men­
tioned that superclasses are also called base classes* and subclasses arc also called 
derived classes. Father set of terms is correct. For consistency, this text wi l l use the terms 
superclass and subclass* 

Let s look at an example of how inheritance can be used. Most teachers assign various 
graded activities for their students to complete. A graded activity can be given a numeric 
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score such as 70, 85, 90, and so on, and a letter grade such as A, R, C, 1>, or K Figure 10-2 
shows a U M I . diagram for the GradedAct iv i ty class, which is designed to hold the 
numeric score of a graded activity. The setscore method sets a numeric score, and 
the getscore method returns the numeric score. The getGrade method returns the letter 
grade that corresponds to the numeric score. Notice that the class docs not have a 
programmer-defined constructor, so Java wi l l automatically generate a default construc­
tor for it. This wi l l he a point of discussion later. Code Listing 10-1 shows the code for 
the class. 

F igure 10-2 UML diagram tor the G r a d e d A c t i v i t y class 

fir.K'iPOAr'iv !y 

-score douce 

• sotScoro<s douWe): void 
• getScore(>: double 
• gelGrade(): char 

Code L i s t i ng 10-1 ( G r a d e d A c t i v i t y . Java ) 

1 /** 

A c l a n that holds a grade (or a graded a c t i v i t y . 
3 • / 
4 

publ ic c l a n GradedActivity 

6 < 
private double acore; / / Numeric score 

') 

10 

11 
La 
u 
u 
15 
16 
L7 
18 
19 
20 
21 
22 
23 

/ . . 

The aetScore method acta the acore f i e ld , 
tparam • The value to atore in score. 

• / 

public void aetScore(double a) 

( 
score - a; 

) 

/ * * 

The getscore method returns the score. 

^return The value stored in the score f ie ld 
* / 
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public double getScorej) 

i 
return score; 

> 

The gctGradc method returns a l e t t e r grade 
determined from the score f ie ld . 
"re-tarn The l e t t e r grade. 

public char getGradef) 

< 

char let terGrade; 

i t (acore >- 90) 
letterGrade • 'A'j 

e lae if (acore >- 80) 
letterGrade - ' B ' ; 

e l se if (score >- 70) 
letterGrade - »C'| 

e lae if (score >- 60) 
letterGrade - ' D ' I 

e l se 
letterGrade - ' F ' j 

return letterGrsdai 

I lie program in Code Listing 10-2 demonstrates the class. Figures 10-3 and 10-4 show 
examples of interaction with the program. 

Code Listing 10-2 (OradeDetno. J a v a ) 

• import javax.swing.JOptionPane; 
2 
i / • • 

This program demonstrates the GradedActivity 
5 c l a s s . 
6 • / 
7 
B public c lass GradeDemo 

9 < 
public s t a t i c void main(String[] args) 

H { 
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! 

String input; / / To hold input 
double teatScore; / / A t e s t score 

/ / Create a GradedActivity object . 
GradedActivity grade • new GradedActivity!); 

/ / Get a t e s t score* 
input • JOptionFane.showInputDialogfEnter " + 

Ha numeric t e s t score . " ) ; 
testScore - Double.parseDouble(input); 

/ / Store the score in the grade object , 
grade.setScoreftestScore); 

/ / Display the l e t t e r grade for the score. 
JOptionPane.showMeesageDialog(null, 

"The grade (or that t e s t i s " + 
grade.getGrade))); 

System.exit(O); 

Figure 10-3 Interaction with the GradcDcmo. Java program 

2 Mot^r R^q 

iM«M*rof man MI no 

Figure 10-4 Interaction with the GradeDcmo. Java program 

1 hM 
7 (nfff iinunWfKttitKW*. ® Tfrti forttutlttmc 

The GradedActivity class represents the general characteristics of a student's graded activ­
ity. Many different types of graded activities exist, however, such as quizzes, midterm exams, 
final exams. Lib reports,essays,and soon. Because the numeric scores might be determined 
differently for each of these graded activities, we can create subclasses CO handle each one. 
For example, we could create a FinalExan class that would be a subclass of the 
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GradedActivity class. Figure 10-5 shows the UML diagram for such a class, and Code 
Listing 10-3 shows its code. It has fields for the number of questions on the exam 
(numQuestions), the number of points each question is worth tpoint*Each), and the number 
of questions missed by the student i numHissed). 

Figure 10-5 UML diagram for the F i n a l E x a m class 

FinaExam 

- numOuestions: int 
- potntsEach : doubt* 
- nunMissed: int 

• FinaiExam(qjesions : int 
missed: ml) 

+ gotPomlsEachO : doube 
+ g*lNumMiss*d<) :int 

Code Listing 10-3 ( F i n a l E x a m . J a v a ) 

/ • • 

Thii c l a n determine* the grade Cor a f inal cxia 

• / 

public class FinalExam extend* GradedActivity 

I 
private int numQueations; 
pr ivate double point*Each; 
private i n t numHissed; 

/ / Number of question* 
/ / Point* for each que*tion 
/ / Questions missed 

/ • • 

The constructor set* the number of questions on the 
exam and the number of question* missed. 
Pparam question* The number of questions. 
Pparam missed The number of questions missed. 

I 

public FinalExam(int question*, i n t missed) 
< 

double numericScore; / / To hold a numeric score 

/ / Set the numQuestion* and numHissed f ie lds . 
numOuestions - questions; 
numHissed - missed; 

/ / Calculate the point* for each question and 
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/ / the numeric score for t h i s exam. 
pointsEach - 100.0 / questions; 
numericScore - 100.0 - (missed • pointsEach); 

/ / Call the inherited setScore 
/ / se t the numeric score . 
sctScore{numericScore); 

j thod t o 

/ * * 

The getFointsEach method re turns the number of 
points each question i s worth. 
^return The value in the pointsEach f i e ld . 

* / 

public double getPointsEachf) 

{ 
return pointsEach; 

) 

/ * * 

The getNumMissed method returns the number of 
questions missed. 
( re turn The value in the numHissed f i e ld . 

* / 

public int gotNumHissodf) 

{ 
return numMissed; 

look at the header for the FinalExam class in line 5. The header uses the extends key word* 
which indicates that this class extends another class (a superclass). The name of the super­
class is listed after the word extends. So, this line indicates that FinalExam is the name of the 
class being declared and GradedActivity is the name of the superclass it extends. This is 
illustrated in Figure 10-6. 

Figure 10-6 F ina lExam class header 

p u b l i c c l a s s FinalExam e x t e n d s G r a d e d A c t i v i t y 

i i 
Class being declared 

(the subclass) 
Superclass 
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If wc want to express the relationship between the two classes, we can say that a FinalExam 
is a GradedActivity, 

Because the FinalExan class extends the GradedActivity class, it inherits all of the public 
members of the GradedActivity class. Here is a list of the members of the PinalExam 
class. 

Fields: 

i n t numQuestions; 

double pointaEach; 

i n t numMisscd; 

Declared in FinalExan 

Declared in FinalExan 

Declared in FinalExan 

Methods: 

Constructor 

getPointsEach 

getNumMissed 

setScore 

gctScore 

getGrade 

Declared in FinalExan 

Declared in FinalExan 

Declared in FinalExan 

Inherited from GradedActivity 

Inherited from GradedActivity 

Inherited from GradedActivity 

Notice that [he GradedActivity class's score field is not listed among the members of the 
PinalExam class/Hut is because the score field is private. Private members of the superclass 
i an not be accessed by the subclass, so technical l\ speaking, they Arc not inherited. When an 
object of the subclass is created, the private members of the superclass exist in memory, but 
only methods in the superclass can access them. They are truly private to the superclass. 

You will also notice that the superclass's constructor is not listed among the members of the 
FinalExan class. It makes sense that superclass constructors are not inherited because their 
purpose is to construct objects of the superclass. In the next section we discuss in more 
detail how superclass constructors operate. 

To see how inheritance works in this example, let's take a closer look at the FinalExam con­
structor in lines 18 through 34, The constructor accepts two arguments; the number of test 
questions on the exam, and the number of questions missed hv the student. In lines 1 i and 24 
these values are assigned to the numQuestions and nunHissed fields. Then, in lines 28 and 29, 
the number of points for each question and the numeric test score are calculated. In line 33, the 
.tst statement in the constructor reads .is follows: 

setScore(numericScore); 

This is a call to the setScore method. Although no setScore method appears in the 
FinalExam class, the method is inherited from the GradedActivity class. The program in 
Code lasting 10-4 demonstrates the FinalExan class. Figure 10-7 shows an example of 
interaction with the program. 
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Code List ing 10-4 (Fina lExamDemo. J a v a ) 

import j avax.swing.JOptionPane; 

/ * * 

This program demonstrates the FinalExam c l a s s , 
which extends the GradedActivity c l a s s . 

* / 

public c lass FinalExamDemo 

{ 

public s t a t i c void main(String[) args) 

{ 
String input; / / To hold input 
int questions; / / Number of questions 
int missed; / / Number ot questions missed 

/ / Get the number of questions on the exam, 
input • JOptionPane.showInputDialog("How many " + 

"questions are on the f inal exam?**); 
questions • In teger .parse ln t ( input ) ; 

/ / Get the number of questions the student missed, 
input - JOptionPane.showInputDialog(*Row many * + 

"questions did the student miss?**); 
missed - In teger .parse ln t ( input ) ; 

/ / Create a FinalExam object . 
FinalExam exam - new FinalExamjquestions, missed); 

/ / Display the t e s t r e s u l t s . 
JOptionPane.showMessageDialogfnull, 

"Each question counts • + exam.getPointsEach() + 
" points.VnThe exam score is " * 
exam.getScoref) + "\nThe exam grade is " • 
exam.getGradeO); 

System.exit(O); 

} 

file:///nThe
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Figure 10 -7 Interaction w i t h the F i n a l E x a n D e n o . Java p rog ram 
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In line 27 the fo l lowing statement creates an instance of the r inaiExam class and assigns us 

address to the exam variable: 

FinalExsm exam - new PinalExamfquest ions, missed) ; 

When a FinalExam object is created in memory, it not onl> has the members declared in the 

FinalExam class, but also the non-private members declared in the GradedAct iv i t y class. 

Notice in lines 10 through 1-1, shown here, that two public methods of the GradedAct iv i ty 

class, gatScore and gatGrade, are directly called f rom the exam object: 

JOptionPane.ahowHessageDialog(null , 

"Each quest ion counts • + exam.getPointsEach() + 

" po in ts . \nThe exam score i s " * 

exam.getScorcu + "\nThc exam grade i s " + 

exam.getGrade()) ; 

When a subclass extends a superclass, the public members of the superclass become public 

members of the subclass. In this program the getScore and getGrade methods can be called 

from the exam object because they are public members of the object's superclass. 

As mentioned before, the private members of the superclass (in this case, the score field) 

cannot be accessed by the subclass. When the exan object is created in memory; a score 

field exists, but only the methods defined in the superclass, GradedAct iv i t y , can access it. 

It is t ru ly pr ivate t o the superclass. Because the FinalExam constructor cannot direct ly 

access tfac M t t f * held, it must call the superclass's set Score method (which is public) K) 

store a value in it. 

Inheritance in UML Diagrams 
You show inheritance in a U M L diagram by connecting t w o classes wi th a line that has an 
open arrowhead at one end. The arrowhead points to the superclass. Figure 10-8 is a U M L 
diagram showing the relationship between the GradedAct iv i t y and FinalExam classes. 

file:///nThe
file:///nThc
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F i g u r e 1 0 - 8 UML diagram showing inheritance 

GradedAclrvity 

- score doub e 

5otScofB(s double) VOKl 
gelScoret) doobe 
gatGratfaO c t w 

FinalExam 

numOuesloo* ml 
potntaEach: double 

• num Missed int 

• FmalExam< Questions mt, 
missed mi) 

• oelPomisEacno double 
• gelNumMhaaadO irrt 

The Superclass's Constructor 
You might he wonder ing how die constructor* work together when one class inherits f rom 
.mother. In an inheritance relationship, the superclass constructor always executes I n 

the subclass constructor. As was mentioned earlier, the CradedAct iv i ty class has only one 

constructor, which is the default constructor that Java automatically generated lo r it. When 

a FinalExam object is created, the GradedAct iv i t y class's default constructor is executed just 

before the FinalExam constructor is executed. 

Code l i s t i ng 10-5 shows a class, SupcrClassl , that has a no-arg const i tutor . The construc­

tor simply displays the message "Th is is the superclass constructor." Code l i s t i n g 10-6 

shows s u b c l a s s l , wh ich extends SupcrC lass l . This class also has a no-arg constructor, 

which displays the message "This is the subclass constructor." 

C o d e L i s t i n g 10-5 ( S u p e r C l a a a l . J a v a ) 

pub l i c c lass Superc lass! 

< 

/ t * 

Constructor 
* / 

pub l i c SuperClaaal(J 

< 
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9 

10 

> 

12 ) 

System.out.println("This i s the " • 
"superclass constructor."); 

Code Listing 10 6 ( S u b C l a s s l . Java) 

public class SubClassl extends SuperClsssl 

i 

1 

/ • • 

i 
5 
i) 

7 
e 
9 

10 
n 
12 ] 

constructor 
• / 

public SubClMflM) 

< 

System.out.println("This i s the • * 
"subclass constructor."); 

> 

\ 

The program in ( o d e I isiing 10-7 create*, a SubClassl obictt. As you tan sec from the pro­
gram output, the superclass constructor executes lirst. followed In the subclass constructor. 

Code Listing 10-7 ( C o n s t r u c t o r D a n o l . Java) 

1 / • • 
This program demonstrates the order in which 
superclass and subclass constructors are called, 

4 • / 
5 
'1 public class ConstructorDemol 

public s tat ic void main(String[] args) 
9 < 

SubClassl obj - new SubClassM); 
n > 
12 > 

Program Output 

This i s the superclass constructor. 
This i s the subclass constructor. 
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If a superclass has cither (a) a default constructor or (b) a no-arg constructor that was writ­
ten into the class, then that constructor will be automatically called just before a subclass 
constructor executes. In a moment we will discuss other situations that can arise involving 
superclass constructors. 

Inheritance Does Not Work in Reverse 
In an inheritance relationship, the subclass inherits members from the superclass, not the 
other way around. This means it is not possible for a superclass to call a subclasses method. 
For example, if we create a GradedActivity object, it cannot call the getPointaEach or the 
getNumMissed methods because they are members of the rinalExam class. 

Checkpoint 

MyProirAmmijiiLab" WWWMtyprogrjmmmgUbxiMm 

10.1 i lere is the first line of a class declaration. What is the name of the superclass? 
What is the name of the subclass? 

public c lass Truck extends Vehicle 

10.2 Took at the following class declarations and answer the questions thai It)How 

them: 

public class Shape 

< 

private double ^ZCM; 

public void aetArea(double a) 

area - a; 

) 

public double getArea() 

( 

return area; 

> 

> 

public c lass Circle extends Shape 

private double radius; 
public void setRadiusfdouble r) 

< 

radius - r ; 
setAreafHath.PI • r * r ) ; 

public double getRadiusf) 

< 

return radius; 

> 

I 
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10.* 

a) Which class is the superclass? Which class is the subclass? 
b) Draw a UML diagram showing the relationship between these two classes. 
c) When a Circle object is created, what are its public members? 
d) What members of the shape class are not accessible ro the c i r c l e class's 

methods? 
c) Assume a program has the following declarations: 

Shape e • new shape n ; 
Circle c • new Ci rc l e t ) ; 

Indicate whether the following statements arc legal or illegal: 

c.setRadius(LO.O); 
a.actRadius(lO.O); 
byatern.out.print In(c .getArea()) ; 
Systern.out*printIn(a,getArea()); 

(Mass II extends class A* (Class A is the superclass and class B is the subclass.) 
Describe the order in which the class's constructors execute when a class B object 
is created. 

10.2 Calling the Superclass Constructor 

CONCEPT: The super key word refers to an object's superclass. You can use the super 
key word to call a superclass constructor. 

In the previous section you saw examples illustrating how a superclass's default constructor 
or no-arg constructor is automatically called just before the subclass\ constructor executes. 
But what if the superclass does not have a default constructor or a no-arg construct*)!? Or, 
what it the superclass has multiple overloaded constructors and you want to make sure a 
Specific one is called? In cither of these situations, \ou use the super key word to call a 
superclass constructor explicitly. The super key word refers to an object's superclass and 
cm be used to access members or the superclass, 

Code Listing I OS shows a class* Superclass?, which has a no-arg constructor and a con­
structor that accepts an int argument. Code Listing 10*9 shows SubClass2, which extends 
SuperClaes2. This class's constructor uses the super key word to call the superclass's con­
structor and pass an argument to it. 

Code Listing 10-8 < S u p e r C l a s s 2 , J a v a ) 

public c lass Superclass? 

/ « 

Constructor 11 

• / 

public SuperClass2() 

{ 
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9 
10 

11 
12 
13 
14 
15 
16 
17 

IB 
19 
20 
21 
22 
23 : 

System.out.println("This i s the superclass • • 
"no-arg c o n s t r u c t o r . ' ) ; 

> 

/ * * 

Constructor 12 
* / 

public SuperClass2(int arg) 

< 

System.out.println("The following argument - » 
"was passed to the superclass " • 
"constructor: " • a rg ) ; 

i 

\ 

Code Listing 10-9 <SubClass2 . Java ) 

I 
2 

3 
4 
5 
6 
7 

8 
9 

10 
11 

1 2 

1 ! 

public c lass Subclass2 extends SuperClass2 

< 

) 

/ . . 

Constructor 
• / 

public SubClass2() 

< 

super(lO); 
System.out.println("This i s the " • 

"subclass cons t ruc tor . " ) ; 

> 

The statement in line 9 of the Subclass2 constructor calls the superclass constructor and 
passes the argument 10 to it. \ lerc are three guidelines you should remember about calling 
a superclass constructor: 

• The super statement that calls the superclass constructor may be written only in the 
subclass's constructor. You cannot call the superclass constructor from any other 
method. 

• The super statement that calls the superclass constructor must be the first statement in 
the subclass's constructor. This is because the superclass's constructor must execute 
before the code in the subclass's constructor executes. 

• If a subclass constructor does not explicitly call a superclass constructor, Java wi l l 
automatically call the superclass's default constructor, or no-arg constructor, just 
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before the code in the subclass *s constructor executes. This is equivalent to placing the 
following statement at the beginning of a subclass constructor: 

s u p e r ( ) ; 

The program in Code listing 10-10 demonstrates these classes. 

Code Listing 10-10 <Cons t ruc to rDemo2 . j o v o ) 

/ • • 

This program demonstrates how a superclass 
constructor is cal led with the super key word-

• / 

public c lass Con st rue tor Demo 2 

public s t a t i c void main(StringI ] args) 

9 i 
SubClass2 obj • new SubClass2(); 

1 1 > 
12 > 

Program Output 

The following argument was passed to the superclass constructors 10 
This i s the subclass constructor . 

Let'ft look at .1 more meaningful example. Recall the Rectangle class from Chapter 6. Figure 
10-9 shows a UMl. diagram feir the clau. 

Figure 10-9 UML diagram lor the Rectangle class 

i double 
w-dth double 

* Rectangl#( t n douMt. w doubts) 
+ setLerflth(lar doub+1! void 
+ selWNJth<w doubt) void 
* g«tleng(hQ clout* ? 
+ getVWdth() doubt* 
* gotArcaO double 

Mere is part of the class's code: 

public c lass Rectangle 

I 
private double length; 
pr ivate double width; 
/ * * 
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Constructor 
flparam len The length of the rectangle. 
flparam w The width of the rectangle. 

V 

public Rectangle(double len, double v) 

< 

l e n g t h • l e n ; 

width - w; 
> 

(Other methods follow...) 

) 

Next we w i l l design a Cube class, w h u h extends the Rectangle class. The Cube class is 

designed to hold data about cubes, wh ich not only have a length, w id th , and area (the area 

o f the basc», but also a height, surface area, and volume. A U M I diagram showing the 

inheritance relationship between the Rectangle and Cuba classes is shown in Figure 10-10, 

and the code for the Cube class is shown in Code I isting 10-11. 

Figure 1 0 - 1 0 U M I diagram for the R e c t a n g l e and Cube classes 

Rectangle 

lengtti double 
- * W i h double 

• Rectangleflen doube. «* - double) * 
* •etL*ngVi(i*n . doutea) void 
. t*IWidth<w double) rod 
»gefcengtho. doub-e 
. geiWKittiO doubt* 
• oetArMO doubto 

T 
Cube 

- height: double 

* Cube(len : double, w : double. 
h double) 

• getHetgMO : doubt* 
* geiSurfaccAreaU: doube 
• getvbiumeO : • 

Code List ing 10-11 (Cube. Java) 

l /** 
This c lass holds data about a cube. 

3 */ 
4 

5 public c lass Cube extends Rectangle 

6 { 
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private double height; / / The cube 's height 

9 
10 
11 
12 
I i 
14 
15 
L6 
17 

18 
LS 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
10 
II 
32 
33 
H 
IS 
16 
17 
38 
39 
80 
41 
42 
43 
44 
45 
88 
87 
48 
49 
50 
51 
52 
53 

54 

/ • 

The constructor se t s the cube 's length, 
width, and height. 
Iparam len The cube 's length. 
Iparam w The cube 's width. 
iparam h The cube 's height. 

7 

public Cube(double len, double w, double h) 

< 

/ / Call the superclass constructor . 
super(len, v) j 

/ / Set the height. 
height - h; 

n 

The getHeight method returns the cube' 
8return The value in the height Held. 

public double getHeight)) 

height 

I 
return height; 

/ • • 

The getSurfaceArea method ca lcu la tes and 
returns the cube 's surface area. 
^return The surface area of the cube. 

• / 

public double getSurfaceArea() 

return getArea() • 6; 

• • 

The getVolume method ca lcu la tes and 
returns the cube 's volume. 
9return The volume of the cube. 

' / 

public double getVolumef) 

< 



10.2 Calling the Superclass Constructor 637 

55 
56 

1 

return getArea() * height; 

The Cube constructor accepts arguments for the parameters ien, w, and h. The values that 
arc passed to Ien and w are subsequently passed as arguments to the Rectangle constructor 
in line 20: 

superflen, w); 

When the Rectangli COfUtTUCtOf Rnithcs, the remaining todc in the Cube tonsil uclor is 
executed. The program in Code Listing 10-12 demonstrates the class. 

Code Listing 1 0 1 2 (CubeDemo. Java) 

import Java.uti l .Scanner; 

/ * • 

This program demonstrates passing arguments to 
superclass constructor. 

* / 

public c lass CubeDemo 

I 
public s t a t i c void 

{ 
double length; 
double width; 
double height; 

i in(String[] args) 

/ / The cube 's length 
/ / The cube 's width 
/ / The cube 's height 

/ / Create a Scanner object for keyboard input 
Scanner keyboard • new Scanner(System.in); 

/ / Get cube's length. 
System.out.println("Enter the following " * 

"dimensions of a cube:") ; 
System.out.print("Lengtht " ) ; 
length * keyboard.nextDoublef); 

/ / Get the cube's width. 
System.out.prlnt("Hidth: " ) ; 
width - keyboard.nextDouble(); 

/ / Get the cube's height . 
System.out.print("Height: * ) ; 
height - keyboard.nextDoublef); 
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33 
3* 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 
49 
50 
51 
52 
53 > 
54 > 

/ / Crea te a cube ob j ec t and pass the 
/ / dimensions t o the c o n s t r u c t o r . 
Cube myCube • 

new Cube(length, width, h e i g h t ) ; 

/ / Display the c u b e ' s p r o p e r t i e s . 
Sys tem.ou t .p r in t ln ( "Here a re the cube ' s " * 

" p r o p e r t i e s . " ) ; 
Sys tem.ou t .p r in t ln ( "Leng th : • • 

myCube.getLengthf)); 
Sys tem.out .p r in t ln ("Width : • * 

myCube.getWidth()); 
Sys t em.ou t .p r in t ln ( "He igh t : • • 

myCube.getHeight()) ; 

Sys tem.ou t .p r in t ln ( "Base Area: " * 
myCube.getArea()); 

Sys t em.ou t .p r in t ln ( "Sur face Area: " • 
myCube.getSurfaceArea()); 

System.out .pr in t ln("Volume: " + 

myCube.getVoluaef)); 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n In Bold 

Enter the following dimensions of a cube: 
Length) 
Widthi 
Height: 

10 [Enter] 
IS [Enter) 

12 [Enter] 

Here e re the cube ' s p r o p e r t i e s . 
Length: 
widthi 
Height: 

10.0 
15.0 

12.0 
Base Ares: 150.0 
Surface 
Volume: 

Area: 900.0 
1800.0 

When the Superclass Has No Default 
or No-Arg Constructors 
Kecall from Chapter 6 th.it Java provides a default constructor ior a class only when you 
provide no constructors for the class. This makes it possible to have a class with no default 
constructor. The Rectangle class we just looked at is an example. It has a constructor that 
accepts two arguments. Because wc have provided this constructor, the Rectangle class does 
not have a default constructor. In addition, we have not written a no-arp constructor for 
the class. 

http://th.it
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If a superclass docs not have a default constructor and docs not have a no-arg constructor, 
rhcn a class that inherits from it must call one of the constructors that the superclass docs 
have- If it docs not, an error will result when the subclass is compiled. 

9* 

Summary of Constructor Issues in Inheritance 
Vic have covered a number of important issues that you should remember about construc­
tors in an inheritance relationship. The following list summarizes them: 

• The superclass constructor always executes before the subclass constructor, 
• You can write a super statement that calls a superclass constructor, but only in the 

subclass's constructor. You cannot call the superclass constructor from any other 
method. 

• If a super statement that calls a superclass constructor appears in a subclass construc­
tor, it must be the first statement, 

• II a subclass constructor dt>es not explicitly call a superclass constructor, Java wi l l 
automatically call super) ) just before the code in the subclass** constructor 
executes, 

• If a superclass does not have a default constructor and does not have a no-arg 
constructor, then a class that inherits from tt must call one of the constructor* that the 
superclass docs have. 

Checkpo in t 

MyProfrftrnffflftcLatT WWu\myftrognimmtnfiUb.com 

10/1 look at the following classes: 

public class Ground 

< 

public Ground() 

i 
System.out.printlnfYou are on the ground."); 

> 

> 

public class Sky extends Ground 

< 

public Sky() 

< 

System.out.println("You are in the sky . " ) ; 

> 

I 
What wi l l chc following program display? 

public class Checkpoint 

< 

public s t a t i c void stain (String I ) args) 

< 

Sky object - new Sky(); 

> 

I 

http://ftrognimmtnfiUb.com
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10.5 look at the following classes: 

public c lass Ground 

< 

public Ground!) 

i 
System.out.println("You i r e on the ground."); 

} 
public Ground(String groundcolor) 

< 
System.out.printIn("The ground Ifl • 4 

groundcolor); 

> 

) 

public c lass Sky extends Ground 

I 
public Sky() 

I 
System.out.print In("You are in the sky ." ) ; 

> 

public SkyfString skyColor) 

< 

super)"green"); 
System.out.println( 'Ttie sky i s " + skyColor); 

) 

> 

What will the following program display? 

public c lass Checkpoint 

< 

public s t a t i c void main(String| ) args) 

1 
Sky object - new Sky(-blue ' ) ; 

> 

I 

103 Overriding Superclass Methods 

- * CONCEPT: A subclass may have a method with the same signature as a superclass 
method. In such a case, the subclass method overrides the superclass 
method. 

Sometimes a subclass inherits a method from its superclass, but the method is inadequate 
for the subclass's purpose. Because the subclass is more specialized than the superclass, it is 
sometimes necessary for the subclass to replace inadequate superclass methods with more 
suitable ones. This is known as method overriding. 
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For example, recall the GradedAct iv i t y class that was presented earlier in this chapter. This 
class has a aetscore method that sets a numeric score and a getGmdc method that returns 
I letter grade based on that score. But, suppose a teacher wants to curve a numeric score 
before the letter grade is determined. For example. Or. I larr isen determines that in order to 
curve the grades in her class she must mult ip ly each student's score by a certain percentage. 
This gives an adjusted score that is used to determine the letter grade. To satisfy this need 
wc can design a new class, CurvedAc t i v i t y , which extends the GradedAct iv i t y class and 
has us own specialized version of the aetScore method- The setScore method in the sub­
class overrides the setScore method in the superclass. Figure 10-11 is a U M L diagram 
showing the relationship between the GradedAct iv i ty class and the CurvedAct iv i t y class. 

F i g u r e 1 0 - 1 1 The G r a d e d A c t i v i t y and C u r v e d A c t i v i t y classes 

OradMAcbvtfy 

- tccr* doutt* 

9*Scor*0: to*** 
p a n * * ) chw 

T 
Cu-wdAcrrvity 

r««8cor« dout* 

• CufvwlAcfivMy 
(p«>c*m <todb.) 

• Mt8oor*(i doubt) w*J 
• g*tRawSoer*0 doubt* 

Tabic 10-1 summarizes (he CurvedAc t i v i t y class's fields, an J Tabic 10-2 summarizes the 

class's methods. 

T a b l e 1 0 - 1 C u r v e d A c t i v i t y class fields 

licld 

rawScore 

percentage 

Description 

This field holds the student's unadjusted score. 

This field holds the value that the unadjusted score must be mult ipl ied 

by to get the curved score. 
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Table 10-2 CurvedAct iv i ty class methods 

Medio J 

Constructor 

sc'.Scurc 

getRawScore 

getPercentage 

Description 

I he constructor accepts a double argument that is the curve percentage. 
This value is assigned to the percentage field and the ravScore field is 
assigned 0.0. 

This method accepts a double argument that is the student's unadjusted 
score. The method stores the argument in the rawScore field, and then 
passes the result of rawScoie • percentage as an argument to the super­
class's setScore method. 

This method returns the value in the rawScore field. 

This method returns the value in the percentage field. 

Code Listing 10-1.1 shows the code for the CurvedActivity class, 

Code Listing 10 I 1 ( C u r v e d A c t i v i t y . J a v a ) 

a 
i 

a 
i . 

j 

B 
9 

10 

11 

12 

I i 

H 

L5 

L* 

17 

18 

19 

20 

21 

22 

23 

2i 
25 
26 
27 
28 
29 

/ • • 

This claaa computes a curved grade. I t extends 
the GradedActivity c l a s s . 

public claaa CurvedActivity extenda GradedActivity 

< 

double rawScore; 
double percentage; 

/ / Unadjusted score 
/ / Curve percentage 

/ t t 

The constructor sets the curve percentage, 
Pparam percent The curve percentage. 

public CurvedActivity(double percent) 

i 
percentage - percent; 
rawScore - 0-0; 

/ " 

The setScore method overrides the superclass 
setScore method. This version accepts the 
unadjusted score as an argument- That score i s 
multiplied by the curve percentage and the 
resul t i s sent as an argument t o the superc lass ' s 
setScore method. 
Sparam s The unadjusted score. 
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* / 

public void setScorefdouble s) 

i 
rawScore * a; 
super.setScore)rawScore * percentage); 

i 

/ * * 

The getRawScore method returns the raw score. 
^return The value in the rawScore f i e ld . 

* / 

public double getRawScore() 

i 
return rawScore; 

} 

/ * * 

The getPercentage method returns the curve 
percentage. 
( re turn The value in the percentage f i e ld . 

• / 

public double getPercentagef) 

( 

return percentage; 

> 

Recall from (,'haptcr 6 that .1 method's signature consists of the method's name and the data 
types of the method's parameters, in the order that they appear. Notice that this class's 
setScore method has the same signature as the setScore method in the superclass. In order 
for a subclass method to override a superclass method, it must have the same signature. 
When an object of the subclass invokes the method, it invokes the subclass's version of the 
method, not the superclass's. 

The setScore method in the CurvedActivity class accepts an argument, which is the stu­
dent's unadjusted numeric score. This value is stored in the rawScore field. Then, in line 35, 
the following statement is executed: 

super.setScore(rawScore • percentage); 

As you already know, the super key word refers to the object's superclass. This statement 
calls the superclass's version <»i the M t S o o n method with the result of the cvprc-sion 
rawScore * percentage passed as an argument. This is necessary because the superclass's 
score field is private, and the subclass cannot access it directly. In order to store a value in 
the superclass's score field, the subclass must call the superclass's setScore method. A 
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subclass may call an overridden superclass method by prefixing its name with the super key 
word and a dot (.). The program in (.'ode lasting 10-14 demonstrates this class. 

Code Listing 10-14 ( C u r v e d A c t i v i t y D e n o . J a v a ) 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
13 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

import Java.uti1.Scanner; 

/ " 

This program demonstrates the CurvedActivity c lass , 
which inhe r i t s from the GradedActivity c l a s s . 

V 

public c lass CurvedActivityDemo 
< 

public s t a t i c void main(String() args) 

I 
double score; / / Raw score 
double curvePercent; / / Curve percentage 

/ / Create a Scanner object to read keyboard input, 
Scanner keyboard - new Scanner!Systea.in); 

/ / Get the unadjusted exam score. 
System.out.print("Enter the s tudent ' s • • 

"raw numeric score: " ) ; 

score - keyboard.nextDouble)); 

/ / Get the curve percentage. 
System.out.print("Enter the curve percentage: 
curvePercent • keyboard.nextDoublef); 

/ / Create a CurvedActivity object . 
CurvedActivity curvedExam -

new CurvedActivity(curvePercent); 

/ / Set the exam score. 
curvedExam.setScore(score); 

/ / Display the raw score. 
System.out.println("The raw score i s " • 

curvedExam.getRawScoref) • 
• po in t s . " ) ; 

/ / Display the curved score. 
System.out.println("The curved score i s * • 

curvedExam.getScoref)); 

• ) ; 
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42 
43 
44 
45 
46 
47 ) 

/ / Display the exam grade. 
System.out.println("The exam grade i s " + 

curvedExam.getGradef)); 

Program Output w i th Example Input Shown In Bold 

Enter the s tudent ' s raw numeric score: 87 (Enter) 
Enter the curve percentage: 1.06 [Enter] 
The raw score i s 87.0 points . 
The curved score i s 92*22 
The exam grade i s A 

This program uses the curvedExam variable to reference a CurvedActivity object. In line 32 

the following statement is used to call the setscore method: 

curvedExam.&etScore(score); 

Because curvedExam references a Cu rvedAc t i v i t y object, this statement ca lk the 
CurvedActivity class's setscore method, not the superclass's version, 

Fvcn though a subclass may override a mcthoj in the superclass, superclass objects srill tal l 
the superclass version of the method, l o r example* the following code creates an object of 
the GradedActivity class and calls the setscore method: 

GradedActivity regularExam - new GradedActivity(); 
regularExam.setscore(85); 

Because regularExam references a GradedActivity object, this code calls the GradedActivity 
class's version of the setscore method. 

Overloading versus Overriding 
There is a distinction between overloading a method and overriding a method. Recall from 
Chapter 6 that overloading is when a method has the same name as one or more other 
methods, but a different parameter list. Although overloaded methods ha\e the same name, 
they have different signatures. When a method overrides another method, however, they 
both have the same signature. 

Both overloading and overriding can take place in an inheritance relationship. You already 
know that overloaded methods can appear within the same class. In addition, a method in 
a subclass can overload a method in the superclass. If class A is the superclass and class B is 
the subclass, a method in class B may overload a method in class A, or another method in 
class B. Overriding, on the other hand, can only take place in an inheritance relationship. If 
class A is the superclass and class B is the subclass, a method in class B may override a 
method in class A. However, a method cannot override another method in the same class. 
The following list summarizes the distinction between overloading and overriding: 
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• If two methods have the same name but different signatures, they arc overloaded. This 
is true where the methods arc in the same class or where one method is in the super­
class and the other method is in the subclass. 

• If a method in a subclass has the same signature as a method in the superclass, the 
subclass method overrides the superclass method. 

The distinction between overloading and overriding is important because it can affect the 
accessibility of superclass methods in a subclass. When a subclass overloads a superclass 
method, both methods may be called with a subclass object. However, when a subclass 
overrides a superclass method, only the subclass's version of the method can be called with 
a subclass object. For example, look at the Superclass3 class in Code l ist ing 10-15. It has 
two overloaded methods named showValue. One of the methods accepts an i n t argument 
and the other accepts a Str ing argument. 

Code Listing 10 15 <Sup«rC las»3 . Java) 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
ie 
19 
20 
21 
22 
23 
24 

public c lass SuperClass3 

< 

This method displays an i n t . 
Sparam arq An in t . 

• / 

public void showValu«(int arq) 

< 

System.out.println("SUPERCLASS! • * 
"The int argument was " • arg) ; 

> 

/ • • 

This method displays a Str ing. 
9param arg A Str ing. 

• / 

public void showValuefString arg) 

{ 

System.out.printlnf"SUPERCLASS: * • 
"The String argument was • • a rg ) ; 

> 

> 

Now look at the SubCla«s3 class in Ciodc Listing 10-16. It inherits from the SuperCla«3 
i. lass, 
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Code List ing 10-16 ( S u b C l a s s 3 . J a v a ) 

l public c lass Subclass) extends Superclass) 

{ 
/** 

This method overrides one of the 
superclass methods. 

6 ?param arg An i n t . 
7 */ 

9 
10 
II 
L2 
1 ) 

i - i 

LS 
16 
17 
LI 
L9 
20 
21 
22 
23 
24 
25 
26 ) 

public void showValuefint arg) 

< 

System.out.println("SUBCLASS: ' • 
"The int arguaent was " • arg) ; 

) 

/ * * 

This method overloads the superclass 
methods* 
flparam arg A double. 

• / 

public void showValue(double arg) 

< 

System.out.println("SUBCLASS! • • 
"The double arguaent was • • arg) ; 

) 

Notice that SubClass3 also has two methods named showValue. The first one, in lines 9 
through 13, accepts an int argument. This method overrides one of the superclass methods 
because they have (he same signature. The second showValue method, in lines 21 through 
25, accepts a double argument. This method overloads the other showValue methods because 
none of the others have the same signature. Although there is a total of four showValue 
methods in these classes, only three of them may be called from a SubClass3 object. This is 
demonstrated in Code Listing 10-17. 

Code List ing 10-17 (ShowValueDemo. J a v a ) 

/ " 

This program demonstrates the methods in the 
SuperClass3 and SubClass3 c l a s ses . 

* / 

public c lass ShowValueDemo 

< 
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pu 

9 { 
10 
11 
12 
13 
14 
15 
16 > 

17 > 

P r o g r a m 

SUBCLASS: 
SUBCLASS: 

b l i c s t a t i c void main(String[] args) 

/ / Create a SubClass3 object . 
Subclass] myObject - new SubClass3(); 

myObject.showValue(lO); 

myObject.showValue(1.2); 
myObject.showValue(-Hello'); 

i O u t p u t 

The int argument was 10 
The double argument was 1.2 

SUPERCLASS: The String argument was Hello 

/ / Pass an i n t . 
/ / Pass a double. 
/ / Pass a S t r ing . 

When ;in i n t argument is passed to shoWalue, the subclass\ method is tailed because it 
overrides the superclass method. In order to call the overridden superclass method, we 
would have to use the super key word in the subclass method. I Icrc is an example: 

publ ic void showValue(int arg) 

{ 
super.showValue(arg); / / Cal l the superclass method. 
System.out.println(HSUBCLASS: The i n t argument was • • 

I 

* 

Preventing a Method from Being Overridden 
When a method is declared with the f i n a l modifier, it cannot be overridden in a subclass* 
The following method header is an example that uses the f i n a l modifier: 

publ ic f i n a l void message!) 

If a subclass attempts to override a f i n a l method, the compiler generates an error. This 
technique can be used to make sure that a particular superclass method is used by sub­
classes and not a modified version of it. 

Checkpo in t 

Myp-opî minxLab̂  www.myprogrdmmingtathcom 

10.6 Under what circumstances would a subclass need to override a superclass method? 

10.7 I low can a subclass method call an overridden superclass method? 

10.8 If a method in a subclass has the same signature as a method in the superclass, docs 
the subclass method overload or override the superclass method? 

10.9 If a method in a subclass has the same name as a method in the superclass, but 
uses a different parameter list, docs the subclass method overload or override the 
superclass method? 

10.10 I low do you prevent a method from being overridden? 

http://www.myprogrdmmingtathcom
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io.4 Protected Members 

i. CONCEPT: Protected members of a class may be accessed by methods in a subclass, 
and by methods In the same package as the class. 

Until now you have used two access specifications within a class: pr ivate and public. Java 
provides a third access specification, protected. A protected member of a class may he 
directly accessed by methods of the same class or methods of a subclass. In addition, pro­
tected members may be accessed by methods of any class that arc in the same package as 
the protected member's class. A protected member is not quite private, because it may be 
anessed \'\ some methods outside the class. Protected members arc not quite publu cithei 
because access to them is restricted to methods in the same class, subclasses, and classes in 
the same package as the member's class. A protected member's access is somewhere between 
private and public. 

I ct's look at a class with a protected member. Okie I isting 10-18 shows the GradcdActivity2 
class, which is a modification of the GradedActivity class presented earlier. In this class, the 
•core field has been made protected instead of private. 

Code List ing 10-18 < 0 r a d a d A c t i v i t y 2 . J a v a ) 

l / « 
A e l m that holds a grade for a graded ac t iv i ty , 

I • / 
•i 

public claaa GradcdActivity2 

« < 

protected double score; / / Numeric score 

9 
10 
II 
ia 
13 
;•; 

15 
16 
17 
18 
19 
20 
- 1 

22 
2 I 
24 
25 
26 

/ * * 

The actScorc method aeta the acore f i e ld . 
Gparam a The value to atore in score. 

* / 

public void setScore(double a) 

< 

score • s; 

) 

/ . . 

The getScorc method returns the score, 
^return The value stored in the score f ie ld . 

* / 

public double getScorefJ 

I 
return score; 
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27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 > 

1 

/ • 

• / 

1 

The gctGradc method returns a l e t t e r grade 
dctcr rLr ied l i o n t h e SCOTS t . r i d . 

^return The l e t t e r grade. 

public char getGrade() 

< 

) 

char let terGrade; 

i t ( icore >- 90) 
letterGrade • 'A' ; 

e l se i t (score >- 80) 
letterGrade • ' B ' ; 

e l se i t (score >- 70) 
letterGrade - 'C ' j 

e l se if (score >- 60) 
letterGrade - 'D ' ; 

e l se 
letterGrade - ' F ' ; 

return letterGrade} 

Because in line 7 the score field is declared as protected, any class (hat inherits from 
this class has direct access to it. The FinalExa»2 class, shown in Code Listing 10-19, is 
an example. This class is a modification of the FinalExan class, which was presented ear­
lier. This class has a new method, adjustScore, which directly accesses the superclass's 
score field, II the contents of score have a fractional part of .5 or greater, the method 
rounds up score to the next whole number. The adJustScore method is called from the 
constructor. 

Code L is t ing 10-19 <F ina lBxam2. Java ) 

/ • • 

i 

This c lass determines the grade for a f inal exact. 
The numeric score i s rounded up t o the next whole 
number if i t s f ract ional part i s .5 or greater . 

public c l a s s FinalEx4Ui2 extends GradedActivity2 

private int numQuestions; / / Number of questions 
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pr ivate double pointsEach; / / Points for each question 
private int numMissed; / / Number of questions missed 

/ . . 

The constructor se t s the number of questions on the 
exam and the number of questions missed. 
0param questions The number of quest ions. 
0param missed The number of questions missed. 

* / 

public FinalExam2|int questions, i n t missed) 

double numericScore; / / To hold a numeric score 

/ / Set the numQuestions and numMissed f i e ld s . 
numQuestions * questions; 
numMissed • missed; 

/ / Calculate the points tor each question and 
/ / the numeric score for th i s exam* 
pointsEach - 100.0 / questions; 
numericScore - 100.0 - (missed * pointsEach); 

/ / Call the Inherited setScore method to 
/ / se t the numeric score. 
setScore(numericScore); 

/ / Adjust the score. 
adjustScore{); 

/ * * 

The getPointsEach method returns the number of 
points each question i s worth. 
^return The value in the pointsEach f i e ld . 

V 

public double getPointsEachf) 

i 
return pointsEach; 

/ * * 

The getNumMissed method returns the number of 
questions missed. 
{return The value in the numMissed f i e ld . 

* / 
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58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 > 

public int getNumMissed() 

< 

> 

return numMissed; 

/ • • 

* / 

The adjuitScore method adjusts a numeric score. 
If score i s within 0.5 points of the next whole 
number, i t rounds the score up. 

pr ivate void ad]ustScore() 

< 

) 

double fraction; 

/ / Get the fractional part of the score. 
fraction - score - ( i n t ) score; 

/ / If the fractional part i s .5 or greater . 
/ / round the score up to the next whole nuaber. 
if (fraction >- 0.5) 

score • score • (1.0 - f ract ion) ; 

The program in Code Listing 10-20 demonstrates the class, l-'igurc 10-12 shows an example 
of interaction with the program. 

Code Listing 10-20 (Pro tec tedDemo . j a va) 

1 

J 

I 
K 
•J 

6 
7 
8 

9 
10 
11 
12 
13 
14 
15 

import Javax.swing.JOptionPane; 

/ • • 

This program demonstrates the FinalExea2 c lass , 
which extends the GradedActivity2 c l a s s . 

7 

public c lass ProtectedDcmo 
< 

public s t a t i c void main(String!| args) 

i 
String input; / / To hold input 
int questions; / / Number of questions 
int missed; / / Number of questions mssed 
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/ / Get the number of questions on the exam, 
input - JOptionPane.showInputDialogfHow many " + 

-questions are on the f inal exam?"); 
questions • In teger .parse ln t ( input ) ; 

/ / Get the number of questions the student missed, 
input • JOptionPane.showInputDialogl"How many • + 

"questions did the student miss?**); 
missed - In teger .parse ln t ( input ) ; 

/ / Create a FinalExam object . 
FinaiCxam2 exam - new FinalExam2{questions, missed); 

/ / Display the t e s t r e s u l t s . 
JOptionPane.showMeesageDialog(mill, 

"Each question counts • * exam.getPointsEach() + 
11 points.\nThe exam score i s • + 
exam.getScore() * "\nThe exam grade i s " + 
exam.getGradef)); 

System.exit(O); 

i 

In the example running o( the program in h^ure 10*12, the student missed 5 out of 40 
question*. The unadjusted numeric score would be 87.5, but the adjustscore method 
rounded up the score Held to 88. 

F igure 10-12 Interaction with the P r o t e c t e d D e m o . J a v a program 
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Protected class members may be denoted in a UMI- diagram with the I symbol. Figure 
10-1 J shows a U M I . diagram for the GradcdActivity2 class, with the score field denoted 
as protected. 

Figure 10-13 UML diagram for t h e G r a d e d A c t i v i t y 2 class 

Graded Acttvty2 

*»CGft doube 

• sotScorefs double) : vo«d 
> gotScoroO double 
* gatGradftO char 

Although making a class member protected instead of private might make some tasks easier, 
you should avoid this practice when possible because any class that inherits from the class, 
or is in the same package, has unrestricted access to the protected member. It is always bet­
ter to make all fields private and then provide public methods for accessing those fields, 

Package Access 
If you do not provide an access specifier for a class member, the class member is given pack­
age access by default. This means that any method in the same package may access the 
member I lere is an example: 

public class Circle 

I 
double radius; 
int centerX, centerY; 

(Method definitions follow.. J 

i 

In this class, the radius, centerX, and centerV fields were not given an access specifier, so 
the compiler grants them package access. Any method in the same package as the Circ le 
class may directly access these members. 

There is a subtle difference between protected access and package access. Protected mem­
bers may be accessed by methods in the same package or in a subclass. This is true even if 
the subclass is in a different package. Members with package access, however, cannot be 
accessed by subclasses that are in a different package. 

It is more likely that you wi l l give package access to class members by accident than by 
design, because it is easy to forget the access specifier. Although there are circumstances 
under which package access tan be helpful, you should normally avoid it. Be careful always 
to specify an access specifier for class members. 
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Tables 10-3 and 10-4 summarize how each of the access specifiers affects a class member's 
accessibility within and outside of the class's package. 

Table 10-3 Accessibility from within the class's package 

Access Specifier 
Vcccssihlc to .i subclass inside Accessible to all other classes in the 

the same package? same package? 

default (no modifier) 

public 

protected 

private 

Yes 

Yes 

Yes 

N<» 

Yes 

Yes 

Yes 

No 

Table 10 4 Accessibility from outside the class's packaqe 

Access Specifier 

default (no modifier) 

public 

protected 

private 

Accessible [o a subclass outside 
tlu same package? 

No 

Yes 

Yes 

No 

Accessible to all other classes outside 
(he same package? 

No 

Yes 

No 

No 

Checkpoint 

10.1 I When a class member is declare J as protected, what code may access it? 

10.12 What is the difference between private members and protected members? 

10.1J Why should you avoid making class members protected when possible? 

10.14 What is the difference between private access and package access? 

10.15 Why is it easy to give package access to a class member by accident? 

10.5 Chains of Inheritance 

CONCEPT: A superclass can also inherit from another cl 

Sometimes it is desirable to establish a chain of inheritance in which one class inherits from 
• second class, which in turn inherits from a third class, as illustrated by Figure 10-14. In 
some cases, this chaining of classes goes on for many layers. 

In Figure IO- l4 , c la»C inherits classB's members, including the ones that ClassB inherited 
from ClastA. Let's look at an example of such a chain of inheritance. Consider the 
P a s i F a i l A c t i v i t y class, shown in Code lasting 10-21, which inherits from the 
GradedActivity class. The class is intended to determine a letter grade of i v for passing, or 
*P for failing. 
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Figure 10-14 A chain of inheritance 

CiuA 

1 
CauB 

CUttC 

Code List ing 10 21 ( P a s s F a i l A c t i v i t y . ] a v a ) 

1 
2 
i 

6 
7 
B 
9 

10 

11 
12 

.1 

14 

15 

L6 

18 

LS 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

/ • • 

Thia c l a s s holds a numeric score and determines 
whether the score i s passing or f a i l i n g . 

• / 

public c l a s s PassFailActivity extends GradedActivity 

< 

private double minPassingScore; / / Miniaun passing score 

/ • • 

The constructor s e t s the minimum passing score. 
Pparam mps The minimum passing score. 

• / 

public PassFailActivity(double mps) 

I 
minPassingScore • mps; 

' • • 

The getGrade method returns a l e t t e r grade 
determined from the score f i e l d . This 
method overrides the auperclaaa aethod. 
9return The l e t t e r grade. 

public char getGrade() 

I 
char letterGrade; 
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30 
31 
32 
33 
34 
35 
36 
37 

38 } 

if ( super .go tScore( ) >-
l e t t e rGrade - ' P ' ; 

e l s e 
l e t t e rGrade - ' P ' ; 

r e t u r n l e t t e r G r a d e ; 

} 

minPassingScore) 

Hie PassFai lAc t iv i ty constructor, in lines 15 through 18, accepts a double Argument, 
which is the minimum passing grade for the activity. This value is stored in the 
minPassingScore field. The getGrade method, in lines 27 through 37, overrides the super­
class method of the same name. This method returns a grade of 'P ' if the numeric score is 
greater-than or equal-to minPasaingScore. Otherwise, the method returns a grade of ' F ' . 

Suppose we wish to extend this class with another more specialized class. For example, the 
PassFailExam class, shown in Code l is t ing 10-22, determines a passing or failing grade for 
an exam. It has fields for the number of questions on the exam (numQueationsI, the number 
of points each question is worth IpointaEach), and the number of questions missed by the 
student (numMissed). 

Code Listing 10-22 (PassFai lExam. Java) 

1 /** 
This claaa deterainea a paaaing or fa i l ing grade for 
an exam. 

•i 

7 

8 

9 
10 
11 
12 
1 i 
1-1 
15 
16 
17 
18 
19 
20 
21 
22 

* / 

public c lass PassFailExam extends PassFailActivity 

( 

private int numQuestions; 
pr ivate double pointaEach; 
private int numMissed; 

/ / Number of questions 
/ / Points for each question 
/ / Number of questions missed 

/ • • 

The constructor seta the number of question*, the 
number of questions missed, and the minimum passing 
score. 

Gparam questions The number of quest ions. 
Gparam missed The number of questions missed. 
flparam minPassinq The minimum passing score. 

* / 

pubiic FassFaiiExam(int questions, int missed, 
double minFassing) 
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23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

' > 

< 

1 

/ / Call the superclass constructor . 
supcr(minPassing); 

/ / Declare a local variable for the score. 
double numericScore; 

/ / Set the numQuestions and numHissed f ie lds . 
numQuestions - questions; 
numHissed - missed; 

/ / Calculate the points for each question and 
/ / the numeric score for t h i s exam 
pointsGach • 100.0 / questions; 
numericScore - 100.0 - (missed • pointsEach); 

/ / Call the superc lass ' s setScore method t o 
/ / se t the numeric score. 
setScore(numericScore); 

/ • • 

« / 

The getPointsEach method returns the number of 
points each question i s worth. 
( re turn The value in the pointsEach f ie ld . 

public double gotPoint»E«ch() 

< 

> 

/ ' 

' / 

return pointsEach; 

'# 

The getNumHissed method returns the number of 
questions missed. 
freturn The value in the numHissed f ie ld . 

public i n t getNumHissed() 

< 

> 

return numHissed; 

The PassFailExam class inherits the PassFaiiActivity class's members, including the ones 
that PassFaiiActivity inherited from GradedActivity.The program in Code Listing 10-23 
demonstrates the class. 
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Code Listing 10-23 (PaasFa i lExamDcmo. J a v a ) 

import Javaiutil iScanner; 

/ * * 

This program demonstrates the PassFailExam c la s s . 
* / 

public c lass PaasFailExamDcmo 

< 

public s t a t i c void main(String[1 args) 

t 
int questions; / / Number of questions 
int missed; / / Number of questions missed 
double minPassing; / / Minimum passing score 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(System,in); 

/ / Get the number of questions on the exam. 
System.out.print)"How many questions are • * 

"on the exam? • ) ; 
questions • keyboard.nextlntfJ; 

/ / Get the number of questions missed. 
System.out.print)"How many questions did s • 

"the student miss? " ) ; 
missed - keyboard.nextlnt(); 

/ / Get the minimum passing score . 
System.out.print("What i s the minimum " • 

"passing score? m)j 
minPassing - keyboard.nextDoubleU; 

/ / Create a PassPailExam object . 
PassFailExam exam • 

new PassFailExam(questions, missed, minPassing); 

/ / Display the points for each question. 
System.out.println("Each question counts • + 

exam.getFointsEachU + " po in t s . " ) : 

/ / Display the exam score. 
System.out.println("The exam score i s " * 

exam.getScoref)); 

/ / Display the exam grade. 
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46 

47 

System.out.println("The exam grade i s 
exam.getGrade()); 

49 > 

P r o g r a m O u t p u t w i t h E x a m p l e I n p u t S h o w n I n B o l d 

How many quest ions are on the exam? 100 (Enter] 

How many quest ions d i d the student miss? 25 [Enter] 

What i s the minimum passing score? 60 [Enter] 

Each ques t ion counts 1.0 p o i n t s . 

The exam score i s 75,0 

The exam grade i s P 

Figure 10-15 is a U M I . d iagram show ing the inher i tance re la t ionship among the 
GradedAct iv i ty , P a s s F a i l A c t i v i t y , a n d PassPailExaa classes. 

Figure 1 0 - 1 5 The G r a d e d A c t i v i t y , P a s s F a i l A c t i v i t y , and P a s s F a i l E x a m classes 

QradedAciMty 

- score double 

• iMScor«{i double): void 
• getScorel) double 
I geiQrjKtaO chai 

PiiSFaiiActrvity 

- mmPaasmgScore double 

• PwtFa4Aclivfty<mp9: double) 
• gttGmtoO: char 

s 

PauFai Exam 

numOuMtions: >m 
pomtsEach douCW 
nurrMissed ; rt 

PassFai Exa*r( questions ml. 
missed int. 
mtnPassing : double) 

getPoml&EachO! doube 
getNumMissedO w\t 



10.6 The Object Class 661 

Class Hierarchies 
Classes often are depicted graphically in a class hierarchy. Like a family tree, a class hierar­
chy shows the inheritance relationships between classes. Figure 10-16 shows a class hierar­
chy for the GradedActivity, FinalExao, P t i i F t i l A c t i v i t y , and PassFailExam classes. The 
more general classes arc toward the top of the tree and the more specialized classes arc 
toward the bottom. 

Figure 10-16 Class hierarchy 

GradedAtt vity 

FmmExtm 

I i 
PailTaJACtivrty 

I 
Pauf at Evam 

10.6 The O b j e c t Class 

CONCEPT: The Java AIM has a class named Object, which all other classes directly or 
indirectly inherit from. 

F.very class in Java, including the ones in the API and the classes that you create, directly or 
indirectly inherits from a class named Object, which is part of the java. lang package. 
1 lerc's how it happens: When a class does not use the extendi key word to inherit from 
another class, Java automatically extends it from the Object class. For example, look at the 
following class declaration: 

public claaa HyClaaa 

< 

/Member DfdbmfNMf . . . ) 

) 

This class does not explicitly extend any other class, so Java treats it as though it were writ­
ten as follows: 

public claaa HyClaaa extenda Object 

< 

I Member Declarations •..) 

) 

Ultimately, every class extends the Object class. Figure 10-17 shows how the PaaaFailExam 
class inherits from Object. 
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Figure 10-17 The line of inheritance from Objec t to PassFai lExam 
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Because every class directly or indirectly extends the Object class, every class inherits the 
Object class's members. Two of the most useful arc the toString and equals methods. In 
Chapter 8 you learned that every class has a toString and an equal* method, and now you 
know why! It is because those methods arc inherited from the Object class. 

In the Object class, the tost ring method returns a reference to a String containing the 
object s class name, followed by the 9 sign, followed by the object's hash code, which is a 
hexadecimal number. The equals method accepts a reference to an ohiect as us argument. It 
returns true if the argument references the calling object. This is demonstrated in Code 
Listing 10-24. 

Code Listing 10-24 (ObjectMethod*.Java) 

l / » 
This program demonstrates the toString end equeli 
methods that are inherited from the Object class, 

i */ 
5 

6 public class ObjectHethods 

< 

public s ta t ic void main(String[] args) 
9 < 

10 / / Create two objects. 
11 PassFailExam examl -



10.7 Polymorphism 669 

12 

I) 
U 
15 
16 
17 
18 
19 
20 

new PassFailExamfO, 0, 0) ; 
PassFailExam exam2 -

new PassFailExamfO, 0, 0) ; 

/ / Send the objects to p r i n t l n , which 
/ / wil l c a l l the toString method. 
System.out.printIn(examl); 
System.out.printIn(exao2); 

21 
22 
23 
24 

25 
26 
27 ) 

/ / Teat the equals method. 
if (cxaml.equals(exam2)) 

System.out.println("They are the sane."); 
else 

System.out.println("They are not the same."); 

> 

P r o g r a m O u t p u t 

Paul 
Paul 
rhi;> 

FailExam*16f0472 
railExam4l8dl07f 
are not the sane. 

If you wish to change (he behavior of either of these methods for a given class, you must 

override (hern in (he class. 

m Checkpoint 
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10.16 Look at the following class definition: 

public class ClassD extends ClassS 

< 

(Member DeiUrMioiis . . . ) 

) 

Because ClassD inherits from ClassD, is it true that ClassD does not inherit from the 
Object class? Why or why not? 

10.17 When you create a class, it automatically has a toStr ing method and an equals 
method. Why? 

10.7 Polymorphism 

VltVoNot* 

Polymorphism 

CONCEPT; A superclass reference variable can reference objects of a subclass* 

Look a( the following statement that declares a reference variable named exam: 

GradedActivity ex*n; 
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This statement tells us that the exam variables data type is GradedActivity. Therefore, we 
can use the exam variable to reference a GradedActivity object, as shown in the following 
statement: 

exam • new GradedActivity!); 

The GradedActivity class is also used as the superclass for the FinalExam class. Because of 
(he "is-a" relationship between a superclass and a subclass, an object of the FinalExam class 
is not just a FinalExam object. It is also a GradedActivity object. (A final exam is a grade J 
activity.) Because of this relationship, we can use a GradedActivity variable to reference a 
FinalExam object. For example, look at the following statement: 

GradedActivity exam • new FinalExaafSO, 7) ; 

This statement declares exam as a GradedActivity variable. It creates a FinalExam object 
and stores the objecr\ address in the exam variable. This statement is perfectly legal and 
will not cause an error message because a FinalExam object is also a GradedActivity 
object. 

This is an example of polymorphism. The term polymorphism means the ability to take 
many forms. In Java, a reference variable is polymorphic because it can reference objects of 
types different from its own, as long as those types are subclasses of its type. All of the fol­
lowing declarations are legal because the FinalExam, PassFailActivity, and FassFailExam 
dasses inherit from GradedActivity: 

GradedActivity examl - new rinalExam(SO, 7) ; 
GradedActivity exam2 - new Passrai lActivi ty(70); 
GradedActivity cxami - new PassFailExam!100, 10, 70); 

Although a GradedActivity variable can reference objects of any class that extends 
GradedActivity, there is a limit to what the variable can do with those objects. Kccall that 
the GradedActivity class has three methods: se tscore , getScore, and getGrade. So, a 
GradedActivity variable can be used to call only those three methods, regardless of the type 
of object the variable references. For example, look at the following code: 

GradedActivity exam - new PassFailExam!100, 10, 70); 
System.out.println(exam.getScore()); / / Thia works. 

System.out.println(exam.getGrade()>; / / Thia works. 
System.out.println(6xam.getPointsEach())# / / ERROR! Won't work. 

In this code, exam is declared as a GradedActivity variable and is assigned the address of a 
PassFailExam object. The GradedActivity class has only the aetScore, getScore, and 
getGrade methods, so those are the only methods that the exam variable knows how to 
execute. The last statement in this code is a call to the getPointsEach method, which is 
defined in the PassFailExam class. Because the exam variable only knows about methods in 
the GradedActivity class, it cannot execute this method. 

Polymorphism and Dynamic Binding 
When a superclass variable references a subclass object, a potential problem exists. What it 
the subclass has overridden a method in the superclass, and the variable makes a call to that 
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method? Docs the variable call the superclass's version of the method, or the subclass'* ver­
sion? l;or example, look at the following code: 

GradedActivity exan • new PassFailActivity(60); 
exam.setScore(70); 
System.out.printIn(exan.getGrade))); 

Recall that the PassFailActivity class extends the GradedActivity class, and it overrides 
the getGrade method. Vt'hcn the last statement calls the getGradc method, does it call the 
GradedActivity class's version (which returns *A*, *B*, *<;•, 'D' , or •?•) or does it call the 
PassFailActivity class's version (which returns *P* or •?•)? 

Rectll from Chapter 6 that the process of matching a method call with the correct method 
definition is known as binding. Java performs dynamic binding or late binding when a vari­
able contains a polymorphic reference. This means that the Java Virtual Machine deter­
mines at runtime which method to call, depending on the type of object that the variable 
references. So, it is the object's type that determines which method is called, not the vari-
ables type. In this case, the exam variable references a PassFai lAct iv i ty object, so the 
PassFail-Activity class's version of the getGrade method is called. The last statement in this 
code will display a grade of P. 

The program in Code Listing 10-25 demonstrates polymorphic behavior. It declares an 
array of GradedActivity variables, and then assigns the addresses of objects of various 
i\ pes to the elements of the array. 

Code Listing 10-25 ( P o l y m o r p h i c . j « v « ) 

1 /** 
Thii program demonstrates polymorphic behavior, 

3 */ 

public c lass Polymorphic 

9 
10 
11 
u 
L3 

M 

l r > 

16 
17 
18 
19 
20 
21 

public s t a t i c void nain(Str ing!) args) 

< 

II Create an array of GradedActivity references. 
GradedActivity!1 t e s t s - new GradedActivity(3|; 

/ / The f i r s t t e s t i s a regular exam with a 
/ / numeric score of 75. 
testslO] - new GradedActivity!); 
tests!01.setScoref 95); 

/ / The second t e s t i s a pass / fa i l t e s t . The 
/ / student missed 5 out of 20 questions, and 
/ / the minimum passing grade i s 60. 
t e s t s ! 11 - new PassFailExam<20, 5, 60); 
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22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 > 

/ / The third tes t i s the final exan. There were 
/ / 50 questions and the student Hissed 7. 
tests[2] • new FinalExam(50, 7); 

/ / Display the grades. 
for (int - - 0; - < tests . length; i**> 

< 

System.out.printlnf"Test • • ( i • 1) • "i • • 
"score " * t e s t s ( i ) .getScoreO * 
", grade " * tests( i ] .getGrade()); 

> 

> 

Program Output 

Test ll 
Test 2a 
Test 3) 

score 95.0, grade A 
score 75.0, grade P 
score 86.0, grade B 

Ytm can also use parameters to accept arguments to methods polymorphically. For example, 
look at the following method: 

publ ic s t a t i c void displayGrados(GradcdActivity g) 

< 

System.out.printin(**Score " + g.gctScorcu • 
* , grade * * g.getGradci)); 

) 

This method's parameter, g, is a GradedActivi ty variable. But, it can be used to accept 
arguments of any type that inherit from GradedActivity. For example, the following code 
passes objects of the FinalExan, PassFa i iAc t i v i t y , and PaasFailExam classes to the 
method; 

GradcdActivity ex am I - new FinalExa»(50, 7 ) ; 
GradedActivity exam2 - new Passra i lAc t iv i ty (70) ; 
GradedActivity exam3 - new PassFailExamt100, 10, 70); 
displayGradesfexaml); / / Pass a FinalExam object . 
displayGrades(exam2l; / / Pass a PassFai lAct iv i ty object. 
displayGrades(exam31; / / Pass a PaasFailExam object . 

The "Is-a" Relationship Does Not Work in Reverse 
It is important to note that the " is-a" relationship docs not work in reverse. Although ilic 
statement "a final exam is a graded activi ty" is true, the statement "a graded activity is a 
final exam** is not true. This is because not all graded activities are final exams. Likewise, 
not all GradedAct iv i ty objects are F i n a l E x « objects. So, the fol lowing code wi l l not 
work; 
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GradedActivity a c t i v i t y • new GradedActivityO; 
FinalExam exam - a c t i v i t y ; / / ERROR! 

You cannot assign the address of a GradedActivity object to a FinalExam variable. This 
makes sense because FinalExam objects have capabilities that go beyond those of a 
GradedActivity object. Interestingly, the Java compiler will let you make such an assign­
ment if yOM use a type cast, as shown here: 

GradedActivity a c t i v i t y - new GradedActivityO; 
FinalExam exam • (FinalExam) a c t i v i t y ; / / Mill compile but not run. 

But, the program will crash when the assignment statement executes. 

< * 

The in s t anceo f Operator 
There is an operator in Java named instanceof that you can use to determine whether an 
object is an instance of a particular class. Here is the general form of an expression that uses 
the instanceof operator: 

refVnr instanceof CUssNum 

In the general form, refVar is a reference variable and classNamc is the name of a class. 
This is the form of a boolean expression that will return t rue if the object referenced by 
refVar is an instance of ClaasNamc. Otherwise, the expression returns false. Fur example, 
the if statement in the following code determines whether the reference variable ac t iv i ty 
references a GradedActivity object: 

GradedActivity a c t i v i t y - new GradedActivityO; 
if (ac t iv i ty instanceof GradedActivity) 

System.out.println("Yes, a c t i v i t y i s a GradedActivity."); 
e lse 

System.out.println("No, a c t i v i t y i s not a GradedActivity."); 

This code will display "Yes, a c t i v i t y i s a GradedActivity." 

The instanceof operator understands the "is-a" relationship that exists when a class inher­
its from another class. For example, look at the following code: 

FinalExam exam - new FinalExam(20, 2) ; 
if (exam instanceof GradedActivity) 

System.out .pr int lnfYes, exam i s a GradedActivity*"); 
e lse 

System.out.println("No, exam i s not a GradedActivity."); 

Even though the object referenced by exam is a FinalExam object, this code will display 
"Yes, exam i s a GradedActivi ty." The instanceof operator returns t rue because 
FinalExam is a subclass of GradedActivity. 

Checkpoint 
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10.18 Recall the Rectangle and Cube classes discussed earlier,as shown in Figure 10-IS. 

http://jmmingfob.com
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Figure 10-18 R e c t a n g l e and Cube classes 

Retfa-gle 

- length : doub a 
- width; double 

• Rectangfc»(len: double, w: doube) 
• setLength<>en : doub e) void 
• MtWkfth(w : double}; vo-d 
» gotLengihO : doube 
• getWidthf). double 
• gotAreaQ: doubts 

Clfel 

- height double 

Cuboden : double, w double. 
h double) 

oeiHcighiO double 
getSurtaceAreaO: doub e 
getVokime() douce 

.i) K the following statement legal or illegal? If it is illegal, why? 

Rectangle r - now Cube<10, 12, 5 ) ; 

b) If you determined that the statement in part a is legal, are the following state­
ments legal or illegal? (Indicate legal or illegal for each statement.) 

System.out.print In(r . get t Lang th< )); 
System.out.println<r.getwidth<)); 
System.out.print In (r. gctHcight()); 
System.out.printlnfr.getSurtaceAreaf)); 

Is the following statement legal or illegal? If it is illegal, why? 

Cube c • new Rectangle)10, 12); 

0 

io.8 Abstract Classes and Abstract Methods 

CONCEPT: An abstract class is not instantiated, but other classes extend it. An 
abstract method has no hod\ and must be overridden in a subclass. 

An abstract method is a method that appears in a superclass, but expects to be overridden 
in a subclass. An abstract method has only a header and no body. I Icrc is the general format 
of an abstract method Header: 

AccessSpecificr abst ract ReturnType MethodMam%(ParameterLiat); 

Notice chat the key word abstract appears in the header, and that the header ends with a 
semicolon. There is no body for the method. Here is an example of an abstract method 
header: 
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publ ic abstract void setValue(int value); 

When an abstract met ho J appears in a class, the method must be overridden in a subclass. 
II a subclass fails to override the method, an error will result. Abstract methods are used to 
ensure that a subclass implements the method. 

When a class contains an abstract method, you cannot create an instance of the class. 
Abstract methods are commonly used in abstract classes. An abstract class is not instanti­
ated itself, but serves as a superclass for other classes. The abstract class represents the 
generic or abstract form of all the classes that inherit from it. 

For example, consider a factory that manufactures airplanes. The factor)' docs not make a 
generic airplane, but makes three specific types of airplanes: two different models of prop-
driven planes and one commuter jet model. The computer software that catalogs the planes 
might use an abstract class named Airplane. That class has members representing the com­
mon characteristics of all airplanes. In addition, the software has classes for each of the 
three specific airplane models the factory manufactures. These classes all extend the 
Airplane class, and they have members representing the unique characteristics of each type 
of plane. The Airplane class is never instantiated, but is used as a superclass for the other 
classes. 

A class becomes abstract when you place the abstract key word in the class definition. 
1 lerc is the general format: 

AccessSpeci/Jer abstract class Cls*8N*mc 

An abstract class is not instantiated, but other classes extend it. An abstract method has no 
body and must be overridden in a subclass. 

For example, look at the following abstract class Student shown in Code l ist ing 10-26. It 
holds data common to all students, but does not hold all the data needed for students of 
specific majors. 

Code L is t ing 10-26 ( S t u d e n t . Java ) 

i 

a 

•i 

5 

6 

7 

8 

9 
10 
11 
12 

l i 

U 

LS 

16 

/ " 

The Student class is an abstract class that holds 
general data about a student. Classes representing 
spec i f ic types of students should i n h e r i t f r o * 
th is c lass. 

* / 

publ ic abstract class Student 

< 

private String name; 
private String idNumber; 
pr ivate int yearAdmitted; 

/ / Student ru 
/ / Student ID 
/ / Year admitted 

/## 

The constructor sets the s tuden t ' s n 
ID number, and year admitted. 
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1 7 

IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
50 

51 
52 ] 

Sparam n The s t u d e n t ' s name* 
Sparam id The s t u d e n t ' s ID number. 
9param year The year the s tuden t was admit ted. 

*t 

publ ic S tuden t (S t r ing n, S t r ing id , i n t year) 

\ 

name • n; 
idNumber - i d ; 
yearAdmitted • year ; 

> 

/ « 

The t o S t r i n g method r e t u r n s a S t r ing conta in ing 
the s t u d e n t ' s d a t a . 
^ r e tu rn A re fe rence t o a S t r i n g . 

• / 

publ ic S t r ing t o S t r i n g ) ) 

{ 
S t r ing s t r ; 

s t r - "Name! • + name 
• -\nID Number: - • idNumber 
* -\nYear Admitted: • • yearAdmitted; 

r e t u r n s t r ; 

> 

/ • • 

The getRemainingHours method i s a b s t r a c t . 
I t must be overr idden in a s u b c l a s s . 
• r e t u r n The hours remaining for the s t u d e n t . 

• / 

publ ic a b s t r a c t in t getRemainingHoursO; 

\ 

The Student class contains fields fur storing a student's name, ID number, and year 
admitted. It also has a constructor, a toS t r ing method, and an abstract method named 
getReraainingHours. 

This abstract method must be overridden in classes that inherit from the Student class. The 
idea behind this method is that it returns the number of hours remaining for a student to 
take in his or her major. It was made abstract because this class is intended to be the base 
for other classes that represent students of specific majors, For example, a CompSciStudent 
class might hold the data for a computer science student, and a BiologyStudent class 
might hold the data for a biology student. Computer science students must take courses in 
different disciplines than those taken by biology students. It stands to reason that the 

file://-/nYear
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CompScistudent class will calculate the number of hours remaining to be taken differently 
than the BiologyStudent class. Let's look at an example of the CompSciStudent class, which 
is shown in Code Listing 10-27. 

Code List ing 10*27 ( C o m p S c i S t u d e n t . J a v a ) 

/ * * 

This c lass holds data for a computer science student. 
* / 

public c l a n CompSciStudent extends Student 

< 

/ / Required hours 
private f inal int MATHJiOURS - 20; / / Hath hours 
private f inal int CSJiOURS • 40; / / Coup sci houn 
private f inal int GENEDH0URS - 60; / / Gen ed hours 

/ / Hours taken 
private int mathHours; / / Hath hours taken 
private int csHours; / / Comp sci hours taken 
private int genEdHours; / / General ed hours taken 

/ • • 

The constructor sets the s tudent ' s nana, 
ID number, and the year admitted, 
fparam n The s tudent ' s nave. 
?param id The s tudent ' s ID number. 
Gparam year The year the student was admitted. 

* / 

public CompSciStudent(String n, String id , int year) 

< 

super(n, id, year ) ; 

} 

/ * * 

The setHathHours method sets the number of 
math hours taken. 
Gparam math The math hours taken. 

• / 

public void setMathHours(int N t h ) 

< 

mathHours • math; 
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/ • • 

Hi) 

The setCsHours method se t s the number oi 
computer science hours taken. 
Pparam cs The computer science hours taken, 

• / 

public void setCsHours(int cs) 

i 
csHours - cs ; 

> 

/i 

The setGenEdHours method se t s the number of 
general ed hours taken. 
0param genEd The general ed hours taken. 

public void setGenEdHours(int genEd) 

i 
genEdHours • genEd; 

/ • • 

The getRemainingHours method returns the 
number of hours remaining to be taken. 
I re turn The hours remaining for the student, 

• / 

public i n t getRemainingHours() 

i n t reqHours, / / Total required hours 
remainingHours; / / Remaining hours 

/ / Calculate the required hours. 
reqHours - HATH_HOURS • CS_H0URS • GEN_ED_HOURS; 

/ / Calculate the remaining hours. 
remainingHours • reqHours * (mathHours + csHours 

• genEdHours); 

return remainingHours; 

/ • • 

The toString method returns a s t r ing containing 
the s tudent ' s data . 
3return A reference to a Str ing. 

B9 
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90 
9 
9 
9 

9 
9 
9 
9 
9 

9 
100 
10 
10 
10 

public String toStr ing() 

< 

String s t r ; 

• t r - super . toStr ing() + 
"\nMajor: Computer Science" * 
"\nMath Hours Taken: • • mathHours + 
"\nComputer Science Hours Taken: • * csHours 
"VnGeneral Ed Hour* Taken: • * genCdHours; 

return s t r ; 

The CompScistudent class, which extends the Student class, declares the following final 
integer fields in lines 8 through 10: MATH_HOURS, CS_HOURS, and GEN_ED_HOURS. These fields 
hold the required number of math, computer science, and general education hours for a 
computer science student. It also declares the following fields in lines 13 through 15: 
mathHours, caHoura, and genEdHoura. These fields hold the number of math, computer sci­
ence, and general education hours taken by the student. Mutator methods are provided t<> 
store values in these fields. In addition, the class overrides the toString method and the 
abstract getRemainingHoura method. Ihc program in Code listing 10-28 demonstrates 
the class. 

Code List ing 10-28 (CompSciS tuden tDemo. Java) 

1 /** 

This program demonstrates the CompScistudent c l a s s . 
3 V 

public c lass CompSciStudentDemo 
6 < 

public s t a t i c void main(String[] args) 
8 < 

/ / Create a CompScistudent object . 
CompScistudent csStudent -

new CompScistudent!"Jennifer Haynes", 
"167H98337-, 2004); 

9 
10 
11 
u 
L3 
M 

15 

16 

17 

18 

19 

/ / Store values for math, CS, and gen ed hours. 
csStudent.setHathHours(12); 
csStudent.setCsHours(20); 
csStudent.setGenEdHoursf 40); 

/ / Display the s tudent ' s data . 

file:///nMajor
file:///nMath
file:///nComputer
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20 
2] 
22 

23 
24 
25 
26 

System.out.printIn(ciStudent); 

/ / Display the number of remaining hours. 
System.out,println("Hours remaining: " • 

csStudent. getfteoainingHours ( 

> 

Program Output 

Mane: Jennifer Haynei 
ID Numbers 167W98337 
Year Admitted: 2004 
Major: Computer Science 
Hath Hours Taken: 12 
Computer Science Hour* Taken: 20 
General Ed Hours Taken: 40 
Hours remaining: 48 

Remember the following points about abstract methods and classes: 

Abstract methods and abstract classes .ire dehncd with the abstract key word. 
Abstract methods have no body, and their header must end with a semicolon. 
An abstract method must be overridden in a subclass. 
When a class contains an abstract method, it cannot be instantiated, Ii must serve as A 
superclass. 

An abstract class cannot be instantiated* It must serve as a superclaaa. 

Abstract Classes in UML 
Abstract classes arc drawn like regular classes in I 'M I .except the name of the class and the 
names of abstract methods arc shown in italics. For example. Figure 10-1** shows a UMl 
diagram for the student class. 

Figure 10-19 UML diagram (or the S t u d e n t class 

Student 

- name String 
- Id Number: String 
- year Admitted : int 

• Student(n : String. Id : String. 
year; int) 

• toStrtngO: String 
• oetRemairrngHoursO: ml 
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Checkpoint 

MyProgrammmgLab* ufww.niyprogrjmmingljb.com 

10.19 What is the purpose of an abstract method? 

10.20 If a subclass extends a superclass with an abstract method, what must you do in the 
subclass? 

10.21 What is the purpose of an abstract class? 

10.22 If a class is defined as abstract, what can you not do with the class? 

Interfaces 

CONCEPT: An interface specifies behavior for a class. 

In the previous section you learned that an abstract class cannot be instantiated, but is 
intended to serve as a superclass. You also learned that an abstract method has no body and 
must be overridden in a subclass. An interface is similar to an abstract class that has all 
abstract methods. It cannot be instantiated, and all of the methods listed in an interface 
must be written elsewhere. The purpose of an interface is to specify behavior for a class. 

An interface looks similar to a class, except the key word interface is used instead of the 
key word class, and the methods that are specified in an interface have no bodies, only 
headers that arc terminated by semicolons. Here is the general format of an interface 
definition: 

public interface XnterfaceNane 

< 

f Methodheaders,. .J 

> 

For example. Code Listing 10-29 shows an interface named Relatable, which is intended to 
be used with the GradedActivity class presented earlier. This interface has three method 
headers: equals, isGreater,and isLess. Notice that each method accepts a GradedActivity 
object as its argument. Also notice that no access specifier is used with the method headers, 
because all methods specified by an interface are public. 

Code L i s t i ng 10-29 ( R e l a t a b l e . Java) 

/ * * 

Relatable interface 
* / 

public interface Relatable 

< 

boolean equals(GradedActivity 9 ) ; 
boolean isGreater(GradedActivity g) ; 
boolean isLessfGradedActivity g ) ; 

10 1 

http://ufww.niyprogrjmmingljb.com
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In order for a class to use an interface, ir must implement the interface. This is accomplished 
with the implements key word. For example, suppose we have a class named FinalExam3 
that inherits from the GradedActivity class and implement* the Relatable interface. The 
first line of its definition would look like the following: 

public c lass FinalExam3 extends GradedActivity 
implements Relatable 

When a class implements an interface, it is agreeing to provide all of the methods that are 
specified by the interface- It is often said that an interface is like a "contract," and when a 
class implements an interface it must adhere to the contract. 

A class that implements an interface must provide all of the methods that are listed in the 
interface, with the exact signatures specified and with the same return type. So, in the exam­
ple previously shown, the rinalExam3 class must provide an equals method, an isGreater 
method, and an isLess method, all of which accept a GradedActivity objecc as an argu­
ment and return a boolean value. 

You might have guessed that the Relatable interface is named "Relatable" because it speci­
fies methods that presumably, nuke relational comparisons with GradedActivity objects. 
The intent is to make any class that implements this interface "relatable" with GradedActivity 
objects by ensuring that it has an equals, an isGreater, and an isLess method that perform 
relational comparisons. Hut, the interface onU specifies the headers for these methods, not 
what the methods should do. Although the programmer of a class thai implements the 
Relatable interlace can choose what those methods should do, he or she should provide 
methods that comply with this intent, 

(lode I isting 10- \i) shows the complete code for the FinalExam3 class, which implements 
the Relatable interface. The equals, isGreater, and isLess methods compare the calling 
object with the object passed as an argument. The program in Code I isting 10-31 demon­
strates the class. 

Code Listing 10-30 ( F ina lExam3 . J a v a ) 

This c lass determines the grade lor a f inal exam. 

5 public c lass FinalExanj extends GradedActivity 

6 
7 
e 
c' 

LO 

11 

12 

13 

M 

1 5 

< 

implements Relatable 

private int numQuestions; 
pr ivate double pointsEach; 
private int numMissed; 

/ / Number of questions 
/ / Points for each question 
/ / Questions missed 

/ • • 

The constructor se t s the number of questions on the 
exam and the number of questions missed. 
9param questions The number of questions. 
Uparam missed The number of questions missed. 
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* / 

public FinalExam3(int questions, int Biased) 

< 

double numcricScorc; / / To hold a numeric score 

/ / Set the numQuestions and numMisscd f i e ld s . 
numQuestions • questions; 
numMisscd - missed; 

/ / Calculate the points for each question and 
/ / the numeric score for th i s exam. 
pointsEach - 100.0 / questions; 
numericScore - 100.0 - (missed * pointsEach); 

/ / Call the inherited setScore 
/ / se t the numeric score. 
setScore(numericScore); 

rthod to 

/ * * 

The getPointsEach method returns the number of 
points each question i s worth. 
( re turn The value in the pointsEach f i e ld . 

* / 

public double getPointsEachf 

{ 
return pointsEach; 

/ * * 

The getNumMiesed method returns the number of 
questions missed. 
I re turn The value in the numMisscd f i e ld . 

V 

public int getNumMissed) 

< 

return numMisscd; 

/ # # 

The equals method compares the cal l ing object 
to the argument object for equal i ty . 
(return true if the cal l ing 
ob jec t ' s score i s equal to the argument's 
score. 
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65 
66 

67 

66 
69 
70 
71 

72 

73 

74 

75 

76 

77 

78 

79 

BO 

Bl 

B2 
B l 

94 

BS 

U 

87 

BB 

B9 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

• / 

public boolean equals(GradedActivity g) 

I 
boolean status; 

if (this.getScore() - - g.getScoreO) 
status - true; 

else 
status - false; 

return status; 

/ • • 

The isGreater method determines whether the calling 
object is greater than the argument object. 
Ireturn true if the calling object 's score is 
greater than the argument object 's score* 

public boolean isGreater(GradedActivity 9) 
< 

boolean status; 

if (this.getScoreU > g.getScore<)) 
status - true; 

else 
status - false; 

return status; 

/ • • 

The isLess method determines whether the calling 
object i s less than the argument object. 
Ireturn true if the calling object 's score is 
less than the argument object 's score. 

V 

public boolean isLess(GradedActivity g) 
i 

boolean status; 

if (this.getScore() < g* getScore()) 
status - true; 

else 
status - false; 
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return status; 

Code Listing 10-31 ( I n t e r face Demo. Java) 

i 

2 

i 

S 

6 

7 

I 

9 
10 

11 

a 

M 

19 

l< 

11 

LI 

L9 

20 

21 

23 

23 

24 

25 

26 

21 

28 

29 

30 

JI 

32 

33 
14 
35 
36 
37 

/ . . 

Thia program demonstrates the FinalExam3 c lass , which 
implements the Relatable interface. 

* / 

public class InterfaceDemo 
< 

public s tat ic void main(String[| args) 
< 

/ / Exam 41 had 100 questions and the student 
/ / missed 20 questions. 
rinalExam3 examl - new FinalBxam3(100, 20); 

/ / Exam 42 had 100 questions and the student 
/ / missed 30 questions. 
FinalExam3 exaa2 • new FinalExamJ(100, 30); 

/ / Display the exaai scores. 
System.out.println("Exam 1: " • 

examl.getScoref)); 
System.out.println("Exam 2: • * 

exam2.getScore()); 

/ / Compare the exam scores. 
if (examl.equals(exam2)) 

System.out.println("The exam scores • • 
"are equal."); 

if (examl.isGreater(exam2)) 
System.out.printlnf"The Exam 1 score " • 

"is the highest . ' ) ; 

if (examl.isLess(exam2)) 
System.out.println("The Exam 1 score " • 

"is the lowest."); 
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Program Output 

Exam 1i 
Exam 2: 

80.0 
70-0 

The Exam 1 score is the highest. 

Fields in Interfaces 
An interface can contain field declarations, but all fields in an interface are treated as final 
and s tat ic . Because they automatically become final, you must provide an initialization 
value. For example, look at the following interface definition: 

public interface Doable 

< 

int FIELD1 - 1; 
int FIBLD2 - 2; 
(Method htwders..,) 

> 

In this interlace, FIELD1 and FIELD2 arc final a ta t ic int variables. Any class that imple­
ments this interface has access to these variables. 

Implementing Multiple Interfaces 
You might be wondering why wc need both abstract classes and interfaces, since they arc so 
similar to each other. The reason is that a ilass ian extend only one superclass, but Java 
allows a class to implement multiple interfaces. When a class implements multiple inter-
laics, it must provide the methods specified by all of them. 

l b specify multiple interfaces in a class definition, simpK list the names of the interfaces, 
separated by commas, after the implement! key word. I lerc is the first line of an example of 
a class that implements multiple interfaces: 

public c l a n MyClaii implement! Interface 1, 
lnterface2, 
Interface3 

This class implements three interfaces: Interfacel, Interface2, and Interface3. 

Interfaces in UML 
In a UMI diagram, an interface is drawn like a class, except the interface name and the 
method names are italicized, and the «interfacc» tag is shown above the interface name. 
The relationship between a class and an interface is known as a realization relationship 
(the class realizes the interfaces). You show a realization relationship in a UMI. diagram 
by connecting a class and an interface with a dashed line that has an open arrowhead at 
one end. The arrowhead points to the interface. This depicts the realization relationship. 
Figure 10-20 is a UMI. diagram showing the relationships among the GradedActivity class, 
the FinalExan3 class, and the Relatablc interface. 
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Figure 10-20 Realization relationship in a UML diagram 

GradodActtvity 

•score: double 

» setScore(s : double): void 
* getScore(): double 
> gctGradoO : char 

75T 

FtnalExam3 

numQuostiona int 
- pointsEach double 
- numMiflHd: int 

» FlnalExamfquesttons: ml, 
missed in!) 

* ge(PointsEach(); double 
f gelNumMisscdO i int 
+ equaJs(g : QradodAclivity) 

: boolean 
+ ltGreater(g Graded Activity J 

: boolean 
+ lsLess(g ; GradodActtvity) 

; boolean 

- - - { > 

«inlerlace» 
Rentable 

equals (g: GradodActtvity) 
boolean 

isGrcatcrtg: GradedActivity) 
: boolean 

tstess (g GradedActivity) 
: boolean 

Polymorphism and Interfaces 
Just as you can create reference variables of a class type, Java allows you to create reference 
variables of an interface type. An interface reference variable can reference any object that 
implements that interface, regarJIess of its class type. This is another example of polymor­
phism. For example, look at the Retail I too interface in Code 1 isting 10-12. 

Code Listing 10-32 (Reta i l l t em.Java) 

/ " 

Retailltem interface 
* / 

public interface Retail l t 
< 

public double getRetailFricefJ; 
8 > 
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This interface specifies only une method: ge tReta i lPr ice . Both the CompactDisc and 
DvdMovie classes, shown in Code listings 10-33 and 10-34, implement this interface. 

Code L is t ing 10-33 (Compac tD isc .Java> 

/ • • 

Compact Disc class 

• / 

public c l a s s CompactDisc implements Retailltem 

< 

private String t i t l e ; / / The CD's t i t l e 
pr ivate String a r t i s t ; / / The CD's a r t i s t 
pr ivate double r e t a i l P r i c e ; / / The CD's r e t a i l price 

/ • • 

Constructor 
Bparam cdTit le The CD t i t l e . 
Pparam cdArtis t The name of the a r t i s t . 
9param cdPrice The CD's pr ice . 

• / 

public CompactDisc(String cdTit le , String cdArt is t , 
double cdPrice) 

< 

t i t l e - cdTi t le ; 
a r t i s t - cdArt is t ; 
r e t a i lP r i ce • cdPrice; 

/ • • 

getTi t le method 
9return The CD's t i t l e . 

• / 

public String ge tTi t l e ) ) 

< 

return t i t l e ; 

> 

/ • • 

getArt is t method 
greturn The name of the a r t i s t 

* / 

public String ge tAr t i s t ( ) 

i 
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43 
44 
45 
46 
47 

return a r t i s t ; 

49 
50 
51 
52 
53 
54 
55 
56 > 

gatRetailPri.ee method (Required by the Reta i l l t en 
interface) 
Creturn The r e t a i l price of the CD. 

* / 

public double getRetai lPrice() 

i 
return r e t a i l P r i c e ; 

} 

Code Listing 10-34 (DvdMovie . jov«> 

1 
2 
J 

•i 

5 
I 

7 

I 
9 

10 
11 
12 

I) 
M 

15 
16 
L7 
18 
19 
20 
21 
22 
- I 
24 
25 
26 
27 
28 
29 

/ • • 

DvdMovie c lass 
* / 

public claaa DvdMovie implements Reta i l l t en 

{ 
private String t i t l e ; / / The DVD's t i t l e 
pr ivate int runningTiae; / / Running t i e * in minutei 
pr ivate double r e t a i l P r i c e ; / / The DVD's r e t a i l price 

/ . . 

Constructor 
*param dvdTitle The DVD t i t l e . 
flparam runTime The running t ine in minutes. 
flparam dvdPrice The DVD's p r i ce . 

• / 

public DvdMovie(String dvdTitle, int runTine, 
double dvdPrice) 

{ 
t i t l e - dvdTitle; 
runningTime • runTime; 
r e t a i lP r i ce - dvdPrice; 

I 

/ * * 

getTi t le method 
^return The DVD's t i t l e . 

• / 

http://gatRetailPri.ee
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public String ge tTi t le ( ) 

< 

return t i t l e ; 

> 

/ • • 

getRunningTime method 
9return The running time in minutes 

7 

public i n t getRunningTime!) 
{ 

return runningTime; 

> 

/ • • 

getRetailPrice method (Required by the RetailXtea 
interface) 
I re turn The r e t a i l price of the DVD. 

• / 

public double getRetai lPrice!) 

< 

return r e t a i lP r i ce j 

) 

Because they implement the Retai litem interface, objects of these classes may be referenced 
by a Retailltem reference variable. The following code demonstrates: 

Retailltern item! - new CompactDisc!"Songs From the Heart", 
-Bi l ly Helson", 
18.95); 

Retailltem item2 - new DvdMovie!-Planet X-, 
102, 
22.95); 

In this code, two Retailltem reference variables, itcml and item2, arc declared. The iteml 
variable references a CompactDisc object and the i tea2 variable references a DvdHovie 
object. This is possible because both the CompactDisc and DvdHovie classes implement the 
Retail l tem interface. When a class implements an interface, an inheritance relationship 
known as interface inheritance is established. Because of this inheritance relationship, a 
CompactDisc object is a Reta i l l tem, and likewise, a DvdMovie object is a Retai l l tem. 
Therefore, wpe can create R e t a i l l t e m reference variables and have them reference 
CompactDisc and DvdMovie objects. 
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The program in (.ode listing 10-35 demonstrates how an interface reference variable can 
be used as a method parameter. 

Code List ing 10-35 ( P o l y m o r p h i c l n t e r f a c e D e m o . J a v a ) 

9 
10 
11 
L2 
1 i 
I-1 
IS 
16 
i r 
LI 
L9 
20 
21 
22 
21 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 /** 
This program demonstrates that an interface type nay 
be used to create a polymorphic reference. 

4 */ 
5 
6 public c lass PolymorphiclnterfaceDemo 
7 < 

public s t a t i c void main(Str ing | | args) 

{ 
/ / Create a CompactDisc object . 
Compact.niac cd • 

new CompactDisc("Greatest Hits", 
"Joe Looney Band", 

18.95); 
/ / Create a DvdHovie object. 
DvdMovie movie • 

new DvdHovief"Wheels of Pury", 
137, 12.95>j 

/ / Display the CD's t i t l e . 
System.out .pr int ln("I te« I I : " • 

c d . g e t T i t l e O ) ; 

/ / Display the CD's p r i ce . 
showPrice(cd); 

/ / Display the DVD's t i t l e . 
System.out .pr int ln("I tea I2i " • 

mov ie .ge tT i t l en ) ; 

/ / Display the DVD's pr ice . 
showPrice(movie I; 

> 

The showPrice method displays the price 
of a Retailltem object . 
?param item A reference to a Retailltem object . 

* / 

private s t a t i c void show?ricc(RctailItc» item) 
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42 < 
System.out.printf("Price: $%,.2f\n', i t e» .ge tRe ta i lP r i ce ( ) ) ; 

44 > 

45 > 

Program Output 

Item 11: Greatest 

Price: $18.95 
Item 92: Wheels of 
Price: §12.95 

Hits 

Fury 

There are some limitations to using interface reference variables. As previously mentioned, 
you cannot create an instance of an interface. In addition, when an interface variable refer­
ences an object, you can use the interface variable to call only the methods that are specified 
in the interface. For example, look at the following code: 

/ / Reference a CompactDisc object with a RetailI tern var iable . 
Retailltem item - new CompactDi«c("Greatest Hits", 

"Joe Looney Band", 

/ / Call the getRetailPrice method . . . 
System.out .pr int ln( i tem.gotRotai lPrice()) ; / / OK, t h i s works. 
/ / Attempt to c a l l the qetTit le method . . . 

Sys tem.out .pr in t ln( i tem.qetTi t leU) ; / / ttROR! Mill not compilel 

The last line of code wi l l not compile because the Retai l l tem interface specifies only one 
method: getReta i lPr ice. So, we cannot use a Reta i l l tem reference variable to call any 
other method. 

< * 

* 

T I P ; lr is possible to cast an interface reference variable to the type of the object 
it references, anil then call methods that are members of that type. The syntax is 
somewhat awkward, however. The statement that causes the compiler error in the 
example code could be rewritten as: 

S y i t e m . o u t . p r i n t l n f ( ( C o m p a c t D i » c ) i t e m ) . g e t T i t l e ( ) ) ; 

Checkpoint 

MyProp-ii>mirRLab* wwu\myprogrjmminghhxom 

10.21 What is the purpose of an interface? 

10.24 I low is an interface similar to an abstract class? 

10.25 I low is an interface different from an abstract class, or any class? 

10.26 If an interface has fields, how are they treated? 

10.27 Write the first line of a class named Customer, which implements an interface 
named Relatable. 

10.28 Write the first line ot .1 class named Enploycc, which implements interfaces named 
Payable and Lis table. 
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10,10 Common Errors to Avoid 
The fo l lowing list describes several errors that arc commonly committed when learning this 

chapter's topics: 

• At tempt ing to access a private superclass member directly f rom a subclass. Private 

superclass members cannot be directly accessed by a method in a subclass. The sub­

class must call a public or protected superclass method in order to access [he super­

class's private members. 

• Forgetting to call a superclass constructor explicit ly when the superclass does not have 

a default constructor or a programmer-defined no-arg constructor, When a superclass 

does not have a default constructor o r a programmer-defined no-arg constructor, the 

subclass** constructor must expl ic i t ly call one of the constructors that the superclass 

does have. 

• A l lowing the superclass's no-arg constructor to be impl ic i t ly called when you intend to 

call another superclass constructor. If a subclass\ constructor docs nor explit itly call a 

superclass constructor, Java tu tomat ica l ly calls ihc superclass's no-arg constructor. 

• Forgetting to precede a call to an overridden superclass method wi th super. When a 

subclass method calls an overridden superclass method, it must precede the method 

call w i th the key w o r d »up*r and a dot ( . ) . Fai l ing to do so results in the subclasses 

version of the method being called. 

• Forgetting a class member's access specifier. When you do not give a class member an 

access specifier, it is granted package access by default. I his means that any method in 

the same package n u \ access the member. 

• Wr i t ing a body for an abstract method. An abstract method cannot have a body. It 

must be overridden in a subclass. 

• Forgetting to terminate an abstract method's header wi th a semicolon. An abstract 

method header does not have a body, and it must be terminated wi th a semicolon. 

• Tailing to override an abstract method. \ n abstract method must be overridden in a 

subclass. 

• Overloading an abstract method instead of overriding i t . Overloading is not the same 

as overr id ing. When a superclass has an abstract method, the subclass must have a 

method w i t h the same signature as the abstract method. 

• Try ing to instantiate an abstract class. You cannot create an instance of an abstract 
i lass. 

• Implementing an interface but forgetting to provide all o f the methods specified by the 

interface. When a class implements an interface, all o f the methods specified by the 

interface must be provided in the class. 

• Wr i t ing a method specified by an interface but fai l ing Hi use the exact signature and 

return type. When a class implements an interface, the class must have methods wi th 

the same signature and return type as the methods specified in the interface. 
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Review Questions and Exercises 

Mu 

1. 

2, 

3. 

4. 

5. 

6. 

7. 

8. 

I t l p le Choice and True/False 

In an inheritance relationship, this is the general class. 
t . subclass 
b. superclass 
c. slave class 
d. child class 

In an inheritance relationship, this is the specialized class. 
a. superclass 
b. masterclass 
c. subclass 
d. parent class 

I'lm U \ word indiCtn 1 that .1 d i " IIIherns Iron) .mother J.iss. 

a. derived 
b. special ized 
c. based 
d. extends 

A subclass docs not have access to these superclass members. 
a. public 
b. private 
C. protected 
d. all of these 

This key word refers to an object's superclass. 
a. super 
b. base 
c. superclass 
d. t h i s 

In a subclass constructor, a call to the superclass constructor must _ . 
a. appear as the very first statement 
b. appear as the very last statement 
c. appear between the constructor's header and the Opening brace 
d. nOI appear 

The following is an explicit call to the superclass's default constructor. 
a. de fau l t * } ; 
b. class*>; 
c. super*); 

d. base(>; 

A method in a subclass that has the same signature as a method in the superclass 

example of 
a. overloading 
b. overriding 

is an 



9. 

10. 

I I . 

12. 

13. 

14. 

15. 
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c. composition 
d. an error 

A method in a subclass having the same name as a method in the superclass but a dif-
ferenr sion.imrr is .m example of 

a. overloading 
b. overriding 
c. composition 

d. an error 

These superclass members are accessible to subclasses and classes in the same pack­

age. 
a. private 
b. public 

c. protected 
d. all of these 

All classes directly or indirectly inherit from this class. 
a. Object 
b. Super 
C. Root 
d. Java 

With this type of binding, the Java Virtual Machine determines at runtime which 

method to call, depending on the type of the object that a variable references. 
a. statu 
b. early 
c. flexible 
d. dynamic 

This operator can be used to determine whether a reference variable references an 
object of a particular class. 

a. iaclaaa 
b. typeof 
C. inatanceof 
d. iainatance 

When a class implements an interface, it must _ . 
a. overload all of the methods listed in the interface 
b. provide all of the methods that are listed in the interface, with the exact signatures 

and return types specified 
c. not have a constructor 
d. be an abstract class 

a. f i n a l 
b. a ta t i c 
C. both f i n a l and a ta t i c 
d. not allowed 
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16. Abstract methods must be 
a. overridden 
b. overloaded 

17, 

c. deleted and replaced with real methods 

d. declared M private 

Abstract classes cannot , 
a. be used as superclasses 
b. have abstract methods 
c. be instantiated 
d have fields 

18. True or False: Constructors are not inherited. 

19. True or False: In a subclass, a call to the superclass constructor can only be written in 
the subclass constructor. 

20. True or False: It a subclass constructor does not explicitly call a superclass construe* 
tor, Java will not call any of the superclass's constructors. 

2 1 . True or False: An object of a superclass can access members declared in a subclass. 

22. True or False: The superclass constructor always executes before the subclass con­
structor. 

2 1. True or False: When a method is declared with the f i n a l modifier, it must be overrid­

den in a subclass. 

24. True or False: A superclass has a member with package access. A class that is outside 
the superclass's package but inherits from the superclass can access the member. 

2 V True or False: A superclass reference variable can reference an object of a subclass that 
extends the superclass. 

26. True or False; A subclass reference variable can reference an object of the superclass. 

27. True or False: When a class contains an abstract method, the class cannot be instan­

tiated. 

28. I rue or False: A class may only implement one interface. 

29. True or False: By default all members of an interface are public-

Find the Error 
Find the error in each of the following code segments: 

I. / / Superclass 
public class Vehicle 
< 

(Member detUrattons •../ 

> 

/ / Subclass 
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public c lass Car expands Vehicle 

< 

(Member declarations . . J 

) 

2. / / S u p e r c l a s s 
public c lass Vehicle 

< 

private double cos t ; 
(Othermethods ...) 

> 

/ / Subclass 
public c lass Car extends Vehicle 

< 

public Car(double c) 

< 

cost - c; 
> 

1 
3. / / S u p e r c l a s s 

public c lass Vehicle 

private double cost; 
public Vehicle!double c) 

( 

cost - c; 

> 

(Other methods...) 

> 

II Subclass 
public c lass Car extends Vehicle 

< 

private int passengers; 
public Cer(int p) 

< 

passengers • c; 

> 

(Other methods.. J 

) 

4. / / S u p e r c l a s s 
public c lass Vehicle 
< 

public abst ract double getHilesFerGallonO; 

(Other methods ...) 

I 
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/ / Subclass 
public class Car extends Vehicle 

< 

private int mpg; 
public int getMileiPerGallon(); 

i 
return mpg; 

> 

(Other methods . . J 

Algorithm Workbench 

L Write the first line of the definition for a Poodle class. The class should extend the Dog 
class. 

2. Look at the following code, which is the first line of a class definition: 

public clef* Tiger extends Felis 

In what order will the class constructors execute? 

3. Write the declaration for class B. The class's members should be as follows: 

• m, an integer. This variable should not be accessible to code outside the class or to 
any class that extends class B, 

• n, an integer. This variable slum Id IK accessible otik to classes that extend class D or 
are in the same package as class D. 

• setM, getH, letN, and getN. These are the mutator and accessor methods for the 
member variables m and n. These methods should be accessible to code outside the 
class, 

• calc. This is a public abstract method. 

Next, write the declaration for class D, which extends class B. The class's members 
should be as follows: 

• q, a double. This variable should not be accessible to code outside the class. 
• r, a double. This variable should be accessible to any class that extends class D or is 

in the same package. 
• ietQ, getQ* ietR, and getR. These arc the mutator and accessor methods for the 

member variables q and r. These methods should be accessible to code outside the 
class. 

• calc, a public method that overrides the superclass's abstract calc method. This 
method should return the value of q times r. 

4. Write the statement that calls a superclass constructor and passes the arguments x, y, 
and z. 

5. A superclass has the following method: 

public void setValue(int v) 
< 

value • v; 

> 
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Write a statement that may appear in a subclass that calls this method, passing 10 as 
an argument. 

6. A superclass has the following abstract method: 

public abst ract in t getValueO; 

Write an example of a getvalue method that can appear in a subclass, 

7i Write the first line of the definition for a stereo class. The class should extend the 
SoundSyatcm class, and it should implement the CDplayable, TunerPlayable, and 
CaaaettePlayable interfaces. 

8- Write an interface named Nameable that specifies the following methods: 

public void setName(String n) 
public String getNamef) 

Short Answer 

1. What is an "is-a" relationship? 

2. A program uses two classes: Animal and Dog. Which class is the superclass and which 
is the subclass? 

.}, What is the superclass and what is the subclass in the following line? 

publ ic claas Pot extends Dog 

4. What is the difference between a protected class member and a private class member? 

5. ( an a subclass ever directly access the private members of us supeu lass? 

6. Which constructor is called first, that of the subclass or the superclass? 

7. What is the difference between overriding a superclass method and overloading a 
superclass method? 

8. Reference variables can be polymorphic What d«KS this mean? 

9. When does dynamic binding take place? 

10. What is an abstract method? 

11. What is an abstract class? 

12. What are the differences between an abstract class and an interface? 

Programming Challenges 

MyProframm.njcUb* Visit wwu\myprogramminglab.eom to complete many of these Programming Challenges 
online ami get instant feedback. 

1 . Employee and ProductlonWorker Classes 

Design a class named Enployee. The class should keep the following information in fields: 

• Employee name 
• Tmplovce number in the format X X X - L where each X is a digit within the range 0-9 

The Employ** and r . ' . . . . . t . 7a 
ProducttonvorX.r ; i n d t h c L , S * l c " C r W l , h m t h c ™n&C * * * 

Classes Problem • Mire date 
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Write one or more constructors and the appropriate accessor and mutator methods for the 
class. 

Next, write a class named ProductionWorker that extends the Employee class. The 
ProductionWorker class should have fields to hold the following information: 

• Shift (an integer) 
• I lourly pay rate (a double) 

The workday is divided into two shifts: day and night. The shift field will be an integer value 
representing the shift that the employee works. The day shift is shift 1 and the night shift is 
shift 2. Write one or more constructors and the appropriate accessor and mutator methods 
for the class. Demonstrate the classes by writing a program that uses a ProductionWorker 
object. 

2 . ShiftSupervisor Class 

In a particular factor)', a shift supervisor is a salaried employee who supervises a shift. In 
addition to a salary, the shift supervisor earns a yearly bonus when his or her shift meets 
production goals. Design a ShiftSupervisor class that extends the Employee class you cre­
ated in Programming (Challenge I. The ShiftSupervisor class should have a field that holds 
the annual salary and a field that holds the annual production bonus that a shift supervisor 
has earned. Write one or more constructors and the appropriate accessor and mutator 
methods for thcclass. Demonstrate theclass by writing a pn>gram that uses a ShiftSupervisor 
object. 

3. TeamLeader Class 

In a particular factory, a team leader is an hourly paid production worker that leads a small 
team. In addition to hourly pay, team leaders earn a fixed monthly bonus. Team leaders are 
required to attend a minimum number of hours of training per year. Design a TeamLeader 
class that extends the ProductionWorker class you designed in Programming Challenge I. 
The TeamLeader class should have fields for the monthly bonus amount, the required num­
ber of training hours, and the number of training hours that the team leader has attended. 
Write one or more constructors and the appropriate accessor and mutator methods for the 
class. Demonstrate the class by writing a program that uses a TeamLeader object. 

4. Essay Class 

Design an Essay class that extends the GradedActivity class presented in this chapter. The 
Essay class should determine the grade a student receives for an essay. The student's essay 
store can be up to 100 and is determined in the following manner: 

Grammar: .10 points 
Spelling: 20 points 
Correct length: 20 points 
Content: JO points 

Demonstrate the class in a simple program. 
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5. Course Grades 

In a course, a teacher gives the following tests and assignments: 

• A lab activity that is observed by the teacher and assigned a numeric score. 
• A pass/fail exam that has 10 questions. The minimum passing score is 70, 

• An essay that is assigned a numeric score. 
• A final exam that has 50 questions. 

Write a class named CourseGrades. The class should have a GradedActivity array named 
grades as a field. The array should have four elements, one for each of the assignments 
previously described. The class should have the following methods; 

setLab: 

setPassFailExam: 

MtEssay: 

satFinalExam: 

toString: 

This method should accept a GradedActivity object as its argu­
ment. This object should already hold the student's score for the 
lab activity. Element 0 of the grades field should reference this 
object 

This method should accept a PassFailExan object as its argument. 
This object should already hold the student's score for the pass/fail 
exam. Element I of the grades field should reference th i l object. 

This method should accept an Essay object as its argument, (See 
Programming Challenge 4 for the Essay class. If you have not 
completed Programming Challenge 4, use a GradedActivity object 
instead.) This object should already hold the student's score for 
the essay, Element 2 of the grades field should reference this 
object. 

This method should accept a FinalExam object as its argument. 
This object should already hold the student's store for the final 
exam. Flcment J of the grades field should reference this object. 

This method should return a string that contains the numeric 
scores and grades for each element in the grades a r m . 

Demonstrate the class in a program. 

6 . Analyzable In te r face 

Modify the CourseGrades class you created in Programming Challenge 5 so it implements 
the following interface: 

pubiic interface Analyzable 

{ 

double getAverage!1; 
GradedActivity getHighest(); 
GradedActivity getLowest(|; 

> 

The getAverage method should return the average of the numeric scores stored in the 
grades array. The getHighest method should return a reference to the element of the grades 
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array that has the highest numeric score. The getLowest method should return a reference 
to the clement of the grades array that has the lowest numeric score. Demonstrate the new 
methods in a complete program. 

7. Person and Customer Classes 

I >esign a class named Person with fields for holding a person's name, address, and telephone 
number. Write one or more constructors and the appropriate mutator and accessor methods 
for the class's fields. 

Next, design a class named Customer, which extends the Person class. The Customer class 
should have a field for a customer number and a boolean field indicating whether the cus­
tomer wishes to be on a mailing list. VCVite one or more constructors and the appropriate 
mutator and accessor methods for the class's fields. Demonstrate an object o* the Customer 
class in a simple program. 

8. PreferredCustomer Class 

A retail store has a preferred customer plan where customers can earn discounts on all their 
purchases, The amount of a customer's discount is determined by the amount of the cus­
tomer's cumulative purchases in the store as folltm K 

• When a preferred customer spends SS00, he or she gets a 5 percent discount on all 
future purchases. 

• When a preferred customer spends Si,000, he or she gets a 6 percent discount on all 

future purchases, 

• When a preferred customer spends Si,500, he or she gets a 7 percent discount on all 

future purchases. 
• When a preferred customer spends $2,000 or more, he or she gets a 10 percent dis­

count 01) all future purchases. 

Design a class named Pref erredCustomer, which extends the Customer class you created in 
Programming Challenge 7. The PreferredCustooer class should have fields for the amount 
of the customer's purchases and the customers discount level. Write one or more construc­
tors and the appropriate mutator and accessor methods for the class's fields. Demonstrate 
the class in a simple program, 

9. BankAccount and SavingsAccount Classes 

Design an abstract class named BankAccount to hold the following data for a hank account: 

• Balance 
• Number of deposits this month 
• Number of withdrawals 
• Annual interest rate 
• Monthly service charges 

The class should have the following methods: 

Constructor: I he constructor should accept arguments for the balance and annual 
interest rate. 



deposit: 

withdraw: 

ca lc ln teroa t ; 
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A method that accepts an argument for the amount of the deposit. 
The method should add the argument to the account balance. It 
should also increment the variable holding the number of deposits. 

A method that accepts an argument for the amount of the with­
drawal. The method should subtract the argument from the balance. 
It should also increment the variable holding the number of with­
drawals. 

A method that updates the balance by calculating the monthly inter­
est earned by the account, and adding this interest to the balance. 
This is performed by the following formulas: 

Monthly Interest Rate = [Annual Interest Rate I 12) 
Monthly Interest - Balance * Monthly Interest Rate 
llalame llalatuc - Monthly Interest 

A method that subtracts the monthly service charges from the bal­
ance, calls the ca lc ln terest method, and then sets the variables that 
hold the number of withdrawals, number of deposits, and monthly 
service charges to zero. 

Next, design a SavingsAccount class that extends the BankAccount class. The SavinqsAccount 
class should have a status field to represent an active or inactive account. If the balance of a 
savings account falls below $25, it becomes inactive. iThe status field could be a boolean 
variable.) No more withdrawals may be made until the balance is raised above $25, at 
which time the account becomes active again. The savings account class should have the 
following methods: 

nonthlyProceaa: 

withdraw: 

deposit: 

monthlyProceaa: 

A method that determines whether the account is inactive before a 
withdrawal is made. (No withdrawal will be allowed if the account 
is not active.) A withdrawal is then made by calling the superclass 
version of the method. 

A method that determines whether the account is inactive before a 
deposit is made. If the account is inactive and the deposit brings the 
balance above 525, the account becomes active again. A deposit is 
then made by calling the superclass version of the method. 

Ilefore the superclass method is called, this method checks the num­
ber of withdrawals. If the number of withdrawals for the month is 
more than 4 , a service charge of $1 for each withdrawal above 4 
is added to the superclass field that holds the monthly service 
charges. (Don't forget to check the account balance after the service 
charge is taken. If the balance falls below1 $25, the account becomes 
inactive.) 

10. Ship, CruiaeShip, and CargoShip Classes 

Design a ship class that the following members: 

* A field for the name of the ship (a string). 
* A field for the year that the ship was built (a string). 
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• A constructor and appropriate accessor* and mutators. 
• A tos t r i ng method that displays the ships name and the year it was built. 

Design a CruiseShip class that extends the Ship class. The CruiseShip class should have 
the following members: 

• A field for the maximum number of passengers fan in t ) . 
• A constructor and appropriate accessors and mutators. 
• A t o s t r i n g method that overrides the t o s t r i n g method in the have J.iss, The 

CruiseShip class's tos t r i ng method should display only the ships name and the maxi­
mum number of passengers. 

Design a CargoShip class that extends the Ship class. The CargoShip class should have the 
following members: 

\ field for the cargo capacity in tonnage (an i n t l . 
\ constructor and appropriate accessors and mutators. 
\ t o s t r i n g method that overrides the t o s t r i n g method in the base Jass. Hie 
CargoShip class's tos t r ing method should display only the ships name and the ship's 
cargo capacity, 

I demonstrate the classes in a program thai has a Ship array. Assign various Ship, CruiseShip, 
and CargoShip objects to the array elements. The program should then step through the 
array, calling each object's tos t r ing method. (Sec Code Listing 10-25 as an example.) 
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TOPICS 
11.1 Handling Exceptions 
11.2 Throwing Exceptions 
11.3 Advanced Topics: Binary Files, Random 

Access Fifes, and Object Serialization 
11.4 Common Errors to Avoid 

11-1 Handling Exceptions 

> CONCEPT: An exception i t an object that is generated as the result of an error or an 
unexpected event. To prevent exceptions from crashing your program, you 
must write code that detects and handles them. 

There arc many error conditions that can occur while a Java application is running that wi l l 
cause it to halt execution. By now you have probably experienced this many times. Tor 

H*ndlmq example, look at the program in Code Listing I l - l . T h i * program attempts to read beyond 
txcepttons the bounds of an array. 

Vld**Ni>u 

Code L is t ing 11-1 ( B a d A r r a y . Java) 

This program causes an error and crashes. 
3 * / 
4 

publ ic ciass BadArray 

6 { 
publ ic s t a t i c void main(Str ing[) args) 

8 < 

A99 
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9 
10 
11 
12 
13 
14 
15 
16 > 
17 > 

/ / Create an array with 3 elements. 
in t [ ) numbers - ( 1, 2, 3 >; 

/ / Attempt to read beyond the bounds 
/ / o f the array. 
for ( in t i • Oj i <• 3; ! • • ) 

System.out.printIn(numbers[i)); 

Program Output 

1 
2 
3 
Exception in thread "main" Java.lang.ArraylndexOutOfBoundsException 

a t BadArray.main(BadArray.javaiIS) 

I h c number* array in this program has only three elements, with the subscript* 0 though 2. 
The program crashes when it tries to read the element at number§[ 3 ), and displays an error 
IIK >s ig< similar to that shown at the end of the program output. This message indicates that 
an exception occurred* and it gives some information about it. An exception is an object 
that is generated in memory as the result of an error or an unexpected event. When an 
exception is generated, it is said to have been "thrown." Unless an exception is detected by 
the application and dealt with, it causes the application to halt. 

To detect that an exception has been thrown and prevent it from halting your application, 
Java allows you to create exception handlers. An exception handler is a section of code that 
gracefully responds to exceptions when they are thrown. The process of intercepting and 
responding to exceptions is called exception handling. If your ctule does not handle an 
exception when it is thrown, the default exception handler deals with i t , as shown in 
Code Listing 11-1. The default exception handler prints an error message and crashes the 
program. 

The error that caused the exception to be thrown in Code l ist ing 11-1 is easy to avoid. M 
the loop were written properly, it would not have tried to read outside the hounds ol the 
array. Some errors, however, are caused by conditions that are outside the application and 
cannot be avoided. For example, suppose an application creates a file on the disk and the 
user deletes it. Later the application attempts to open the file to read from it, and because it 
does not exist, an error occurs. As a result, an exception is thrown. 

Exception Classes 
As previously mentioned, an exception is an object. Exception objects arc created from 
classes in the Java API. The API has an extensive hierarchy of exception classes. A small part 
of the hierarchy is shown in Figure 11-1. 

As you can sec, all of the classes in the hierarchy inherit from the Throwable class. Just 
below the Throwable class are the classes Error and Exception, (lasses that inherit from 
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Error arc for exceptions that are thrown when a critical error occurs, such as an inrcm.il 
error in the Java Virtual Machine or running out of memory. Your applications should not 
try to handle these errors because they arc the result of a serious condition. 

All of the exceptions that you will handle are instances of classes that inherit from Exception. 
Figure 11-1 shows two of these classes: lOExccption and RuntimeException. These classes 
also serve .is supcrclMMSi Mliception serves as a superclass lor exceptions thai arc related 
to input and output operations. RuntiraeException serves as a superclass for exceptions that 
result from programming errors, such as an out-of-bounds array subscript. 

The chart in Figure I l-l shows two of the classes that inherit from the lOExccption class: 
EOPException and FileNotFoundException. These are examples of classes that exception 
objects are created from. An EOFException object is thrown when an application attempts 
to read beyond the end of a file, and a FileHotFoundException object is thrown when an 
application tries to open a file that docs not exist. 

o NOTE: The exception classes arc in packages in the Java API. For example, 
FiUNotFoundExccption is in the java.io package. Vt'hcn you handle an exception that is 
not in the jav*.l*ng package, you will need the appropriate *mpurt statement. 

Figure 11-1 Part of the exception class hierarchy 
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Handling an Exception 
To handle an exception, you use a try statement. We will look at several variations of the 
try statement, beginning with the following general format: 

http://inrcm.il
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t r y 

{ 
(try block statements . . . } 

catch (ExceptionType parametecName) 

< 

(catch block statements . . . ) 

> 

First the key word t ry appears. Next, a block of code appears inside braces, which are 
required. This block of code is known as a try block. A try block is one or more statements 
that are executed and can potentially throw an exception. You can think of the code in the 
try block as being "protected" because the application will not halt if the try block throws 
an exception. 

After the try block, a catch clause appears. A catch clause begins « ah tin- key word catch, 
followed by the code (ExceptionType paraneterName). This is a parameter variable 
declaration, where ExceptionType is the name of an exception class and parameterName 
is a variable name. It code in the try block throws an exception of the ExceptionType class, 
then the parameter variable will reference the exception object. In addition, the code that 
immediately follows the catch clause is executed. The code that immediately follows the 
catch clause is known as a catch block. Once again, the braces are required. 

let 's look at an example of code that uses a t ry statement. The statement inside the follow­
ing try block attempts to open the file MyFilr.txt. If the file docs not exist, the Scanner 
object throws an exception of the FileNotFoundException class. I his code is designed to 
handle that exception if it is thrown. 

t r y 

( 
P i l e file - now F i l e ( " M y F i l e . t x t " ) ; 
Scanner i n p u t F i l e • new Scanner ( f i le ) ; 

I 
ca t ch (FileNotFoundException «) 

S y s t e m . o u t . p r i n t I n ( " F i l e not f o u n d . • ) ; 

> 

Let's look closer. First, the code in the try block is executed. If this code throws an excep­
tion, the Java Virtual Machine searches for a catch clause that can deal with the exception. 
In order for a catch clause to be able to deal with an exception, its parameter must be of a 
type that is compatible with the exception's type. Here is this code's catch clause: 

catch (FileNotFoundException e) 

This catch clause declares a reference variable named e as its parameter. The e variable can 
reference an object of the FileNotFoundException class. So, this catch clause can deal with 
an exception of the FileNotFoundException class. If the code in the try block throws an 
exception of the FileNotFoundException class, the e variable will reference the exception 
object and the code in the catch block will execute. In this case, the message "File not 
found." will be printed. After the catch block is executed, the program will resume with the 
code that appears after the entire try/catch construct. 
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o NOTE: The Java API documentation lists all of ihc exceptions that can be thrown from 
each method. 

(!oJc listing I 1-2 shows a program that asks the user to enter a file name, then attempts 
to open the file. If the file does not exist, an error message is printed. Figures 11-2 and 
I I • i show examples of interaction with the program. 

Code List ing 11-2 ( O p e n F i l e . J a v a ) 

: import java . io .* ; / / For Fi le c lass and FileNotFoundException 
. import Java.util .Scanner; / / For the Scanner c lass 

import javax.swing.JOptionPane; / / For the JOptionPane c lass 
4 
5 /** 

This program demonstrates how a FileNotFoundException 
exception can be handled. 

8 */ 
9 

10 public c lass OpenFlle 

U < 
12 public s t a t i c void main(String[] args) 

< 

File f i l e ; / / For f i l e input 
Scanner InputFile; / / For f i l e input 
String filename; / / To hold a f i l e name 

I i 

l - l 

15 
LI 

II 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
II 
i a 
33 
H 
35 
36 
37 
38 
39 > 

/ / Get a f i l e name from the user . 
fileName • JOptionPane.showlnputDialog"Enter " • 

"the name of a f i l e : " ) ; 

/ / Attempt to open the f i l e , 
t ry 

( 

f i l e - new File(fileName); 
inputFile • new Scanner(f i le) ; 
JOptionPane.BhowMessageDialoginull, 

"The f i l e was found."); 

> 

catch (FileNotFoundException e) 

< 

JOptionPane.showMessageDialogtnull, 
"File not found.•); 

> 

JOptionPane.showHessageDialogfnull, "Done."); 
System.exit(O); 
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Figure 11-2 Interaction with the OpenFi le . Java program 

(assume that BadFile.txt does not exist) 
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Figure 11-3 Interaction with t h c o p e n F i l o . java program 

(assume that GoodFile.txt does exist) 

1 *•** 

* 
tnlai iin nan* 

OecWMW 

im 

Look at [he example run of the program in Figure 11-2. The user entered Rjilh'ilv.txt as the 
file name. In line 25, the first statement inside the try block, a F i l e object is created and this 
name is passed to the F i le constructor. In line 26 a reference to the F i le object is passed to 
the Scanner constructor. Because BjJFile.txt does not exist, an exception of the 
FileNotFoundException class is thrown by the Scanner class constructor. When the excep­
tion is thrown, the program immediately exits the try block, skipping the remaining state­
ment in the block (lines 27 through 28). The program jumps to the catch clause in line 30, 
which has a FileNotFoundException parameter, and executes the catch block that follows it. 
Figure 11 -4 illustrates this sequence of events. 



11*1 Handling Exceptions 705 

Notice that after the catch block executes the program resumes at the statement that imme­
diately follows the try/catch construct. This statement, which is in line 36, displays the 
message "Done." 

Figure 11-4 Sequence of events with an exception 

If this statement 
throws an exception... 

...Ition this slalomont 
is skipped. 

t ry 
I 

I 

t i l e - new Filelf l leName); 
inputFi ie • new Scanner ( f i le ) ; 

{JOpt ionPane.showMeasageDialog (null , 
-The f i l e was found,"!; 

catch (FllcNotFoundExceptlon e) 

If Ihe exception is an object of / 
the FileNotFoundExccption 
class, tho program jumps to 
this catch clause 

JOpt ionPane.showMessageDialog (null , 
"Kile not found.*); 

I 

Now look at the example run of the program in Figure 11*3. In this case, the user entered 
(iootiHIvJxt) which is the name of a file that exist*. N O exception was thrown in the try 
block, so the program skips the catch clause and us catch block and jumps directly to the 
statement in line 16, which follows the t ry /catch construct. This statement displays the 
message "Done," Figure 11-5 illustrates this sequence of events. 

Figure 11-5 Sequence of events with no exception 

If no exception Is thrown m 
the try block, the program 
jumps to the statement that 
Immediately follows the 
t r y /ca tch construct. 

try 
( 

f i l e • new Flletf l leName); 
inputFi ie • new Scanner( f i le} ; 
JOptlonPane*showKe33ageDlalog(null* 

•The f i l e was found."!; 
I 
catch (FileNotFoundExceptlon e) 
I 

JOptlonPane.ahowKeeeagebialog(null, 
- F i l e not found.") 

JOptionPane.showK«sageDialog(null, " t one . " ) ; 

Retrieving the Default Error Message 
Each exception object has a method named getHeasage that can be used to retrieve the 
default error message for the exception. This is the same message that is displayed when the 
exception is not handled and the application halts. The program in Code Listing 11-3 dem­
onstrates the getftessage method. This is a modified version of the program in Code Listing 
I 1-2. Figure 11-6 shows the program running. In the figure, the user entered the name of a 
file that docs not exist. 
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Code Listing 11-3 ( E x c e p t i o n M e s s a g e . J a v a ) 

l 

2 

3 

-i 

5 

6 
7 

import j av t . io .* ) / / For f i l e I/O classes 
import Java.uti l .Scanner; / / For the Scanner c lass 
import Javax.swing.JOptionPane; / / For the JOptionPane c lass 

' * * 

This program demonstrates how a FileNotFoundException 
exception can be handled. 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

L7 

LB 

• '.' 

20 
21 
22 
23 
24 
25 
26 
27 
28 
25 
30 
31 
12 
33 
34 
35 
36 
17 
t 

public c lass ExceptionMessage 

< 

public s t a t i c void nain(Str ing(] a rg i l 

{ 
File f i l e ; 
Scanner inputFile; 
String tlleName; 

/ / For f i l e input 
/ / For f i l e input 
/ / To hold a f i l e name 

/ / Get a f i l e name from the user. 
fileName - JOptionPane.showInputDialog("Enter " • 

"the naae of a f i l e : " ] ; 

/ / Attempt to open the f i l e . 
t ry 

< 

f i l e - new File(fileName); 
inputFile - new Scanner(f i le) ; 
JOptionPane.showMessageDialog(null, 

"The f i l e was found."); 

> 

catch (FileNotFoundException e) 

JOptionPane,showMeflsageDialogJnull, e,getKeimage()); 

> 

JOptionPane.showMessageDialog(null, "Done."); 
System.exit(O); 

S > 

Code Listing 11-4 shows another example. This program forces the parselnt method of the 
Integer wrapper class to throw an exception. 
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Figure 11-6 Interaction with the ExceptionMessage. java program 
(assume that BadFile.txt does not exist) 
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Code Listing I I I ( P a r a a l n t E r r o r . J a v a ) 

/ * * 

This program demonstrates how the Integer .parselnt 
method throw* an exception. 

• / 

public c l a n ParselntError 

public s t a t i c void aa ln (S t r ing[ | args) 
< 

String s t r • "abcde"; 
int number; 

number • I n t ege r . pa r se ln t ( s t r ) ; 

try 
t 

> 

catch (NumberFormatException e) 

< 

System.out.printIn("Conversion er ror : 

e.getHessageO); 

) 

> 

Program Output 

Conversion er ror : For input s t r i n g : "abcde" 
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The numeric wrapper classes' "parse"* methods all throw an exception of the 
NumberFormatException type if the string being converted doc* not contain a convertible 
numeric value. 

Polymorphic References to Exceptions 
Recall from Chapter 10 that a reference variable of a superclass type can reference subclass 
objects. This is called polymorphism. When handling exceptions, you can use a polymorphic 
reference as a parameter in the catch clause. For example, all of the exceptions that wc have 
dealt with inherit from the Exception class. So, a catch clause that uses a parameter variable 
of the Exception type is capable of catching any exception that inherits from the Exception 
class. | :or example, the t ry statement in Code Listing 11-4 could be written as follows: 

try 

( 

I 
number • Integer.paraelnt(atr); 

catch (Exception e) 

< 

System.out,println("Conversion error: • + 
••getMe*aage<)); 

> 

Although the Integer class's parselnt method throws a NumberFormatException object, this 
code still works because the NumberFormatException class inherits from the Exception class. 

Using Mult iple catch Clauses to Handle 
Mult iple Exceptions 
The programs we have studied so far test only for a single type of exception. In many cases, 
however, the code in the try block will be capable of throwing more than one type of excep­
tion. In such a case, you need to write a catch clause for each type of exception that could 
potentially be thrown. 

For example, the program in Code I isting 11*5 reads the contents of a file named SjIcsIXiUJxt, 
Fach line in the file contains the sales amount for one month, and the file has several lines, 
I Icre arc the contents of the file: 

24987.62 
26978.97 
32589.45 
31978.47 
22781.76 
29871.44 

The program in Code lasting 11*5 reads each number from the file and adds it to an accu­
mulator variable. The try block contains code that can throw different types of exceptions. 
For example, the Scanner class's constructor can throw a FileNotFoundException if the file is 
not found, and the Scannerclass'snextDouble method can throw an InputMismatchException 
(which is in the j a v a . u t i l package) if it reads a non-numeric value from the file. To handle 
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these exceptions, the try statement has two catch clauses. Figure 11 -7 shows the dialog box 
displayed by the program when no errors occur. This dialog box is displayed by the state­
ment in lines 51 through 56. Figure 11-8 shows the dialog box displayed by the statement 
in lines 62 through 64 when the file cannot be found. 

Figure 11-7 Dialog box displayed by the SalesReport.java program 
when no error occurs 
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Figure 11-8 Dialog box displayed by the SalesReport. java program 
when the file cannot be found 

Code List ing 11-5 (Sa lesRepor t . Java) 

1 
a 
J 

•i 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

import java . io .* ; / / For Pi le c lass and FileNotFoundException 
import j ava .u t i l . * ; / / For Scanner and InputMismatchException 
import java.text.DecimalFormat; / / For the DeciealFornat clast 
import javax.awing.JOptionPane; / / For the JOptionPane c lass 

/ . . 

This program demonstrates how multiple exceptions can 
be caught with one try statement. 

* / 

public c lass SalesReport 

( 

public s t a t i c void main(String[] args) 

I 
String filename - "SalesData. txt- ; 
int months - 0; 
double oneMonth; 
double totalSales - 0.0; 
double averageSales; 

/ / Create a DecimalFormat object . 

/ / F i l e tu 
II Month counter 
/ / One month's sal< 
/ / Total sa les 
/ / Average sa les 
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22 

23 

24 

23 

26 
27 
28 
29 
10 
U 
12 
13 
J-l 

15 
16 
37 

38 
19 
10 

41 

42 

43 

44 

45 
46 
47 

48 

19 
'JO 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
83 
84 
65 
66 
67 
bH 

b') 

DecimalFormat dol la r -
new D«cimalFormat("l,M0.00-); 

t ry 

II Open the f i l * . 
F i l* f i l e - new File(fi lename); 
Scanner inputFile • new Scanner(f i le) ; 

/ / Process the contents of the f i l e . 

while (inputFile.hasNext(>> 
< 

/ / Get a month's sa les amount. 
oneHonth - inputFile.nextt>ouble<); 

/ / Accumulate the amount. 
to ta lSales • • oneHonth; 

/ / Increment the month counter 
months*** 

> 

/ / Close the f i l e . 
inpu tF i le .c lose t ) ; 

/ / Calculate the average, 
averages*lei - to ta lSales / >nths; 

/ / Display the r e s u l t s . 
JOptionPane.showMessageDialog(null, 

"Number of months: • • months • 
•\nTotal Sales: $" • 
dol lar . format( tota lSales) * 
"\nAverage Sales: S" • 
dollar .format(averageSales)) ; 

> 

catch(FileNotFoundException e) 

< 

/ / Thrown by the Scanner constructor when 
/ / the f i l e i s not found. 
JOptionPane.showMessageDialog<null, 

-The f i l e - + filename + 
• does not e x i s t . * ) ; 

> 

catch(InputMismatchException e) 

< 

/ / Thrown by the Scanner c l a s s ' s nextDouble 
/ / method when a non-numeric value i s found. 

file://?/nTotal
file:///nAverage
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70 
71 
72 
73 
M 
75 
76 
77 

JOptionPane.showMeasageDialogfnull, 
"Non-numeric data found 
"in the f i l e . " i ; 

System.exit(0); 

When an exception is thrown by code in the try block, the JVM begins searching the t ry 
statement for a catch clause that can handle it. It searches the catch clauses from top to 
bottom and passes control of the program to the first catch clause with a parameter that is 
compatible with the exception. 

Using Exception Handlers to Recover from Errors 

The program in Code Listing 11-5 demonstrates how a t ry statement can have several 
catch Jauses in order to handle different types of exceptions. However, the program docs 
not use the exception handlers to recover from any of the errors. Regardless of whether the 
file is not found or a non-numeric item is encountered in the file, this program still halls. 
The program in (j»dc Listing 11-6 is a better example of effective exception handling. It 
attempts to recover from as many of the exceptions as possible. 

Code List ing 11 6 ( S a l e e R e p o r t 2 . J a v a ) 

/ 

J 

•i 
c. 
6 
7 

B 
9 

10 
11 
12 

IJ 
U 
15 
16 

17 
18 
IS 
20 
21 
23 

import J a v a . t o . ' ; / / For P i l e c l a i a and FileNotFoundException 
import j a v a . u t i l . * ! / / For Scanner and InputMismatchException 
import Java.text.DecimalPoraat; / / For the DecinalFormat c lass 
import javax.swing.JOptionPane; / / For the JOptionPane c lass 

/ . . 

This program demonstrates how exception handlera can 
be used to recover from e r r o r s . 

» / 

public c lass SalesReport2 

i 
public s t a t i c void main(String[) args) 

( 

String filename - "SalesData. txt- ; 
int months - 0; 
double oneMonth; 
double to ta lSales - 0.0; 
double averageSales; 

/ / Create a DecimalFormat object . 
DecimalFormat dol lar • 

/ / F i l e name 
/ / Konth counter 
/ / One month's salei 
/ / Total sa les 
/ / Average sa les 
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23 

24 

25 

26 

27 

28 

29 

)Q 

U 

(2 

13 

14 

15 

16 

37 

38 

39 

10 

41 

42 

43 

u 
is 
| « 

47 

48 

49 

53 

51 

52 

S3 

54 

55 

56 

57 

5B 

vi 

60 
61 

62 

63 
64 
65 

66 
67 
68 

61) 

70 

71 

new DecimalFormatlM.MO.00-); 

/ / Attempt to open the f i l e by cal l ing the 
/ / openfile method. 
Scanner inputPile • openFileffilcnanc); 

/ / If the openFile method returned nu l l , then 
/ / the f i l e was not found. Get a new f i l e n 
while ( inpu t r i l e — nul l ) 
i 

filename - JOptionPane.showInputDialogf 
-ERROR: • • filename • 
• does not e x i s t . \ n " • 
-Enter another t i l e name: " ) ; 

inputPile - openPilelfilename); 

> 

/ / Process the contents of the f i l e . 
while (inputPile.hasNextf)) 

< 

t ry 

< 

/ / Get a month's sa les amount. 
oneHonth - inputPile.nextDouble< )j 

/ / Accumulate the amount. 
to ta lSales • - oneHonth; 

/ / Increment the month counter. 
months**) 

> 

catchflnputMismatchException e) 

i 
II Display an e r ror message. 
JOpt ionPane.showMessageDialog< nul l , 

-Non-numeric data found in the filo.Xo" + 
"The invalid record wil l be skipped.") ; 

/ / Skip past the invalid data. 
inputPile.nextLinef); 

> 

/ / Close the f i l e . 
inpu tF i le .c lose ( ) ; 

/ / calculate the average. 
averagcSales - to ta lSales / months; 

http://DecimalFormatlM.MO.00
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/ / Display the r e s u l t s . 
JOptionPane.showMessageDialogtmill, 

"Number of months: • + months 
"\nTotal Sales: $* * 
dol lar , format( tota lSales) + 
"\nAverage Sales: $" * 
dollar .format(averageSalcs)); 

System.exit(O); 

/ * * 

The openFile method opens the specified f i l e and 
returns a reference to a Scanner object . 
Cparam filename The name of the f i l e to open. 
freturn A Scanner reference, if the f i l e e x i s t s 

Otherwise, null i s returned. 
* / 

public s t a t i c Scanner openFile(String filename) 

I 
Scanner scan; 

100 
10 
io: 
io: 
10< 

10! 

101 

10' 

/ / Attempt to open the f i l e , 
try 

{ 
File f i l e - new F i l e ( f i l e n u e ) ; 
scan • new Scanner(f i le) ; 

catchfFileNotFoundException e) 

i 
scan - nu l l ; 

return scan; 

Let's look at how this program recovers from a FileHotFoundException, The openFile 
method, in lines 90 through 106, accepts a file name as its argument. The method creates a 
Fi le object (passing the file name to the constructor) and a Scanner object. II the Scanner 
class constructor throws a FileNotFoundException, the method returns nul l . Otherwise, it 
returns a reference to the Scanner object. In the main method, a loop is used in lines 31 
through 38 to ask the user for a different file name in the event that the openFile method 
returns null . 

Now let's look at how the program recovers from unexpectedly encountering a non-numeric 
item in the file. The statement in line 46, which calls the Scanner class's nextDouble method, 
is wrapped in a t ry statement that catches the inputHismatchException. If this exception 
is thrown by the nextDouble method, the catch block in lines 54 through 61 displays a 

file:///nTotal
file:///nAverage
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message indicating that a non-numeric item was encountered and that the invalid record 
will he skipped. The invalid data is then read from the file with the nextLine method in line 
62. Because the statement monthft++ in line 52 is in the try block, it wi l l not be executed 
when the exception occurs, so the number of months wi l l still be correct. The loop contin­
ues processing with the next line in the file. 

Let's look at some examples of how the program recovers from these errors. Suppose we rename 
SjIesDataJxt file as Sjleslnfo.txt. Figure 11 -9 shows an example running of the program. 

Figure 11-9 Interaction with the Sa leaRepor t2o*va program 
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Now, suppose we change the name of the tile k u k to S.ilisl),it.i.txt and edit us contents .is 
follows: 

24987.62 
26978.97 
abc 
31978.47 

22781.76 
29871.44 

Notice that the third item is no longer a number. Figure 11-10 shows an example running 
ot the program. 

Figure 11-10 Dialog boxes displayed by the SaleaRepor t2 . java program 
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Handle Each Exception Only Once In a t r y Statement 

Not including polymorphic references a try statement may have only one catch clause for 
each specific type of exception. For example, the following try statement will cause the 
compiler to issue an error message because it handles a NumberFormatException object with 
two catch clauses: 

try 
i 

I 
number - Integer,paraelnt(str); 

catch (NumberFormatException e) 

System.out.println{"Bad number format,"); 

> 

// ERROR!I I NumberFormatException has already been caught) 
catch (NumberFormatException e) 

< 

Sys tem.ou t .p r in t ln ( s t r + " i s not a number.1*); 
> 

Sometimes you can cause this error by using polymorphic references, Fof example, look 
at Figure 11-11, which shows an inheritance hierarchy for the NumberFormatException 
i lass. 

Figure 11-11 Inheritance hierarchy (or the NumberFormatException cl<m 
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As you can sec from the figure, the NuaberFornatException class inherits from the 
IllegalArgumentException class. Now look at the following code: 

t r y 

< 

number - Integer.parselnt(str); 

catch (IllegalArgumentException e) 

System.out.println("Bad number format.-); 
> 

// This will Also cause an error. 
catch (NumberFormatException a) 
< 

S y s t e m . o u t . p r i n t I n ( s t r + * i s not a number . " ) ; 

The compiler issues an error message regarding the second catch clause, reporting that 
NumberFormatException has already been caught. This is because the first catch clause, 
which catches I l l e g a l A r g u n e n t E x c e p t i o n objects, will polymorphically catch 
NumberFormatException objects. 

If you arc handling multiple exceptions in the same try statement and sonic of the excep­
tions arc related to each other through inheritance, then you should handle the more spe­
cialized exception classes before the more general exception classes. \X'c i.,m rewrite iIn-
previous code as follows, with no error*: 

t r y 

< 

number • I n t e g e r . p a r s e l n t ( s t r ) ; 

> 

ca t ch (NumberFormatException • ) 

< 

S y s t e m . o u t . p r i n t l n f s t r + " i» not a number ." ) ; 

> 

ca t ch ( I l lega lArgumentExcept ion e) 

< 

System.out.printlnfBad number forma*-."); 

> 

The finally Clause 
The try statement may have an optional f inal ly clause, which must appear after all of the 
catch clauses. I lerc is the general format of a t ry statement with a f inal ly clause: 

t r y 

( 
(try block statements . . . ) 

) 
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ca t ch (ExceptionType ParameterNane) 

\t\Ucb block statement! • • .) 

> 

finally 

{ 
(finally block statements .. ./ 

> 

The finally block is one or more statements that are always executed after the try block lias 
executed and after any catch blocks have executed if an exception was thrown. Ihe state­
ments in the finally block execute whether an exception occurs or not. For example, the 
following code opens a file of doubles and reads its contents. The outer t r y statement 
opens [he file and has a catch clause that catches the FileNotFoundException. The inner 
t r y statement reads values from the file and has a ca tch clause that catches the 
inputHiamatchException. The finally block closes the file regardless of whether an 
InputHiamatchException occurs. 

t r y 

{ 
II Opon the file. 
F i l e file - new Fi le(f i lenarae) ; 
Scanner i n p u t F i l e • new Scanner ( t i l e ) ; 

try 

< 

// Read and display the file's contents. 

while <inputFile.hasNext<)> 

< 

System.out.printIn(inputFile.nextDouble()); 

} 

} 

c a t c h (InputMismatchExccption e ) 

< 

S y s t e m . o u t . p r i n t l n ( " I n v a l i d da t a found . " ) ; 

) 
finally 

< 

II Close t h e file. 
i n p u t F i l e . c l o s e ( ) ; 

> 

> 

ca t ch (FileNotFoundException e) 

\ 

System.out.println("File not found."); 

file:///t/Ucb
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The Stack Trace 
Quite often, a method wi l l call another method, which wi l l call yet another method. For 
example, method A calls method B, which calls method C. The call stack is an internal list 
of all the methods that are currently executing. 

When an exception is thrown by .1 method that i* executing under several layers of method 
calls, it is sometimes helpful to know which methods were responsible for the method being 
called. A stack trace is a list of all the methods in the call stack. It indicates the method that 
was executing when an exception occurred and all of the methods that were called in order 
to execute that method. For example, look at the program in Code Listing 11 -7. It has three 
methods: main, myMethod, and produceError. The w i n method calls myMethod, which calls 
produceError. The produceError method causes an exception by passing an invalid position 
number to the Str ing class's charAt method. The exception is not handled by the program, 
but is dealt with by the default exception handler. 

Code L is t ing 11-7 ( S t a c k T r a c e . Java ) 

l / ' • 
This program demonstrates the stack trace that i t 

produced when an exception i s thrown. 
i •/ 

i> public class StackTrace 

< 

publ ic s t a t i c void main(Str ing[) args) 

9 
10 

11 
12 
13 
14 

15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 

< 

System.out.println(-Calling myMethod...')t 

myMethod(); 
System.out.println("Method main i s done . ' ) ; 

) 

/ • • 

MyMethod 

• / 

public s t a t i c void myMethod)) 

< 

System.out.printIn("Calling produceError . . .*) ; 
produceError(); 
Syfltem.out.printlnfmyHethod i s done."); 

> 

/ « 

produceError 

• / 
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30 
31 
32 
33 
34 
35 
36 
37 

38 > 

public s t a t i c void produceError() 

{ 
String a t r - "abc"; 

/ / The following statement, wil l cause an e r ro r . 
System.out .print.l.nfstr .charAt ( 3 )); 
System.out.println("produceError i s done."}; 

> 

P r o g r a m O u t p u t 

Calling myMethod... 
Calling produceError. . . 
Exception in thread "main" Java.lang.StringlndexOutOxBoundsException: 

String index out of rangei 3 
a t java.lang.String.charAt(Unknown Source) 
a t StackTrace.produceError(StackTrace-$*v*:35) 
a t StackTrace.nyMcthod(StackTrace.Java:22) 
a t StackTrace.main(StackTrace.Java:11) 

When the exception occurs, the error message shows a stack trace listing the methods th t l 
were called in order to produce the exception. The first method that is listed in the stack 
trace, charAt, is the method that is responsible for the exception. The next method, 
produceError, is the method that called charAt. The next method, r j v t h o d , is the method 
that called produceError. The last method, va in, is the method that called myHethod. The 
stack trace shows the chain of methods that were called when the exception was thrown. 

<? N O T E : Al l exception objects have a pr intStackTrace method, inherited from the 
Throwable class, which tan be used to print a static trace. 

Handling Mul t ip le Exceptions w i t h One 
catch Clause (Java 7) 
In versions of Java prior to Java 7, each catch clause can handle only one type of exception. 
I'H't;i n n ing with Java 7, however, a catch clause can handle more than one type of exception. 
This can reduce a lot of duplicated code in a t r y statement that needs to ta t th multiple 
exceptions, but perform the same operation for each one. For example, suppose we have the 
following t r y statement in a program: 

(try block statements . . . ) 

t r y 

{ 

> 

catch(NumberFormatException ex) 

< 

respondToError ( ) ; 

> 
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ca tch( lOExcept ion ex) 

< 

> 

r e spondToEr ro r ( ) ; 

This t r y statement has two catch clauses: one that handles a NuraberFormatException, and 
another that handles an lOException. Notice that both catch blocks do the same thing: they 
call a method named reepondToError. Because both catch blocks perform the same opera­
tion, the catch clauses can be combined into a single catch clause that handles both types 
of exception, as shown here: 

t r y 
( 

I 
(try block statements . . . ) 

catch(KumberFormatException lOException ox) 

< 

roapondToErrorf ) ; 

> 

Notice in the catch clause that the exception types are separated by a | symbol, which is the 
same symbol as that used for the logical OR operator. You can think ol tins .is meaning that 
the clause will catch a NuaberFormatException or an XOException. The following code 
shows a catch clause that handles three types of exceptions: 

t r y 
< 

) 

(try blink statements ...) 

catch(NumberFormatException | lOException InputMiamatchException ex) 

< 

respondToError f ) ; 

> 

In this code, the catch clause u ill handle a NuaberFormatException or an lOException or an 
InputMiamatchException. 

The ability to catch multiple types of exceptions with a single catch clause is known as 
multi-catchy and was introduced in Java 7. Code Listing 11-8 shows a complete program 
that uses multi-catch. The catch clause in line 34 can handle a FileNotFoundException or 
an InputMiamatchException. 

Code Listing 11-8 ( M u l t i C a t c h . J a v a ) 

1 import j ava . io .* ; / / For Fi le claaa and FileNotFoundException 
2 import j a v a . u t i l . * ; / / For Scanner and InputMiamatchException 
3 
4 / • • 

Thia program demonstrates how multiple exceptiona can 
6 be caught with a aingle catch clauae. 
7 • / 



11.1 Handling Exceptions 721 

9 public c lass MultiCatch 
0 { 

public s t a t i c void main(String[) args) 

< 

int number; / / To hold * number from the f i l e 

try 
< 

/ / Open the t i l e . 
Fi le f i l e - new Fi leCNunbers . tx t - ) ; 
Scanner inputFile - new Scanner!f i le) ; 

/ / Process the contents of the f i l e , 
while (InputFile.hasNextO) 

< 

II Get a number troa the f i l e . 
number • inpu tF i l e .nex t ln t ( ) ; 

/ / Display the number. 

System.out.printIn(number); 

> 

/ / Close the f i l e . 
inputFi le .c losef) ; 

> 

catch(FlleNotFoundBxception | InputMismatchException ex) 

< 

/ / Display an error message. 

System.out.println("Error processing the f i l e . " ) ; 

> 

) 

O NOTE; If you arc using a version of Java prior to Java 7, yoti cannot use multi-catch. 

When an Exception Is Not Caught 
When an exception is thrown, it cannot be ignored. It must be handled by the program, or 
by the default exception handler. When the code in a method throws an exception, the nor­
mal execution of that method stops and the JVM searches for a compatible exception han­
dler inside the method. If there is no code inside the method to handle the exception, then 
control of the program is passed to the previous method in the call stack (that is, the method 
that called the offending method). If that method cannot handle the exception, then control 
is passed again, up the call stack, to the previous method. This continues until control 
reaches the main method. If the main method does not handle the exception, then the pro­
gram is halted and the default exception handler handles the exception. 

This was the case for the program in Code Listing 11-7. Because the produceError method 
did not handle the exception, control was passed back to nyMethod. It didn't handle the 
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exception either, so control was passed back to nain. Because main didn't handle the excep­
tion, the program halted and the default exception handler displayed the error metttgCL 

Checked and Unchecked Exceptions 
In Java, there are two categories of exceptions: unchecked and checked. Unchecked excep­
tions are those that inherit from the Error class or the RuntimeException class. Recall that 
the exceptions that inherit from Error are thrown when a critical error occurs, such as run­
ning out of memory. You should not handle these exceptions because the conditions that 
cause them can rarely be dealt with in the program. Also recall that RuntimeException 
serves as a superclass for exceptions that result from programming errors, such as an out-
of-bounds array subscript. It is best not to handle these exceptions cither, because they can 
be avoided with properly written code. So, you should not handle unchecked exceptions. 

All of the remaining exceptions (that is, those that do nut inherit from Error or 
RuntimeException) are checked exceptions. These arc the exceptions that you should handle 
in your program. If the code in a method can potentially throw a checked exception, then 
that method must meet one of the following requirements: 

• It must handle the exception, or 
• It must have a throws clause listed in the method header. 

The throw* clause informs the compiler of the exceptions that toiild get thrown from a 
method. Tor example, look at the following method: 

/ / Thia method w i l l not compi le ! 
pub l i c void d i * p l a y F i l e ( S t r i n g nemo) 

< 

/ / Open t h e Hie . 
P i l e file - new F i l e (name) ; 
Scanner i n p u t F i l e - new Scanner ( f i l e ) ; 

/ / Read and d i s p l a y t h e file's c o n t e n t s , 
whi le { inpu tF i l e .hasNex t<) ) 

< 

) 

System.out.printIn(inputFile.nextLine()); 

// Close the till 

inputFile.closei ) ; 

I 
The code in (his method is capable of throwing a FileNotFoundException, which is a 
checked exception. Because the method does not handle this exception, it must have a 
throws clause in its header or it will not compile. 

The key word throws is written at the end of the method header, followed by a list of the 
types of exceptions that the method can throw. I lere is the revised method header: 

public void displayFile(Str ing name) throws FileNotFoundException 

The throws clause tells the compiler that this method can throw a FileNotFoundException. 
(If there is more than one type of exception, you separate them with commas.) 
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Now you know why you wrote a throws clause on methods that perform file operations in 
the previous chapters. Wc did not handle any of the checked exceptions that might occur, so 
we had to inform the compiler that our methods might pass them up the call Stack, 

Checkpoint 

MyProjtramminsUb* wuntKmyprogrjmmingljIheam 

i l l llriefly describe what an exception is. 

11.2 What docs it mean to " th row" an exception? 

11.3 If an exception is thrown and the program does not handle it, what happens? 

I 1.4 ()rhcr than the Object class, what is the superclass for all exceptions? 

11.5 What is the difference between exceptions that inherit from the Error class and 
exceptions that inherit from the Exception class? 

I 1.6 What is the difference between a try block and a catch block? 

11.7 After the catch block has handled the exception, where docs program execution 
resume? 

I I .H 1 low do you retrieve an error message from an exception? 

11.9 If multiple exceptions can be thrown by code in a try block, how does the JVM 
know which catch clause it should pass the control of the program to? 

I I.It) When does the code in a finally block execute? 

11.11 What is the call stack? What is a stack trace? 

11.12 A program snwin method calls method A, which calls method It. None of these 
methods performs any exception handling. The code in method II throws an 
exception. Describe what happens. 

I I.I i What arc the differences between a checked and M\ unchecked exception? 

11.14 When arc you required to have a t h r o w clause in a method header? 

112 Throwing Exceptions 

CONCEPT: You can write code that throws one of the standard Java exceptions, or an 
instance of a custom exception class that you have designed. 

You can use the throw statement to throw an exception manually. The general format of the 
throw statement is as follows: 

throw new ExceptionTypetNesssgeString); 

The throw statement causes an exception object to be created and thrown. In this general 
format, ExceptionTypc is an exception class name and HcssagcString is an optional Str ing 
argument passed to the exception object's constructor. The McssagcStrznq argument con­
tains a custom error message that can be retrieved from the exception objects getMessage 
method. If you do not pass a message to the constructor, the exception wi l l have a n u l l 
message. 1 lerc is an example of a throw statement: 

throw new Exception!"Out of fuel"); 
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This statement creates an object of the Exception class and passes the string "Out of fuel" 
to the object's constructor. The object is then thrown, which causes the exception-handling 
process to begin. 

o NOTE: Don't confuse the throw statement with the throws clause. The throw statement 
causes an exception to be thrown. The throws clause informs the compiler that .1 method 
throws one or more exceptions. 

Recall the DateComponent class from Chapter 9. Its constructor accepts a string containing a 
date in the form MONTI l/DAY/YF AR. It uses a St ring token izer object to extract the month, 
day, and year from the string and stores these values in the aonth, day, and year fields. Suppose 
we want 10 prevent a null reference from being passed as an argument into the constructor. 
Oneway to accomplish this is CO have die Constructor throw an exception when such an argu­
ment is passed. I lere is the modified code for the DateComponent constructor: 

public DateComponent{String dateStr) 

< 

// Ensure that dateStr is not null. 
if (dateStr « null) 

< 

throw new IllegalArgumentExccption( 
"null reference paaaed to " • 
"DateComponent constructor"); 

> 

// Create a StringTokenizer object. 
StringTokenizer atrTokenizer • 

now StringTokenizerfdateStr, * / " ) ; 

// Extract the tokens. 
month - etrTokeni.zer.nextToken(); 
day • strTokenizer.nextTokenf); 
year • strTokenizer.nextTokenf)j 

I 
Tins constructor throws an IllegalArgu»entException if the dateStr parameter is null. The 
message "null reference passed to DateComponent constructor** is passed to the exception 
object's constructor. When we catch this exception, we can retrieve the message by calling the 
object's getMessage method. The IllegalArguaentException class was chosen for this error 
condition because it seems like the most appropriate exception to throw in response to an 
illegal argument being passed to the constructor. iNote that IllegalArguraentException 
inherits from RuntimeException, which inherits from Exception.) 

NOTE: Because the IllegalArgumentExceptionclass inherits from the RuntimeException 
class, it is unchecked. If we had chosen a checked exception class, we would have to put 
a throws clause in the constructor's header. 
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The program in Code Listing 11-9 demonstrates how the modified constructor works. 

Code List ing 11-9 ( D a t e C o m p o n e n t E x c e p t i o n D e m o . J a v a ) 

1 /** 
This program demonstrates how the DateComponent 
c lass constructor throws an exception. 

4 */ 
5 
6 public c lass DateComponentExceptionDeno 
7 < 

public s t a t i c void main(Str ing | | args) 

{ 
/ / Create a nul l String reference. 
String s t r • nu l l ; 

9 
10 
11 
L2 
1 ) 
1-1 
LS 
u, 
17 
LI 
L9 
20 
21 
22 
23 
24 y 

II Attempt t o pass the null reference to 
/ / the DateComponent constructor . 
t ry 

< 

DateComponent dc - new DateComponent(str); 

> 

catch (IllegalArgumentException • ) 

< 

System.out.println(e.getMesseg«<)); 

Program Output 

null reference passed to DateComponent constructor 

Creating Your Own Exception Classes 
To meet the needs of a specific class or application, you can create your own exception 
classes by extending the Exception class or one of its subclasses. 

let 's look at an example that uses programmer-defined exceptions. Recall the BankAccount 
class from Chapter 6. This class holds the data for a bank account. A UML diagram for the 
class is show n in I'igurc 11-12. 

There arc a number of errors that could cause a BankAccount object to perform its duties 
incorrectly. I Icrc arc some specific examples: 

• A negative starting balance is passed to the constructor. 
• A negative number is passed to the deposit method. 
• A negative number is passed to the withdraw method. 
• The amount passed to the withdraw method exceeds the account's balance. 
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Figure 11-12 UML diagram lor the BanfcAccount class 

SankAccoLnt 

- balance; doub e 

* 6ankAccounl() 
* BankAccounl(staMBa anc* . double) 
* Ban kAc count (*tr: Stnng) 
* deposit (amount: douMt): void 
* depositor String): vo d 
* wNhdrawfamoun: doobe) :vo*d 
* witftdrawlstr: String) vo*d 
* $at8alance(b doub a) : vo*a 
* serBa lanes (str: String) vod 
+ getBa ance(): doub e 

We can create our own exceptions that represent each of these error conditions. Then we 
can rewrite the class so it throws one of our custom exceptions when any of these errors 
occur, Lert start by creating an exception class for a negative starting balance- Code I iscing 
11-10 shows an exception class named MegativeStartingBalance. 

Code Listing 11 10 ( N o g a t i v e S t o r t i n g B a l a n c e . J ava ) 

; / • • 

2 MegativeStartingBalance exception* are thrown by the 
BankAccount claaa when a negative etarting balance ia 

4 paiaed to the conatructor. 

public class NcgativeStartingBalance 
8 extenda Exception 
9 { 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 

/ • • 

Thia conatructor uaea a generic 
error message. 

7 

public NegativeStartingBalancef) 
i 

super("Error: Negative starting balance*); 
> 

t t 

Thia conatructor apecifiea the bad starting 
balance in the error message. 
0p4iram The bad starting balance. 
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26 
27 
28 
29 
30 
31 ) 

public NegativeStartingBalancefdouble amount) 

( 

8uper("Error: Negative s t a r t ing balance: " + 
amount); 

Notice that this class extends the Exception class. It has two constructors. The no-arg con­
structor passes the string "Error: Negative s t a r t ing balance" to the superclass construc­
tor. This is the error message that is retrievable from an object's getMessage method. The 
second constructor accepts the starting balance as a double argument. This amount is used 
to pass a more detailed error message containing the starting balance amount to the super­
class constructor. 

The following code shows one of the BankAccoant constructor*, rewritten to throw a 
NegativeStart ingBalance exception when a negative value is passed as the starting 
balance. 

pub l i c BankAccount(double s t a r t B a l a n c e ) 
throws Nega t iveS ta r t ingBa lance 

< 

if (startBalance < 0) 
throw new NegativeStartingBalance(startBalance); 

balance • startBalance; 

) 

Note that NegativeStartingBalance extends the Exception (.lass. This means that it is a 
checked exception class. Because of this, the constructor header must have a throws clause 
listing the exception type. 

You will find the modified B.inkAiamnt.java file in this chapter's source code, available on 
the book's companion VCcbsitc at www.pearsonhighcrcd.coni/gaddis.Thc program in (.'ode 
l i s t ing 11-11 demonstrates the new constructor by forcing it to throw the 
NegativeStartingBalance exception. 

Code List ing 11-11 ( A c c o u n t T e s t . J a v a ) 

I /** 
This program demonstrates how the BankAccount 
c lass constructor throws custom exceptions. 

4 */ 
5 

public c lass AccountTest 

{ 
public s t a t i c void main(String [] args) 

9 < 
/ / Force a NegativeStartingBalance exception. 

http://www.pearsonhighcrcd.coni/gaddis.Thc
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1 1 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 > 

t ry 

< 

BankAccount account • 
new BankAccount(-lOO.O); 

> 

catch(NegativeStartingB*lance • ) 

< 

Sy»tem.out.println(e.getMe»aage<>>; 
> 

> 

Program Output 

Error: Negative s t a r t ing balance: -100.0 

Using the ^exception Tag In Documentation Comments 
When writing the documentation comments for a method, you can document the excep­
tions thrown by the method by using an lexception tag. When the javadoc utility sees an 
•Itjxcrpt.iu:\ tag inside i methods documentation comments, u knows thai (In- name of an 
exception appears next, followed by a description of the events that cause the exception. 
The general format of an lexception tag comment is as follows: 

^exception Except ionName DeMctiption 

FxcmptionName is the name of an exception and Description is a description of the cir­
cumstances that cause the exception. Remember the following points about (exception tag 
comments: 

• The lexception tag in a method's documentation comment must appear after the gen­
eral description of the method. 

• The description can span several lines. It ends at the end of the documentation com­
ment (the */ symbol), or at the beginning of another tag. 

When a method's documentation comments contain an (exception tag, the javadoc utility 
will create a Throws section in the method's documentation. This is where the desi nptions 
of the exceptions thrown by the method will be listed. As an example, here are the docu­
mentation comments for the BankAccount class*s constructor presented earlier: 

/ * * 

This constructor sets the starting balance 
to the value passed as an argument. 
Iparam startBalance The starting balance, 
(exception NegativeStartingBalance When 

startBalance is negative. 

*/ 
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Checkpoint 
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11.15 What does the throw statement do? 

11.16 What is the purpose of the argument that is passed to an exception object's con­
structor? What happens if you do not pass an argument to the constructor? 

11.17 What is the difference between the throw statement and the throws clause? 

11.18 If a method has a throw statement, does it always have to have a throws clause in 
its header? Why or why not? 

11.19 If you are writ ing a custom exception class, how can you make sure it is checked? 
Mow can you make sure it is unchecked? 

11*3 Advanced Topics: Binary Files, Random Access Files, 
^ V and Object Serialization 

CONCEPT: A file due contains raw binary data is known a\ a binary file. The content 
of a binary file is not formatted av text, and not meant to I K opened in a 
text editor. A random access file is a Hie that allows a program to read 
data from any location within the file, or write data to any location 
within the file. Object serialization is the process of converting an object 
to a series of bytes and saving them in a file. Deserialization is the process 
of reconstructing a serialized object. 

Binary Files 
All the files you've been working with so far have been text files. I his means that the data 
stored in the files has been formatted as text. Even a number, when stored in a text file with 
the pr in t or printLn method, is converted to text. For example, consider the following pro­
gram segment; 

PrintWriter outputPile • new PrintWriter(-Number.txt"); 
int x - 1297; 
outputFile.print(x); 

The last statement writes the contents of the variable x to the XumhcrJxt file. When the 
number is written, however, it is stored as the characters * l f , • 2 ' , ' 9 ' , a nd ' 7 ' . This is 
illustrated in Figure 11-13. 

F igure 11-13 The number 1297 expressed as characters 

1297 expressed as characters 

• ! • ' 2 ' * 9 f ' 7 ' 

http://ufww.niyprogrjmmingljb.com
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When a number such a* 1297 is stored in the computer's memory, it isn't stored as tcxr, how­
ever. It is formatted as a binary number. Figure 11-14 shows how the number 1297 is stored 
in memory, in an int variable, using binary. Recall that Int variables occupy four bytes. 

Figure 11-14 The number 1297 as a binary number, as it is stored in memory 

1297 as a binary number 

oooooooo 00000000 00000101 00010001 

The binary representation of the number shown in Figure 11-14 is the way the raw data is 
stored in memory. In fact, this is sometimes called the raw binary format. Data can be stored 
in a file in its raw binary format. A file that contains binar> data is often called a binary file. 

Storing data in its binary format is more efficient than storing it as text because there are 
fewer conversions to take place. In addition, there are tome types of data that should only 
be stored in their raw binary format. Images arc an example. I lowevcr, when data is stored 
in a binary file, you cannot open the file in a text editor such as Notepad. When a text edi­
tor opens a file, it assumes the file contains text. 

Writing Data to a Binary File 

To write data to a binary file you must create objects from the follow jng classes: 

FileOutputStream I his < lass, which is in the )av«i. io |\uk.u;i\ . t .ms wm to open I 
file for writing binary data and establish a connection with it. It 
provides only basic functionality for writing bytes to the file, 
however. 

DataOutputStream This class which is in the java.io package, allows you to write 
data of any primitive type o r String objects to a binary file. The 
DataOutputStream class by itself cannot directly access a file, 
however. It is used in conjunction with a FileOutputStream object 
that has a connection to a file. 

You wrap a DataOutputStream object around a FileOutputStream object to write data to a 
binary file. The following code shows how a file named Myhtftt.dat can be opened for 
binary output: 

FileOutputStream (stream - new FileOutputStreamf"MyInto.dat*); 
DataOutputStream outputFi le • new DataOutputStreamffstream); 

The first line creates an instance of the FileOutputStream class, which has the ability to 
open a file for binary output and establish a connection with it. You pass the name of the 
file that you wish open, as a string, to the constructor. The second line creates an instance of 
the DataOutputStream object that is connected to the FileOutputStream referenced by 
f stream. The result of this statement is that the outputFile variable will reference an object 
that is able to write binary data to the Mylnfo.dat file. 

© WARNING! If the file that you are opening with the FileOutputStream object already 
exists, it will be erased and an empty file by the same name will be created. 
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o NOTE: The PileOutputstream constructor throws an lOException if an error occurs 
when it attempts to open the file. 

If there is no reason to reference the FileOutputStrean object, then these statements can be 
combined into (inc. .is lol oWl: 

DataoutputStream outputFila -
now DataOutputStream(new FileOutputStream("MyInfo.dat")); 

Once the DataoutputStream object has been created, you can use it to write binary data to 
the file. Table I l-l lists some ofthcDataOutputStreaa methods. Note that each of the meth­
ods listed in the table throws an lOException if an error occurs. 

Table i l l Some of the DttaOutputStreta methods 

Method 

void close() 

void writeBoolean(boolean b) 

void writ«Byt«(byt« b) 

void writeChar(int c) 

void writeDouble(double d) 

void writeFloat(float f) 

void writelnt(int J) 

void writeLong(long num) 

void writeShortfshort a) 

void writeUTF(String atr) 

Description 

Closes the file. 

Writes the boolean value passed to b to the file. 

Writes the byta value passed to b to the file. 

This method accepts an int, which is assumed to be a 
character code. The character it represents is written to 
the file as a two-byte Unicode character. 

Writes the double value passed to d to the file. 

Writes the float value passed to f to the file. 

Writes the int value passed to i to the file. 

Writes the long value passed to nun to the file. 

Writes the short value passed to a to the file. 

Writes the String object passed to a t r to the file using 
the Unicode Text Format. 

The program in (lode listing 11-12 shows a simple demonstration. An array of int values 
is written to the file Numhers.iiM. 

Code Listing 11-12 ( W r i t a B i n a r y F i l a . Java) 

import java.io.*; 

/ * * 

This program opena a binary fi le and vr i tes the content) 
of an int array to the f i l e . 

* / 

- public class WriteBinaryFile 



732 Chapter 11 Exceptions and Advanced File I/O 

LO 

n 

L2 

L3 

14 

15 

A , 

n 
IB 

L9 

20 

2. 

22 

23 

24 

25 

26 

27 

28 

29 

JO 

t ; 

32 

33 

public s t a t i c void main(String[) args) 
throws IOException 

i 
/ / A n array to writ* to the f i l e 
i n t [ | numbers • { 2, 4, 6, 8, 10, 12, 14 >; 

/ / Create the binary output objec ts . 
FileOutputStrean (stream • 

new FileOutputStrearafNuAbers.dat"); 
DataOutputStreara outputFile -

new DataOutputStrearaffstreaa); 

System.out.println("Writing the numbers t o the f i l e . 

/ / Write the array elements t o the f i l e , 
for ( int i • 0; i < numbers.length; .**) 

outputPile .wri teInt(numbers! i]) ; 

System.out.println("Done.")% 

II Close the t i l e , 
outputF i l e . c l o s e ( ) ; 

I 

Program Output 

Writing the numbers to the f i l e . 
Done. 

Reading Data from a Binary Flic 

To open a binary file for input, you use the following classes: 

FilelnputStream 

DatalnputStrcam 

This class, which is in the java . io package, allows you to open a 
file for reading binarv data and establish .i connection with it. It 
provides only the baste functionality for reading bytes from the 
file, however. 

This class, which is in the j ava . io package, allows you to rend 
data of any primitive type, or s t r ing objects, from a binary file. 
The DatalnputStrcam class by itself cannot directly access a file, 
however. It is used in conjunction with a FilelnputStream object 
that has a connection to a file. 

To open a binary file for input,youwrapaDataInputStreanobject around a FilelnputStream 
object. The following code shows the file Mylnfo.dat can be opened for binary input: 

F i l e l n p u t S t r e a m tstream - new F i l e I n p u t S t r e a m ( " M y I n f o . d a t " ) ; 
DatalnputStream i n p u t F i l e • new Data Inpu tS t ream(fs t r eam) ; 
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The following code, which combines these two statements into one, can also be used: 

DatalnputStream inputFile * 
new Datalnputstream<new Filelnputstream{"MyInfo.dat"}); 

The FilelnputStream constructor will throw a FileHotFoundException if the file named by 
the string argument cannot be found. Once the DatalnputStream object has been created, 
you can use it to read binary data from the file. Table 11-2 lists some of the DatalnputStream 
methods. Note that each of the methods listed in the table throws an EOFException if the 
end of the file has already been reached. 

Table 11-2 Some of the DatalnputStream methods 

Method Description 

void cloaa() 

boolean readBooleanf) 

byte readByte() 

char readChar() 

double readDouble(J 

float readFloatf) 

int readlnt() 

long readLongf) 

short readShort(J 

String r«adUTF() 

(Justs the file. 

Reads a boolean value from the file and returns it. 

Heads a byte value from the file and returns it. 

Reads a char value from the file and returns it. The character 
is expected to be stored as a two-byte Unicode character, as 
written by the DataOutputStreaa class's writeChar method. 

Reads a double value from the file and returns it. 

Reads a £loat value from the file and returns it. 

Reads an int value from the file and returns it. 

Reads a long value from the file and returns it. 

KcaJs a short value from the file and returns it. 

Reads a string from the file and returns it as a String object. 
The string must have been written with the DataOutputstream 

class's vritcVTF method. 

The program in Code listing 11-11 opens the Njabera.dat file that was created by the pro­
gram in (lode listing I 1-12. The numbers arc read from the file and displayed on the 
screen. Notice that the program must catch the EOFException in order to determine when 
the files end has been reached. 

Code Listing 1 1 1 3 ( R e a d B i n a r y F i l e . J a v a ) 

i import j ava . io .* ; 
2 
3 /## 

4 This program opens a binary f i l e , reads 
and displays the contents . 

6 */ 

public c lass ReadBinaryFile 

9 < 
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10 
11 
12 
13 
14 
15 
16 
17 

IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 > 

pub l ic s t a t i c void main(St r ing[ ) a rgs ) 

< 

> 

throws IOException 

i n t number; / / A nuaber read fron the f i l e 
boolean cndOfFile - f a l s e ; / / EOF f lag 

/ / Crea te the binary f i l e input o b j e c t s . 
Fi le lnputStreem fstream -

new F i le Inpu tS t rea raCNuabers .da t " ) ; 
Data lnputStrean i n p u t F i l e -

new Data lnputSt reara( fs t rean) ; 

Sys tem.out .p r in t ln ("Reading numbers froa the f i l e : " ) ; 

/ / Read the c o n t e n t s of the t i l e . 
while ( lendOfFile) 

< 

t r y 

{ 
number • i n p u t F i l e . r e a d l n t ( ) ; 

System.out .pr int(number • " " ) ; 

) 

ca tch (EOFException e ) 

< 

endOfFile - t r u e ; 

) 

> 

S y s t e m . o u t . p r i n t I n ( " \ n D o n e . - | j 

/ / Close the f i l e . 
i n p u t F i l e . c l o s e ( )l 

P r o g r a m O u t p u t 

Reading 
2 4 6 
Don*. 

8 
numbers from the f i l e : 
10 12 14 

Wri t ing and Reading Strings 

To write a string to a binary file you should use the DataOutputStream class's writeUTF 
method. This method writes its Str ing argument in a format known as UTF-S encoding. 
I feres how the encoding works: Just before writ ing the siring, this method writes a two-
byte integer indicating the number of bytes that the string occupies. Then it writes the 
string's characters in Unicode. (UTF stands for Unicode Text Format.) 

file:///nDone
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When the DatalnputStreaa class's readUTF method reads from the file, it expects the first 
two bytes to contain the number of bytes that the string occupies. Then it reads that many 
bytes and returns them as a string. 

For example, assuming that outputPile references a DataOutputStream object, the follow­
ing code uses the writeUTF method to write a string: 

Str ing name • "Chloa"; 
outputFile.writeUTF(name); 

Assuming that inputPile references a Datalnputstrean object, the following statement uses 
the readUTP method to read a UTF-8 encoded string from the file: 

String name - inputFila.raadUTFO; 

Remember that the readUTP method will correctly read a siring only w hen the string is writ­
ten with the writeUTP method. 

This chapter's source code folder contains the example programs WritoUTr.Java and 
RoadUTF. Java, which demonstrate writing and reading strings using these methods. 

Appending Data to an Existing Binary File 

It you pass the name of an existing file to the FilcOutputStream toustructoi; it will be erased 
and a new empty file with the same name will be created. Sometimes, however, you want to 
preserve an existing file and append new data to its current contents. The FileOutputStrcam 
constructor takes an optional second argument, which must be a boolean value. It the argu­
ment is true, the file will not be erased if it already exists and new daia will be written to 
the end of the file. If the argument is falae, the file will be erased if it already exists, Tor 
example, the following code opens the file Myhtfottiat for output. If the file exists, it will 
not be deleted, and any data written to the file will be appended to the existing data. 

FileOutputStream (stream • new FileOutputStream("MyInfo.dat", trua); 
DataOutputStream outputFila • new DataOutputStream{fetream); 

Random Access Files 
All of the programs that you have created to access files so far have performed sequential 
file access. With sequential access, when a file is opened for input* its read position is at the 
very beginning of the file. This means that the first time data is read from the file, the data 
will be read from its beginning. As the reading continues, the file's read position advances 
sequentially through the files contents. 

The problem with sequential file access is that in order to read a specific byte from the file, 
all the bytes that precede it must be read first. For instance, if a program needs data stored 
at the hundredth byte of a file, it will have to read the first 99 bytes to reach it. If you've 
ever listened to a cassette tape player, you understand sequential access. To listen to a song 
at the end of the tape, you have to listen to all the songs that are before it, or fast-forward 
over them. There is no way to jump immediately to that particular song. 
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Although sequential file access is useful in many circumstances, it can slow down a program 
tremendously. If the file is very large, locating data buried deep inside it can take a long 
time. Alternatively, Java allows a program to perform random file access. In random file 
access, a program may immediately jump to any location in the file without lirst reading the 
preceding bytes. The difference between sequential and random file access is like the differ­
ence between a cassette tape and a compact disc. YChen listening to a CD, there is no need 
to listen to or fast-forward over unwanted songs. You simply jump to the track that you 
want to listen to. This is illustrated in Figure 11-15. 

Figure 11-15 Sequential access versus random access 

Ham* m a sequential access file are accessed one after the other. 

/^-x^-x^-x^x 1 

Items in a random access die are aooaeead In any order. 

r> 

To create and work with random access files in Java, you use the RandooAccMiFile class, 

which is in the Java.io package. The general format of the class constructor is as follows: 

RandomAccessFilefString filename. Str ing aode) 

The first argument is the name of the file. The second argument is a string indicating the 
mode in which you wish to use the file. The two modes are " r " for reading, and "rwM for 
reading and writing. When a file is opened with *r" as the mode, the program can only read 
from the file. VChen a file is opened with "rw" as the mode, the program can read from the 
file and write to it. Here are some examples of statements that open files using the 
RandomAcccBBFile class: 

/ / Open a file l o r random reading* 
RandomAccesaFile randotnFile -

new RandomAcceesFile("MyData.dat", " r " ) ; 
/ / Open a file for random read ing and w r i t i n g . 
RandomAcceB&File randomFile • 

new RandomAccc8flFilcCMyData.dat" , "rw" ) ; 

I Icre are some important points to remember about the two modes: 

• If you open a file in " r " mode and the file does not exist, a FileNotFoundException 
will be thrown. 

• If you open a file in *r* mode and try to write to it, an lOException wi l l be thrown. 
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• It you open an existing file in "rw" mode, it will not be deleted. The file's existing con­
tents will be preserved. 

• If you open a file in "rw" mode and the file docs not exist, it will be created. 

Reading and Wr i t i ng w i t h the RandonAccessFile Class 

A file that is opened or created with the RandonAccessFile class is treated as a binary file. In 
lace, the RandomAcceaattle class has [he same methods as the DataOutputStream class lor 
writing data, and the same methods as the DataInputStream class for reading data. In fact, 
you can use the RandomAccessFile class to process a binary file sequentially. For example, 
the program in Code Listing 11-14 opens a file named lvtters.dat and writes all of the let­
ters of the alphabet to the file. 

Code List ing 11-14 ( W r i t e L e t t e r a . J a v a ) 

import j ava . lo .* ; 

/ * * 

This program uses a RandomAccessFile object to 
create the f i l e Le t t c r i . da t . The l e t t e r s of the 
alphabet are written to the f i l e . 

' / 

public c lass WriteLctters 

i 
public a t a t i c void main(String[] args) 

throws IOException 

II The l e t t e r s array haa a l l 26 l e t t e r s . 
char(] l e t t e r a - { 

' a ' , ' b ' , ' C , ' d \ * e \ *f\ - g \ 
' h ' , ' i ' , ' j ' , 'k1, ' 1 \ ••*, ' n \ 
'<>', ' p ' , ' q ' , T \ •»• , » t ' # ' u ' , 
• V , 'w' , ' x ' , - y , » i ' ) ; 

System.out.printlnf"Opening the f i l e . " ) ; 

/ / Open a f i l e for reading and wri t ing. 
RandomAccessFile randonFile -

new RandomAcceasFileCLetters.dat", " r v " j ; 

System.out.println("Writing data to the f i l e . . . " ) j 

/ / Sequentially write the l e t t e r s array to the f i l e . 
for ( in t i • 0; i < l e t t e r s . l e n g t h ; i++) 

randomFile.wri teChar(let ters! i |>; 
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33 
3* 
35 
36 
37 
38 > 

/ / Close the f i l e . 
randomFile.close(); 

System.out.printIn("Done."); 

) 

Program Output 

Openi ng the f i l e . 
Writing data to the t i l e . . . 
Done. 

Alter this program executes, the letters of the alphabet wi l l be stored in the I.vltvrs.ihl file. 
Because the writeChar method was used, the letters u ill each be stored as two-byte charac­
ters. This fact is important to know later when we want to read the characters from the file. 

The File Pointer 

The RandomAccoMFile class treats a file as a stream of bytes. The bytes are numbered, with 
the Mrsi byte being b\u- " . I U l.w byieTl MUllbtt \$ one less than the number of bytes in the 
file. These byte numbers arc similar to an array's subscripts, and arc used to identify loca­
tions in the file. 

Internally, the RandomAccc»»Filc class keeps a long integer value known as the file pointer. 
The file pointer holds the byte number of a location in the file. When a file is first opened, 
the file pointer is set to 0. This causes it to "point" to the first byte in the file. When an item 
is read from the file, it is read from the byte that the file pointer points to. Reading also 
causes the file pointer to advance to the byte |ust beyond the item that was read. l:or exam­
ple, lets say the file pointer points to byte 0 and an i n t is read from the file with the readlnt 
method. An i n t is four bytes in si/e, so four bytes wi l l be read from the file, starting at byte 0. 
After the value is read, the file pointer will he advanced to hue number 4, which is the 5th byte 
in the file. If another item is immediately read, the reading will begin at byte number 4, If 
the file pointer refers to a byte number that is beyond the end of the file, an EOPExccption is 
thrown when a read operation is performed. 

Writ ing also takes place at the location pointed to by the file pointer. If the file pointer 
points to the end of the file when a write operation is performed, then the data wi l l be writ­
ten to the end of the file. I lowcvcr, if the file pointer holds the number of a byte within the 
file, at a location where data is already stored, then a write operation will cause data to be 
written over the existing data at that location. 

Not only does the RandomAcccisFilc class let you read and write data, but also it allows 
you to move the file pointer. This means that you can immediately read data from any byte 
location in the file. It also means that you can write data to any location in the file, over 
existing data. To move the file pointer, you use the seek method. I lerc is the method's gen­
eral format: 

void scckjlong pos i t ion) 
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The argument is rhe number of the byre that you want ro move the file poinrcr to. For 
example, look at the following code: 

RandomAccessFile file • 
new RandomAccessFile("MyInto.dat", " r " ) ; 

fi le.aeek{99); 
byte b - f i le . readByte() ; 

I his code opens the file Wylnfn.dM for reading, I be seek method is tailed to move tin- tile 
pointer to byte number 99 (which is the 100th byte in the filch Then, the readByte method 
is tailed to read byte number 99 from the file- After that statement executes, the file pointer 
will be advanced by one byte, so it wi l l point to byte 100. Suppose we continue processing 
the same file with the following code: 

f i le.aeek(49); 
in t i - Ule . read ln t<) ; 

First, the scok method moves the file pointer to byte number 49 (which is the 50th byte in 
the file). Then, the readlnt method is called. This reads an in t from the tile. An i n t is four 
bytes in si/e, so this statement reads four bytes, beginning at byte number 49. After the 
statement executes the file pointer will be advanced by four bytes, so it will point to byte 53i 

Although a file might contain chars, ints,doubles, strings, and so forth, the RandomAccessFile 
class sees it only as a stream of bytes. The class is unaware of the data types of the data 
stored in the file, and it cannot determine where one item of data ends and another begins. 
When you write a program that reads data from a random access tile, it is your responsibil­
ity to know how the data is structured. 

For example, recall that the program in (.ode I isting I 1-14 wrote the letters of the alphabet 
to the Idtersuht file. I c t \ say the first letter is character 0, the second letter is character I , 
and so forth. Suppose wc want to read character 5 (the sixth letter in the file). At first, we 
might be tempted to try the following code: 

/ / Open the file Cor reading. 
RandomAccessFile randomFile • 

now RandomAccessFileCLetters.dat*, " r " ) ; 
/ / Move the file pointer t o byte 5, which i s the 6th byte . 
randomFilo.seek(5); 
/ / Read the cha rac te r , 
char ch - randomFile.readChar(); 
/ / What wi l l t h i s display? 
System.out.println("The s ix th l e t t e r i s " + ch) ; 

Although this code wi l l compile and run, you might be surprised at the result. Recall that 
the writeChar method writes a character as two bytes. Because each character occupies two 
bytes in the file, the sixth character begins at byte 10, not byte 5. This is illustrated in Figure 
I I -16. In fact, if we try to read a character starting at byte 5, wc will read garbage because 
byte 5 is not at the beginning of a character. 
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Figure 11-16 Layout of the Letters.dat file 

Cn«iAC1«r Cb«r«c<«r Chanel*' Character Character Character Character Oaractar 
0 1 I 3 4 I « 7 

Byte Number o 1 10 11 12 13 14 IS 

and so fonh. 

To determine the position of a character in the file, we must take each character's si/e into 
account. I IK following code will correal) read and displax ilic sixth character, lb dctci 
mine the character's starting byte number, it multiplies the si/e of a character by the number 
of the character we want to locate. 

final int CHAR_SIZE - 2; II Each char use* two bytea 
// Move the file pointer to character S. 
randomFlle.seek(CHAR_SIZE * 5); 
// Read the character. 
char ch a randomFile.readChar(); 
// This will display the correct character. 
Syatom.out.ptintlnf"The sixth character ia " • ch); 

The program in Code Listing I 1-15 demonstrates further. It randomly reads characters 5, 

10, and 1 from the file. 

Code Listing 11-15 (ReadRandomLe t te rs . Java) 

import j a v a . i o . ' ; 
2 
I / « 
4 This program uses the RandomAccessPile c lass t o open 

the f i l e Let ters .da t and randomly read l e t t e r s from 
6 different locat ions . 
7 • / 

9 
10 
11 
12 
13 
14 
15 
16 

18 
19 
20 
2: 

public c lass ReadRandomLetters 

i 
public s t a t i c void main(String[] ergs) throws IOException 

< 

f i n a l in t CHARSIZE - 2; II 2 byte characters 
long byteNum; / / The byte number 
char ch; / / A character from the f i l e 

/ / Open the f i l e for reading. 
RandomAccessPile randomFile -

new RandomAccessFile("Letters.dat", " r " ) ; 

/ / Move to the character 5. This i s the 6th 

http://Syatom.out.pt
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22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
4L 

42 
43 
44 

45 
46 
47 
48 

49 
50 > 

/ / cha rac t e r from the beginning of the f i l e . 
byteNum - CHAB_SIZE • 5; 
randomFile.seek(byteNum); 

/ / Read the cha rac t e r s to red a t t h i s l o c a t i o n 
/ / and d i sp lay i t . Should be the l e t t e r f. 
ch • randomFi le . readchar ( ) ; 
S y s t e m . o u t . p r i n t I n ( c h j ; 

/ / Move to cha rac t e r 10 ( the 11th c h a r a c t e r ) . 
/ / read the c h a r a c t e r , and d i s p l a y i t . 
/ / Should be the l e t t e r k . 
byteNum - CHAR_SI2E • 10; 
randomFile.seek(byteNum); 
ch - randomFile . readCharf) ; 
S y s t e m . o u t . p r i n t l n ( c h ) ; 

/ / Move t o cha rac t e r 3 ( the 4th c h a r a c t e r ) . 
/ / read the c h a r a c t e r , and d i s p l a y i t . 

/ / Should be the U t t e r d. 
byteNum - CHARSI2E • 3 ; 
randomFile.seek(byteNum); 
ch • randomFile . readChar() ; 
S y s t e m . o u t . p r i n t I n ( c h ) ; 

/ / Close the f i l e . 
r andomFi le . c lose ( ) ; 

> 

P r o g r a m O u t p u t 

f 
k 
d 

Sec Appendix I—Working with Records and Random Access Files. The appendix is avail­
able on the book's companion Web site, at www.pcarsonhighcrcd.com.gaddis. 

Object Serialization 
In Appendix I, available on the book's companion Web site, at www.pearsonhighered.com* 
gaddis, you can see how an object's fields can be retrieved and saved to a file as fields in a 
record. If an object contains other types of objects as fields, however, the process of saving 
its contents can become complicated. Fortunately, Java allows you to svrijlizv objects, 
which i\ a simpler way of saving objects to a file. 

When an object is serialized, it is converted into a series of bytes that contain the object's 
data. If the object is set up properly, even the other objects that it might contain as fields are 
automatically serialized. The resulting set of bytes can be saved to a file for later retrieval. 

http://www.pcarsonhighcrcd.com.gaddis
http://www.pearsonhighered.com*
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In order for an object to be serialized, its class must implement the Serializable interface. 
I lie Serializable interface, which is in the java.io package, has no methods or fields. It is 
used only to let the Java compiler know that ob|ccts of the class might be serialized. In addi­
tion, if a class contains objects of other classes as fields, those classes must also implement 
the Serializable interface, in order to be serialized. 

For example, in this chapter's source code folder there is a modified version of the 
BankAccount class named BankAccount2. The only modification to the class is that it imple­
ments the Serializable interface. Here are the modified lines of code from the file: 

import J a v a . i o . S e r i a l i z a b l e ; 

publ ic c l a s s BankAccount2 implement* S e r i a l i z a b l e 

This new code tells the compiler that we want to be able to serialize objects of the 
BankAccount2 class. To write a serialized object to a file, you use an ObjectOutputStream 
object. The ObjectOutputStream class is designed to perform the serialization process Icon-
verting an object to a series of bytes). To write the bytes to a file, you must also use an out­
put stream object, such as FileOutputStreaa, Here is an example: 

FileOutputStream outStream -

new FileOutputStre**< 'Object*.dat-); 
ObjectOutputStream objectOutputFile -

new ObjectOutputStroatn<outStream); 

To serialize an object and write it to the file, use the ObjectOutputStream class's writeObject 
method, as shown here: 

BankAccount2 account - new BankAccount2(S000.0)j 
objoetOutputFile.writcObject<account); 

The writeObject method throws an XOException if an error occurs. 

The process of reading a serialized object's bytes and constructing an object from them is 
known as tleseridtizMian* To deserialize an object you use an Objectlnputstreatn object* 
along with a FilelnputStream object. Here is an example of how to set up the objects: 

FilelnputStream inStream • 
new FileInputStream("Objects.dat"); 

ObjectlnputStream objectlnputFile • 
new ObjectlnputStream(inStrean); 

To read a serialized object from the file, use the ObjectlnputStreao class's readObject 
method. I lere is an example: 

BankAccount2 account; 
account - (BankAccount2) objectlnputFile.readObject(>; 

The readObject method returns the deserialized object. Notice that you must cast the return 
value to the desired class type. (The readObject method throws a number of different excep­
tions if an error occurs. See the API documentation for more information.) 

The following programs demonstrate how to serialize and deserialize objects. The program 
in Code Listing 11-16 serializes three BankAccount2 objects, and the program in Code 
Listing 11-17 deserializes them. 
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Code Listing 11-16 ( S e r i a l i z e O b j e c t s . J a v a ) 

import Java.io.*; 
import Java•utii .Scanner; 

/ * * 

This program se r i a l i z e s the objects in an array of 
BankAccount2 object*. 

* / 

public c lass SerializeObjects 

{ 
public a t a t i c void nain(Str ing[] args) 

throws lOBxception 

( 

double balance; / / An account balance 
f inal int NUM_ITEMS - 3; / / Number of accounts 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard • new Scanner(Systaa.in); 

/ / Create a BankAccount2 array 
DankAccount2(] accounts -

new BankAccount2[NUH_ITEHSl; 

/ / Populate the ar ray . 
for ( in t i • 0; 1 < accounts.length; i**j 

i 
II Get an account balance. 
System.out.print("Enter the balance for • 

"account • • (1 • 1) + "i 
balance - keyboard.nextDoubleU; 

w); 

/ / Create an object in the array. 
account.*! i | - new BankAccount2(balance); 

> 

/ / Create the stream objec ts . 
FileOutputStream outStream -

new FileOutputStreaaf-Objccte.dat-); 
ObjectOutputStrean objectOutputPile -

new ObjectOutputStreaafoutStreaa); 

/ / Write the ser ia l ized objects to the f i l e , 
for ( in t 1 • 0; i < accounts.length; ! • • ) 

K 
objectOutputri le.writeObject<accounts(i | ) ; 

> 
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47 
48 
49 
50 
51 
52 
53 
54 > 

> 

Program 

Enter 
Enter 
Enter 

the 
the 
the 

The ler i i 

/ / Close the f i l e . 
objectOutputFile.closeO; 

System.out.println("The serialized objects * + 
"were written to the Objects.dat f i l e . " ) ; 

i Output w i th Example Input Shown In Bold 

i balance for account 1: 5000.0 [Enter] 
i balance for account 2: 2500.0 [Enter] 
i balance for account 3: 1*00.0 [Enter] 
ilized objects were written to the Objects.dat f i l e . 

Code Listing 11-17 ( D e s e r i a l i z e O b j e c t s . Java) 

I 
J 

\ 

I 
•J 

6 

• 

B 

9 

10 

11 

L2 

13 

14 

15 

16 

n 
18 
19 
20 
2] 
22 
23 
24 
25 
26 
27 
2S 

import java.io.*; 

/ • • 

This program deserial izes the objects in the Objects.dat 
f i l e and stores them in an array. 

/ 

public class DeserializeObjects 

< 

public s tat ic void main(String(| args) 
throws Exception 

I 
double balance; / / An account balance 
final int NUH_ITEMS - 3; / / Kunber of accounts 

/ / Create the stream objects. 
PilelnputStream inStream -

new FileInputStreamCObjects.dat-); 
ObjectlnputStream objectlnputFile • 

new ObjectlnputStream!inStream); 

/ / Create a BankAccount2 array 
BankAccount2[) accounts • 

new BankAccount2[NUM_ITEMS); 

/ / Read the serialized objects from the f i l e , 
for (int i - 0; i < accounts.length; i++) 
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29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 > 

43 } 

accounta(i) • 
|BankAccount2) objectInputFile.readObject<); 

) 

II Close the f i l e . 
objec t lnputFi le .c lose)) ; 

/ / Diaplay the objec ts . 
for (int i • 0; i < accounts.length; i++) 

< 

System.out.println("Account • + (1 + 1) • 
- $ • • accounts[i | .g.etBalance<)); 

) 

Program Output 

Account 
Account 
Account 

1 $ 5000.0 
2 $ 2500.0 
3 $ 1800.0 

< * 

Serializing Aggregate Objects 
II a class implements the Serializable interface, then .ill of the field* in that claw must be 
scriali/able. This isn't a problem for primitive variables because they arc scriali/ablc just as 
they arc. I lowcvcr, if the class has a reference variable as a field, then the object referenced 
l>\ that variable should also be scriali/ahlc. This means thai the object's class should also 
implement the Serializable interface. If it doesn't, then the transient key word should be 
used in the reference variable's declaration. Here is an example: 

private transient SoneClass refVar; 

Because of the transient. ke> \\ ord, the compiler will skip the object referenced by refVar 
during the serialization process. Fortunately, the string class, and most of the other classes 
found in the Java API, implement the Serializable interface. 

Checkpoint 

MyProtTinvnmjUb" www.ntypTogrjmmntfiUb.cum 

11.20 What is the difference between a text file and a binary file? 

11.21 What classes do you use to write output to a binary file? What classes do you use 
to read from a binary file? 

11.22 What is the difference between sequential and random access? 

11.25 What class do you use to work with random access files? 

11.24 What arc the two modes that a random access file may be opened in? Explain the 
difference between them. 

11.25 What must you do to a class in order to serialize objects of that class? 

http://www.ntypTogrjmmntfiUb.cum
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11.4 Common Errors t o Avoid 
• Assuming that all statements inside J try block w i l l execute. When an exception is 

th rown , the try block is exited immediately. This means that statements appearing in 

the try block after the offending statement w i l l not be executed. 

• Gett ing the t r y , ca tch , and f i n a l l y clauses out of order* In a t r y statement, the t r y 

clause must appear f i rst, fo l lowed by all o f the ca tch clauses, fo l lowed by the opt ional 

f i n a l l y clause. 

• Wr i t ing two catch clauses that handle the same exception in the same t r y statement. 

You cannot have more than one ca tch clause per except ion type in the same t r y 

statement. 

• When catching mul t ip le exceptions that arc related to one another through inheri­
tance, listing the more general exceptions first. If you arc handling mult iple exceptions 
in the same t r y statement, and sonic of the exceptions arc related to each other 
through inheritance, then you should handle the more specialized exception classes 
before the more general exception classes. Otherwise, an error w i l l occur because the 
compiler thinks that you are handling the same exception more than once. 

• Forgetting to wr i te a throws clause on a method that can throw1 a checked exception 

but does not handle the exception. If a method is capable of t h row ing a checked 

exception but does not handle the exception, it must have a throws clause in its header 

that specifies the exception. 

• Cal l ing a method hut not handling an exception that it might throw. You must either 

handle .ill <>t die the* ked exceptions that a method can throw, or list them in the call 

ing method'* throws clause. 

• In a custom exception class, forgetting to pass an error message lo the superclass's 

constructor. If you do not pass an error message to the superclass's constructor, the 

exception object w i l l have a n u l l error message. 

• Serializing an object w i th members that are not seriali/able. If a class has fields that 

are objects of other classes, those classes must implement the S e r i a l i z a b l e interface 

in order to be serialized. 

Review Questions and Exercises 
M u l t i p l e Choice a n d True /Fa lse 

11 When an exception is generated, i t is said to have been 

A, built 

b. th rown 

c. caught 

d. killed 

2. This is a section of code that gracefully responds to exceptions. 

a. exception generator 

b. exception manipulator 

c. exception handler 

d . exception moni tor 



3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Review Questions and Exercises 

If your code docs not handle an exception when it is thrown, it is dealt with by this. 
a. default exception handler 
b. the operating system 
C. system debugger 
d. default exception generator 

All exception classes inherit from this class. 

a. Error 
b. RuntimeException 
C* JavaException 
d. Throwabla 

a. Error 
b. lOExcaption 
C* JavaExcoption 
d. Fil«Exc«ption 

You can think of this code as being "protected" because the application wi l l not halt 
if it throws an exception. 
a. try block 
b. catch hhxk 
c. finally block 
d. protected block 

This method can be used to retrieve the error message from an exception ohjett, 
a. arrorMaaaage 
b. ar rorStr ing 
c. gatError 
d. gatMaaaaga 

The numeric wrapper classes' "parse" methods all throw an exception of this type. 
a. ParaaExcaption 
b. NumbarFormatExcaption 
Ci lOException 

d. BadNumberExcaption 

This is one or more statements that are always executed after the try block has exe­
cuted and after any catch blocks have executed if an exception was thrown. 
a. try block 
b. catch block 
c. finally block 
d. protected block 

This is an internal list of all the methods that are currently executing. 
a. invocation list 
b. call stack 
c. call list 
d. list trace 

747 
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11. This method may be called from any exception object* and it shows the chain of meth­
ods that were called when the exception was thrown. 
a. printlnvocationList 
b. printCallStack 
C. printStackTrace 
d. printCallList 

12. These are exceptions that inherit from the Error class or the RuntimeException class. 
a. unrecoverable exceptions 
lv unchecked exceptions 
c. recoverable exceptions 
d. checked exceptions 

13. All exceptions that do not inherit from the Error class or the RuntimeException 
class are -
t. unrecoverable exceptions 
b. unchecked exceptions 
c. recoverable exceptions 
d. checked exceptions 

14. This informs the compiler of the exceptions that could get thrown from a method 
t. throws clause 
b. parameter list 
c. catch clause 
d. method return type 

15< You use this statement to throw an exception manually. 
a. try 
b. generate 
C, throw 

d. System.exit(O) 

16. This is the process of converting an object to a series of bytes that represent the 
object's data. 
1, serialization 
b. deserialization 
c. dynamic conversion 
d. casting 

17. True or False: You are not required to catch exceptions that inherit from the 
RuntimeException class. 

18. True or Hake: When an exception is thrown by code inside a try block, all of the state­
ments in the try block arc always executed. 

19. True or False: lOException serves as a superclass for exceptions that arc related to 
programming errors, such as an out-of-bounds array subscript. 

20. True or False: You cannot have more than one catch clause per try statement. 
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21. True or False: When an exception is thrown, the JVM searches the t r y statement's 
catch clauses from top to bottom and passes control of the program to the first catch 
clause with a parameter that is compatible with the exception. 

22. True or False: Not including polymorphic references, a t r y statement may have only 
one catch clause for each specific type of exception. 

23. True or False: When in the same t r y statement you are handling multiple excep­
tions and sonic of the exceptions are related to each other through inheritance, you 
should handle the more general exception classes before the more specialized excep­
tion classes. 

24. True or False: The throws clause causes an exception to be thrown. 

Find the Error 

Find the error in each of the following code segments: 

1. catch (PileNotFoundException e) 

{ 
System.out .print ln("File not found."); 

> 

t ry 

( 

File f i l e - new F i l eCHyFl l a . tx t " ) ; 
Scanner InputFile - new Scanner( t i I f) ; 

> 

2. / / Assume InputFile references a Scanner object , 
t ry 

( 

input • Inpu tF i le .nex t ln t ( ) ; 

> 

f inal ly 

< 

inpu tF i le .c lose t ) ; 

> 

catch (InputMismatchException e) 

< 

System.out.println(e.getMessage()); 

) 

3. t ry 

< 

number*Integer,parsclnt(i tr ); 

> 

catch (Exception e) 

System.out.println(e.getMessage<)); 

1 
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catch (IllegalArgumentException e) 

{ 

> 

System.out,println( "Bad number f o m a t . 1 ) ; 

catch (NumberFormatException e) 

< 

System.out .pr int ln(s t r + * i s not a number."); 

> 

Algorithm Workbench 

I. look tl the following program and tell what the program will output when run; 

public c lass ExccptionTcst. 

< 

public s t a t i c void main(String( | args) 

< 

int number; 
String s t r ; 

t ry 
i 

s t r - -xyz"; 
number • In t ege r .pa r se ln t ( s t r ) ; 
System.out.printIn("A*); 

catch(NumberFormatException e) 

I 
System.out.printLn("B"); 

> 

catch(IllegalArgumentException e) 

i 
System.out.printInj -C*); 

> 

System.out.printIn("D"J; 

2. Look at the following program and tell what the program will output when run; 

public c lass ExceptionTest 

< 

public s t a t i c void main(String(] args) 

i 
i n t number; 
String s t r ; 
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t ry 
( 

a t r • *xyz"; 
number • In teger .p*irse lnt (s t r ) ; 

System.out.printIn("A*}# 
) 

catch(NumbcrFormatException e) 

{ 

Sy«ten.out .pr int ln("B"); 

) 

catch|IllegalArgumentException e) 

< 

Syatem.out.printIn("C"); 

> 

f inal ly 

i 
Syatem.out.printIn("D"); 

) 

Syatera.out.println("E"J; 

) 

3. Write a MUM hod that searches a numeric array tor a specified value. The method should 
return the subscript of the clement containing the value if it is found in the array. If 
the value is not found, the method should throw an exception of the Exception class 
with the error message "Klcmcnt not found". 

4. Write a statement that throws an illegalArgunentException with the error message 
"Argument cannot be negative". 

5. Write an exception class that can he thrown when a negative number is passed to a 
method. 

6. Write a statement that throws an instance of the exception class that you created in 
Algorithm Workbench 5. 

7. The method getValueFromfile is public and returns an int . It accepts no arguments. 
The method is capable of throwing an IOException and a FileNotFoundException. 
Write the header for this method. 

8. Write a t ry statement that calls the getValueFroaFile method described in Algorithm 
Workbench 7. Be sure to handle all the exceptions that the method can throw. 

9. Write a statement that creates an object that can be used to write binary data to the 
hie ( oiifigtirMiim.iijt. 

10. Write a statement that opens the file Customers.dat as a random access file for both 
reading and writing. 
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11. Assume that the reference variable r refers to a seriali/able object. Write code that 
serializes the object to the file OhjectData.dat. 

Short Answer 

1. What is meant when it is said that an exception is thrown? 

2. What Joes it mean to catch an exception? 

3. What happens when an exception is thrown, but the t r y statement does not have a 
catch clause that is capable of catching it? 

4 . What is the purpose of a f i n a l l y clause? 

5. Where docs execution resume after an exception has been thrown and caught? 

6. When multiple exceptions are caught in the same t ry statement and some of them arc 
related through inheritance, does the order in which they are listed matter? 

7. What types of objects can be thrown? 

8. When are you required to have a throws clause in a method header? 

9. What is the difference between a checked exception and an unchecked exception? 

10. What is the difference between the throw statement and the throws clause? 

11. What is the difference between a text file and a binary file? 

12. What is the difference between a sequential access file and a random access file? 

U . What happens when you scnali/c an object? What happens when you dcseriali/e an 
object? 

Programming Challenges 

MyProjramminxUb" Visit uninvjnyprogramminglab.a»H to complete many of these Programming Challenges 
online and get instant feedback. 

1 . TaatScoraa Class 

Write a class named TeatScoraa. The class constructor should accept an array of test scores 
as its argument. The class should have a method that returns the average of the test scores. 
If any test score in the array is negative or greater than 100, die class should throw an 
illegalArgumentException. Demonstrate the class in a program, 

2. TeatScoraa Class Custom Exception 

Write an exception class named InvalidTeatScore. Modify the TeatScoraa class you wrote 
in Programming Challenge I so that it throws an InvalidTeatScore exception if any of the 
test scores in the array are invalid. 

3. R e t a i n t e m Exceptions 

Programming Challenge 4 of Chapter 6 required you to write a Retai l I tem class that holds 
data pertaining to a retail item. Write an exception class that can be instantiated and thrown 
when a negative number is given for the price. Write another exception class that can be 
instantiated and thrown when a negative number is given for the units on hand. Demon­
strate the exception classes in a program. 
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4 . Month Class Exceptions 

Programming Challenge 5 of Chapter 8 required you to write a Month class that holds infor­
mation about the month. Write exception classes for the following error conditions: 

• A number less than I or greater than 12 is given for the month number 
• An invalid string is given for the name of the month* 

Modify the Month class so that it throws the appropriate exception when cither of these 
errors occurs. Demonstrate the classes in a program. 

5. P a y r o l l Class Exceptions 

Programming Challenge 5 of Chapter 6 required you to write a Payrol l class that calculates 
an employee** payroll. Write exception classes for the following error conditions: 

• An empty string is given for the employee's name. 
• An invalid value is given for the employee's ID number. If you implemented this field 

as a string, then an empty string would he invalid. If you implemented this field as a 
numeric variable, then a negative number or zero would be invalid. 

• An invalid number is given for the number of hours worked. This would be a negative 
number or a number greater than 84. 

• An invalid number is given for the hourly pay rate. This would be a negative number 
or • number greater than 25. 

Modify the Payrol l class so that it throws the appropriate exception when any of these 
errors occurs. Demonstrate the exception classes in a program. 

6. Pi leArray Class 

Design a class that has a static method named vri taArray.The method should take two argu­
ments; the name of a file and a reference CO an i n t array. The file should be opened as a binary 
file, the contents of the array should be written to the file, and then the file should be closed. 

Write a second method in the class named readArray. The method should take two argu­
ments: the name of a file and a reference to an i n t array, The file should be opened, data 
should be read from the file and stored in the array, and then the file should be closed. 
Demonstrate both methods in a program. 

7. File Encryption Filter 

Pile encryption is the science of wri t ing the contents of a file in a secret code. Your encryp­
tion program should work like a filter, reading the contents of one file, modifying the data 
into a code, and then writ ing the coded contents out to a second file. The second file wi l l be 
a version of the first file, but written in a secret code. 

Although there arc complex encryption techniques, you should come up with a simple one 
of your own. For example, you could read the first file one character at a time, and add 10 
to the character code of each character before it is written to the second file. 

8. File Decryption Filter 

Write a program that decrypts the file produced by the program in Programming Challenge 7. 
The decryption program should read the contents of the coded file, restore the data to its 

original state, and write it to another file. 
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9. TestScores Modif icat ion for Serialization 

Modify the TestScores class that you created for Programming Challenge I to be scriali/-
ablc. Write a program that creates an array of at least five TestScore objects and serializes 
them. Write another program that deserializes the objects from the file. 

10 Exception Prefect 

This assignment assumes you have completed Programming Challenge I of Chapter 10 

(Employee and ProductionWorker Classes). Modify the Employee and ProductionWorker 

The txceDUon c ' a s s c s * ° r ' i eV * | f 0 W exceptions when the following errors occur: 

• The Employee class should throw an exception named InvalidEmployeeNumber when it 
Problem « I - J • t_ 

receives an invalid employee number 
• The ProductionWorker class should throw an exception named Inva l idsh i f t when it 

receives an invalid shift. 

• The ProductionWorker class should throw an exception named InvalidPayRat© when 

it receives a negative number tor the hourly pay rate. 
Write a test program that demonstrates how each of these exception conditions works. 

VtdtoMoIt 
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TOPICS 

A First Look at GUI 
Applications 

12.1 Introduction 
12.2 Creating Window* 

12.3 Layout Managers 
12A Radio Buttons and Check 

Boxes 
12.5 Borders 

12.6 Focus on Problem Solving: Extending 
Classes from JPanel 

12.7 Splash Screens 
12.8 Using Console Output to Debug 

a GUI Application 

12.9 Common Errors to Avoid 

12.1 Introduction 

CONCEPT: In Java, you use the Java Foundation C l a w s (JFC) to create a graphical 
user interface for your application. Within the JFC you use the Abstract 
Windowing Toolkit (AWT) or Swing classes to create a graphical user 
interface. 

In this chapter we discuss the basics of creating a Java application with a gr,if>bii\il user 
interface or GUI (pronounced "gooey"). A GUI is a graphical window or a system of graph­
ical windows that is presented by an application for interaction with the user. In addition to 
accepting input from the keyboard, GUIs typically accept input from a mouse as well. 

A window in a CiUI commonly consists of several aimpiments that present data to the user 
and/or allow interaction with the application. Some of the common GUI components arc 
buttons, labels, text fields, check boxes, and radio buttons. Figure 12-1 shows an example 
of a window with a variety of components. Table 12-1 describes the components that 
appear in the window. 
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Figure 12-1 Various GUI components 
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Table 12-1 Some GUI components 

Component 

label 

Text field 

Combo box 

Check box 

List 

K.ulio button 

Slider 

Hum MI 

Description 

An area that can display text. 

An area in which the user may type a single line of input from the key­
board. 

A component that displays a drop-down list of items from which the user 
may select. A combo box also provides a text field in which the user may 
type input. It is called a combo box because it is the combination of a list 
and a text field. 

A component that has a box that may be checked or unchecked. 

\ si f m n which tin' user m n select an item. 
w 

A component that can be either selected or deselected. Radio buttons 
usuall) appear in groups and allow [l it user to select one ot several 
options. 

A component that allows the user to select a value by moving a slider 
along a track. 

A buiton that can cause an ait ion to occur when it is l inked. 

The JFC, AWT, and Swing 
Java programmers use the JM\I FoutnLiltott CUssvs i / / : 0 to create GUI applications. The 
JFG consists of several sets ol classes, many of which are beyond the scope of this book. The 
two sets of JFC- classes that we focus on are the AWT and Swing classes. First, wc discuss 
the differences between them. 

Java has been equipped, since its earliest version, with a set of classes for drawing graphics 
and crearing GUIs. These classes are part of the Abstract Windowing Toolkit (AWT). The 
AWT allows programmers to create applications and applets that interact with the user via 
windows and other GUI components. 
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Programmers arc limited in what they can do with the AWT classes, however. This is because 
the AWT classes do not actually draw user interface components on the screen. Instead, the 
AW I classes communicate with another layer of software, known as the peer classes, which 
directs the underlying operating system to draw its own built-in components. Each version 
of Java that is developed for a particular operating system has its own set of peer classes. 
Although this means that Java programs have a look that is consistent with other applica­
tions on the same system, it also leads to some problems. 

One problem is that not all operating systems offer the same set of GUI components. For 
example, one operating system might provide a sophisticated slider bar component that is 
not found on any other platform. Other operating systems might have their own unique 
components as well. In order for the AWT to retain its portability, it has to offer only those 
components that arc common to all the operating systems that support Java. 

Another problem is in the behavior of components across various operating systems. A 
component on one operating system might have slightly different behavior than the 
same component on a different operating system. In addition, the peer classes for some 
operating systems reportedly have bugs. As a result, programmers cannot be completely 
sure how their AWT programs will behave on different operating systems until they test 
each one. 

A third problem is that programmers cannot easily customize the AWT components. 
Because these components rely on the appearance and behavior of the underlying operat­
ing system components, there is little that can be done by the programmer to change their 
properties. 

To remedy these problems. Swing was introduced with the release of Java 2. Swing is a 
librarv of classes that do not replace the AWT, but provide An improved alternative for cre­
ating (iUI applications and applets. Very few of the Swing classes rely on an underlying 
system of peer classes. Instead, Swing draws most of its own components on the screen. This 
means that Swing components can have a consistent look and predictable behavior on any 
operating system. 

o NOTE: Swing applications can have the look of a specific operating system. The pro­
grammer may choose from a variety of "look and feel" themes. 

Swing components can also be easily customized. The Swing library provides many sophis­
ticated components that are not found in the A\XT. In this chapter and in Chapter 13 we 
primarily use Swing to develop GUI applications. In Chapter 14 we use AWT to develop 
applets. 

o NOTE: AVCT components arc commonly called heavyweight components because they 
arc coupled with their underlying peer classes. Very few of the Swing components arc 
coupled with peer classes, so they are referred to as lightweight components. 
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Event-Driven Programming 
Programs that operate in a GUI environment must be event-driven. An event is an action 
that takes place within a program, such as the clicking of a button. Part of wri t ing a GUI 
application is creating event listeners. An event listener is an object that automatically exe­
cutes one of its methods when a specific event occurs. If you wish for an application to 
perform an operation when a particular event occurs, you must create an event listener 
object that responds when that event takes place. 

The j a v a x . swing and j a v a . a w t Packages 
In this chapter we use the Swing classes for all of the graphical components that we create 
in our GUIs. The Swing classes are part of the javax. swing package. (Take note of the letter 
x that appears after the word Java.) The following import statement wi l l he used in every 
applicaton: 

import javax.awing.*; 

We also use some of the AWT classes to determine when events, such as the clicking of a 
mouse, take place in our applications. The AWT classes are part of the java.awt package. 
(Note rlur there is no x after ;ava in this package name.) Programs that use the AWT classes 
will have the following import statement: 

import java.awt.*; 

12.2 Creating Windows 

CONCEPT: You can use Swing 
components. 

to create windows containing various GUI 

VldtoMoU 

Crcatinq J 
Simple GUI 
Application 

The JOptionPane dialog boxes that you learned about in Chapter 2 allow you to easily dis­
play messages and gather input. If an application is to provide a full graphical user inter­
lace, however, much more is needed. Often, applications need one or more windows with 
various components that allow the user to enter and/or select data and interact with the 
application. l;or example, the window that is displayed in Figure 12-1 has several different 
components within it. 

A window is a component, but because a window contains other components, it is more 
appropriately considered a container. A container is simply a component that holds other 
components. In CUI terminology, a container that can be displayed as a window is known 
as a frame, A frame appears as a basic window that has a border around it, a title bar, and 
a set of buttons for minimizing, maximizing, and closing the window. In a Swing applica­
t ion, you create a frame object from the JFraac class. 

There are a number of steps involved in creating a window, so let s look at an example. The 
program in Code Listing 12-1 displays the window shown in Figure 12-2. 
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Code List ing 12-1 (ShowWindow. J a v a ) 

import javax.swing.•; / / Needed for Swing classes 

/ . . 

This program displays a simple window with a t i t l e . The 
application ex i t s when the user c l i cks the close button 

* / 

public c lass ShowWindow 

{ 

public s t a t i c void nain(Str ing[) args) 

{ 

f inal int WINDOW_WIDTH - 350; / / Window width in pixels 
f inal int WINDOW_HEIGHT - 250; / / Window height in pixeli 

/ / Create a window. 
JFrame window • new JFrame(); 

/ / Set the t i t l e . 
window.setTltle("A Simple Window"); 

/ / Set the size of the window. 
window.eetSiae(WINDOW_WIDTH, WINDOW J1EIGHT); 

/ / Specify what happens when the close button i s clicked. 
window.setDefaultCloseOperat ion(JFrame.EXIT_ON_CLOSE >; 

/ / Display the window. 
window.setvisible(true); 

} 

> 

Figure 12-2 Window displayed by ShowWindow. Java 
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The window shown in Figure 12-2 was produced on a system running Microsoft Windows. 
Notice that the window has a border and a title bar with "A Simple Window" displayed in 
it. In addition, it has the standard Microsoft Windows buttons in the upper-right corner: a 
minimize button, a maximize button, and a close button. These standard features are some­
times referred to as JviurMions, If you run this program, you will see the window displayed 
on your screen. When you click on the close button, the window disappears and the pro­
gram terminates. 

Let's take a closer look at the code. First, notice that the following import statement is used 
in line I: 

import javax.swing.*; // Needed for Swing c lasses 

Any program that uses a Swing class, such as JFrame, must have this import statement. In 
lines 12 and I J the two constants WINDOW WIDTH and WINDOW HEIGHT are declared as follows: 

f inal int WINDOW_WIDTH - 350; 
f inal int WINDOW HEIGHT - 250; 

/ / Window width in pixels 
/ / Window height in pixels 

We use these constants later in the program to set the size of the window. The window** size 
is measured in pixels. A pixel is one of the small dots that make up a screen display; the 
resolution of your monitor is measured in pixels. For example, if your monitor's resolution 
is 1024 by 768, that means the width of your screen is 1024 pixels, and the height of your 
screen is 768 pixels. 

Next, we create M\ instance of the JFrame class with the following statement in line 16: 

JFrame window - new JFramef); 

I Ins statement creates a JFrame object in memory and assigns its address to the window vari­
able. This statement docs not display the window on the screen, however. A JFrame is ini­
tially invisible. 

In line 19 we call the JFrame objects s e tT i t l e method as follows: 

window.sctTitlel"A Simple Window"); 

The string that is passed as an argument to se tT i t l e will appear in the window's title bar 
when it is displayed. In line 22 we call the JFrame object's se ts ize method to set the win­
dow's size as follows: 

window,setSize(WINDOW_WIDTH, WINDOWJIEIGHT); 

The two arguments passed to se t s ize specify the window's width and height in pixels. In 
this program we pass the constants WINDOW_WIDTH and WINDOW_HEIGHT, which we declared 
earlier, to set the size of the window to 350 pixels by 250 pixels. 

In line 25 we specify the action that we wish to take place when the user clicks on the close 
button, which appears in the upper-right corner of the window as follows: 

window.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

There arc a number of actions that can take place when the user clicks on the close button. 
The setDefaultCloseOperation method takes an int argument, which specifics the action. 
In this statement, we pass the constant JFrame.EXIT_0N_CL0SE, which causes the application 
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to end with a System.exit method call. If wc had passed JFrame.HIDE_0N_CL0SE, the window 
would be hidden from view, but the application would not end. The default action is 
JFrame.HIDE_ON_CLOSE. 

Last, in line 28, we use the following code to display the window: 

window.setvisible<true); 

The se tv is ib le method takes a boolean argument. If the argument is t rue, the window is 
made visible. If the argument is fa lse, the window is hidden. 

Using Inheri tance t o Extend the JFrame Class 
The program in Code Listing 12-1 performs a very simple operation: It creates an instance 
of the JFrame class and displays it. Most of the time, your CiUI applications wi l l be much 
more involved than this. As you progress through this chapter, you will add numerous com­
ponents and capabilities to the windows that you create. 

Instead of simply creating an instance of the JFrame claw, a$ shown in Code Listing 12-1, a 
more common technique is to use inheritance to create a new class that extends the JFrame 
class, 

o IF YOU 'VE SKIPPED A H E A D TO THIS CHAPTER: I his chapter is written so 
that you can skip ahead to it any time after Chapter 6. Reading about inheritance and 
interfaces in Chapter 10 would be helpful; but if you have not read that material yet, ilie 
following summarizes what you need to know for this chapter. 

When a new class extends an existing class, it inherits many of the existing class's members 
just as if they were part of the new class, lor example, you saw how the program in ( .ode 
Listing 12-1 created a JFrame object and then called four of its methods: se tT i t le , setsize, 
setDef aultCloscOperation, and setv is ib le . These methods are all members of the JFrame 
class. If you create a new class that extends the JFrame class, the new class will automatically 
inherit these methods. Mien these methods can be called from an instance of the new class 
just as if they were written into its declaration. You can add your own custom code to the 
new class, making it a specialized, or extended, version of the Jrrame class. Programs can 
then create instances of your new specialized class instead of the more generic JFrame class. 

Lets look at the simpuwindow class in Code Listing 12-2.This is an example of a class that 

extends the JFrame class* 

Code L is t ing 12-2 (S imp leWindow. Java ) 

l import javax.swing.*; / / Needed for Swing classes 
2 
3 /** 

This class extends the JFrame class . I t s constructor displayi 
a simple window with a t i t l e . The application exits when the 
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U8«r c l icks the close button. 
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• / 

public c lass SimpleWindow extends JFrame 

/ • • 

Constructor 
7 

public SimpleWindow() 

< 

f inal int WINDOWWIDTH - 350; / / Window width in pixels 
f inal int WINDOWHEIGHT - 250; / / window height in pixels 

/ / Set t h i s window's t i t l e . 
setTitle("A Simple Window'); 

/ / Set the s ize of t h i s window. 
setSize(WINDOW_WIDTH, WINDOW_HEIGHT); 

/ / Specify what happens when the close button i s c l icked. 
setDefaultCloseOperation!JFrame.EXIT_ON_CLOSE); 

/ / Display the window. 
setVisible(true); 

Notice the class header in line V as follows: 

public c lass SimpleWindow extends JFr 

I he words extends JFrame indicate that the SinpleWindow class extends the JFrame class. 
This means that the SimpleWindow class inherits members of the JFrame class, such as the 
s e t T i t l e , setSize, setDefaultCloseOperation, and s e t v i s i b l e methods, just as if they 
were written into the SimpleWindow class declaration. Now look at the constructor. In lines 
17 and 18 we declare the WINDOWWIDTH and WINDOWHEIGHT constants, which will be used to 
establish the size of the window as follows: 

f inal int WINDOWJUDTH - 350; / / Window width in pixels 
f inal int WINDOW_HEIGHT - 250; / / window height in pixels 

In line 21 we call the se tT i t l e method to set the text for the window's title bar as follows: 

se tTi t le f 'A Simple Window-); 

Notice that we arc calling the method without an object reference and a dot preceding it. 
This is because the method was inherited from the JFrame class, and we can call it just as if 
it were written into the SimpleWindow class declaration. 

The rest of the constructor calls the se t s ize , setDefaultCloseOperation, and se tv i s ib le 
methods. All that is necessary to display the window is to create an instance of the 
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Simplewindow class, as shown in the program in ( iodc Listing 12 - i . When this program 

runs, the w indow that was previously shown in Figure 12-2 is displayed. Remember, the 

simplewindow class is an extended version of the JFrame class. When we create an instance 

of the simplewindow class, we arc really creating an instance of the JFrame class, w i th some 

customized code added to its constructor. 

C o d e L i s t i n g 12-3 ( S i m p l e W i n d o w D e m o . J a v a ) 

This program creates an instance of the 
Simplewindow class . 

» / 

pub l i c c lass SimpleWindowDemo 

< 

pub l i c s t a t i c vo id n a i n ( S t r i n g [ ] args) 

< 

Simplewindow myWindow • new Simplewindow!) ; 

> 

) 

Equipping GUI Classes w i t h a main Me thod 
You know that a Java application always st.irts execution wi th a static method named main. 

The previous example consists of two separate files: 

• Simplewindow.java: This file contains the Simplewindow class, which defines a CiUI 

w indow. 

• SimpleWindowDemo. java: This file contains a static main method that creates an object 

of the CiUI w indow class, thus displaying it. 

The purpose of the SimpleWindowDemo. Java file is s imply to create an instance of the 
simplewindow class. It is possible to eliminate the second f i le, SimpleWindowDemo. Java, by 
wr i t ing the static main method directly in to the simplewindow.java f i le. The EmbeddedHain 
class in Code l i s t i ng 12-4 shows an example. 

C o d e L i s t i n g 1 2 - 4 ( E m b e d d e d M a i n . j a v a ) 

: import j avax . sw ing . * ; / / Needed fo r Swing classes 

2 

3 / • • 

This c lass def ines a GUI window and has i t s own 

main method. 

6 * / 

7 

: pub l i c c lass EmbeddedMain extends JFrame 

9 i 
final int WIND0W_WIDTH - 350; / / window width in pixels 
final int WINDOW_HEIGHT - 250; / / window height in pixels 
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/ • • 

Constructor 
• / 

public EmbeddedM*in() 

{ 

/ / Set t h i s window's t i t l e . 
3etTitle("A Simple Window-); 

/ / Set the s ize of t h i s window. 
setSi2e(WIND0W_WIDTH# WINDOWJJEIGHT); 

/ / Specify what happens when the close button i s clicked. 
setDefaultCloseOperation(JPrane.EXtT_ON_CLOSE); 

/ / Display the window. 
ee tVis ib le( t rue) ; 

t t 

The main method crea tes an instance ol the EmbcddedHa1n 
c l a s s , which causes i t to display i t s window. 

public s t a t i c void main(String[ | args) 

I 
EmbeddcdMain em - new EmbcddedMain(); 

The EmbeddcdMain class contains its own statu: »ain method (in lines 37 through 40}, which 
creates .in instance ot rhe class. Notice that the Main method has exactlv the same header as anv 
other static main method that we have written. Vtc can compile the I ttihctUctiMjint/M\i tile 
and then run rhc resulting .class file. When wc do, we see the window shown in Figure 12-3. 

Figure 12-3 Window displayed by the EmbeddcdMain class 
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Notice that in line 39 the main method declares a variable named em to reference the 
instance of the class. Once the instance is created, however, the variable is not used 
again. Because we do not need the variable, we can instantiate the class anonymously .is 
shown here: 

publ ic s t a t i c void n a i n ( S t r i n g ( | args) 

( 

new EmbeddedMain)); 

> 

In this version of the method, an instance of the EabcddedMain class is created in memory, 
but its address is not assigned to any reference variable. 

Adding Components to a Window 
Swing provides numerous GUI components that can lie added to a window. I'hrce funda­

mental components are the label, the text field, and the button. These arc summarized in 

Table 12-2. 

Table 12-2 Label, text field, and button controls 

Component 

Label 

Text field 

Itutton 

Swing Class 

JLabel 

JTextPield 

JBntton 

Description 

An area that can display text 

An area in which the user may type a single line of 
input from the keyboard 

A button that can cause an action to occur w hen it is 
clicked 

In Swing, labels are created with the JLabel class, text fields are created wi th the 
JText r ie ld class, and buttons arc created with the JButton class. To demonstrate these 
components, we wi l l build a simple GUI application: The Kilometer Converter. This appli­
cation wi l l present a window in which the user wi l l be able to enter a distance in kilome­
ters, and then click a button to see that distance converted to miles. The conversion 
formula is as follows: 

Miles - Kilometers < 0.6214 

When designing a GUI application, it is usually helpful to draw a sketch showing the win­
dow you arc creating. Figure 12-4 shows a sketch of what the Kilometer Converter applica­
tion's window will look like. As you can sec from the sketch, the window wil l have a label, 
a text field, and a button. When the user clicks the button, the distance in miles will be dis­
played in a separate JOptionPane dialog box. 
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F i g u r e 12 -4 Sketch of the Kilometer Converter w i n d o w 

Window Tito 

J Kilometer Converter El 
>Ent<r c <ji$t(jpc< m k»lomet«r$ j * - T«1 Fie d 

CokMlttc 

Button 

C o n t e n t Panes a n d Pane l s 

IWtore \vc start w r i t i ng code, you should be famil iar w i th content panes and panels. A con­

tent fhutcxs a container that is part o f even* Jrrai&e ob |eu . You cannot see the concent pane 

and it does not have a border, but any component that is t o be displayed in a JFrame must 

be added to its content pane. 

A panel is also a container that can hold GUI components. Unlike JFrame objects, panels cannot 

be displayed by themselves. I lowever, they arc commonly used to hold and organize collections 

of related components. With Swing, you create panels with the JPanel class. In our Kilometer 

Converter application, we wi l l create a panel to hold the label, text field, and button. Then we 

wi l l add the panel to the JFrame object's content pane. This is illustrated in hgure 12-5. 

F i g u r e 12 -5 A panel is added to the content pane 

Components thai are displayed 
In this window must bo Added to 
the dfraine object's content pare. _ J 

Then wo will add iho JFtnel object to the 
jFr amp's content pane 

J h M l object 

m *i l .dd co.rpor,nt> k> « J T » l a * * _ . & t e P 0 d i f l 0 K € m totomcttPt 
Then wo wW add the J Pane I meet to r e 

Cakwlote 

(-ode Listing 12-5 shows the init ial code for the Ki loConver ter class. We wi l l be adding to 

tins code as wc develop the appl icat ion. This version of the class is stored in the source code 

folder Chapter tlXKiloCowerter Phase I . 

C o d e L i s t i n g 12 -5 ( K i l o C o n v e r t e r . J a v a ) 

1 import javax.awing.•; 
2 
3 / " 

The Ki loConver ter c l ass d i sp lays a JFraae t h a t 

l e t s the user en te r a d is tance i n k i lometers - when 
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the Calculate button i s clicked, a dialog box i s 
displayed with the distance converted to miles. 

* / 

public c lass KiloConverter extends JFr 

< 

private JPanel panel; 
pr ivate JLabei mcaaagcLabel; 
pr ivate JTextField ki loTextr ield; 
pr ivate JButton calcButton; 

/ / To reference a panel 
/ / To reference a label 
/ / To reference a text f ie ld 
/ / To reference a button 

private f inal int WINDOW_WIDTH • 310; / / Window width 
private f inal int WINDOW_HEIGHT - 100;// Window height 

/ * * 

Constructor 
• / 

public KlloConverterO 

/ / Set the window t i t l e . 
setTitlsf"Kilometer Converter"); 

/ / Set the s ize of the window. 
setSize(WINDOWJ*IDTH, WINDOW_HEIGRT); 

/ / Specify what happen! when the c lose button i s clicked, 
setDefaultCloseOperation(Jrrame.EXIT_0N_CLOSE); 

/ / Build the panel and add i t to the frame. 
buildPanel<); 

/ / Add the panel to the frame's content pane. 
add(panel); 

/ / Display the window. 
s e t v i s i b l e ( t r u e ) ; 

/ " 

The buildPanel method adds a l abe l , a text f i e ld , 
and a button to a panel. 

* / 

private void buildPanel() 

II Create a label to display ins t ruc t ions . 
messageLabel - new JLabei|"Enter a distance 

"In k i lometers ' ) ; 
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/ / Create a text f ield 10 characters wide. 
kiloTextField - new JTextField(lO); 

/ / Create a button with the caption "Calculate* 
calcButton - new JButtonf,"Calculate"); 

/ / Create a JPanel object and l e t the panel 
/ / f ie ld reference i t . 
panel • new JPanelf) ; 

/ / Add the labe l , tex t f i e ld , and button 
/ / component! to the panel. 
panel.add(messageLabel); 
panel.add(kiloTextField); 
panel.add(calcButton); 

/ • • 
main method 

public s t a t i c void m*in(String() args) 

< 

new KiloConverter(); 

Let's take i closer look at this class. First, notice in line 10 that the KiloConverter class 
extends the JFrame class as follows: 

public c lass KiloConverter extends JFrane 

Next, in lines 12 through 17, notice in the following that the class declares a number of 
fields, and according to good class design principles, the fields arc private: 

private JPanel panel; 
pr ivate JLabel messageLabel; 
pr ivate JTextField kiloTextField; 
pr ivate JButton calcButton; 
pr ivate f inal int WINDOW WIDTH - 310; 

/ / To reference a panel 
/ / To reference a label 
/ / To reference a text f ie ld 
/ / To reference a button 
/ / window width 

private f inal int WINDOWHEIGHT - 100; / / Window height 

The statement in line 12 declares a JPanel reference variable named panel, which we wi l l 
use to reference the panel that wi l l hold the other components. The messageLabel vari­
able, declared in line 1.5, wi l l reference a JLabel object that displays a message instructing 
the user to enter a distance in kilometers. The k i loTextF ie ld variable, declared in line 14, 
wi l l reference a JTextField object that wi l l hold a value typed by the user. The calcButton 



12.2 Creating Windows 769 

variable, declared in line 15, will reference a JButton object that will calculate and display 
rhc kilometers converted to miles when clicked. The WINDOHWIDTH and WINDOWHEIGHT 

fields, declared in lines 16 and 17, arc constants that hold the width and height of the 
window. 

Now let's look at the constructor. In line 26 the ae tTi t l e method, which was inherited from 
the JFrame class, is called to set the text for the window's title bar. Next, in line 29, the 
inherited setSize method is called to establish the size of the window. In line 32, the inher­
ited setDefaultCloseOperation method is called to establish the action that should occur 
when the window's close button is clicked. 

Line 35 calls the buildPanel method. The buildPanel method is defined in this class, in 
lines 49 through 70. The purpose of the buildPanel method is to create a label, a text field, 
and a button, and then add those components to a panel. Let's look at the method. 

Pim, look at the method header in line 49 and notice that it is declared private. When a 
method is private, only other methods in the same class can call it. "lTiis method is not meant 
to be called by code outside the class, so it is declared private. In lines 52 and 53, the 
method uses the following statement to create a JLebel object and assign us address to ilu 
massage field: 

•eaaageLabel - new JLabelf"Enter a distance " * 
"in k i lone te r s - ) ; 

The string that is passed to the JLabel constructor is the text that will be displayed in the 
label. The following statement appears in line 56. It creates a JTextField object, and assigns 
its address to the kiloTextField field: 

ki loTextrield • new JTcxtField(lO); 

The argument that is passed to the JTextField constructor is the width of the text field in 
columns. One column is enough space to hold the letter "m," which is the widest letter in 
the alphabet. 

Hie following statement appears in line 59; it creates a JButton object, and assigns its 
address to the calcButton field: 

calcButton - new JButton(~Calculate"); 

The string that is passed as .in argument to the JButton constructor is the text that will IK 
displayed on the button. 

Next, in line 63, the method uses the following statement to create a JPanel object and 
assign its address to the panel field, which is a private field in the class: 

panel - new JPanelf) ; 

A JPanel object is used to hold other components. You add a component to a JPanel object 
with the add method. The following code, in lines 67 through 69, adds the objects refer­
enced by the messageLabel, kiloTextField, and calcButton variables to the JPanel object: 

panel.add(measageLabel); 
panel .add(kiloTextrield); 
panel.add(calcButton); 
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At this point, the panel is fully constructed in memory. The buildPanel method ends, and 
control returns to the class constructor. I lere s the next statement in the constructor, which 
appears in line 38: 

add(panel); 

This statement calls the add method, which was inherited from the JFrame class, The pur­
pose of the add method is to add an object to the content pane. This statement adds the 
object referenced by panel to the content pane. 

1'hc constructor's last statement, in line 4 1 , calls the inherited aetv ia ib le method to display 
the window on the screen as follows: 

MtViiible(truc); 

The class has a static main method, \\ Inch appears in lines 76 through 79. Line 78 creates an 
instance of the KiloConverter class. When this program is executed, the window shown in 
rigurc 12-6 is displayed on the screen. 

Figure 12-6 Kilometer Converter window 

ligurc 12-7 shows the window again, this time pointing out eaih of the components. 

Although you can type input into the text Held, the application dues nothing when you click 
the Calculate button because we have not written an event handler that wi l l execute when 
the button is clicked. Thai's the next step. 

Figure 12-7 Components in the Kilometer Converter window 

JLabcl component \ nur I dm ant* m kitontftf t 

<.<1ftUlflli» 

I 

JTextr ield component 

JButton component 

o NOTE: Retail thai the size of the window in the KiloConverter class is set to 310 pixels 
wide by 100 pixels high. This is set with the WINDOW_WIETH and WINDOWHEIGHT constants. 
Figures 12-6 and 12-7 show the window as it appears on a system set at a video resolu­
tion of 1024 by 768 pixels. I f your video resolution is lower, the window might not 
appear exactly as shown in the figures. If this is the case, you can increase the values of 
the WINDOW_WIDTH and WINDOW_HEIGHT constants and recompile the program. This is true 
for other applications in this chapter as well. 
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Handling Events w i t h Action Listeners 
An event is an action that takes plate within a program, such as the clicking of a button. 
When an event takes place, the component that is responsible for the event creates an event 
object in memory. The event object contains information about the event. The component 
that gcnc.ucd the event object is known as the event source. For example, when the user 
clicks a button, the JButton component generates an event object. The JButton component 
that generated the event object is the event source. 

Hut what happens to the event object once it is generated by a source component? It is 
possible that the source component is connected to one or more event listeners. An event 
listener is an object that responds to events. If the source component is connected to an 
event listener, then the event object is automatically passed, as an argument, to a specific 
method in the event listener. The method then performs any actions that it was pro­
grammed to perform in response to the event. This process is sometimes referred to as 
event firing. 

When you arc writ ing a ( i l l ! application, it is your responsibility to write the classes for the 
event listeners that your application needs. For example, if you write an application with a 
JButton component, an event wi l l be generated each time the user clicks the button. 
Therefore, you should write an event listener class that can handle the event. In your appli­
cation you would create an instance of the event listener class and connect it to the JButton 
component. Before looking at a specific example, we must discuss two important topics 
that arise when writ ing event listeners: private inner classes and interfaces. 

W r i t i n g Event Listener Classes as Private Inner Classes 

Java allows you to write a class definition inside of .mother class definition. A class thai is 
defined inside of another class ts known as an inner class. Figure 12-8 illustrates a class 
definition inside of another class definition. 

Figure 12-8 A class with an inner class 

public c lass Outer 
( 

Fields and methods of the outer 

class appear here, 

private c l*»i Xnn*r l 
Ftrttis nnd methods o' fh# Inner 
class appear here. 

When an inner class is private, as shown in the figure, it is accessible only to code in the 
class that contains it. For example, the Inner class shown in the figure would be accessible 
only to methods that belong to the Outer class. Code outside the Outer class would not be 
able to access the Inner class. A common technique for writ ing an event listener class is to 
write it as a private inner class, inside the class that creates the GUI. Although this is not the 
only way to write event listener classes, it is the approach we take in this book. 
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O 

Event L isteners Must Implement an Interface 

There is a special requirement that all event listener classes must meet: they must implement 
an interface. 

We discussed interfaces in detail in Chapter 10, but in case you haven't read that material, 
you can think of an interface as something like a class, containing one or more method 
headers. Interfaces do not have actual methods, however, only their headers. When you 
write a class that implements an interface, you are agreeing that the class will have all of the 
methods that are specified in the interface. 

Java provides numerous interfaces that you can use with event listener classes, There are 
several different types of events that can occur within a ( iUI application, and the specific 
interface that you use depends on the type of event you want to handle. JButton compo­
nents generate action events, and an event listener class that can handle action events is also 
known as an actiun listener class. When vou write an action listener class for a JButton 
component, it must implement an interface known as Act ionLi i tener, In case you are curi­
ous, this is what the code for the Act ionLi i tener interface looks like: 

public interface ActionLiitener 

{ 
public void actionForfornod(ActionEvent • ) ; 

As you can sec, the Ac t ionL i i tener interface contains the header for only one method: 
actionPerformed. Notice that the method has publ ic access, is vo id, and has a param­
eter of the ActionEvent type. When you write a class that implements this interface, it 
must have a method named actionPertorned, wi th a header exactly like the one in the 
interface. 

NOTE: The ActionListener interface, as well as other event listener interfaces, is in 
the jova.awt.event package. We wi l l use the following import statement in order to 
use those interfaces: 

import J a v a . a w t . e v e n t . * ; 

You use the implements key word in a class header to indicate that it implements an inter­
face. Here is an example of a class named HyButtonLiatener that implements the 
ActionListener interface: 

private c lass MyButtonLiatener iaplenents ActionLiitener 

public void actionPerforraedfActionEvent e) 

i 
Write COd$ here to handle OK event. 

I 

Rcnicmhcr, when you write a class that implements an interface, you are "promising" that 
the class wi l l have the methods specified in the interface. Notice that this class lives up to its 
promise. It has a method named act ionPer forned, wi th a header that matches the 
actionPerformed header in the Act ionLi i tener interface exactly. 
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O N O T E : In your act ion listener class, the only part u f the ac t ionPer fo rmed method 

header that docs not have to match that which is shown in the Ac t ionL ia tener interface 

exactly is the name of the parameter variable. Instead of using the name e, you can use 

any legal variahlc name that you wish. 

R e g i s t e r i n g a n E v e n t L i s t e n e r Object 

Once you have wr i t ten an event listener class, you can create an object of that class, and 

then connect the object w i t h a GUI component. The process of connecting an event listener 

object to a GUI component is known as registering the event listener. 

When a JButton component gencratcsancvent. i t automatical ly executes the act ionPerformed 

method of the event listener object that is registered wi th it, passing the event object as an 

argument. This is i l lustrated in Figure 12-9. 

F i g u r e 12 -9 A J B u t t o n componen t f i r ing an act ion event 

2. The Jlut ton component oeneiatei an event 
object and pastes it lo the action haiener object's 
*ct..un?«c(orm«<lmeVio<L , ' 

/Event 
^Object. 

Jlut ton Component 

5 
1 Thutiuf i^ch^ooa button. 

3. TUt Act lonPai f or<**d mtlhod 
«>ec j ta* tf* ttstemenU rwKMOf y 

Writing an Event Listener for the 
KiloConverter Class 
N o w that we've gone over the basics of event listeners, let's cont inue to develop the 

Ki loConver ter class. Code Listing 12-6 shows the class wi th an action listener added to it. 

This version of the class is stored in the source code folder Chapter \ Z\KihCotwertcr 

Phase 2 . The action listener is a private inner class named CalcBut tonLis tener . The new 

code is shown in bold. 

C o d e L i s t i n g 12 6 ( K i l o C o n v e r t e r , J a v a ) 

1 import javax.swing.*; 
import j a v a . a w t . e v e n t . + j 

J 

5 

6 

7 

/ / Needed for Swing classes 
/ / Needed for ActionListener Interface 

/ * * 

The KiloConverter c lass displays a JFraw that 
l e t s the user enter a distance in kilometers. When 
the Calculate button i s clicked, a dialog box i s 
displayed with the distance converted to miles. 

http://gencratcsancvent.it
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public c lass KiloConverter extends JFr« 
< 

private JPanel panel; / / To reference a panel 
private JLabel nessageLabel; / / To reference a label 
private JTextField kiloTextField; / / To reference a text f ie ld 
private JButton calcButton; / / To reference a button 
private final int WISDOW_WIDTH - 310; / / window width 
private final int WINDOW_HEIGHT - 100; / / Window height 

/i 

Constructor 
/ 

public KiloConverter)) 
< 

/ / Set the window t i t l e . 

setTitle(•Kilometer Converter"); 

/ / Set the s ize of the window. 
setSi«(WINDOW_WIDTH, WINDOW_HEICHT); 
/ / Specify what happens when the close button i s clicked, 
setDefaultCloseOperation(JPrane.EXIT_OK_CLOSE); 

/ / Build the panel and add i t to the fraate. 
buildPanel()i 

/ / Add the panel to the frame's content pane, 
add(panel); 

/ / Display the window. 
setVisible(true); 

/ • • 

The buildPanel method adds a label, a text f ie ld , 
and a button to a panel. 

• / 

private void buildPanel() 
< 

/ / Create a label to display instructions. 
nessageLabel - new JLabel("Enter a distance 

"in kilometers"); 

/ / Create a text f ie ld 10 characters wide. 
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kiloTextField - new JTextField<10); 

/ / Create a button with the caption "Calculate". 
calcButton - new JButton("Calculate"); 

/ / Add an ac t ion l i s t e n e r t o the button. 
calcButton.addActionListener(new CalcButtonLietener()) ; 

/ / Create a JPanel object and let the panel 
/ / f ie ld reference i t . 
panel - new JPanelf) ; 

/ / Add the labe l , text f i e ld , and button 
/ / components to the panel, 
panel.add(messageLabe1); 
panel.add(kiloTextField); 
panel.add(calcButton); 

/•* 

CalcButtonListener ia an action listener cl 

the Calculate button. 

ass for 

V 

|] 
B2 
83 
B4 
BS 
B6 
87 

private class CalcButtonListener implements ActionListener 

( 

/** 

The actionPerformed method executes when the user 
clicks on the Calculate button. 
Iparam a The event object. 

• / 

90 
J] 
'-, 

93 
94 
95 
96 
97 

98 
99 

LOO 

101 

102 

103 
104 

public void actionPerformed<ActionBvent •) 

< 

final double CONVERSION - 0.6214; 
String input; // To hold the user's input 
double mile*; // The number of miles 

// Oet the text entered by the user into the 
// text field. 
input - kiloTextField.getText<); 

// Convert the input to miles. 
miles « Double.parseDouble(input) * CONVERSION; 

// Display the result. 
JOptionPnne.showMessageDialog(null, input + 

" kilometers ia " * miles • " miles."); 
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105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
1 1 6 > 

> 

> 

/ • • 

miin method 
• / 

public s ta t ic void main(String[| *rgs) 
< 

new KiloConverter(); 

> 

First, notice that we've added the import Java.awt.event.*; statement in line 2. This is 
necessary for our program to use the ActionListener interface. Next, look at the following 
code in line 81: 

pr ivate c lass CalcButtonListener implements ActionListener 

This is the header for an inner class that we will use to create event listener objects. The 
name of this class is CalcButtonListener and it implements the ActionListener interface. 
We could have named the class anything we wanted to, but because it will handle the JButton 
component's action events, it must implement the ActionListener interface. The class 
has one method, actionPerformed, which is required by the ActionListener interface-The 
header for the ectionPerlormed method appears in line 89 as follows: 

pubiic void actionPertormed{ActionEvent e) 

This method will be executed when the user clicks the JButton component. It has one 
parameter, c, which is an ActionEvent object. This parameter receives the event object that 
is passed to the method when it is called. Although we do not actually use the e parameter 
in this method, we still have to list it inside the method header's parentheses luxausc u is 
required by the ActionListener interface. 

The actionPerformed method declares a constant for the conversion factor in line 91 , and 
two local variables in lines 92 and 9.1: input, a reference to a String object; and miles, a 
doubie. Hie following statement appears in line 97: 

input • k i ioTextr ie ld .qetTextf l ; 

All JTextField objects have a getText method that returns the text contained in the text 
field. This will be any value entered into the text field by the user. The value is returned as a 
string. So, this statement retrieves any value entered by the user into the text field and 
assigns it to input. 

The following statement appears in line 100: 

miles - Double.parseDouble(input) * CONVERSION; 

This statement converts the value in input to a double, and then multiplies it by the con­
stant CONVERSION, which is set to 0.6214. This will convert the number of kilometers entered 
by the user to miles. The result is stored in the miles variable. The method's last statement. 



12.2 Creating Windows 777 

in lines 101 and 104, uses JOptionPane to display a dialog box showing the distance con­
verted to miles as follows: 

JOptionPane.showMessageDialog(null, input + 
" kilometers is " + miles • • miles.•); 

Writing an action listener class is only part of the process of handling a JButton compo­
nent's action events. We must also create an object from the class and then register the 
object with the JButton component. When we register the action listener object with the 
JButton component, we arc creating a connection between the two objects. 

JButton components have a method named addActionListener, which is used for regis­
tering action event listeners. In line 63 , which is in the buildPanel method, the follow­
ing statement creates a CalcButtonListener object and registers that object with the 
calcButton object: 

calcButton.addActionListenerJnew CalcButtonListener))); 

You pass the address of an action listener object as the argument to the addActionListener 
method. This statement uses the expression new CalcButtonListener)) to create an instance 
of the CalcButtonListener class. The address of that instance is then passed to the 
addActionListener method. Now, when the user clicks the Calculate button, the 
CalcButtonListener object's actionPerformed method will be executed. 

40' TIP: Instead of the one statement in line 63, we could have written the following two 
statements: 

CalcButtonListener listener - new CalcButtonListener(); 
calcButton.addActionListener(listener); 

Ihe first statement shown here declares a CalcButtonListener variable named listener, 
creates a new CalcButtonListener object, and assigns the object's address to the listener 
variable. The second statement passes the address in Itstencr to the addActionListener 
method. These two statements accomplish the same thing as the one statement in line 63, 
but they declare a variable, listener, that we will not use again in the program. A better 
way is to use the one statement that appears in line 63 as follows: 

calcButton.addActionListener(new CalcButtonListener()) ; 

Recall that the new key word creates an object and returns the object's address. This state­
ment uses the new key word to create a CalcButtonListener object, and passes the object's 
address directly to the addActionListener method. Because we do not need to refer to the 
object again in the program, we do not assign the object's address to a variable. It is 
known as an anonymous object. 

When this program is executed, the first window shown in Figure 12-10 is displayed on the 
screen. If the user enters 2 in the text field and clicks the Calculate button, the second win­
dow shown in the figure (a dialog box) appears. To exit the application, the user clicks the 
OK button on the dialog box, and then clicks the close button in the upper-right corner of 
the main window. 
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Figure 12-10 Windows displayed by the Ki loConver te r class 

This window appoars first. The user enters 2 in the 
text field and then clicks the Calculate button. Thi* dialog box appears nexi 
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Background and Foreground Colors 
Many of the Swing component classes have methods named aetBackground and 
•otForoground. You call these methods to change a component's color. The background 
color is the color of the component itself, and the foreground color is the color of text that 
might be displayed on the component. 

The argument that you pass to the aetBackground and setForeground methods is a color 
code. Table 12*3 lists several predefined constants that you can use for colors. To use these 
constants, you must have the import j ava . av t . - ; statement in your code. 

Table 12-3 Color constant* 

Color.BLACK 

Color.CYAN 

Color.GRAY 

Color.LIGHT_GRAY 

Color.ORANGE 

Color.RED 

Color.YELLOW 

Color.BLUE 

Color.0ARK_GRAY 

Color.GREEN 

Color.MAGENTA 

Color.PINK 

Color.WHITE 

For example, the following code creates a button with the text "OK" displayed on it. The 
aetBackground and aetPoreground methods are called to make the button blue and the 
text yellow. 

JButton okButton • new JButton('OK'); 
okButton.aetBackground(Color.BLUE); 
okButton.aetPoreground(Color.YELLOW); 

Ihc ColorWtndow class in Code Listing 12-7 displays a window with a label and three but­
tons. When the user clicks a button, it changes the background color of the panel that con­
tains the components and the foreground color of the label. 
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Code List ing 12-7 (ColorWindow. J a v a ) 

import javax.swing.*; / / Needed for Swing classes 
import Java.awt,*; / / Needed for Color c lass 
import Java.awt.event.*; / / Needed for event l i s t ene r interface 

/ * , 

* / 

This c lass demonstrates how to se t the background color of 
a panel and the foreground color of a l abe l . 

public c lass ColorWindow extends JPr 

private JLabel nessageLabel; 
pr ivate JButton redButton; 
pr lvate JButton blueButton; 
pr ivate JButton yellowButton; 

/ / To display a message 
/ / Changes color to red 
II Changes color to blue 
/ / Changes color to yellow 
/ / A panel to hold component! pr ivate JPanel panel; 

pr ivate f inal int WINDOW_WIDTH - 200; / / Window width 
private f inal int WINDOW_HEIGHT - 125; / / Window height 

/ . . 

Constructor 
* / 

public ColorWindow() 

< 

/ / Set the t i t l e bar t ex t . 
se tTi t le("Colors"1; 

/ / Set the s ize of the window. 
setSize(WINDOW_WIDTH, WIND0W_HE1CHT); 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JFrame.EXIT_OH_CLOSE); 

/ / Create a l abe l . 
messageLabel • new JLabel)"Click a button to • + 

"se lec t a c o l o r . " ) ; 

/ / Create the three but tons. 
redButton - new JButtonf"Bed" ); 
blueButton - new JButton!"Blue"); 
yellowButton - new JButton("Yellow*); 

/ / Register an event l i s t ener with a l l 3 buttons 
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redButton.addActionListener(nev RedButtonListenerf J J; 
blueButton.addActionListener(new BlueButtonListener()); 
yellowBur.r.on.addActionListener(new YellowButtonListener( J J; 

/ / Create a panel and add the components t o i t . 
panel - new JPanel() ; 
panel.add(messageLabel); 
panel.add(redButton); 
panel.add(blueButton); 
panel.add(yellowButton); 

/ / Add the panel to the content pane. 
add(panel); 

/ / Display the window. 
ae tViaible( t rue) ; 

/ • • 

Private inner c l a n that handle! the event when 
the uaer c l i cks the Red button. 

pr ivate claaa RedButtonLiatener implements ActionLiatener 

< 

public void actionPerformed(ActionEvent e) 

< 

II Set the panel ' s background t o red. 
panel.setBackground!Color.RED); 

/ / Set the l a b e l ' s tex t to blue. 
messageLabel.setForeground(Color.BLUE»; 

/ • • 

Private inner c l a s s tha t handles the event when 
the user c l i cks the Blue button. 

• / 

private c lass BlueButtonListener implements ActionListener 

{ 
public void actionPerformed(ActionEvent e) 

\ 

II Set the panel ' s background t o blue, 
panel.setBackground(Color.BLUE); 
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/ / Set the l a b e l ' s tex t t o yellow. 
messageLabel.setForeground<Color.YELLOW); 

/ * * 

100 
10. 
io; 
io: 
10' 
10! 
101 
10' 
108 
10! 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i: 
I : 

i; 

Private Inner c lass that handles the event when 
the user c l icks the Yellow button. 

* / 

private c lass YellowButtonListener iapleaents ActionListener 

{ 
public void actionPerformed(ActionEvent e) 

{ 
/ / Set the panel ' s background to yellow. 
panel.setBackground)Color.YELLOW >; 

/ / Set the l a b e l ' s text to black. 
messageLabel.setForeground)Color.BLACK); 

/ . . 

main method 
* / 

public s t a t i c void aa in (S t r ing[ | args) 

< 

new ColorWindow(); 

Notice th.it this claw has three action listener classes, one for caih burton. The action listener 
classes arc RedButtonListener, BlueButtonListener, and YellowButtonListener. The 
following statements, in lines 45 through 47, register instances of these classes with the 
appropriate button components: 

redButton.addActionListener{new RedButtonListener))); 
blueButton.addActionListener(new BlueButtonListener))); 
yellowButton.addActionListener(new YellowButtonListener))); 

When you run the program, the window shown in Figure 12-11 appears. 

http://th.it
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Figure 12 -11 The w i n d o w produced by the Colorwindow class 

The wmoow components first 
appear in their Oelault colors. 

Colon • . I IB 
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When the user c*cfcs on the Red button, the 
pane* turns red ana the label turns Hue 

Yrtow 

When the user clicks on the Blue button, the 
panel turns blue and the label turns yellow. 

When the user cbeks on the Yellow button, the 
panel turns yellow and the label turns black. 

Changing the Background Color of a JFrame Object's Content Pane 

Recall th.u a JFrame object has a content pane, which is a container for all the components 
that are added to the JFrame. When you add a component to a JFrame object, you arc actu­
ally adding it to the object's content pane. In the example shown in this section, we added a 
label and some buttons to a panel, and then added the panel to the JFrame object's content 
pane. When we changed the background color, we changed the background color ot iIK 
panel. In this example, the color of the concent pane does not nutter because it is completely 
tilled up by the panel. The color of the panel covers up the color of the content pane. 

In some casts, where you have not filled up the JFrame object** content pane with a panel, 
you might want to change the background color of the content pane. If you wish to change 
the background color ot a JFrame object's content pane, you must call the content panes 
aetBackground method, not the JFrame object's aetBackground method. For example, in a 
class that extends the JFrame class, the following statement can be used to change the con-
tent pane's background to blue: 

g«tContentPane(1.aetBackground(Color.BLUE); 

In this statement, the getContentPane method is called to get a reference to the JFrame 
object's content pane. This reference is then used to call the content pane's aetBackground 
method. As a result, the content pane's background color will change to blue. 

The ActionEvcnt Object 
The action listener's actionFerformed method has a parameter variable named e that is 
declared as follows: 

ActionEvent e 

ActionEvent is a class that is defined in the Java API. When an action event occurs, an 
object of the ActionEvent class is created, the action listener's actionPerformed method is 



12.2 Creating Windows 7H;i 

called, and a reference to the ActionEvent object is passed into the c parameter variable. So, 
when the actionPerformed method executes, the c parameter references the event object 
that was generated in response to the event. 

Farlier it was mentioned that the event object contains information about the event. If you 
wish, you can retrieve certain information about the event by calling one of the event 
object's methods. Two of the ActionEvent methods are listed in Table 12*4. 

Tabic 12-4 ActionEvent methods 

Method Name 

getActlonCommand() 

getSource{) 

Description 

Returns the action command for this event as a String 

Returns a reference to the object that generated this event 

The getActionCommond M e t h o d 

The first method listed in Table 12-4, gctActionCoonand, returns the actitm command that 
is .ISMKMU'II with the event. VC'hcn a JButton component generates an event, the action 
command is the text that appears on the button. The getActionCommand returns this text as 
a String. You can use the getActionComnd method to determine which button was clicked 
when several hut urns share the same action listener class. 

To demonstrate, look at the EventObJectWindow class in Code listing 12-8. It produces a 
window with three buttons. The buttons have the text "Button I", "Button 2 \ and "Button 3M. 
The action listener clau displays the contents of the event object's action command when 
any of these button* are clicked, 

Code Listing 12-8 (Even tOb jec tWindow. J a v a ) 

I import Javax.awing.*; / / Needed for Swing classes 
import Java.avt .event.*; / / Needed for event l i s t ene r interface 

3 
4 / * * 

This c lass demonstrates how to re t r i eve the action command 
6 from an event object . 

% public c lass EventObject extends JFrane 
10 { 
11 
12 
13 
14 
: r . 

it 

private JButton buttonl; 
pr ivate JButton button2; 
pr ivate JButton but ton) ; 
pr ivate JPanel panel; 

/ / Button 1 
/ / Button 2 
/ / Button 3 
/ / A panel to hold conponenti 

private f inal int NINDON_WIDTH - 300; / / Window width 
private f inal int NIND0NJ1EIGHT - 70; / / Window height 
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59 

SO 

61 

62 

63 

Constructor 
• / 

public EventObject() 

< 

II Set the t i t l e bar t ex t . 

setTitle("Event Object Demonstration"); 

/ / Set the s ize of the window. 
setSize(WZNDOW_WIDTHf WINDOWHEIGHT); 

/ / Specify what happens when the close button i s clicked. 
setDefaultCloseOperat ion(JPrane.EX1T_0N_CL0SE); 

/ / Create the three buttons, 
buttonl - new JButton("Button l ' J ; 
button2 - new JButton("Button 2"); 
buttons • new JButton("Button 3"); 

/ / Register an event l i s t ener with a l l 3 buttons, 
buttonl.addActionListener(new ButtonListener()); 
button2.addActionListener(new ButtonListener()); 
button3.addActionListener(new ButtonListener()); 

/ / Create a panel and add the buttons t o i t . 
panel - new JPanel() j 
panel.add(button1); 
panel.add(button2); 
panel.add(button3); 

/ / Add the panel to the content pane. 
add(panel); 

/ / Display the window. 
se tVis ib le ( t rue) ; 

• • 

Private inner c l a s s tha t handles the event when 
the user c l i cks a button. 

pr ivate c l a s s ButtonListener implements ActionListener 

I 
public void actionPerforned(ActionEvent e) 
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/ / Get the action command. 
String actionCommand - e.getActionCossaand(); 

/ / Determine which button was clicked and display 
/ / a message. 
if (actionCommand.equals)"Button 1")) 

{ 
JOptionFane.showKessageDialoq(null, "You clicked " • 

-the first button."); 
> 

else if (actionCommand.equalsCButton 2 ' ) ) 

i 
JOptionPane.ehowHessageDialoqfnull, "You clicked " * 

• the second but ton."J; 

) 

else If (actionCommand.equalsCButton 3")) 

JOptionPane.showHessageDialogJnull, "You clicked " * 
"the th i rd but ton." ) ; 

IS 
| < 

M7 

MM 

19 
90 
H 
ia 

14 

i5 

16 > 

/ . . 

main method 
* / 

public s t a t i c void main(String[ ) args) 

new EventObject(); 

Previously you MW the ColorWindow class, in Code Listing 12-7, which had three buttons 
and three different action listener classes. The EventObjectwindow class also has three but­
tons, hut only one action listener class. In lines 39 through 41 , we create and register three 
separate instances of the class with the three buttons as follows: 

button1.addActionListener(new ButtonListener()); 
button2.addActionListener(new ButtonListener()); 
button3.addActionListener(new ButtonListener()); 

Figure 12-12 shows the output of the application when the user clicks Button I, Button 2, 
and Button 3. 
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Figure 12-12 Output of EventObjectWindow class 
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TIP : The text that is displayed on a button is the default action command. You CAR 
change the action command by calling the JButton class's letActionCommand method. For 
example, assuming that myButton references a JButton component, the following state­
ment would change the component's action command to "The button was clicked": 

myButton.aetActionCommand{"The button was c l i cked" ) ; 

o NOTE; Changing a JButton components action command does not change the text that 
is displayed on the button. For a demonstration of how to change the action command, 
see the ActionCommjtnLjJva file in this chapter's source code folder. 

The getSource Method 

The second ActionEvent method listed in Tabic 12-4, getSource, returns a reference to the 
component that is the source of the event. As with the getActionCommand method, if you 
have several buttons and use objects of the same action listener class to respond to their 
events, you can use the getSource method to determine which button was clicked. For 
example, the DuttonListener class's actionPerformed method in Code Listing 12-8 could 
have been written as follows, to achieve the same result: 

public void actionPerformed(ActionEvent e) 
{ 

/ / Determine which button was clicked and display 
/ / a message. 
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if {e.getSourceO — button! > 

JOptionPane.showHessageDialogfnull, "You clicked • + 
-the f i r s t button.9) ; 

> 

else if (e.getSourcef) -- button2) 

JOptionPane.showHessageDialogfnull, "You clicked " • 
"the second button."); 

I 
else if (e.getSource() -- button3) 
< 

JOptionPane.showHessageDialogfnull, "You clicked " • 
•the third button."); 

) 

) 

Sec the l:.vvnti)hjcctXUiihU>wl.java file in this chapter's source code folder for a demon­
stration of this code. 

Checkpoint 

MyProir*mminjUb" tt'tru\myf>rn}<rjmmiiigt.ib.a>m 

12.1 What is a frame? f low do you create a frame with Swing? 

12.2 1 low do you set a frame's si/c? 

12.3 I low do you display a frame on the s. •< i <• • 

12.4 Whac is a content pane? 

12.5 What is the difference between a frame and a panel? 

12.6 What is an event listener? 

12.7 If you arc writing an event listener class for a JButton component, what interface 
must the class implement? What method must the class have? When is tins method 
executed? 

12.8 I low do you register an event listener with a JButton component? 

12.9 I low do you change the background color of a component? I low do you change 
the color of text displayed by a label or a button? 

« , Layout Managers 

CONCEPT: A layout manager is an object that governs (he positions and sizes of 
components in a container. The layout manager automatically repositions 
and. in some cases, resizes the components when the container is resized. 

An important part of designing a GUI application is determining the layout of the compo­
nents that arc displayed in the application's windows. The term layout refers to the 
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positioning and sizing of components. In Java, you do not normally specify the exact loca­
tion of a component within a window. Instead, you let a layout manager control the posi­
tions of components for you. A layout manager is an object that has its own rules about 
how components are to be positioned and sized, and it makes adjustments when necessary. 
For example, when the user resi/es a window, the layout manager determines where the 
components should he moved to. 

In order to use a layout manager with a group of components, you must place the compo­
nents in a container, and then create a layout manager object. The layout manager object 
and the container work together. In this chapter we discuss the three layout managers 
described in Table 12-5. To use any of these classes, your code should have the following 
import statement: import java.avt .*; 

Tabic 12 S Layout managers 

Layout Manager 

FlowLayout 

BorderLayout 

GridLayout 

Description 

Arranges components in rows; this is the default layout manager for 
JPanel objects 

Arranges components in five regions: north, south, east, west, and center; 
this is the default layout manager for a JFrarae object's content pane 

Arranges components in a grid with rows anJ columns 

Adding a Layout Manager to a Container 
You add a layout manager to a container, such as a content pane or a panel, by calling the 
aotLayout method and passing a reference to a layout manager object as the argument, 1 or 
example, the following code creates a JPanel object, then sets a BorderLayout object as its 
layout manager: 

JPanci panel • new JPanel)) ; 
panel.§etLayout(new BorderLayout()); 

Likewise, the following code might appear in the constructor ol a class that extends the 
JFrame class. It sets a FlowLayout object as the layout manager for the content pane: 

•etLayoutJnew FlowLayout))); 

Once you establish a layout manager for a container, the layout manager governs the posi­
tions and si/es of the components that are added to the container. 

The FlowLayout Manager 
The FlowLayout manager arranges components in rows. This is the default layout manager 
for JPanel objects. I lere are some rules that the FlowLayout manager follows: 

• Yon can add multiple components to a container that uses a FlowLayout manager, 
• When you add components to a container that uses a FlowLayout manager, the com­

ponents appear horizontally, from left to right, in the order that they were added to 
the component. 

• When there is no more room in a row but more components are added, the new com­
ponents **flow" to the next row. 
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For example, the Plowwindow class shown in Code Listing 12-9 extends JFrame. This class 
creates a 200 pixel wide by 105 pixel high window. In the constructor, the setLayout 
method is called to give the content pane a FlowLayout manager. Then, three buttons arc 
created and added to the content pane. The nain method creates an instance of the 
Flowwindow class, which displays the window. 

Code List ing 12-9 (Flowwindow. j a v a ) 

: import javax.swing. ' ; / / Needed tor Swing c lasses 
2 import java.awt.*; / / Needed tor FlowLayout c l a s s 
3 
•I /*• 

This c lass demonstrates how to use a FlowLayout Manager 
6 with the content pane. 
7 #/ 

9 
10 
11 
la 
1 1 

i - i 

LS 
LI 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

public c lass Flowwindow extendi JFrame 

private t l na l lnt HINDOW_HIDTH - 200; / / Window width 
private t i na l int WINDOW_HEIGHT • 105; / / Window height 

/ . . 

Constructor 
* / 

public FlowWindow() 

II Set the t i t l e bar t ex t . 
setTitle("Flow Layout"); 

/ / Set the s ize ot the window. 
setSi*e(WINDOW_WIDTH, WINDOW_HEIGHT); 

/ / Specity an action tor the close button. 
setDetaultCloseOperationfJFrame.EXIT_0N_CLOSE); 

/ / Add a FlowLayout manager t o the content pane. 
setLayout(new FlowLayout()); 

/ / Create three buttons. 
JButton buttonl • new JButton("Button I " ) ; 
JButton button2 • new JButton("Button 2"); 
JButton button3 • new JButtonf"Button 3"); 

/ / Add the three buttons to the content pane. 
add(buttonl) ; 
add(button2); 
add(button3); 
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/ / Display the window. 
s e tv i s i b l e ( t r ue ) ; 

• • 

The main method crea tes an instance of the Flovwindow 
c l a s s , causing i t to display i t s window. 

7 

public s t a t i c void main(Strinq(] args) 

< 

new FlowHindowf); 

> 

I'igure 12-M shows the window th.it is displayed by this class. Notice tlur. the buttons 
appear from left to r ^h i in the order they were added to the content pane. Because there is 
only enough room for the first two buttons in the lirst row. the third button is positioned in 
the second row. By default, the content of each row is centered and there is a five pixel gap 
between the components. 

Figure 12-13 The window displayed by the FlowWindow class 

>U»L 
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L * 
If the user resizes ihe window, the layout manager repositions the components according to 
its rules. Figure 12-14 shows the appearance of the window in three different sizes. 

Figure 12-14 The arrangements of the buttons after resizing 
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Adjusting the FlowLayout Al ignment 

The FlowLayout manager allows you to align components in the center of each row or along 
the left or right edge of each row. An overloaded constructor allows you to pass one of the 
fo l lowing constants as an argument to set an alignment: FlowLayout .CENTER, 
FlowLayout .LEFT, or FlowLayout.RIGHT. Here is an example that vets left alignment: 

aetLayout(new FlowLayout(FlowLayout.LEFT)J; 

http://th.it
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Figure 12-15 shows examples of windows that use a FlowLayout manager with left* center, 
and right alignment. 

Adjusting the FlowLayout Component Caps 

By default, the FlowLayout manager inserts a gap of five pixels between components, both 
horizontally and vertically. You can adjust this gap by passing values for the horizontal and 
vertical gaps as arguments to an overloaded FlowLayout constructor. The constructor has 
the following format: 

FlowLayout(int aligruwnt, int horizontalGap, int verticalGap) 

You pass one of the alignment constants discussed in the previous section to the alignment 
parameter. The horizontalGap parameter is the number of pixels to separate components 
horizontally, and the verticalGap parameter is the number of pixels to separate compo­
nents vertically. Here is an example of the constructor call: 

actLayout(new FlowLayout(FlowLayout.LEFT, 10, 7)) ; 

This statement causes components to be left aligned with a horizontal gap of 10 pixels and 
a vertical gap of seven pixels. 

Figure 12 15 Left, center, and right alignment 
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The BorderLayout Manager 
The BorderLayout manager divides a container into five regions. The regions arc known as 
north, south, east, west, and tenter. The arrangement of these regions is shown in Figure 
12-16. 
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Figure 12-16 The regions of a BorderLayout manager 
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When a component is placed into a container that is managed by a BorderLayout manager, 
the component must be placed into one of these five regions. Only one component at a time 
may be placed into a region. VC'lien adding a component to the container, you specify the 
region by passing one of the following constants as a second argument to the container's 
add method: BorderLayout,NORTH, BorderLayout.SOUTH, BorderLayout•EAST, 
BorderLayout.WEST, or BorderLayout.CENTER. 

For example, look at the following code: 

JPanel panel - new JPanc ln ; 
JButton button • new JButtonCClick He'); 
panel.aetLayout(new BorderLayout!)); 
panel.add(button, BorderLayout.NORTH); 

The first statement creates a JPanel object, referenced by the panel variable. The second 
statement creates a JButton object, referenced by the button variable. The third statement 
sets the JPanel object** layout manager to a BorderLayout object. The fourth statement adds 
the JButton object to the JPanel object's north region. 

If you do not pass a second argument to the add method, the component will be added to 
the center region. I lere arc some rules that the BorderLayout manager follows: 

• Each region can hold only one component at a time. 
• When a component is added to a region, the component is stretched so it fills up the 

entire region. 

I ook at the Borderwindow class shown in Code Listing 12-10, which extends JFrame. This 
class creates a 400 pixel wide by 100 pixel high window. In the constructor, the setLayout 
method is called to give the content pane a BorderLayout manager Then, five buttons are 
created and each is added to a different region. 

Code Listing 12-10 ( B o r d e r w i n d o w . J a v a ) 

1 import javax.swing.•; / / Needed for Swing classes 
2 import java.awt.*; / / Needed for BorderLayout c lass 
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/ * * 

This c lass demonstrates the Border-Layout manager. 
* / 

public c lass BorderWindow extends JTn 
( 

private f inal int WINDOWJUDTH - 400; / / Window width 
private f inal int WINDOWJ1EIGHT - 300; / / Window height 

/ * * 

Conatructor 
* / 

public BorderWindow*) 

< 
/ / Set the t i t l e bar t ex t . 
aetTitiet"Border Layout*); 

/ / Set the a i i e of the window. 
eetSi-te(WINDOW_WIDTH, WINDOW_HEIGHTJ; 

/ / Specify an action for the cloae button. 
aetDefauLtCLoaeOperation(JPrama.EXITsOH_CLOSB); 

/ / Add a BorderLayout manager to the content pane 
aetLayoutfnew BorderLayoutu ); 

/ / Create five buttone. 
JButton buttonl • new JButton("North Button*); 
JButton button2 » new JButton)"South Button*); 
JButton button3 - new JButton(*Eaet Button"); 
JButton button4 - new JButton(*Weet Button"); 
JButton buttons - new JButton!"Center Button"); 

/ / Add the five buttons to the content pane-
add (buttonl, BorderLayout.NORTH); 
add(button2, BorderLayout.SOUTH); 
add(button3, BorderLayout.EAST); 
add(button4, BorderLayout.WEST); 
add(button^* BorderLayout.CENTER); 

/ / Diaplay the window. 
ae tVis ib le ( t rue) ; 

/ # # 
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50 
51 
52 
53 
54 
55 
56 
57 
58 > 

The main method crea tes an instance of the BorderWindow 
c l a s s , causing i t to display i t s window. 

• / 

public s t a t i c void mainfStringlJ args) 

< 

new BorderWindow)); 

> 

o NOTE: A JFrame object'* content pane is automatically given a BorderLayout manager. 
We have explicitly added it in Code Listing 12-10 so it is clear that we are using a 
BorderLayout manager. 

Figure 12-17 shows the window that is displayed. Normally die fixe of a button is just large 
enough to accommodate the text that is displayed on the button. Notice that the buttons 
displayed in this window did not retain their normal si/e. Instead, they were stretched to fill 
all of the space in their regions. If the user resizes the window, die - i / o ol the components 
wi l l he changed as well. This is shown in Figure 12-18. 

Figure 12-17 The window displayed by the BorderWindow class 
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I Icrc arc the rules that govern how a BorderLayout manager resizes component*: 

• A component that is placed in the north or south regions may be resizeJ horizontally 
so it fills up the entire region. 

• A component that is placed in the east or west regions may be resized vertically so it 
fills up the entire region. 
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Figure 12-18 The window resized 
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• A component iliac is placed in the tenter region may be resized both horizontally and 
vertically so it fills up the entire region. 

< $ 
TIP: You do not have to place a component in every region of a border layout To 
achieve the desired positioning, you might want to place components in only a few of the 
layout regions. In ( Jiapter I 1 you will see examples of applications thai do this. 

By default there is no gap between the regions. You can use an overloaded version of the 
BordcrLayout constructor to specify horizontal and vertical gaps, however. I lere is the con­
structor's format: 

BorderLayoutJint horizontalGap, int verticalGap) 

The horizontalGap parameter is the number of pixels to separate the regions horizontally, 
and the verticalGap parameter is the number of pixels to separate the regions vertically. 
I lere is an example of the constructor call: 

MtLayoutJnew BordcrLayout)5, 10)); 

This statement causes the regions to appear with a horizontal gap of five pixels and a verti­
cal gap of 10 pixels. 

Nesting Panels Inside a Container's Regions 

You might think that the BorderLayout manager is limiting because it allows only one com* 
poneni per region, and the components that are placed in its regions are automatically 
resized to fill up any extra space. These limitations are easy to overcome, however, by add­
ing components to panels and then nesting the panels inside the regions. 

lor example, suppose we wish to modify the BorderWindow class in Code Listing 12-10 
so the buttons retain their original size. We can accomplish this by placing each button in 
a separate JPanel object and then adding the JPanel objects to the content pane's five 
regions. This is illustrated in figure 12-11'. As a result, the BorderLayout manager resizes 
the JPanel objects to fill up the space in the regions, not the buttons contained within the 
JPanel objects. 
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Figure 12-19 Nesting JPanel objects inside each region 
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Ihc BorderPanelwlndow class in Code Listing 12-11 demonstrates this technique. This class 
also introduces a new way of sizing windows. Notice that the constructor does not explic­
itly set the si/e of the window with the aetSize method. Instead, it calls ihc pack method 
just before calling the aetViaible method. The pack method, which is inherited from JFrame, 
automatically sizes the window to accommodate ihc components contained within it. 
Figure 12-20 shows the window that the class displays. 

Code L is t ing 12-11 ( B o r d e r P a n e l w l n d o w . Java) 

import java.awt.* ; / / Needed for BorderLayo.it claaa 
import javax.awing."; / / Needed (or Swing claaaea 

/ • • 

Thia claaa demonatratea how JPanel* can be neated 
inaide each region of a content pane governed by 
a BorderLayout manager. 

• / 

public claaa BorderPanelWindow extenda JFrame 

< 

/ • • 

Constructor 

• / 

public BorderPanelWindowf) 

< 

/ / Set the t i t l e bar t ex t . 
aetTitle("Border Layout '); 

/ / Specify an action for the cloae button. 
aetDefaultCloseOperation(JFrame.EXIT_0N_CL0SE>; 

/ / Add a BorderLayout manager t o the content pane. 

http://rLayo.it
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setLayout(new BorderLayout(J J; 

/ / Create five panels. 
JPanel panel! 
JFanel panel2 
JPanel panel3 
JPanel panel4 
JPanel panels 

new JPanel( 
new JPanel( 
new JPanel( 
new JPanel( 
new JPanel( 

/ / Create five but tons. 
JButton buttonl • new JButton("North Button"); 
JButton button2 - new JButton("South Button"); 
JButton button3 • new JButtonf"East Button"); 
JButton button4 • new JButton("West Button"); 
JButton buttons • new JButton("Center Button"); 

/ / Add the buttons to the panels . 
panelL.add(buttoni); 
panel2.add(button2); 
panel3.add(button3); 
paneW.add(button4); 
paneIS.add(buttons); 

/ / Add the five panels to the content pans. 
add(panell, BorderLayout.NORTH); 
add(panel2, BorderLayout.SOUTH); 
add(panel3, BorderLayout.EAST); 
add(panel4, BorderLayout.WEST); 
add(panelS, BorderLayout.CENTER); 

/ / Pack and display the window. 

pack{); 
a e t v i s i b l e ( t r u e ) ; 

/ * * 

The main method creates an instance of the 
BorderPanelwindow c lass , causing i t to display 
i t s window. 

* / 

public s t a t i c void aa in (S t r ing[ | args) 
{ 

new BorderPanelWindowf); 

} 
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Figure 12-20 Window displayed by the BorderPanelwindow class 
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NOTE: There are multiple layout managers at work in the BorderPanelwindow class. 
The content pane uses a BorderLayout manager, and each of the JPanel objects use a 
FlowLayout manager. 

The GridLayout Manager 
The GridLayout manager creates a grid with rows and columns, much like a spreadsheet. As 
a result, the container that is managed by a GridLayout object is divided into equally sized 
cells. Figure 12-21 illusir.itcs a container with three rows .nu! live lolumns. This means that 
the container is divided into 15 cells. 

Figure 12-21 The Gr idLayout manager divides a container into cells 
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This container ts divided into 15 cells. 

I Icrc arc sonic rules that the GridLayout manager follows: 

• Ftich cell can hold only one component. 
• Al l of the cells arc the Nunc size. This is the sue of the largest component placed 

within the layout. 
• A component that is placed in a cell is automatically resized to fill up any extra space. 
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You pass the number of rows and columns that a container should have as arguments to the 
GridLayout constructor. I lere is the general format of the constructor: 

GridLayout(int rows, int colunns) 

I lere is an example of the constructor call: 

aetLayout{new GridLayout(2, 3)>; 

I'lns statement gives the ion tamer two rows and three lolumns. lor a tout ot si\ n-lls. ton 
can pass 0 as an argument for the rows or the columns, but not both. Passing 0 for both 
arguments will cause an error. 

When adding components to a container that is governed by the GridLayout manager, you 
cannot specify a cell. Instead, the components are assigned to cells in the order they are 
added. The first component added to the container is assigned to the first cell, which is in 
the upper-left corner. As other components arc added, they are assigned to the remaining 
cells in the first row, from left to right. When the first row is filled up, components arc 
assigned to the cells in the second row, and so forth. 

The Gridwlndow class shown in Code lasting 12-12 demonstrates. It creates a 400 pixel 
wide by 200 pixel high window, governed by a GridLayout manager, 'ttie content pane is 
divided into two rows and three columns, and a button is added to each cell. Figure 12-22 
shows the window displayed by the class. 

Code Listing 12-12 ( G r i d w l n d o w . J a v a ) 

10 

n 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2L 

i import Javax.awing.»j / / Heeded lor Swing claaata 
import java.awt.*; / / Needed lor GridLayout claaa 

3 

Thia c lass demonatratea the GridLayout manager. 
6 * / 

7 

public claaa GridWindow extenda JFrane 

' ( 

private f inal int WIND0W_WIDTH - 400; / / Window width 
private f inal int WIHD0W_HEIGHT - 200; / / Window height 

/ . . 

Constructor 
» / 

public GridWindowf) 

{ 
/ / Set the t i t l e bar t ex t . 
aetTit le("Grid Layout"); 
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/ / Set the s ize of the window. 
23 setSize(WINDOW_WIDTH, WINDOWHEIGHT); 

25 / / Specify an action for the close button. 
26 sctDe(*ultCloscOperstion(JFrsme.EXIT_ON_CLOSE); 

28 / / Add i GridLayout manager to the content pane. 
29 setLayout(new GridLayout(2, J ) ) ; 

31 / / Create six buttons. 
32 JButton buttonl • new JButton("Button 1"); 
33 JButton button2 - new JButton("Button 2"); 
34 JButton button J • new JButton("Button 3*); 
35 JButton button4 • new JButton("Button 4*); 
36 JButton buttons • new JButton("Button 5*); 
37 JButton button6 • new JButton("Button 6*); 

39 / / Add the six buttons to the content pane. 
40 add(buttonl); / / Goes into row 1, coluan 1 
41 add(button2)f / / Goes into row 1, coluan 2 
42 add(button3)j / / Goes into row 1, column 3 
43 add(button4)j / / Goes into row 2, coluan 1 
44 add(button5); / / Goes into row 2, coluan 2 
45 add(button6); / / Goes into row 2, coluan 3 

47 / / Display the window. 
48 se tVis ib le ( t rue) ; 
49 > 

51 / « 
52 The main method crea tes an instance of the GridWindow 
53 c l a s s , causing i t to display i t s window. 
54 •/ 

56 public s t a t i c void main(String[] args) 
57 < 
58 new GridWindow(); 
59 > 
60 > 

As previously mentioned, the GridLayout manager limits each cell to only one component 
and resizes components to fill up all of the space in a cell. To get around these limitations 
you can nest panels inside the cells and add other components to the panels. For example, 
the GridPanelwindow class shown in Code Listing 12-13 is a modification of the GridWindow 
class. It creates six panels and adds a button and a label to each panel. These panels are then 
added to the content pane's cells. Figure 12-23 shows the window displayed by this class. 
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Figure 12-22 Window displayed by the Gridwindow class 
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Code List ing 12 13 (Or idPone lWindow. J a v a ) 

import javax.awing.*; / / Needed for Swing claaaea 
import java.awt . ' ; / / Needed for GridLayout claaa 

3 
4 /*• 

Thia claaa demonatratea how panela nay be added to 
the ce l la created by a GridLayout manager. 

1 */ 

9 
LO 

U 
L2 

13 
14 
LS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

public claaa GridPanelWindow axtenda JFraaw 

{ 
private f inal int HINDOW_WIDTH - 400; / / window width 
private f inal int WINDOŴ HEIGHT - 200; / / Window height 

/ . . 

Conatcuctoc 
* / 

public GridPanolWindow() 

< 

II Set the t i t l e bar t ex t . 
ae tTi t leCGrid Layout"); 

/ / Set the s ize of the window. 
8etSize(WIND0W_WIDTH, WINDOWHEIGHT); 

/ / Specify an action for the close button. 
eetDefaultClo8e0peration(JFrane.EXIT_0N_CL0SE); 

/ / Add a GridLayout manager to the content pane 
aetLayout(new GridLayout(2, 3 ) ) ; 

/ / Create six but tons. 
JButton buttonl - new JButton('Button 1"); 
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34 
35 
36 
17 
18 
19 
40 
41 
42 
43 
44 
45 
(6 
47 
48 
19 
50 
51 
52 
53 

59 
5fi 
57 

58 
59 
60 
61 
62 
63 
64 
63 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 
8; 

JButton button2 
JButton button3 
JButton button4 
JButton button5 
JButton button6 

new JButton("Button 2 " ) ; 
new JButton("Button 3" ) ; 
new JButton("Button 4 " ) ; 
new JButton("Button 5") ; 
new JButton("Button 6" ) ; 

/ / Crea te s i x l a b e l s . 
JLabel l abe l1 - new JLabel)"This 
JLabel l abe l2 - new JLabe l ( -Th i t 
JLabel label3 - new JLabe lCThis 
JLabel l abe l4 - new JLabel ( -This 
JLabel l abe l s - new JLabel)"This 
JLabel l abe l6 - new JLabel("This 

/ / Crea te s i x pane l s . 
JPanel panel l - new JPane l f ) ; 
JPanel panel2 - new JPane l f ) ; 
JPanel panels - new JPane l f ) ; 
JPanel paneU - new JPane l f ) ; 
JPanel panel5 • new JPane l f ) ; 
JPanel panel6 - new JPane l f ) ; 

/ / Add the l a b e l s t o the pane l s . 
p a n e l l . a d d f l a b e l l ) ; 
pane l2 . add ( l abe l2 ) ; 

pane l3 . add( l abe l3 ) i 
pane l4 . add ( l abe l4 ) ; 

pane l s . add f l abe lS ) ; 
pane !6 . add ( l abe l6 ) ; 

/ / Add the bu t tons t o the panels 
pane l1 .add(bu t ton1) ; 
pane l2 .add(bu t ton2) ; 
pane l3 .add(bu t ton3) ; 
pane l4 .add(bu t ton*) ; 
pane!5.addf b u t t o n s ) ; 
paneU.addf bu t ton6) ; 

/ / Add the panels t o the con ten t pane. 

i s 
i s 
i s 
i s 
i s 
i s 

c e l l 
c e l l 
c e l l 
c e l l 
c e l l 
c e l l 

I .Ml 
2-->s 
3-->s 

« . • > ! 

5.">; 
6 . " ) j 

a d d ( p a n e l l ) ; 
add(panel2) ; 
add(pane!3) ; 
add (paneU) ; 
add(panelS) ; 
add (paneU) ; 

/ / Goes in to row l f column 1 
/ / Goes in to row l f column 2 
/ / Goci i n t o row 1« colmui 3 
/ / Goci in to row 2, column 1 
/ / Goes in to row 2, column 2 
/ / Goes i n t o row 2, column 3 

// Display the window. 

s e t V i s i b l e ( t r u e ) ; 
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82 
83 
84 
85 
86 
87 

/ * * 

The main method creates an instance of the 
GridPanelwindow class, displaying i t s window. 

* / 

public s ta t ic void main(String[) args) 
90 { 
91 new GridFanelWindow(); 
92 ) 
93 > 

Figure 12-23 Window displayed by the GridPanelwindow class 
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\k\ ause wc have containers nested inside the content pane, there are multiple layout manag­
er! at work in the GridPanelwindow claw. The content pane uses a GridL*yout manager, and 
each Of the JPanel objects uses a PlowLayout manager. 

Checkpoint 

MyProjfjmm ĝUlf www.myprtjgrammingljhxom 

MAO Mow do you add a layout manager to a container? 

12*11 Which layout manager divides a container into regions known as north, south, east, 
west, and center? 

12.12 Which layout manager arranges components in a row, from left to right, in the 
order thev were added to the container? 

12.1 i Which layout manager arranges components in rows and columns? 

12.14 Mow many components can you have at one time in a BorderLayout region? In a 
GridLayout cell? 

12.15 How do you prevent the BorderLayout manager from resizing a component that 
has been placed in its region? 

12.16 I low can you cause a content pane to be automatically sized to accommodate the 
components contained within it? 

12.17 What is the default layout manager for a JFrane object's content pane? l-'or i 
JPanel object? 

http://www.myprtjgrammingljhxom
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12.4 Radio Buttons and Check Boxes 

*L CONCEPT: Radio buttons normally appear in groups of two or more and allow the user 
to select one of several possible options. Check boxes, which may appear 
alone or in groups, allow the user to make yes/no or on/off selections. 

Radio Buttons 
Radio buttons arc useful when you want the user to select one choice from several possible 
options. Figure 12-24 shows a group of radio buttons. 

Figure 12-24 Radio buttons 
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A radio button may be selected or deselected. Fach radio button has a small circle (hat 
appears tilled in when the radio button is selected and appears empty when the radio but­
ton is deselected. You use the JRadioButton class to create radio buttons. Mere are the gen­
eral formats of two JRadioButton constructors: 

JRadioButton(String text) 
JRadioButtonfString text , boolean selected) 

"Flic first constructor shown creates a deselected radio button. The argument passed to the 
text parameter is the string that is displayed next to the radio button. For example, the fol­
lowing statement creates a radio button with the text "Choice I " displayed next to it. The 
radio button initially appears deselected. 

JRadioButton radiol - new JRadioButton!-Choice 1"); 

The second constructor takes an additional boolean argument, which is passed to the 
selected parameter. If t rue is passed as the selected argument, the radio button initially 
appears selected. If false is passed, the radio button initially appears deselected. For exam­
ple, the following statement creates a radio button with the text "Choice I " displayed next 
to it. The radio button initially appears selected. 

JRadioButton radiol - new JRadioButton("Choice 1", t r ue ) ; 

Kadio buttons arc normally grouped together. When a set of radio buttons are grouped 
together, only one of the radio buttons in the group may be selected at any time. Clicking a 
radio button selects it and automatically deselects any other radio button in the same group. 
Because only one radio button in a group can be selected at any given time, the buttons are 
said to be mutually exclusive. 
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<? NOTE: The name "radio button" refers to the old car radios that had push buttons for 
selecting stations. Only one of the buttons could be pushed in at a time. When you pushed 
a button in, it automatically popped out any other button that was pushed in. 

Grouping w i t h the ButtooOroup class 

Once yon have created the JRadioButton objects that you wish to appear in a group, yon 
must create an instance of the ButtonGroup class, and then add the JRadioButton objects to 
it. The ButtonGroup object creates the mutually exclusive relationship among the radio but­
tons that it contains. The following code shows an example: 

/ / Create three radio but tons. 

JRadioButton radiol - new JRadioButton!"Choice 1", t r ue ) ; 
JRadioButton radio? - new JRadioButton!"Choice 2"); 
JRadioButton radioi - new JRadioButton("Choice 3"); 

/ / Create a ButtonGroup object . 
ButtonGroup group - new ButtonGroup!)j 

/ / Add the radio buttons to the ButtonGroup object . 

groupiadd(radio1); 
group.add(radio2); 
group.add(radioB); 

Although you add radio buttons to a ButtonGroup object, ButtonGroup objects arc not con* 
taincrs like JPanel objects, or content frames. The function of a ButtonGroup object is to 
deselect all the other radio buttons when one of them is selected. If you wish to add the 
radio buttons to a panel or a content frame, you must add them individually, as shown here: 

/ / Add the radio buttons to the JPanel referenced by panel, 
panel .add(radiol) ; 
panel.add(radio2); 
panel.add(radio3); 

Responding to Radio Button Events 

Just like JButton objects, JRadioButton objects generate an action event when they are 
clicked. To respond to a radio button action event, you must write an action listener class 
and then register an instance of that class with the JRadioButton object. To demonstrate, we 
will look at the HetricConvertcr class, which is similar to the KiloConverter class shown 
earlier. The MetricConverter class presents a window in which the user can enter a distance 
in kilometers, and then click radio buttons to see that distance convened to miles, feet, or 
inches. The conversion formulas are as follows: 

Miles - Kilomitm x 0.6214 
Feet - Kilometers < 3281.0 
Inches - Kilometers < 39370.0 
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Figure 12-25 shows a sketch of what the window will look like. As you can see from the 
sketch, the window will have a label, a text field, and three radio buttons. When the user 
clicks on one of the radio buttons, the distance will be converted to the selected units and 
displayed in a separate JOptionPane dialog box. 

Figure 12-25 Metric Converter window 
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window shown .it the top of Figure 12-26. The figure also shows the dialog boxes that .ire 
displayed when the user clicks any of the radio buttons. 

Code Listing 12-14 ( M e t r i c C o n v e r t e r . j e v e ) 

import Javax.swing.*; 
2 import Java.awt.event.•; 
3 import java.awt.*) 

6 
7 
B 
9 

10 

n 
12 
13 
14 
15 
L* 

17 

18 

LS 
20 
21 
22 
23 
24 
25 
26 
27 
28 

/ • • 

The MetricConverter c l a n l e t s the user enter a 
distance in kilometers. Radio buttons can be selected to 
convert the kilometers to miles, feet , or inches. 

public c lass MetricConverter extends JFrame 

i 
pr ivate JPanei panel; 
pr ivate JLabel messageLabel; 
pr ivate JTextField kiloTextField; 
pr ivate JRadioButton milesButton; 
pr ivate JRadioButton feetButton; 
pr ivate JRadioButton inchesButton; 
pr ivate ButtonGroup radioButtonCroup; 
private f inal i n t WINDOW_WIDTH - 400; 
pr ivate f inal i n t WINDOWJIEIGHT - 100; 

/ « 

Constructor 
• / 

public MetricConverter)) 

{ 

/ / A holding panel 
/ / A message t o the user 
/ / To hold user input 
/ / T o convert t o miles 
/ / To convert t o feet 
/ / To convert to inches 
/ / To group radio buttons 
/ / Window width 
/ / Window height 
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/ / Set the t i t l e . 
setTit le("Metric Converter"); 

/ / Set the s ize of the window* 
setSize(WINDOW_WIDTH, WINDOWJfEIGHT); 

/ / Specify en action for the close button. 
setDefaultCloseOperation(Jrramc,EXITJ)N_CLOSE); 

/ / Build the panel and add i t to the fr 
bui ldFanelO; 

/ / Add the panel to the frame's content pane 
add(panel); 

/ / Display the window. 
se tVis ib le ( t rue ) ; 

/ * * 

The buildPanel method adds a label , text f i e ld , and 
and three buttons to a panel. 

* / 

private void buildPanel() 

/ / Create the label , text f i e ld , and radio buttons. 
messageLabel - new JLabel( "Enter a distance in kilometers1 '); 
ki loTextr ield • new JTextr ield(10); 
milesButton » new JRadioButtonf"Convert to miles") ; 
feetButton » new JRadioButtonf"Convert to f ee t " ) ; 
inchesButton - new JRadioButtonf"Convert to inches"); 

/ / Group the radio but tons. 
radioButtonGroup - new ButtonGroupU; 
radioButtonGroup.add(milesButton); 
radioButtonGroup.add(feetButton); 
radioButtonGroup.add(inchesButton); 

\9 
It Add action l i s t ene r s to the radio buttons. 
milesButton.addActionListenerJnev RadioButtonListener()); 
feetButton.addActionListener(new RadioButtonListener()); 
inchesButton.addActionListener(new RadioButtonListener()); 

/ / Create a panel and add the components to i t 
panel • new JFanelf) ; 
panel.add(messageLabel); 
panel .add(kiloTextrield); 
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77 

78 

79 
HO 

8 1 

82 
HI 

84 

HI, 

87 

66 

B9 

90 

91 

92 

93 

94 

95 

96 

97 

'IK 

99 

100 
101 
102 
103 
104 
10S 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 

panel.add(milesButton); 
panel.add(feetButton|; 
panel.add(inchesButton); 

/ • • 

Private inner class tha t handles the event when 
the user c l i cks one of the radio buttons. 

pr ivate c lass RadioButtonListener inplenents ActionListener 
< 

public void actionPerformed(ActionEvent e) 

< 
String input; / / To hold the u se r ' s input 
String convertTo • ""j / / The uni ts we're converting to 
double resul t " 0 . 0 ; / / T o hold the conversion 

/ / Get the kilometers entered. 

input - kiloTextField.getText(); 

/ / Determine which radio button was clicked. 
if (e.getSource() - - milesButton) 

< 
/ / Convert to miles. 
convertTo - • mi les . " ; 
resul t - Double.parseDouble{input) • 0.6214; 

> 
e l se if (e.getSource() - - feetButton) 

< 
II Convert to fee t . 
convertTo • " f ee t . " ; 
resul t - Double.parseDouble<input) * 3261.0; 

> 
e l se if (e.getSource() • • inchesButton) 

< 

/ / Convert to inches. 
convertTo • " inches ." ; 
r e su l t - Double.parseDouble(input) • 39370.0; 

> 

/ / Display the conversion. 
JOptionPane.showHessageDialogfnull, input * 

• kilometers i s • 4 r e su l t * convertTo); 
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123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 ) 

/ # # 

The main method creates an instance of the 
MetricConverter c lass , displaying i t s window. 

* / 

public s t a t i c void nain(Str ing[] args) 

{ 

new MetricConverter!); 

> 

Figure 12-26 Window and dialog boxes displayed by the Met r icConver te r class 

This window appears first. The user 2 mto the text field 

t_ Mdnc Converter 

rnt#i A th t .mcs lhUo«K*t«rft : 
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Thtt dialog box appear when the user clicks 
Ihe "Convert lo milet- radio button. 

This dialog box appears when the user clicks 
the 'Convert to (eat" radio button. 

D 2 M t t n r t « i l i l W A 

H 
This dialog box appears when the user 
clicks the "Convert to inches* ratfo button 

Determining In Code Whether a Radio Button Is Selected 

In many applications you will merely want to know whether a radio button is selected. The 
JRadioButton class's isSelected method returns a boolean value indicating whether the 
radio button is selected. If the radio button is selected, the method returns t rue. Otherwise, 
it returns fa lse. In the following code, the radio variable references a radio button. The i f 
statement calls the isSelected method to determine whether the radio button is selected. 
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If (radio.isSelected{)) 

< 

// Code here executes if the radio 
/ / button is selected. 

> 

Selecting a Radio Button In Code 

It is also possible to select a radio button in code with the JRadioButton class's doClick 
method. When the method is called, the radio button is selected just as if the user had 
clicked mi it. As a result, .in ictiofl cent is generated. In the following statement, the radio 
variable references a radio button. When this statement executes, the radio button will 
be selected. 

radio.doClick(); 

Check Boxes 
A check hox appears as a small box with a label appearing 
Figure 12-27 has three check boxes. 

to it. The window shown in 

Figure 12-27 Check boxes 

» Q ) » l 

• M M I 

• ' i — - i 

lake radio buttons, check boxes may be selected or deselected at run time. When a check 
box is selected, a small check mark appears inside the box. Although check boxes arc often 
displayed in groups, they arc not usually grouped in a ButtonGroup like radio buttons. This 
is because check boxes arc not normally used to nuke mutually exclusive selections. Instead, 
the user is allowed to select any or all of the check boxes that are displayed in a group. 

You create a check box with the JCheckBox class. Here arc the general formats of two 
JCheckBox constructors: 

JCheckBox(String text) 
JCheckBox(String text, boolean selected) 

The first constructor shown creates a deselected check box. The argument passed to the 
text parameter is the string that is displayed next to the check box. For example, the fol­
lowing statement creates a check box with the text "Macaroni" displayed next to it. The 
check box initially appears deselected. 

JCheckBox checkl - new JCheckBox!"Macaroni"); 
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The second constructor takes an additional boolean argument, which is passed to the 
selected parameter. If true is passed as the selected argument, the radio check box ini­
tially appears selected. If false is passed, the check box initially appears deselected. For 
example, the following statement creates a check box with the text "Macaroni** displayed 
next to it. The radio check box initially appears selected. 

JCheckBox check; - new JCheckBox("Macaroni", true); 

Responding t o Check Box Events 

When a JCheckBox object is selected or deselected, it generates an item event. You handle 
item events in a manner similar to the way you handle the action events that are generated 
by JButton and JRadioButton objects. First, you write an item listener class, which must 
meet the following requirements: 

• It must implement the ItemListener interface. 
• It must have a method named itemStateChanged with the following header: 

public void iteoStateChanged(Iten£vent e) 

o NOTE: When implementing the i teaListener interface, your code must have the 
following import statement: import java.avt.event. *; 

Once you have written an item listener class, you create ^v\ object of that class, and then 
register the item listener object with the JCheckBox component, When a JCheckBox compo­
nent generates an event, it automatically executes the iteoStateChanged method of the item 
listener object that is registered to itt passing the event object as an argument. 

Determin ing In Code Whether a Check Box Is Selected 

As with JRadioButton, you use the isSelected method to determine whether I JCheckBox 
component is selected. The method returns a boolean value. If the check box is selected, the 
method returns true. Otherwise, it returns false. In the following code, the checkBox vari­
able references a JCheckBox component. The if statement calls the isSelected method to 
determine whether the check box is selected. 

if (checkBox,isSelectedf)) 
i 

II Code here executes if the check 
/ / box is selected. 

) 

The ColorCheckBoxWindow class, shown in ("ode Listing 12-15, demonstrates how check 
boxes arc used. It displays the window shown in Figure 12-28. When the "Yellow back­
ground'* check box is selected, the background color of the content pane, the label, and the 
check boxes turns yellow. When this check box is deselected, the background colors go back 
to light gray. When the "Red foreground" check box is selected, the color of the text dis­
played in the label and the check boxes turns red. When this check box is deselected, the 
foreground colors go back to black. 
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Code Listing 12-15 (ColorCheckBoxWindow. J a v a ) 

l 

2 

i 

A 

5 

6 

B 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

12 
13 
34 

35 

36 

17 

IB 
IS 
40 
41 
42 
43 
44 
45 
46 

import javax.swing.*; 
import j ava.awt.*; 
import Java.awt.event.*; 

The ColorCheckBoxWindow c las s demonstrates how check boxes 
can be used. 

7 

public c lass ColorCheckBoxWindow extends JPri 
< 

private JLabel messageLabel; / / A Message t o the user 
pr ivate JCheckBox yellowCheckBox; / / To se lec t yellow background 
private JCheckBox redCheckBox; / / To se lec t red foreground 
private f inal i n t NINDONWIDTH - 300; / / Window width 
private f inal i n t WIND0W_HEIGHT - 100; / / Window height 

/ • • 

Constructor 
• / 

public ColorCheckloxWindow() 

< 

II Set the text for the t i t l e bar. 

setTi t le(-Color Check Boxes'); 

/ / Set the s ize of the window. 
SOtSize(WINDOW_WIDTH, WINDOW_HEIGHT); 

/ / Specify an action for the close button. 
setDefaultCloseOperat ion(JFrane.EXIT_ON_CLOSE); 

/ / Create a label . 
messageLabel • new JLabel("Select the check " • 

"boxes t o change c o l o r s . " ) ; 

/ / Create the check boxes. 
yellowCheckBox - new JCheckBox!"Yellow background"); 
redCheckBox • new JCheckBox)"Red foreground"); 

/ / Add an item l i s tener to the check boxes. 
yellowCheckBox.addltemListener<new CheckBoxListenerf) 
redCheckBox.addltemListenerfnev CheckBoxListenerf)); 

/ / Add a FlowLayout manager t o the content pane. 
setLayout(new FlowLayout()); 
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/ / Add the label and check boxes to the content pane. 
add(messageLabel); 
add(yellowCheckBox); 
add(redCheckBox); 

/ / Display the window, 
s e tv i s i b l e ( t r ue ) ; 

/ * * 

Private inner c lass that handles the event when 
the user c l icks one of the check boxes. 

• / 

90 
9 
9: 
9. 

9' 

private c lass CheckBoxListener i«ple»ents I teaListener 
{ 

public void itemStateChanged(Ite«Event e) 

l 

/ / 

If 

I 

Determine which check box was cl icked. 
(e.getSourcef) - • yellowCheckBox) 

/ / Is the yellow check box selected? If so, we 
/ / want to se t the background color to yellow. 

if (yellowCheckBox.IsSelectedO) 
{ 

/ / The yellow check box was selected. Set 
/ / the background color for the content 
/ / pane and the two check boxes to yellow. 
getContentPane()-setBackground(Color.YELLOW); 
yellowCheckBox.setBackgroundfColor.YELLOW); 
redCheckBox.setBackground!Color.YELLOW); 

} 
else 

< 

II The yellow check box was deselected. Set 
/ / the background color for the content 
/ / pane and the two check boxes to l ight gray. 
getContentPanef).setBackground(Color.LIGHTGRAY); 
yellowCheckBox.setBackground{Color.LIGHT_GRAY); 
redCheckBox.setBackgroundfColor.LIGHT GRAY); 

) 

) 

else if (e.getSourcef) - - redCheckBox) 

{ 
/ / Is the red check box selected? If so, we want 
/ / t o se t the foreground color to red. 
if (redCheckBox.IsSelectedO) 
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95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
106 
109 
110 
111 
112 

113 
114 
115 
116 
117 
118 

119 
120 
121 
122 

123 
124 
125 > 

* 

) 

/ • • 

• / 

The 

< 

> 

/ / The red check box was s e l e c t e d . Set the 
/ / foreground c o l o r for the l abe l and the 
/ / two check boxes t o red . 
messageLabel•setForcground)Color•RED); 
yellowCheckBox•setForeground(Color.RED); 
redCheckBox•actForeground)Color<RED); 

e l s e 

i 

> 

1 

main 

/ / The red check box was dese l ec t ed . Set the 
/ / foreground c o l o r for the l abe l and the 
/ / two check boxes t o b lack . 
messageLabel.setForeground(Color.BLACK); 
yellowCheckBox.setForeground(Color.BLACK); 
redCheckBox,setForeground(Color.BLACK); 

< method c r e a t e s an ins tance of the 
ColorCheckBoxWindow c l a s s , d i sp l ay ing i t s window* 

publ ic 

< 

> 

new 

s t a t i c void main(Str ing( ] a rgs ) 

ColorCheckBoxWindow(); 

Figure 12-28 Window displayed by the ColorCheckBoxWindow dftSS 

*- - i - _ r*. . - L m-. — * l ^ r ^ J 
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Selecting a Check Box In Code 

As with radio buttons, it is possible to select check boxes in code with the JCheckBox class's 
doClick method. When the method is called, the radio check box is selected just as if the 
user had clicked on it. As a result, an item event is generated. In the following statement, the 
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chcckBox variable references a JCheckBox object. When this statement executes, the check 
box will be selected. 

checkBox.doClick(>; 

Checkpoint 

MyProjrammmjUb' wwtv.mypro^rammmglahxom 

12*18 You want the user to be able to select only one item from a group of items. Which 
type of component would you use for the items, radio buttons or check boxes? 

12.19 You want the user to be able to select any number of items from a group of items. 
Which type of component would you use for the items, radio buttons or check 
boxes? 

12.20 What is the purpose of a ButtonGroup obtect? 

12.21 Do you normally add radio buttons, check boxes, or both to a ButtonGroup object? 

12.22 What type of event does a radio button generate when the user clicks on it? 

12.2.1 What type of event does a check box generate when the user clicks on it? 

12.24 I low do you determine in code whether a radio button is selected? 

12.25 I low do you determine in code whether a check box is selected? 

12.5 Borders 

CONCEPT: A component can appear with several different styles of borders around 
it, A Border object specifies the details of a border- You use the 
BorderFactory class to create Border objects. 

Sometimes it is helpful to place a border around a component or a group of components on 
a panel. You can give windows a more organt/ed look by grouping related components 
inside borders. For example. Figure 12-29 shows a group of check boxes that are enclosed 
in a border. In addition, notice that the border has a title. 

Figure 12-29 A group of check boxes with a titled border 

JFanel components have a method named setBorder, which is used to add a border to the 
panel. Die setBorder method accepts a Border object as its argument. A Border object con­
tains detailed information describing the appearance of a border. 

Rather than creating Border objects yourself, you should use the BorderFactory class to 
create them for you. The BorderFactory class has methods that return various types of 
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borders. Tabic 12-6 describes borders that can be created with the Border Factory class. The 
table also lists the BorderFactory methods that can be called to create the borders. Note 
that there arc several overloaded versions of each method. 

o NOTE: If you use the BorderFactory class in your code, you should have the following 
import statement: import javax.swing * | 

Table 12-6 Borders produced by the BorderFactory class 

Border 

Compound 

border 

Empty border 

l u l l ed border 

Line border 

Lowered bevel 
border 

Mftt t t border 

Raised bevel 
border 

Titled border 

BorderFactory Method 

crcatcCompoundBordcr 

createEmptyBorder 

createEtchedBorder 

createLineBorder 

crcatcLQwercdBcvclBorder 

createMatteBorder 

crcatcRaiacdDcvclBorJcr 

crcateTitiedBordcr 

Description 

A border char has two parrs: an inside edge 
and an outside edge. The inside and outside 
edges can be any of the other borders, 

A border that contains only empty space, 

A border with a 3-D appearance that looks 
"etched" into the background. 

A border that appears as a line. 

A border that looks like beveled edges. It has 
a ?-D appearance thai gives the illusion of 
being sunken into the surrounding 
background. 

A line border that can have edges of different 

thicknesses. 

A border that looks like beveled edges. It has 
a 3-D appearance that gives the illusion of 
being raised above the surrounding 
background. 

An etched border with a title* 

In this chapter we wi l l concentrate on empty borders, line borders, and titled borders. 

Empty Borders 

An empty border is simply empty space around the edges of a component. To create an 
empty border, call the BorderFactory class s createEmtpyBorder method. I Icrc is the meth­
od's general format: 

BorderFactory.createEmptyBordertint top, int l e f t , 
in t bottom, int r i g h t ) ; 

The arguments passed into top, l e f t , bottom, and r i gh t specify in pixels the si/e of the 
border's top, left, bottom, and right edges. The method returns a reference to a Border object. 
The following is an example of a statement that uses the method. Assume that the panel 
variable references a JFanel object. 

panel.5etBorder(BorderFactory.createEnptySorder(S, 5f 5f 5 H ; 
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After this statement executes, the JPanel referenced by panel wi l l have .in empty border of 
five pixels around each edge. 

O NOTE: In case you've skipped ahead to this chapter, the BorderFactory methods are 
static, which means that you call them without creating an instance of the BorderFactory 
class. (You simply write BorderFactory. before the method name to call the method.! 
This is similar to the way the Hath class and wrapper class methods we have discussed are 
called. Static methods arc covered in Chapter 8. 

Line Borders 

A line border is a line of a specified color and thickness that appears around the edges of a 
component. To create a line border, call the BorderFactory class's createLineBorder method. 
I lere is the method's general format: 

BorderFactory.createLineBorder(Color color, int thickneaa); 

The arguments passed into color and thickneaa specify the color of the line and the si/c of 
the line in pixels. The method returns a reference to a Border object. The following is an 
example of a statement that uses the method. Assume that the panel variable references a 
JPanel object. 

panel.actBorder(BorderFactory.createLineBorder(Color.RED, 1))j 

After this statement executes, the JPanel referenced by panel will have a red line border 
that is one pixel thick around its edges. 

Tit led Borders 

A titled border is an etched border with a title displayed on it. To create a titled border, call 
[he BorderFactory class's c reateT i t ledBorder method. Here is the method's general 
format: 

BorderFactory.createTitledBorder(String t i t l e ) ; 

The argument passed into t i t l e is the text that is to be displayed as the border's title. Hie 
method returns a reference to a Border object. The following is an example of a statement 
that uses the method. Assume that the panel variable references a JPanel object. 

panel.setBorderfBorderFactory.createTitledBorder("Choices")); 

Alter this statement executes, the JPanel referenced by panel wi l l have an etched border 
with the title "Choices" displayed on it. 

« 
Checkpo in t 

MyPrograwimmiiUb* wunv.myprogrammingtjhxom 

12.26 What method do you use to set a border around a component? 

12.27 What is the preferred way of creating a Border object? 
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12.6 Focus on Problem Solving: Extending 
Classes f rom JPanel 1 CONCEPT: By writing a class that is extended from the JPanel class, you can create 

a custom panel component that can hold other components and (heir 
related code. 

In the applications that you have studied so far in this chapter, we have used the 
extends JFrame clause in the class header to extend the class from the JFrame class. Recall 
that the extended class is then a specialized version of the JFrame class, and we use its con­
structor to create the panels, buttons, and all of the other components needed. This approach 
works well for simple applications. But for applications that use many components, this 
approach can be cumbersome. Bundling all of the code and event listeners for a large num­
ber of components into a single class can lead to a large and complex class. A better 
approach is to encapsulate smaller groups of related components and their event listeners 
into their own classes. 

A commonly used technique is to extend a class from the JPanel class. This allows you to 
create your own specialized panel component, which can contain other components and 
related code such as event listeners. A complex application that uses numerous components 
can be constructed from several specialized panel components. In this section we wi l l exam­
ine such an application. 

The Brandi's Bagel House Application 
Brandi s Bagel I louse has a bagel and coffee delivery service for the businesses in her neigh­
borhood. Customers may call in and order white and whole wheat bagels with a variety of 
toppings. In addition, customers may order three different types of coffee. (Delivery for 
coffee alone is not available, however.) Here is a complete price list: 

ftageh: White Ihiget $ L25> whole wheat hagel $1.50 
Toppings; Cream cheese 50.50, huttcr $0.2 f, peach />//>- $0.75, hlueherry jam $0,75 
Coffee: Regular coffee StJ*. decaf coffee S/.2f, cappuccino $2.00 

Brandi, the owner, needs an "order calculator" application that her staff can use to calculate 
the price of an order as it is called in. The application should display the subtotal, the 
amount of a 6 percent sales tax, and the total of the order. Figure 12-30 shows a sketch of 
the application's window. The user selects the type of bagel, toppings, and coffee, then clicks 
the Calculate button. A dialog box appears displaying the subtotal, amount of sales tax, and 
total. The user can exit the application by clicking either the Exit button or the standard 
close button in the upper right corner 

The layout shown in the sketch can be achieved using a BorderLayout manager with the 
windows content pane.The label that displays "Welcome to Brandi's Bagel I louse" is in the 
north region, the radio buttons for the bagel types arc in the west region, the check boxes 
for the toppings are in the center region, the radio buttons for the coffee selection arc in the 
cast region, and the Calculate and Fxit buttons are in the south region. To construct this 
window we create the following specialized panel classes that arc extended from JPanel: 
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F i g u r e 1 2 - 3 0 Sketch of the Order Calculator w i n d o w 

Qrd<rC«k<jlflt$r m 
Welcome to frart-'f Bo?* House 

%m 

• Whi t * 

O Whole wheat 

T«apm*f 1 

O i u n v 
O Peoch jetty 
• UueOewyjom 

r C i f l f 
ONww 
#Reeu'a- cotitt 
Obtcal coffc* 

Ctfcuitfi 1 . . 

• Greet ingaPunol . This panel contains the label th.it appears in the window's nor th 

region. 

• BagelPanel. This panel contains the radio buttons for the types of bagels. 

• ToppingPancl. This panel contains the check boxes for (he types of bagels, 

• Cof feePanel . This panel contains the radio buttons for the coffee selections. 

iVC'c wi l l not create a specialized panel for the Calculate and I'xit buttons. The reason is 

explained later.) After these classes have been created, we can create objects f rom them and 

.uh\ the objects to the correct regions of the window's content pane, le t 's take a closer look 

at each of these classes. 

The GreetingPanel Class 
The Greet ingPanel class holds the label displaying the text "Welcome to Hrandi's ll.igcl 

I louse". Code l i s t i ng 12-16 shows the class, wh ich extends JPanel. 

C o d e L i s t i n g 1 2 - 1 6 ( G r e e t i n g P a n e l . J a v a ) 

1 import j a v a x . s w i n g . * ; 

2 
i / * * 

The GreetingPanel c lass displays a greeting in a panel. 
5 */ 
6 

public c lass GreetingPanel extends JFanel 

8 < 

private JLabel greet ing; / / To display a greeting 

10 
II 
13 
i ) 

i-i 

15 
16 
17 

/ * * 

Constructor 
* / 

public GreetingPanel() 

< 

/ / Create the l abe l . 

http://th.it
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IB 
19 
20 
21 
22 
2J ) 

greeting - new JLabel("Welcome to Brandi 's Bagel House"); 

/ / Add the label to t h i s panel, 
add(greeting); 

In line 21 the add method is called to add the JLabel component referenced by greeting. 
Notice that we are calling the method without an object reference and a dot preceding it. 
This is because the method was inherited from the JPanel class, and we can call it just as if 
it were written into the GreetingPanel class declaration. 

When we create an instance of this class, we are creating a JPanel component thai displays 
a label with the text "Welcome to Brandi's Ha gel House", figure 12-31 shows how the com­
ponent will appear when it is placed in the window's north region. 

Figure 12-31 Appearance of the Gree t ingPanel component 

i* fn Mr null's lUm I Mnusis 

The BagelPanel Class 
The BagelPanel class holds the radio buttons for the types of bagels. Notice that this panel 
lives .i Gi LdLayo it manager with two rows and one column. ( ode I isting 12 17 shows the 
class, which is extended from JPanel. 

Code Listing 12-17 ( B a g e l P a n e l . J a v a ) 

1 import javax.swing.*; 
2 import java .awt . ' j 
3 

The BagelPanel c l a s s allows the user t o se lec t e i ther 
6 a white or whole wheat bagel. 
7 • / 

10 
u 
12 
. J 

.•; 

15 

17 

public c lass BagelPanel extends JPanel 

< 

II The following constants are used t o indicate 
/ / the cost of each type of bagel, 
public f inal double WHITE_BAGEL - 1.25; 
public f inal double WHEAT_BAGEL - 1.50; 

pr ivate JRadioButton whiteBagel; 
pr ivate JRadioButton wheatBagel; 

/ / To se lec t white 
/ / To se lec t wheat 



12.6 Focus on Problem Solving: Extending Classes from jPane l H2I 

p r i v a t e ButtonGroup bg; / / Radio button group 

/ * * 

Constructor 
* / 

pubi ic BagclFanel() 

/ / Create a GridLayout manager with 
/ / two rows and one column. 
setLayoutfnew GridLayout<2, 1 ) ) ; 

/ / Create the r ad io b u t t o n s . 
whiteBagel • new JRadioBut tonfWhi te" , t r u e ) ; 
wheatBagel • new JRadioButtonj 'Wheat*); 

/ / Group the r ad io b u t t o n s , 
bg • new ButtonGroup(); 
bg .add(whi teBagel) ; 
bg.add(wheatBagel) ; 

/ / Add a border around the panel. 
se tBorder )BorderPac to ry .c rea teTi t l edBorder ( "Bage l" ) ) ; 

/ / Add the r ad io bu t tons t o the panel. 
add(whiteBagel) ; 
add|wheatBagel) ; 

/ * * 

getBagelCost method 
^ re tu rn The cos t of the s e l e c t e d bage l . 

* / 

publ ic double getBagelCostf) 

{ 
double bagelCost - 0.0; 

i f (wh i t eBage l . i sSe lec t ed ) ) ) 
bagelCost - WHITE_BAGEL; 

e l s e 
bagelCost - WHEAT_BAGEL; 

r e t u r n bagelCost ; 
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Notice that the whiteBagel radio button is automatically selected when it is created. This is 
the default choice. This class does not have an inner event listener class because \vc do not 
want to execute any code when the user selects a bagel. Instead, we want this class to be 
able to report the cost of the selected bagel. That is ihc purpose of the getBagelCost method, 
which returns the cost of the selected bagel as a doable. (This method will be called by the 
Calculate button's event listener.) Pigure 12-32 shows how the component appears when it 
is placed in the window's west region. 

Figure 12 - J2 Appearance of the BagelPanel component 

• f l t * r 

The ToppingPanel Class 
The ToppingPanel class holds the check boxes for the available toppings. Code listing 
12-IK shows the class, which is also extended from JPanel. 

Code Listing 12-18 ( T o p p i n g P a n e l . Java) 

1 import Javax.swing.•; 
2 import java.awt.M 
3 
4 / • • 

The ToppingPanel c l a s s allows the user t o se lec t 
6 the toppings tor the bagel. 
7 • / 

'< 

10 
11 
12 
13 
14 
15 
16 
17 
18 
L9 
20 
21 
22 

public c lass ToppingPanel extends JPanel 

I 
/ / The following constants are used t o indicate 
/ / the cost of toppings, 
public f inal double CREAM_CHEESE - 0.50; 
public f inal double BUTTER - 0.25; 
public final double PEACH_JELLY - 0.75; 
public f inal double BLUEBERRY_JAH - 0.75; 

pr ivate JCheckBox creamcheesc; 
pr ivate JCheckBox but ter ; 
pr ivate JCheckBox peachJelly; 
pr ivate JCheckBox blueberryJam; 

/ / To se lec t cream cheese 
/ / To se lec t but ter 
/ / To se lec t peach j e l l y 
/ / To se lec t blueberry jam 
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23 
24 
25 
26 
27 
28 
29 
30 
31 
12 
33 

14 
35 
36 
37 
38 
39 
40 
•11 
42 
43 
44 
45 
41 
41 

/ * * 

Constructor 
* / 

public ToppingPanel() 

{ 

/ / Create a GridLayout manager with 
/ / four rows and one column. 
eetLayout(new GridX.ayout(4> l ) ) j 

/ / Create the check boxes. 
creamCheese - new JCheckBox("Cream cheese"); 
but ter - new JCheckBoxt"Butter"); 
peachJelly - new JCheckBox("Peach j e l l y " ) ; 
blueberryJam • new JCheckBox("Blueberry jam"); 

/ / Add a border around the panel. 
setBorder(BorderFactory.createTitledBorder("Toppings")); 

/ / Add the check boxes to the panel. 
add(creamCheese); 
add(but ter ) ; 
add(peachJelly); 
add(blueberryJam); 

49 
50 
51 
52 
53 
54 
55 
56 
51 
58 
59 
60 
SI 
63 
6) 

64 
6S 

66 

67 

68 

69 

/ * * 
getToppingCost method 
freturn The cost of the selected toppings. 

* / 

public double getToppingCost() 

< 

double toppingCost - 0 .0; 

if (creamCheese.isSelectedf)) 
toppingCost +• CREAM_CHEESE; 

if (but ter . i sSeloctodO) 
toppingCost +• BUTTER; 

if <peachJelly. is5elected()) 
toppingCost • - PEACH_JELLY; 

if (blueberryJam.isSelectedf)) 
toppingCost »- BLUEBERRYJAH; 

return toppingCost; 
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As with the BagelPanel class, this class docs not have an inner event listener class because 
we do not want to execute any code when the user selects a topping. Instead, we want this 
class to be able to report the total cost of all the selected toppings. That is the purpose of the 
getToppingCost method, which returns the cost of all the selected toppings as a double. 
(This method will be called by the Calculate buttons event lisccncr.l Figure I 2 V M shows 
how the component appears when it is placed in the window's center region. 

Figure 12-33 Appearance of the ToppingPanel component 
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The CoffeePanel Class 
The cof toePanel class holds the radio buttons Cor the available coffee selections. Code 
Listing 12*1^ shows the ilass, which extends JPanel. 

Code Listing 12 19 (Cof f a a P a n a l . Java) 

9 
LO 

11 

12 

1 3 

:•; 

15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 

import Javax.awin i . • ; 
import java.awt.") 

/ * • 

The CotteePanel class allows the user to se lec t coffee. 
• / 

public c lass CoffeePanel extends JPanel 

i 
II The following constants are used t o indicate 
/ / the cost of coffee. 
public f inal double NO_COFFEE - 0.0; 
public f inal double REGULAR_COFFEE - 1.25; 
public f inal double DECAFJTOFFEE • 1.25; 
public f inal double CAPPUCCINO - 2.00; 

pr ivate JRadioButton noCoffee; / / To se lec t no coffee 
private JRadioButton regularCoffee; / / To se lec t regular coffee 
private JRadioButton decafCoffee; / / To se lec t decaf 
private JRadioButton cappuccino; / / To se lec t cappuccino 
private ButtonGroup bg; II Radio button group 

/ • • 

Constructor 
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* / 

public CoffeePanelf) 
{ 

/ / Create a GridLayout manager with 
/ / four rows and one column. 
aetLayout(new GridLayout(4, 1)) ; 

/ / Create the radio but tons. 
noCoffee • new JRadioButton("Hone"); 
regularCoffee - new JRadioButtonf"Regular coffee", t r ue ) ; 
decafCoffee - new JRadioButton("Decaf coffee"); 
cappuccino - new JRadioButtonf"Cappuccino*); 

/ / Group the radio but tons. 
bg • new ButtonGroup(J; 
bg.add(noCoffee); 
bg.add(regularCoffee); 
bg.add(decafCoffee); 
bg.add(cappuccino); 

/ / Add a border around the panel. 
sctBorder(BorderPactory.createTitledBorder('Coffee")); 

/ / Add the radio buttons to the panel. 
add(noCoffee)j 
add(regularCoffee); 
add(dccafCoffee); 
add(cappuccino); 

/ * * 

getCoffeeCost method 
•return The cost of the selected coffee 

* / 

public double getCoffeeCost() 

I 
double coffeeCost • 0 .0; 

if {noCoffee.isSelected(l) 
coffeeCost - N0_C0FrEE; 

e lse if ( regularCoffee . isSelectedm 
coffeeCost - REGULAR JTOFrEE; 

e lse if (decafCoffee.isSelectedO) 
coffeeCost - DECAFJTOrrEE; 

e lse if (cappuccino.isSelected()) 
coffeeCost - CAPPUCCINO; 
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73 

74 

75 ) 

76 > 

return c o f t e e C o s t ; 

As with the BagelPanel and ToppingPanel classes, this class does not have an inner event 
listener class because we do not want to execute any code when the user selects coffee. 
Instead, we want this class to be able to report the cost of the selected coffee. The 
getCoffeeCoat method returns the cost of the selected coffee as a double. I This method will 
be called by the Calculate button's event listener.) Figure 12-34 shows how the component 
appears when it is placed in the window's east region. 

Figure 12-34 Appearance of the Cof feePanel component 

Putting It All Together 
The last step in creating (his application is to write a class that builds the application's win­
dow and adds the Calculate and Exit buitons/rhisjass.u Inch wc name OrderCalculatorGUI, 
is extended from Jframe and uses a BorderLayout manager with its content pane. Figure 12-15 
shows how instances of the GreetingPanel, BagelPanel, ToppingPanel, and CoIIeePanel 
classes are placed in the content pane. 

Figure 12-35 Placement of the custom panels 
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Vtc have not created 1 custom panel class to hold the Calculate and Fxit buttons.The reason 
is that the Calculate button s event listener must call the getBagelCost, getToppingCost, 
and getcoffeeCost methods. In order to call those methods, the event listener must 
have access to the BagelPancl, ToppingPanel, and CoffeePanel objects that are created 
in the OrderCalculatorGUI class. The approach taken in this example is to have the 
OrderCalculatorGUI class itself create the buttons. The code for the OrderCalculatorGUI 
class is shown in Code Listing 12-20. 

Code List ing 12-20 ( O r d e r C a l c u l a t o r G U I . J a v a ) 

import javax.swing.*; 
import java.awt.*; 
import Java•awt•event. *; 
import Java.text.Decimalformat; 

/ * * 

The OrderCaicuXatorGUI c lass creates the GUI tor the 
Brandi 's Bagei House appl icat ion. 

* / 

public 

I 
prl 
pri 
pri 
pri 
pri 
pri 
pri 
pri 

/## 

class OrderCalculatorGUI extends JFr 

vate BagelPanel bagels; 
vate ToppingPanel toppings; 
vate CoffeePanel coffee; 
vate GreetlngPanel banner; 
vate JPanol buttonPanel; 
vate JButton calcButton; 
vate JButton exitButton; 
vate f inal double TAX RATE 

Constructor 

/ / Bagel panel 
/ / Topping panel 
/ / Coffee panel 
/ / To display a greeting 
/ / To hold the buttons 
/ / To ca lcula te the cost 
/ / To exi t the application 
i 0.06; / / Sales tax ra te 

public OrderCalculatorGUI(J 

/ / Display a t i t l e . 
setTitlef"Order Calculator") ; 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JFraTC.EXIT_OH_CLOSE); 

/ / Create a BorderLayout manager. 
setLayoutfnew BorderLayout()); 
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37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
V' 
58 
59 
so 
6 
6 
6 
6 
6 
6 
6 
6G 

6 
J 
J 
7 
7 
7 
7 
7 
7 
7 
7 
80 

/ / Create the custom panels. 
banner - new GreetingPanel(); 
bagels - new BagelPanel(); 
toppings • new ToppingPanel(); 
coffee • new CoffeePanel()> 

/ / Create the button panel. 
buildButtonPanel!); 

/ / Add the components to the content pane. 
add(banner, BorderLayout.NORTH); 
addfbagels, BorderLayout.WEST); 
add(toppings, BorderLayout.CENTER); 
addfeoffee, BorderLayout.EAST); 
add(buttonPanel, BorderLayout.SOUTH); 

/ / Pack the contents of the window and display i t . 
pack | ) ; 
se tVis ib le ( t rue) ; 

i i 

The buildButtonPanel method builds the button panel. 

' / 

private void buildButtonPanel() 

< 

II Create a panel for the buttons. 
buttonPanel - new JPanel() ; 

/ / Create the buttons. 
calcButton - new JButton("Calculate"); 
exitButton - new JButton("Exit"); 

/ / Register the action l i s t e n e r s . 
calcButton.addActionListener(new CalcButtonListener()); 
exitButton.addActionListener(new ExitButtonListenerf)); 

/ / Add the buttons to the button panel. 
buttonPanel.add(calcButton); 
buttonPanel.add(exitButton); 

/ • • 

Private inner c l a s s tha t handles the event when 
the user c l i cks the Calculate button. 
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85 
86 
87 
88 
89 
90 
91 
92 
93 
•••I 

95 

96 

9 7 

98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

no 
i n 
112 
113 
114 
115 
116 
117 

118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 
130 

private c lass CalcButtonListener iapleaents ActionListener 
I 

public void actionFerformed(ActionEvent e) 

< 
II Variables to hold the sub to ta l , tax, and to t a l 
double subtotal , tax, t o t a l ; 

/ / Calculate the sub to ta l . 
subtotal - bagels.getBagelCoatf) • 

toppings.getToppingCost() » 
coffee.getCoffeeCost(); 

/ / Calculate the sa les tax. 
tax - subtotal • TKX_RATE; 

/ / Calculate the t o t a l . 
t o t a l - subtotal • tax; 

/ / Create a DecinalFormat object to format output. 
DecimalFormat dol lar - new DecimalFormatf"0.00"); 

/ / Display the charges. 
JOptionPane.showMessageDialog(null, "Subtotal: S" • 

dol lar . format(subtotal) • "\n" • 
"Taxi $" • dollar .format(tax) + -\n" * 
"Totali $" » do l l a r . fo rmat ( to ta l ) ) j 

/ . . 

Private inner c lass that handles the event when 
the user c l icks the Exit button. 

* / 

private c lass ExitButtonListener implements ActionListener 

< 

public void actionPerformed(ActionEvent e) 

System.exit(0); 

> 

I 

/ * * 

main method 
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publ ic s t a t i c void nuinjStr ing( ) arga) 
132 < 

new OrderCalculatorGUIO; 
134 > 

135 > 

When the application runs, the window shown in Figure 12-36 appears. Figure 12-37 shows 
the JOptionPane dialog box that is displayed when the user selects a wheat bagel with 
butter, cream cheese, and decaf coffee. 

Figure 12-36 The Order Calculator window 
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Figure 12-37 The subtotal, tax, and total displayed 
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12.7 Splash Screens 

CONCEPT: A splash screen is a graphic image that is displayed while an application 

loads into memory and starts up. 

Most major applications display a splash screen, which is a graphic image that is displayed 
while the application is loading into memory. Splash screens usually show company logos 
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•nd keep the user's attention while the application starts up- Splash screens are particularly 
important for large applications that take a long time to load, because they assure the user 
that the program is not malfunctioning. 

Beginning with Java 6, you can display splash screens with your Java applications. Hirst, 
you have to use a graphics program to create the image that you want to display. Java sup­
ports splash screens in the GIF, PNG, or JPFG formats. (If you are using Windows, you can 
create images with Microsoft Paint, which supports all of these formats.) 

To display the splash screen you use the java command in the following way when you run 
the application: 

Java -splash iGrapfucFiletlame ClassFileNamc 

Graph icFi IvName is the name of the file that contains the graphic image, and ClassFileName 
is the name of the xhss file that yon are running. For example, in the same source code folder 
as the Brjndi's Bjgtl House application, you wi l l find a file named Brjndtl.ogo.jftg. This 
image, which is shown in Figure 12-18, is a logo for the Brandos Bagel House application. To 
display (he splash screen when the application starts, you would use the following command: 

java eplaeh:BrandiLogo.jpg Bagel 

When you run this command, the graphic file wi l l immediately be displayed in the center of 
the screen. It wi l l remain displayed until the application's window appears. 

Figure 12-38 Splash screen for the Brandi's Battel Home application 
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12.8 Using Console Output to Debug a GUI Application 

CONCEPT: When debugging a GUI application, sou can use Sy i tau .ou t .p r in t ln to 
send diagnostic messages to the console. 

When an application is not performing correctly, programmers sometimes write statements 
that display diagnostic messages into the application. For example, if an application is not 
giving the correct result for a calculation, diagnostic messages can be displayed at various 
points in the program's execution showing the values of all the variables used in the calcula­
tion. If the trouble is caused by a variable that has not been properly initialized, or that has 
not been assigned the correct value, the diagnostic messages reveal this problem. This helps 
the programmer to sec what is going on "under the hood" while an application is running. 
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The System.out .pr int ln method can be a valuable tool for displaying diagnostic mes-
sages in a (ilJI application. Because the Systea .out .pr in t ln method sends its output to the 
console, diagnostic messages can be displayed without interfering with the application's 
GUI windows. 

Code Listing 12-21 shows an example. This is a modified version of the KiloConverter 
class, discussed earlier in this chapter. Inside the actionPerformed method, which is in the 
CalcButtonLiatener inner class, calls to the Systea. out . pr in t In method have been written. 
The new code, which appears in lines 99 through 104 and I M through I 15, is shown in 
bold. These new statements display the value that the application has retrieved from the 
text field, and is working within its calculation. (This file is stored in the source code folder 
Chapter \ 2\KihCowerter Phase J.> 

Code Listing 12-21 ( K i l o C o n v e r t e r . J a v a ) 

import javax.swing.*; 
import java.awt.event.*j 

/ / Needed tor Swing classes 
/ / Needed (or ActionListener Interface 

/ • • 

The KiloConverter c l a s s displays a JFraae tha t 
l e t s the user enter a distance in kilometers. When 
the Calculate button i s clicked, a dialog box i s 
displayed with the distance converted t o a i l e s . 

• / 

public c lass KiloConverter extends JFr 

i 
private JPanel panel; 
pr ivate JLabel messageLabel; 
pr ivate JTextField kiloTextField; 
pr ivate JButton calcButton; 
pr ivate f inal int WINDOWWIDTH - 310; / / Window width 
private final int WINDOWJIEIGHT - 100; / / Window height 

/ / To reference a panel 
/ / To reference a label 
/ / To reference a text f ie ld 
/ / To reference a button 

/ • • 

Constructor 
V 

public KiloConverter() 

< 

/ / Set the window t i t l e . 
setTitle("Kilometer Converter"); 

/ / Set the s ize of the window. 
setSize(WINDOW_WIDTH, WINDOWJIEIGHT); 

/ / Specify what happens when the close button i s clicked. 
setDefaultCloseOperation(JFrane.EXIT_ON_CLOSE); 



12.8 Using Console Output to Debug a GUI Application B39 

/ / Build the panel and add i t to the fra»e. 
buildPanel<); 

/ / Add the panel to the frame's content pane. 
add(panel); 

/ / Display the window. 
s e t v i s i b l e ( t r u e ) ; 

/ * * 

The buildPanel method adds a l abe l , a text f i e ld , 
and a button to a panel. 

• / 

private void buildPanelf) 

< 

/ / Create a label to display ins t ruc t ions . 
messageLabel • new JLabelf"Enter a distance 

"in xi loswters") ; 

/ / Create a text f ield 10 characters wide. 
kl loTextrield - new JTextrield<10); 

/ / Create a button with the caption -Calculate". 
calcDutton - new JButton("Calculate*); 

/ / Add an action l i s t ener to the button. 
calcButton.addActionListener(new CalcButtonListener()); 

/ / Create a JPanel object and l e t the panel 
/ / f ield reference i t . 
panel • new JPanelf) ; 

/ / Add the labe l , text f i e ld , and button 
/ / components to the panel. 
panel.add(messageLabel); 
panel.add(kiloTextField); 
panel.add(calcButton); 

/ # # 

CalcButtonListener i s an action l i s t ener c l a s s for 
the Calculate button. 

80 

81 private c lass CalcButtonListener iapleaents ActionListener 
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82 
83 
84 
85 
86 
87 

88 
89 
90 
91 
92 
93 
94 

95 
96 
97 

98 
99 

100 
101 
102 
103 
104 

105 
106 
107 

108 

109 
110 
111 
112 
113 
114 

115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 > 

< 

/ • • 

The actionPerformed method executes when the user 
c l i c k s on the Calculate button. 
Iptram e The event objec t . 

public void actionPerformed(ActionEvent e) 

1 
f inal double CONVERSION - 0.6214; 
String input; / / To hold the user ' s input 
double mi les; / / The number of B i l e s 

/ / Get the text entered by the user into the 
/ / text f i e l d . 
input - k i loTextFie ld .getText( ) ; 

/ / For debugging , d i s p l a y t h e t e x t e n t e r e d , and 
/ / i t s v a l u e conver ted t o a double. 
S y s t e m . o u t . p r i n t l n ( " R e a d i n g • • input • 

* f r o a t h e t e x t f i e l d . " ) ; 
S y s t e m . o u t . p r i n t l n ( Converted v a l u e : " * 

D o u b l e . p a r s e D o u b l e ( i n p u t ) ) j 

/ / Convert the input to mi les . 
miles - Doublo.parsoDoublo(input) * CONVERSION; 

/ / Display the r e s u l t . 
JOptionPane.shovHessageDialog(null, input * 

• kilometers i s " • miles • • mi l e s ." ) j 

/ / For debugging , d i s p l a y a message i n d i c a t i n g 
/ / t h e a p p l i c a t i o n i s ready for more i n p u t . 
S y s t e m . o u t . p r i n t l n f " R e a d y f o r t h e next i n p u t . " ) ; 

> 

) / / End of CalcButtonListener c l a s s 

/ • • 

The main method creates an instance of the 
KiloConverter c l a s s , which d isp lays 
i t s window on the screen. 

• / 

public s t a t i c void main(String[) args) 

< 

new KiloConverter)); 

> 



12.8 Using Console Output to Debug a GUI Application H35 

I r e s cake a closer look. In lines 101 and 102 a message is displayed to the console showing 
the value that was read f rom the text f ie ld. In lines 103 and 104 another message is dis­
played showing the value after i t is converted to a double. Then , in line 115, a message is 
displayed indicating that the appl icat ion is ready for its next input. Figure 12-39 shows an 
example session wi th the application on a computer running Microsof t Windows. Both the 
console w indow and the application windows are shown. 

F i g u r e 1 2 - 3 9 Messages displayed to the console dur ing the application's execut ion 

1. A command is typed m the console window to execute the 
application The application s window appears. 
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3, The user dismisses the dialog box end a message is displayed *i 
the console window indicating that the application is f*<*f tor the 
next input. 

CommandProrrpt * > v * KiloCorrvertffVrfndcr* 
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e|iwo 

C r i u i r i t 

The messages that arc displayed to the console arc meant lor only the programmer to sec, 
while he o r she is debugging the appl icat ion. Once the programmer is satisfied that the 
application is running correctly, the calls to S y s t c n . o u t . p r i n t l n can be taken out . 
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12.9 Common Errors to Avoid 
• Misspell ing javax . swing in an inpor t statement. Don't forget the letter x that appears 

after Java in this import statement. 

• Forgetting to specify the action taken when the user clicks on a J T m e ' t close but ton. 

By default , a w indow is hidden f r o m view when the close button is cl icked, but the 

a p p k j i m n is urn terminated. If you wa l l to exit the application when A jFr« inr 's 

close but ton is cl icked, you must call the aetDefaul tCloaeOperat ion method and pass 

JFrame.EXiT_ON_CLOSE as the argument. 

• Forgetting to write an event listener for each event you wish an application to respond 

to. In order to respond to an event, you must wr i te an event listener that implements 

the proper type of interface, registered to the component that generates the event, 

• Forgetting to register an event listener. Fven if you wr i te an event listener, it wi l l not 

execute unless it has been registered wi th the correct component. 

• \\ lu n wr i t ing an event listener method that is required by an interlace, not using the 

method header specified by the interface. The header of an act ionPerformcd method 

must match that specified by the A c t i o n L i i t c n c r interface* Also, the header of an 

itcmStateChanged method must match that specified by the I t c a L i s t c n c r method. 

• Placing components directly in to the regions of a container governed by a BordarLayout 

manager when you do not want the components resized or you want to add more than 

one component per region. If you do not want the components that sou place in a 

BorderLayout region to be resized, place them in a JPanel component and then add 

the JPanel component to the region. 

• Placing components directly in to the cells of a container governed by a OridLayout 

manager when you do not want (he components resized or you want to add mote than 

one component per cell. If you do not want the components that you place in a 

GridLayout cell to be resized, place them in a JPanel component, and then add the 

JPanel component to the cel l . 

• Forgett ing to add JRadioButton components to a lu t tonOroup object. A mutual ly 
exclusive relationship is created between radio buttons only when they are added to a 
ButtonGroup object. 

Review Questions and Exercises 

Mult ip le Choice and True/False 

1. Wi th Swing, you use this class to create a frame. 

I, Frame 
b. SwingFrame 
C. JFramc 
d. JavaFrame 

2. This is the part o f a JFramc object that holds the components that have been added to 

the JFrame object. 

a. content pane 

b. viewing area 

c- component array 
d . object collection 
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3. This is a JPanel object's default layout manager 
a. BorderLayout 
b. GridLayout 
C. FlowLayout 
il. None 

4. This is the default layout manager for a JFranw object's content pane. 
a. BorderLayout 
b. GridLayout 
C* FlowLayout 
il. None 

5. [ f t container is governed by a BorderLayout manager and you add a component to it, 
but you do not pass the second argument specifying the region, this is the region in 
which the component wi l l be added. 
a. north 
b. south 
C. cast 
d. center 

6. Component! in this/these regions of a BorderLayout manager are resized horizontally 
so rhcy fill up the entire region. 
a. north and south 
b. east and west 
C center only 
d. north, south, east, and west 

7. Compon<ntl in this/these regions of a BorderLayout manager are resi/ed vertically so 
they fill up the entire region, 
a. north and south 
b. east and west 
c. center only 
d. north, south, east, and west 

8. Components in this/these regions of a BorderLayout manager are resized both hori­
zontally and vertically so they fill up the entire region. 
a. north and south 
b. cast and west 

Ci center only 
d. north, south, cast, and west 

9. This is the default alignment of a FlowLayout manager. 
a. left 
b. center 

C. right 
d. no alignment 

10. Adding radio button components to this type of object creates a mutually exclusive 
relationship between them. 

a. HutualExclude 
b. RadioGroup 
C. LogicalGroup 
d. ButtonGroup 
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11. You use this class to create Border objects. 
a. BorderFactory 
b. BorderMaker 
C. BorderCreator 
d. BorderSource 

12. True or False: A panel cannot be displayed by itself. 

13. True or False: You can place multiple components inside a GridLayout cell. 

14. True or False: You can place multiple components inside a BorderLayout region. 

15. True or False: You can place multiple components inside a container governed by a 
FlowLayout manager. 

16. True or False: You can place a panel inside a region governed by a BorderLayout 
manager. 

17. True or False: A component placed in a GridLayout manager's cell will not be resized 
to fill up any extra space in the cell. 

18. True or False: You normally adJ JCheckBox components to a ButtonGroup object. 

19. True or False: A mutually exclusive relationship is automatically created among all 
JRadioButton components in the same container. 

20. True or False: You can write a class that extends the JPanel class. 

Find the Error 

1. The following statement is in a class that uses Swing components: 

import Java.swing.•; 

2. The following is an inner class that will be registered as an action listener for a 
JButton component: 

private claia ButtonLiatener inplemnts ActionListener 

< 

public void actionPertormedO 

/ / Code appears here 

> 

3, The intention of the following statement is to give the panel object a GridLayout 
manager with 10 columns and 5 rows: 

panel.setLayout(new GridLayoutflO, 5)); 

4, The panel variable references a JPanel governed by a BorderLayout manager. The 
following statement attempts to add the button component to the north region of 
panel: 

panel.add(button, NORTH); 

5, The panel variable references a JPanel object. The intention of the following state­
ment is to create a titled border around panel: 

panel.setBorder(new BorderFactory!"Choices")); 
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Algor i thm Workbench 

1. The variable nyHindow references a JFrue object. Write a statement that sets the si/c 
of the object to 500 pixels wide and 250 pixels high. 

2. The variable mywindow references a JFr«e object. Write a statement that causes the 
application to end when the user clicks on the JFrane object's close button. 

3. The variable mywindow references a JPraae object- Write a statement that displays the 
object's window on the screen. 

4. The variable myButton references a JButton object. Write the code to set the object's 
background color to white and foreground color to red. 

5. Assume that a class inherits from the JFrame class. Write code that can appear in the 
class constructor* which gives the content pane a FlovLayout manager. Components 
added to the content pane should be aligned with the left edge of each row. 

6. Assume that a class inherits from the JFraat class. Write code that can appear in the 
class constructor, which gives the content pane a GridLayout manager with five rows 
and 10 columns. 

7. Assume that the variable panel references a JPanel object that uses a BordcrLayout 
manager. In addition, the variable button references a JButton object. Write code that 
adds the button object CO the panel object's west region. 

8. Write code that creates three radio buttons with the text "Opt ion I " , "Option 2" , .\\u\ 
"Option Jw . The radio button that displays the text "Option I " should be initially 
selected. Make sure these components are grouped so that a mutually exclusive rela­
tionship exists among them. 

9. Assume that panel references a JPan«l object. Write code that creates a two pixel thick 
blue line border around it. 

Short Answer 

1. If you do not change the default close operation, what happens when the user clicks 
on the close button on a JFrane object? 

2, Why is it sometimes necessary to place a component inside a panel and then place the 
panel inside a container governed by a BorderLayout manager? 

3. In what type of situation would you present a group of items to the user with radio 
buttons? With check boxes? 

4, I low can you create a specialized panel component that can be used to hold other 
components and their related code? 

Programming Challenges 

MyProjrammmjUtT Visit wwwanyprogramminglalKcom to complete many of these Programming Challenges 
online and get instant feedback. 

1 . Retail Price Calculator 

Create a GUI application where the user enters the wholesale cost of an item and its markup 
percentage into text fields. (For example, if an items wholesale cost is $5 and its markup 
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percentage is 100 percent* then its retail price is $10.) The application should have a button 
that displays the item's retail price when clicked. 

2. Monthly Sales Tax 

A retail company must file a monthly sales tax report listing the total sales for the month, 
and the amount of state and county sales tax collected. The state sales tax rate is 4 percent 

Th M *°thlv a n ^ r ' i c c o u n i >' s a ' e s u x r a i c *s ̂  P* r « m - CJrcate a GUI application that allows the user to 
Salt* Tax enter the total sales for the month into a text field- From this figure, the application should 
Problem calculate and display the following: 

• The amount of county sales tax 
• The amount of state sales tax 
• The total sales tax (county plus state) 

In the application s code, represent the county tax rate (0.02) and the state tax rate (0.04) 
as named constants, 

3* Property Tax 

A county collects property taxes on the awewment value of property, which is 60 percent 
of the property's actual value. If an acre of land is valued at Si0,000, its assessment value is 
$6,000. The property tax is then $0.64 for each $100 of the assessment value. The rax for 
the acre assessed .it Shj)00 will he $ 18.40. Create a GUI application that displays the assess 
mem value and property tax when a user enters the actual value of a property. 

4. Travel Expenses 

Citate a <*ri application that calculates and displays the total travel expenses of a business 
person on a trip. Mere is the information that the user must provide: 

• Number of days on the trip 
• Amount of airfare, if any 
• Amount of car rental fees, if any 
• Number of miles driven, if a private vehicle was used 
• Amount of parking fees, if any 
• Amount of taxi charges, if any 
• (inference or seminar registration fees, if any 
• lodging charges, per night 

The company reimburses travel expenses according to the following policy: 

• $ M per day for meals 
• Parking fees, up to $10.00 per day 
• Taxi charges up to $20.00 per day 
• Lodging charges up to $95.00 per day 
• If a private vehicle is used, $0.27 per mile driven 

The application should calculate and display the following: 

• Total expenses incurred by the business person 
• The total allowable expenses for the trip 
• The excess that must be paid by the business person, if any 
• The amount saved by the business person if the expenses are under the total allowed 
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5. Theater Revenue 

A movie cheater only keeps a percentage of the revenue earned from ticket sales. The re­
mainder goes to the movie company. Create a GUI application that allows the user to enter 
the following data into text fields: 

• Price per adult ticket 
• Number of adult tickets sold 
• Price per child ticket 
• Number of child tickets sold 

The application should calculate and display the following data for one night's box office 
business at a theater: 

• Gross revenue for adult tickets sold. This is the amount of money taken in for all adult 
tickets sold. 

• Net revenue for adult tickets sold. This is the amount of money from adult ticket sales 
left over after the payment to the movie company has been deducted. 

• Gross revenue for child tickets sold. This is the amount of money taken in for all child 
tickets sold, 

• Net revenue for child tickets sold. This is the amount of money from child ticket sales 
left over after the payment to the movie company has been deducted. 

• Total gross revenue. This is the sum of gross revenue for adult and child tickets ".old. 
• Total net revenue. This is the sum of net revenue for adult and child tickets sold. 

Assume the theater keeps 20 percent of its box office receipts. Use a constant in your code 
to represent this percentage. 

6. Joe's Automotive 

Joe's Automotive performs the following routine maintenance services: 

• Oi l change—$26.00 
• lube job—Si 8.00 
• Radiator flush—$30.00 
• Transmission flush—$80.00 
• Inspection—$15.00 
• Muffler replacement—$100.00 
• Tire rotation—$20.00 

Joe also performs other nonroutine services and charges for parts and for labor ($20 per 
hoar). Create a GUI application that displays the total for a customer's visit to Joe's. 

7. Long Distance Calls 

A long-distance provider charges the following rates for telephone calls: 

Rate Category Rate per Minute 

Daytime (6:00 A . M . through 5:59 P.M.) 

Evening (6:00 P.M. through 11:59 P.M.) 

Off-Pcak {12:00 A . M . through 5:59 A .M. ) 

$0.07 

$0.12 

$0.05 
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Create a GUI application that allows the user to select a rate category (from a set of radio 
buttons), and enter the number of minutes of the call into a text field. A dialog box should 
display the charge for the call. 

8. Latin Translator 

Look at the following list of Latin words and their meanings. 

I at. i i Knglish 

sinister 

dexter 

medium 

left 

right 

tenter 

Write .i CiUI applit.ition that translates the Latin word* to Fnglish. The window should 
have three buttons, one for each Latin word. When the user clicks a button, the program 
displays the Fnglish translation in a label. 

9. MPC Calculator 

Write a CiUI application that calculates a car's gas mileage. The application should let the 
user enter the number of gallons of gas the car holds, and the number of miles it can be 
dfrVtfl on a full tank. When a ('.ikut.Uv AI/'C button is clicked, the application should 
display the number of miles that the car may be driven per gallon of gas. Use the following 
formula to calculate MPd : 

Aire. i,.ilhns 

10. Celsius t o Fahrenheit 

Write a CiUI application that converts Celsius temperatures to Fahrenheit temperatures. The 
user should be able to enter a Celsius temperature, click a button, and then sec the equiva­
lent Flhnfflhelt temperature. Use the following formula to make the conversion: 

F - - y C + 32 

F is the Fahrenheit temperature and C is the Celsius temperature. 

http://applit.it
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TOPICS 
1 J.I The Swing and AWT Class Hierarchy 

13.2 Read-Only Text Fields 
13.3 Lists 
1 3.4 Combo Boxes 
1 3.5 Displaying Images in Labels and 

Buttons 
1 3.6 Mnemonics and tool lips 
1 3,7 Hie Choosers and Color Choosers 

13.8 Menus 
13.9 More about Text Components: Text 

Areas and Fonts 
13.10 Sliders 

13.11 Look and Feel 
13.12 Common trrors to Avoid 

On the Web: Case Study— 
A Simple Text Editor 

j 
13.1 The Swing and AWT Class Hierarchy 

Now that you have used some of the fundamental GUI components, let's look at how they 
fit into the class hierarchy. Figure I 1-1 shows the parts of the Swing and AWT class hierar­
chy that contain the JFrane, JPanel, JLabel, JTex iF ie ld , JBut ion, JRadioButton, and 
JCheckBox classes. Because of the inheritance relationships that exist, there arc nuny other 
classes in the figure as well. 

The classes that arc in the unshaded top pan of the figure arc AVCT clasaes and arc in the 
java.awt package. The classes that arc in the shaded bottom part of the figure arc Swing 
classes and arc in the javax. awing package. Notice that all of the components we have dealt 
with ultimately inherit from the Component class. 

K4;i 
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Figure 13-1 Part of the Swing and AWT class hierarchy 
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13.2 Read-Only Text Fields 

-1 C O N C E P T : A read-only text f ield displays text (hat can be changed by code in the 
appl icat ion, bul cannot be edited by the user. 

A read-only text f ield is not a new component, but «i different way to use the JTex tF ie ld 

component The JTex tF ie ld component has a method named se tEd i tab le , which has the 

fo l low ing general format: 
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aetEditable{boolean editable) 

You pass a boolean argument to this method. By default a text field is editable, which means 
that the user can enter data into it. If you call the setEditable method and pass false as the 
argument, then the text field becomes read-only. This means it is not editable by the user. 
Figure 13-2 shows a window that has three read-only text fields. 

Figure 13-2 A window with three read-only text fields 

w 

Read-Only Text Fields 

The following code could be used to create the read-only text fields shown in the figure: 

/ / Create a read-only text field for the subtotal. 
JTextField subtotalField - new JTextField(lO); 
subtotalField.setEditable(false); 

/ / Create a read-only text field for the sales tax. 
JTextField taxField - new JTextField(lO); 
taxField.aetEditable(false); 

/ / Create a read-only text field tor the to ta l . 
JTextField totalField - new JTextField(lO); 
totalField.setEditablef false); 

A read-only text field looks like a label with a border drawn around it. You can use the 
setText method to display data inside it. Here is an example: 

subtotalField.setText{-100.00-); 
taxField.setText{-6.00-); 
totalField.setTextf-106.00-); 

This code causes the text fields to appear as shown in Figure l.?-i. 

Figure 13-3 Read-only text fields with data displayed 

tabt tea I N 

l«W C*M 
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133 Lists 

- CONCEPT: A list component displays a list of items and allows the user to select an 

item from the list. 

A list is a component th.it displays a list of items and also allows the user to select one or 
more items from the list. Java provides the JL is t component for creating lists. Figure 13-4 
shows an example. The JLiat component in the figure shows a list of names. At runtime, 

Component l ^ c u s c r m a > ' select an item in the list, which causes the item to appear highlighted. In the 
figure, the first name is selected. 

Figure 13-4 A J L i s t component 
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When you create an instance of the JLi«t class, you pass an array of objects to the construc­
tor. Mere is the general format of the constructor call: 

JL i i t (Object!] array) 

The JL is t component uses the array to create the list of items. In this text we always pass 
an array of s t r i ng objects to the J L i i t constructor. For example, the list component shown 
in Figure I.J-4 could be created with the following code: 

Str ing!] nanea • ( "Bi l l " , "Geri", 'Greg ' , "Jean", 
"Kirk", "Ph i l l ip" , "Susan" >; 

JLiat naroeList - new JLis t (nanes) ; 

Selection Modes 
The JLiat component can operate in any of the following selection modes: 

• Single Selection Mode. In this mode only one item can be selected at a time. When an 
item is selected, any other item that is currently selected is deselected. 

• Single Interval Selection Mode. In this mode multiple items can be selected, but they 
must be in a single interval. An interval is a set of contiguous items. 

• Multiple Interval Selection Mode. In this mode multiple items may be selected with no 
restrictions. This is the default selection mode. 

Figure 13-5 shows an example of a list in each type of selection mode. 

http://th.it
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F igure 13-S Selection modes 
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The default mode is multiple interval selection. To keep our applications simple, we will use 
single selection mode for now. You change a JLi i t component's selection mode with the 
•etSelectionMode method. The method accepts an int argument that determines the selec­
tion mode. 

The LiitSelectionModel class, which is in the Javax.sv;ng package, provides the following 
constants that you can use as arguments to the •etSelectionMode method: 

• LiitSelectionModel.SINGLE_SELECTION 
• LiitSelectionModel.SINGLE_INTERVAL_SELECTION 
• LiitSelectionModel.MULTIPLE_INTERVAL_SELECTION 

Assuming that nameLiat references a JLiit component, the following statement sets the 
component to single selection mode: 

naneLiit.i«tSel«ctionHode(LiitSelectionModel.SINGLESELECTION); 

Responding to List Events 
When an item in a JLi i t object is selected it generates a list selection event. You handle 
list selection events with a list selection listener class, which must meet the following 
requirements: 

• It must implement the LiatSelectionLiatener interface. 
• It must have a method named valueChanged. This method must take an argument of 

the LiatSelectionEvent type. 

o NOTE: The LiitSelectionLiitener interface is in the javax.swing.event package, so 
you must have an import statement for that package in your source code. 

Once you have written a list selection listener class, you create an object of that class and 
then pass it as an argument to the JLiat component's addListSelectionListener method. 
\\ hen the JLiat component generates an event, it automatically executes the valueChanged 
method of the list selection listener object, passing the event object as an argument. You will 
sec an example in a moment. 

http://Mv.Hl
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Retrieving the Selected I tem 
You may use either the getSelectedValue method or the getSelectedlndex method to 
determine which item in a list is currently selected. The getSelectedValue method returns a 
reference to the item that is currently selected. For example, assume that nameLiat refer­
ences the JLiat component shown earlier in Figure 13-4. The following code retrieves a 
reference to the name that is currently selected and assigns it to the aelectedName variable: 

String aelectedName; 
aelectedName - (String) nameList.getSelectedValuef); 

Note that the return value of the getSelectedValue method is an Object reference. In this 
code we had to cast the return value to the Str ing type in order to store it in the aelectedName 
variable. If no item in the list is selected, the method returns nu l l . 

The getSelectedlndex method returns the index of the selected item, or - 1 if no item is 
selected. Internally, the items that are stored in a list arc numbered. Each item's number is 
called its index. The first item (which is the item stored at the top of the list) has the index 0, 
the second item has the index I,and so forth. You can use the index of the selected item to 
retrieve the item from an array. For example, assume that the following code was used to 
build the nameLiat component shown in Figure 13-4: 

String!1 namea • < - B i l l " , "Geri", "Greg", "Jean", 
"Kirk", "Ph i l l ip" , "Suaan" >; 

JL i i t nameLiat • now JLiat(namee); 

BcCtOM the namea array holds the values displayed in the namaaLiit component, the follow­
ing code could be used to determine the selected item: 

int index; 
String aelectedName; 

index - nameLiat.getSelectedlndexf); 
i t (index I- -t» 

aelectedName - namea[index]; 

The Liatwindow class shown in Code l ist ing 13*1 demonstrates the concepts we have dis­
cussed so fan It uses a JL ia t component with a list selection listener. When an item is 
selected from the list, it is displayed in a read-only text field. The main method creates an 
instance of the Liatwindow class, which displays the window shown on the left in Figure I 1-6. 
After the user selects October from the list, the window appears as that shown on the right 
in the figure. 

Code L is t ing 13-1 ( L i a t w i n d o w , Java ) 

1 import javax.awing.*; 
2 import javax.awing.event.»j 
; import java.awt.*; 

4 
5 / « 

Thia claaa demonstrates the Liat Component, 
7 • / 
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public c lass ListWindow extends JFrame 

private JPancl monthPanel; 
pr ivate JPanel selectedMonthPancl; 
pr ivate JList monthList; 
pr ivate JTextPield selectedMonth; 
pr ivate JLabel labe l ; 

/ / To hold components 
/ / To hold components 
/ / The months 
/ / The selected month 
/ / A message 

/ / The following array holds the values tha t wil l 
/ / be displayed in the monthList l i s t component. 
pr ivate String[ | months - { "January", "February", 

-March", "April", "Hay", "June", "July", 
"August", "September", "October", "November", 
"December" }j 

/ * * 

Constructor 
* / 

public ListWlndow() 
i 

II Set the t i t l e * 
se tT i t l e ( "L i s t Demo"); 

/ / Specify an action for the close button. 
sotDofeultCloseOperationfJFrame.EXITJ)Nj:U>SE)j 

/ / Add a SorderLayout manager. 
setLayoutfnew BorderLayoutM>; 

/ / Build the month and selectedMonth panels. 
buildMonthPanell); 
buildSelectedMonthPanel(); 

/ / Add the panels to the content pane. 
add(monthPanel, BorderLayout.CENTER); 
add(selectedMonthPanel, BorderLayout.SOUTH); 

/ / Pack and display the window. 

pack{); 
se tVis ib le ( t rue ) ; 

/ * * 

The buildMonthFanel method adds a l i s t containing 
the names of the months to a panel. 
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private void buildHonthPanel() 

( 
/ / Create a panel to hold the l i a t . 
nonthPanel • new JPanel()» 

/ / Create the l i a t . 
monthLiat • new JList(months); 

/ / Set the select ion mode to single se lec t ion . 
monthLiat.setSelectionHode( 

ListSelect ionModel.SIKGLESELECTION); 

/ / Register the l i s t select ion l i s t ene r . 
monthList.addListSelectionListener( 

new L i s t L i s t e n e r n ) ; 

/ / Add the l i s t to the panel. 
monthPanel.add(monthLiat); 

/ • • 

The buildSelectedMonthPanel method adds an 
uneditable text f ield to a panel. 

' / 

private void buildSelectedHonthPanel() 

< 

/ / Create a panel to hold the text f ie ld . 
selectedHonthPanel - new JPanel() ; 

/ / Create the label . 
label - new JLabelCYou selected: '); 

II Create the text f i e ld . 
selectedHonth - new JTextField(10); 

/ / Make the text f ield uneditable. 
selectedHonth.setEditable)false); 

/ / Add the label and text f ield t o the panel 
selectedHonthPanel.add(label); 
selectedHonthPanel.add(selectedHonth); 

/ • • 

Private inner c laas tha t handles the event when 
the user se lec t s an item from the l i s t . 
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* / 

private c lass ListListener 
implements ListSelectlonListener 

{ 

public void valueChanged(ListSelectionEvent • ) 

i 
/ / Get the selected month. 
String select ion -

(String) monthList.getselectedValuef); 

/ / Put the selected month in the text f i e ld . 
selectedMonth.setText(selection); 

/ * * 

The main method creates an instance of the 
LlstWindow class which causes i t to display 
i t s window. 

• / 

publ ic s t a t i c void main(String() args) 

{ 
new LlstMindow(); 

) 

Figure 13-6 Window displayed by the L l s t W i n d o w class 

Window as initially displayed. 
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Placing a Border around a List 
As with other components, you can use the setBorder method, which was discussed in 
Chapter 12, to draw a border around a JLi»t . For example the following statement can be 
used to draw a black I-pixel thick line border around the nonthList component: 

monthLiBt.BetBorder) Border/Factory,create-ine3order(Color.BLACK, L))j 

This code wi l l cause the list to appear as shown in Figure 13-7. 

Figure 13-7 List with a line border 
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Adding a Scroll Bar to a List 
By default, a list component is large enough to display all of the items it contains. Some­
times a list component contains too many items to he displayed at once, however Most ( iUI 
applications display a scroll har on list component* that contain a large number of items. 
The user simply uses the scroll bar to scroll through the list of items. 

List component* do not automatically display a scroll bar. To display a scroll bar on a list 
component, you must follow the following general steps: 

1. Set the number of visible rows for the list component. 
2. Ocatc a scroll pane object and add the list component to it. 
3i Add the scroll pane object to any other containers, such as panel*. 

Let's take a closer look at how these steps can be used to apply a scroll bar to the list com­
ponent created in the following code: 

S t r i n g ! ] names - { " B i l l " , "Geri*, 'Greg*, "Jean" , 
"Kirk", " P h i l l i p " , "Suian- >; 

J L i i t nameLiat - new JLia t (names) ; 

First, we establish the si/e of the list component with the J L i i t class's setVisiblcRowCount 
method. The following statement sets the number of visible rows in the nameLiat compo­
nent to three: 

nameLiat .setVisibleRowCount(3); 
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This statement causes the nameLiat component to display only three items at a time. 

Next, we create a scroll pane object anJ add the list component to it. A scroll pane object is 
a container that displays scroll bars on any component it contains* In Java we use the 
JScrollPane class to create a scroll pane object. We pass the object that we wish to add to 
the scroll pane as an argument to the JScrollPane constructor. The following statement 
demonstrates: 

JScrollPane scrollPane • new JScrollPane(nancLiflt); 

This statement creates a JScrollPane object and adds the nameLiat component to it. 

Next, we add the scroll pane object to any other containers chat arc necessary lor our ( t i l l . 
For example, the following code adds the scroll pane to a JPanel, which is then added to the 
JFramc object's content pane: 

/ / Create a panel and add the scro l l pane to i t . 
JPanel panel • new JPanclf); 
panel.add(acrollPane); 

/ / Add the panel to th ia JFramc ob jec t ' s contentPane. 
add(panel); 

When the list component is displayed, it will appear as shown in Figure 13-8. 

Although the list component displays only three items at a time, the user can scroll through 
all of the items it contains. 

The Ll i tWindowWlthScrol l class shown in Code Listing 11-2 is a modification of the 
LiatWindow class. In this class, the monthLiat component shows only six items at a time, but 
displays a scroll bar. The code shown in bold is the new lines that arc used to add the scroll 
bar to the list. The main method creates an instance of the class, which displays the window 
shown in Figure 13-9. 

Figure 13-8 List component with a scroll bar 

Figure 13-9 List component with scroll bars 
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Code Listing 13-2 <Lis tWindowWithScro l l . Java) 

1 import javax.swing.*; 
2 import javax.swing.event.*; 
3 import java.awt.'; 
4 
5 / • • 

This class demonstrates the List Component. 
7 • / 
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public class ListWindowWithScroll extends JPr 

private JPanel monthPanel; 
private JPanel selectedMonthPanel; 
private JList monthList; 
private JScrollPane scrollPanej 
private JTextField selectedMonth; 
private JLabel label; 

/ / To hold components 
/ / To hold components 
/ / The months 
/ / A scrol l pane 
/ / The selected month 
/ / A message 

/ / The following array holds the values that wil l 
/ / be displayed in the monthList l i s t component, 
private String| | months - ( "January", "February", 

•March", "April", "May", 'June', -July", 
"August", "September", 'October', -November", 
"December" )t 

/ • • 

Constructor 
• / 

public ListWindowWithScrolU) 
I 

/ / Set the t i t l e . 
setTit le( 'List Demo"); 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

/ / Add a BorderLayout manager. 
setLayout(new BorderLayout()); 

/ / Build the month and selectedMonth panels. 
buildHonthPanelf); 
buildSelectedMonthPanel(); 

/ / Add the panels to the content pane, 
add(monthPanel, BorderLayout.CENTER); 
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add(selectedMonthPanel, BorderLayout.SOUTH); 

/ / Pack and display the window. 
pack(); 
setv is ible( true); 

/ * * 

The buildMonthPanel method adds a l i s t containing 
the names of the months to a panel. 

* / 

private void buildMonthPanel() 
< 

II Create a panel to hold the l i s t . 
monthPanel • new JPanelf); 

/ / Create the l i s t . 
monthLlst - new JList(months); 

/ / Set the selection mode to single selection. 
monthLlst.setSelectionMode( 

LietSelectionModel.SItJGLE_SELECTIOH); 

/ / Register the l i s t selection l i s tener. 
monthLlst.addListSelectionLlstener< 

new ListListener())j 

/ / Sat the number of v i s i b l e rows t o 6. 
monthLlst.setVisibleRowCount(t)j 

II Add the l i s t t o a s c r o l l pane. 
scrol lPanc • new JScrol lPanefnonthList) ; 

/ / Add the s c r o l l pane to the panel . 
monthPanel.add(scrollPane)j 

/ " 

The buildSelectedHonthPanel method adds an 
uneditable text field to a panel. 

* / 

private void buildSelectedMonthPanel() 
< 

/ / Create a panel to hold the text f ie ld. 
selectedMonthPanel - new JFanel(); 
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/ / Crea te the l a b e l . 
labe l - new JLabeWYou s e l e c t e d : ->; 

/ / Crea te the t e x t f i e l d . 
aelectedMonth - new JTex tP ie ld ( lO) ; 

/ / Make the t e x t f i e l d u n e d i t a b l e . 
a e l ec t edMon th . s e tEd i t ab l e ( f a l s e ) ; 

/ / Add the l a b e l and t e x t f i e l d t o the panel 
se lec tedMonthPanel .add( labe l ) ; 
selectedMonthPanel .add(aelectedMonth); 

P r i v a t e inner c l a s s t ha t handles the event when 
the user selects an item from the l ist . 

7 

p r i v a t e c l a s s L i s t L i s t e n e r 
implements L i s t S e l e c t i o n L i s t e n e r 

< 

publ ic void valueChanged(ListSelect ionEvent e) 

< 

/ / Get the s e l e c t e d month. 
S t r ing s e l e c t i o n -

(S t r ing) monthLis t .ge tSelec tedValue<) ; 

/ / Put the s e l e c t e d month in the t e x t f i e l d . 
s e l ec t edMon th . s e tTex t ( s e l ec t i on ) ; 

/ • • 

The main method c r e a t e s an ins tance of the 
ListWindowWithScroll c l a s s which causes i t 
t o d i s p l a y i t s window. 

• / 

publ ic s t a t i c void ma in (S t r ing [ ] a rgs ) 

{ 

new ListWindowWithScrollO; 
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O NOTE: By default, when a JLiat component is added to a JScrollPane object, the 
scroll Kir is only displayed when there are more items in the list than there are visible 
rows. 

o NOTE: When a JLi i t component is added to a JScrollPane object, a border will 
automatically appear around the list. 

Adding Items to an Existing J L i s t Component 
The JLitt class's sctLiatData method allows you to store items in an existing JLiit com­
ponent. I Icre is the method's general format: 

void ietLiitData(Object() data) 

The argument passed into data is an array of objects that will become the items displayed 
in the JLiit component. Any items that arc current!) displayed in the component will be 
replaced by the new items. 

In addition to replacing the existing items in a list, you can use this method to add items to 
in empty list. You can create an empty list by passing no argument to the JLiit constructor. 
I lore is an example: 

JLiit namcLiit • new JLUt<)J 

1'his statement \ reatcs an empt) JLiit component referenced b) the naneLitt Vftritbfo VoU 
can then add items to the list, as shown here: 

Strinql | namea - < "Bill", "Geri", "Grtq", "Jean", 
"Kirk", "Phillip", -Suaan" >; 

namcLiit.ietLiitData(nanca); 

Multiple Selection Lists 
Tor simplicity, the previous examples used a JLi i t component in single selection mode. 
Recall that the other two selection modes are single interval and multiple interval. Both of 
these modes allow the user to select multiple items. Let's take a closer look at each of these 
modes. 

Single Interval Selection Mode 

You put a JLi«t component in single interval selection mode by passing the constant 
LUtSelectionModel.SINGLE_INTERVAL_SELECTIOK to the component's MtSelectionMode 
method. In single interval selection mode, single or multiple items can be selected. An inter­
val is a set of contiguous items. (Sec Figure 13-5 to see an example of an interval.) 

To select an interval of items, the user selects the first item in the interval by clicking on it, 
and then selects the last item in the interval by holding down the Shift key while clicking on 
it. All of the items that appear in the list from the first item through the last item are 
selected. 
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In single interval selection mode, the gctsdcctcdvalue method returns the first item in the 
selected interval. The getSelectedlndex method returns the index of the first item in the 
selected interval. To get the entire selected interval, use the getSelectedValues method. This 
method returns an array of objects. The array will hold the items in the selected interval. 
You can also use the ge t Selected I ndices method, which recurns an array of int values. 
The values in the array will be the indices of all the selected items in the list-

Multiple Interval Selection Mode 

You put a JLis t component in multiple interval selection mode by passing the constant 
Li8tSelcctionModel.HULTIPLE_INTERVAL_SELECTI0H to the component's setSelectionHode 
method. In multiple interval selection mode, multiple items can be selected and the items do 
not have to be in the same interval. (See Figure 13-5 for an example.) 

In multiple interval selection mode, the user can select single items or intervals. When the 
user holds down the Ctrl key while clicking on an item, it selects the item without deselect­
ing any items that are currently selected. This allows the user to select multiple items that 
are not in an interval. 

In multiple interval selection mode, the getSelectedValue method returns the first selected 
item. The getSelectedlndex method returns the index of the first selected item. The 
getSelectedValues method returns an array of objects containing the items that are selected. 
The getSelectedlndices method returns an int array containing the indues of all the 
selected items in the list. 

The MultiplelntervalSelection class, shown in Code Listing I i-1, demonstrates a JList 
component used in multiple interval selection mode. I he nam method creates an instance of 
the class that displays the window shown on the left in Figure M-IO. When the user selects 
items from the top JList component and then clicks the <*ct Selections button, the selected 
items appear in the bottom JList component. 

Code Listing 13-3 ( M u l t i p l e l n t e r v a l S e l e c t i o n . J a v a ) 

1 import Javax.swing.*; 
import java.awt.*; 
import java.awt.event.*; 

4 
5 / « 
6 Thia c lass demonstrates the List Component in 

multiple in terval select ion mode. 

public c lass MultiplelntervalSelection extends JFn 
" < 

12 private JPanel monthPanel; / / To hold components 
private JPanel selectedMonthPanel; / / To hold components 
private JPanel buttonPanel; / / To hold the button 

15 
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private JList monthList; 
pr ivate JList selectedMonthList; 

/ / To hold months 
/ / Selected months 

private JScrollPane scrollPancl; 
pr ivate JScrollPane scrollFane2; 

/ / Scroll pane - f i r s t l i s t 
/ / Scroll pane - second l i s t 

pr ivate JButton button; / / A button 

/ / The following array holds the values that 
/ / wil l be displayed in the monthList l i s t component, 
pr ivate Str ing!) months - { "January", "February", 

"March-, "April", "May", "June", "July", 
"August", "September", "October", "November", 
"December* H 

/ • • 

Constructor 
* / 

public Mult lplelntervalSelect ioni) 

/ / Set the t i t l e * 
sa tT i t l a ( "L i s t Demo"); 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JPraM.EXITsOH_CLOSB); 

/ / Add a SorderLayout manager. 
setLayoutfnew BorderLayoutM>; 

/ / Build the panels . 
buildMonthPanell); 
buildSelectedMonthsPanell); 
buildButtonPanell); 

/ / Add the panels to the content pane. 
addfmonthPanel, SorderLayout.NORTH); 
addfselectedMonthPanel,SorderLayout.CENTER); 
addfbuttonPanel, SorderLayout.SOUTH); 

/ / Pack and display the window, 
packi) ; 
se tVis ib le ( t rue ) ; 

/ * * 

The buildMonthFanel method adds a l i s t containing the 
names of the months to a panel. 



860 Chapter 1 3 Advanced GUI Applications 

64 

(5 
66 
i > ' 

(8 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 

Bl 
B; 

H 1 

u 
B3 

B6 
87 

• / 

private void buildMonthPanel() 

< 

/ / Create a panel to hold the l i s t . 
nonthPanel • new JPanel()» 

/ / Create the l i s t . 
monthList - new JList(months); 

/ / Set the select ion mode to multiple 
/ / in terval se lec t ion . 
monthList.setSelectionMode( 

ListSelectionModel.MULTIPLE_IOTEJtVAL_SELECTION); 

/ / Set the number of v i s ib le rows to 6. 
monthList.setVisibleRowCount(6); 

/ / Add the l i s t to a scro l l pane. 
scrollPanel • new JScrollPane(monthList); 

/ / Add the scro l l pane to the panel. 
nonthPanel.add(scrollPanel); 
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/ • • 

The buildSelectedMonthsPanel method adds a l i s t 
to a panel. This wi l l hold the selected months. 

• / 

private void buildSelectedMonthsPanel() 

< 

/ / Create a panel to hold the l i s t . 
selectedMonthPanel - new jpane l ( ) ; 

/ / Create the l i s t . 
selectedHonthList - new J L i s t ( ) ; 

/ / Set the number of v i s ib le rows t o 6. 
selectedHonthList.setVisibleRowCount(6); 

/ / Add the l i s t to a scro l l pane. 
scrollPane2 -

new JScrollPane(selectedMonthList); 

/ / Add the sc ro l l pane to the panel. 
selectedMonthPanel.add(scrollPane2); 
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/ * * 

The buildButtonPanel method adds a 
button to a panel. 

* / 

private void buildButtonPanel() 
{ 

/ / Create a panel to hold the l i s t . 
buttonPanel - new JFanelf); 

/ / Create the button. 
button - new JButton("Get Select ions") ; 

/ / Add an action l i s t ener to the button. 
button.addActionListener(new ButtonX.istener( ) ) ; 

/ / Add the button t o the panel. 
buttonPanel.add(button); 

/ . . 

Private inner c lass that handles the event when 
the user c l icks the button. 

* / 

private c lass ButtonListener implements ActionListener 

< 

public void actionPerformedfActionEvent e) 

{ 
/ / Get the selected values. 
Object! ) select ions -

sonthList .getSelectedValues(); 

/ / Store the selected items in selectedMonthList. 
selectedMonthList.setListData{selections); 

LSI 

. 5 ' 

/ " 

The main method creates an instance of the 
MultiplelntervalSelection c l a s s which causes i t 
to display i t s window. 

* / 

public s t a t i c void main(Strinq(] args) 



862 Chapter 1 3 Advanced GUI Applications 

> 158 < 
new Mult iplelntervalSelect ionf) ; 

160 ) 
161 > 

Figure 13-10 The window displayed by the M u l t i p l e l n t e r v a l S e l e c t i o n class 

This is the window as it is intially displayed 

, t i t l Demo 

This is the window alter the user has selected 
some items Irom the lop list and clicked Ihe 
Get Selections txitlon. 

4»Tt S e b f t - i H * 

13.4 Combo Boxes 

CONCEPT: A combo box allows the user to select an item from a drop-down list. 

A combo box presents a list of items that the user may select from. Unlike a list component, 
a combo box presents its items in a drop-down list. You use the JConboBox class, which is in 

The jcomboooH t n c javax.swing package, to create a combo box. You pass an array of objects that are to be 
Component displayed as the items in the drop-down list to the constructor. Here is an example: 

String!1 namat - { "Bi l l " , "Gari", "Greg-, "Jaan", 
"Kirk", "Ph i l l ip" , "Suaan- }; 

JComboBox nameBox - new JConboBox(nanea); 

When displayed, the combo box created by this code wi l l initially appear as the button 
shown on the left in Figure 13-11. The button displays the item that is currently selected. 
Notice that the first item in the list is automatically selected when the combo box is first 
displayed. When the user clicks the button, the drop-down list appears and the user may 
select another item. 
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F i g u r e 1 3 - 1 1 A c o m b o box 

The combo box nitia ty appears 
as a burton that displays the 
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Wher the jMr cbcks on the button. the 
nt of items drops down. The user 

may select another item from the list 
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As yon can sec, a combo box is a combination of two components. In the case of the combo 
box shown in Figure 11-11, it is the combination of a button and a list. This is where the 
name "combo box" comes from. 

Respond ing t o C o m b o Box Events 

When an item in a JComboBox object is selected, it generates an action event. As with 
JButton components, you handle action events with an action event listener class, which 
IIMISI have an actionPerformed method. When the user selects an item in a combo box, the 
combo box executes its action event listener's act ionPerlormcd method, passing an 
ActionEvont object as an argument. 

Retrieving the Selected Item 
Then) arc two methods in the JComboBox class that you can use to determine which item in 
a combo box is currently selected: ge tSe lec ted l t en and ge tse lec ted lndex . The 
getSelectedltem method returns a reference to the item that is currently selected. I ;or 
example, assume that naneBox references the JConboBox component shown earlier in Figure 
13-11. The following code retrieves a reference to the name that is currently selected and 
assigns ii to [lie MlaotedNanc \ .triable: 

String selectedNanc; 
aelectedName - (String) naneBox.getSelectedIt«H(); 

Note that the return value of the getSelectedlten method is an Object reference. In this 
code we had to cast the return value to the S t r i n g type in order to store it in the 
aelectedName variable. 

The getSelectedlndex method returns the index of the selected item. As with JLiat compo­
nents, the items that arc stored in a combo box arc numbered with indices that start at 0. 
You can use the index of the selected item to retrieve the item from an array. Tor example, 
assume that the following code was used to build the naneBox component shown in Figure 

I . M l : 

Str ingf | namea - ( - B i l l - , "Geri", "Greg", "Jean", 
•Kirk", "Ph i l l ip" , "Susan" >; 

JComboBox naneBox • new JConboBox(nanes); 
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Because the names army holds the values displayed in the namesBox component, the follow­
ing code could be used to determine the selected item: 

int index; 
String aelectedName; 

index - nameList.getSelectedlndcxO; 
selectedName • names[index); 

The ComboBoxWindow class shown in Code Listing 13-4 demonstrates a comb*) box. It uses ,i 
JComboBox component with an action listener. When an item is selected from the combo 
box, it is displayed in a read-only text field- The main method creates an instance of the 
class, which initially displays the window shown at the top left of Figure 13-12. When the 
user clicks the combo box button, the drop-down list appears as shown in the top right of 
the figure. After the user selects Ispresso from the list, the window appears as shown at the 
bottom ol the figure. 

Figure 13-12 The window displayed by the ComboBoxWindow class 

This is the window thai initially appears 
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When the user clicks on the combo box 
button, the dropdown list appears. 

t i l l * * 

H 

The ilem selected by the user appears 
in the road-only text (ieW 

r ****** K^l 

Code Listing 13-4 (ComboBoxWindow.Java) 

import java.awt.*; 
2 import Java.awt.event.*; 
3 import javax.swing.*; 
4 

/ « 

This c lass demonstrates a combo box. 

7 • / 

'+ public c l a s s ComboBoxWindow extends JFraae 
10 { 
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private JPanel coffeePanel; 
pr ivate JPanel selectedCoffeePanel; 
pr ivate JComboBox coffeeBox; 
private JLabel label ; 
pr ivate JTextPield selectedCoffee; 

/ / To hold components 
/ / To hold components 
/ / h l i s t of coffees 
/ / Displays a message 
/ / Selected coffee 

/ / The following array holds the values tha t wil l 
/ / be displayed in the coffeeBox combo box. 
pr ivate String! ) coffee - { "Regular Coffee*, 

"Dark Roast", "Cappuccino", 
"Espresso", "Decaf">; 

/ • • 

Constructor 
* / 

public ComboBoxWindowf) 

( 

II Set the t i t l e , 
•etTitie("Combo Box Demo"); 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JPrame.EXITsOH_CLOSB); 

/ / Create a BorderLayout manager. 
setLayoutfnew BorderLayout()); 

/ / Build the panels . 
buildCoffeePaneK); 
buildSelectedCoffeePaneK); 

/ / Add the panels to the content pane, 
add(coffeePanel, BorderLayout.CENTER); 
add(selectedCof feePanel, BorderLayout.SOUTH); 

/ / Pack and display the window, 
packf); 
se tVia ib le ( t rue) ; 

/ * * 

The buildCoffeePanel method adds a combo box 
with the types of coffee to a panel. 

* / 

private void buildCoffeePaneK) 

{ 
/ / Create a panel to hold the combo box. 
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coffeePanel - new JPanelf); 

/ / Create the combo box. 
coffeeBox • new JComboBoxfcoffee); 

/ / Register an action l i s t ene r . 
coffeeBox.addActionListenerJnev ConboBoxListenerf)); 

/ / Add the combo box to the panel, 
cof feePanel.add(coffeeBox); 
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/ • • 

The buildSelectedCoffeePanel method adds a 
read-only text f ield to a panel. 

7 

private void buildSelectedCoffeePanel() 

< 

/ / Create a panel to hold the components. 
selectedCoffeePanel - new jPanelU; 

/ / Create the label . 
label - new Jt-abelfVou selected) Ml 

/ / Create the uneditable text f ie ld . 
selectedCoffee • new JTextrield(lO); 
selectedCof fee . se tEdi tab le( fa l se) ; 

/ / Add the label and text f ie ld t o the panel. 
selectedCof feePanel.add(label); 
selectedCof feePanel.add(selectedCof fee); 

/ • • 

Private inner c l a s s tha t handles the event when 
the user se lec t s an item from the combo box. 

• / 

private c lass ComboBoxListener 
implements ActionListener 

< 

public void actionPerformed(ActionEvent e) 

< 

/ / Get the selected coffee. 
String select ion -

(String) coffeeBox.getSelected!tesi<); 
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/ / Display the selected coffee in the text f i e ld . 
108 selectedCoffee.setText(select ion); 
109 } 
110 } 
111 
112 / " 
113 
114 
115 
116 */ 
117 
118 public s t a t i c void main(Str ing | | args) 
119 f 
120 
121 
122 \ 

The main method creates an instance of the 
ComboBoxwindow c lass , which causes i t to display 
i t s window-

new ComboDoxWindow(); 

Editable Combo Boxes 

There arc two types of combo boxes: uncditablc anJ eJiublc. I he default type of combo 
box is uncditablc. An uncditablc combo box combines .1 button with a list and allows the 
user to select items from its list only. This is the type of combo box used in the previous 
examples. 

An editable combo box combines a text field and a list. In addition to selecting items from 
the list, the user may also type input into the text field. You make a inmbo box editable by 
calling the component's se tEdi table method, passing t rue as the argument. I lerc is an 
example: 

Stringl | names - ( ' B i l l " , "Geri", "Greg", "Jean", 
"Kirk", "Ph i l l ip" , "Susan" >; 

JComboBox nameBox - new JConboBox)names); 
nameBox.setEditable(true); 

When displayed, the combo box created by this code initially appears as shown on the left 
of Figure II- M. An editable combo box appears .is a text field with a small button display­
ing an arrow joining it. The text field displays the item that is currently selected. When the 
user clicks the button, the drop-down list appears, as shown in the center of the figure. The 
user may select an item from the list. Alternatively, the user may type a value into the text 
field, as shown on the right of the figure. The user is not restricted to the values that appear 
in the list, and may type any input into the text field. 

You can use the getSelectedltem method to retrieve a reference to the item that is currently 
selected. This method returns the item that appears in the combo box's text field, so it may 
or may not be an item that appears in the combo box's list. 

The getSelectedlndex method returns the index of the selected item. However, if the 
user has entered a value in the text field that docs not appear in the list, this method will 
return - 1 . 
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F i g u r e 1 3 - 1 3 An editable c o m b o box 

The erttablc combo box imba ty 
Appears at a text ftekl that 

disp ays Ihe se'ected item A 
small button with an (mow appears 

next lo tho loxt field. 

* 

When the user cfccfcs on the button, 
the itst of norths drops down. The user 
may se oct another item from the *st 

Alternatively, the user may type Input 
into The loxt field. Th© usor may type a 
value thai does not appear in the list 

Pll -

Gr»g 

SI IMN 

E5 nri 

Checkpoint 

MyPioKrammiiiKLab"* wivw.myprogr.imm'mgJdb.COIll 

13.1 I low do you make a text f ield read-only? In code, how do vou store text in a text 

field? 

13.2 What is the index of the first item stored in a J L i s t or a JCoraboBox component? If 

one of these components holds 12 items, what is the index of the 12th item? 

I 3.3 I low do you retrieve the selected item from a J L i i t component? I l o w do yon net 

the index of the selected item? 

13.4 I low do you cause- a scroll bar to be displayed w i t h a J L i f t component? 

13.5 I low do yon retrieve the selected item f rom a JComboBox component? I l o w do you 

get the index of the selected item? 

13.6 What is the difference between an uncditable and an editable combo box? Which of 

these is a combo box by default? 

13.5 Displaying Images in Labels and Buttons 

C O N C E P T : Images may be displayed in labels and buttons. You use the i M g e i c o n 

class to get an image f rom a file. 

In addi t ion to d isplaying text in a label , you can also display an image. For example, 

Figure 13-14 shows a w indow wi th t w o labels. The top label displays a smiley face image 

and no text. The bot tom label displays a smiley face image and text. 

F i g u r e 1 3 - 1 4 Labels displaying an image icon 

UJ G 

I C ) Have a nice day! 
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To display an image, first you create an instance of the Imagelcon class, which can read the 
contents of an image file. The Imagelcon class is part of the javax.swing package. The con­
structor accepts a Str ing argument that is the name of an image file. The supported file 
types are JPFGt GIF, and PNG, The name can also contain path information. I Icrc is an 
example: 

Imagelcon image • new ImageIcon("Smiley.git"); 

I I is statement uvatcs .111 Imagelcon <>h|cu rlui reads the vomonis of ilu rile Sniilcy.fiif. 
Because no path was given, it is assumed that the file is in the current directory or folder. 
I Icrc is an example that uses a path: 

Imagelcon image • new ImageIcon("C:\\Chapter 13\\Iraagea\\Smiley.git"); 

Next, you can display the image in a label by passing the Imagelcon object as an argument 
to the JLabel constructor. I lere is the general format of the constructor: 

JLabel{Icon image) 

The argument passed to the image parameter can be an iMgelcon object or any object chat 
implements the icon interface-1 Icrc is an example: 

Imagelcon image - new ImageIconfSoilcy.gif") ; 
JLabel Label - new JLabel(image); 

This creates a label with an image, but no text. You can also create a label with both an 
image and text. An easy way to do this is to create the label with text, as usual, and then use 
the JLabel class's eetlcon method to add an image to the label. The setlcon method accepts 
an Imagelcon object as its argument. I lere is an example: 

JLabel label - new JLabel("Have a nice day!"); 
l abe l . se t Icon(image); 

The text will be displayed to the right of the image. The JLabel class also has the following 
constructor: 

JLabelfString t ex t . Icon image, int horizontalAlignnent) 

The first argument is the text to be displayed, the second argument is the image to be dis­
played, and the third argument is an int that spci dies the horizontal alignment of the label 
contents. You should use the constants SwingConstanta.LEFT, SwingConstanta.CENTER, or 
SwingConstanta.RIGHT to specify the horizontal alignment. Mere is an example: 

Imagelcon image • new Imagelcon)"Smiley.git"); 
JLabel label - new JLabel("Have a nice day!", 

image, 
SwingConstanta.RIGHT); 

You can also display images in buttons, as shown in Figure 13-15. 
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Figure 13-15 Buttons displaying an image icon 

The process of creating a button with an image is similar to that of creating a label with an 
image- You use an imagelcon object to read the image file, then pass the imagelcon object as 
an argument to the JButton constructor. To create a button with an image and no tcxt> pass 
only the Imagelcon object to the constructor. Here is an example: 

/ / Create a button with an image, but no t ex t . 
Imagolcon imago • now ImageIconfSmiley.gif"); 
JButton button • now JButton)image); 

To create a button with an image and text, pass a String and an Imagelcon object to the 
constructor I lore is an example: 

/ / Create a button with an image and t ex t . 
Imagelcon image - new Imagelconf"Smiley.gif"); 
JButton button - new JButton("Have a nice day!", image); 

To add an image to an existing button, pass an Imagelcon objeu to the button's aetlcon 
method. I Icrc is an example: 

/ / Create a button with an image and t ex t . 
JButton button • new JButton("Have a nice day l ' J ; 
Imagelcon image - new Imagelcon!"Smiley.gif"); 
buttoniaetlcon(image); 

You arc run limited to small graphical icons when pl.uing images in \\W\*> Of butGOMi Pol 
example, the MyCatlmage class in (lode Listing 13-5 displays a digital photograph in a label 
when the user clicks a button. The main method creates an instance of the class, which dis­
plays the window shown at the left in Figure 13-16. When the user clicks the (ict Image 
button, the window displays the image shown at the right in the figure. 

Code Listing 13-5 (MyCat lmage . J a v a ) 

import java.awt.*; 
2 import Java.awt.event.*j 
3 import javax.swing.*; 
4 
5 / « 

This c lass demonstrates how to use an Imagelcon 
and a JLabel to display an image. 

B • / 
9 
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public c lass MyCatlmage extends JFrame 

l 

private JPanel imagePanel; 
pr ivate JPanel buttonPanel; 
pr ivate JLabel imagcLabcl; 
pr ivate JButton button; 

/ / To hold the label 
/ / T o hold a button 
/ / T o show an image 
/ / T o get an image 

/ * * 

Constructor 
* / 

public MyCatlmagef) 

{ 

/ / Set the t i t l e . 
eetTitie("My Cat") ; 

/ / Specify an action for the close button. 
setDefaultCioseOperatlonfJPrame.EXIT^OH^CLOSE); 

/ / Create a BorderLayout manager. 
setLayoutfnew BorderLayout()); 

/ / Build the panels . 
buildImagePanel(); 
buildButtonPanel(); 

/ / Add the panels to the content pane, 
add(imagePanel, BorderLayout.CENTER); 
add(buttonPanel, BorderLayout,SOUTH); 

/ / Pack and display the window. 
paeM)} 
a e t v i s i b l e ( t r u e ) ; 

/ * * 

The buildlmagePanel method adds a label to a panel 
* / 

private void buildlmagePanelf) 

II Create a panel. 
imagePanel • new JPanel() ; 

/ / Create a l abe l . 
imageLabel • new JLabel("Click the button to " + 

"see an image of my c a t . " ) ; 
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58 
59 
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73 
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77 

78 
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80 
81 

Hi 
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/ / Add the label to the panel. 
imagePanel.add(imageLabel>; 

The buildButtonPanel method adds a button 
to a panel. 

7 

private void buildButtonPanel() 
< 

Imagelcon smileylmage; 

/ / Create a panel. 
buttonPanel - new JPanel() ; 

/ / Get the smiley face image. 
amileylmage - new ImageIconfSai ley.gif") ; 

/ / Create a button. 
button • new JButton("Get Image"); 
button.letIcon(amileyImage); 

/ / Register an action l ia tener with the button, 
button.addActionLiatener(new ButtonLiatener()); 

/ / Add the button to the panel. 
buttonPanel.add(button); 

87 > 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

/ • • 

Private inner claaa that handles the event when 
the user c l ick* the button. 

• / 

private c lass ButtonListener implements ActionListener 

< 

public void actionPerformed(ActionEvent e) 

< 

II Read the image f i l e into an Imagelcon object . 
Imagelcon catImage • new Imagclconf"Cat-Jpg"); 

/ / Display the image in the label . 
imageLabel.actIcon(catImage); 

// Remove the text from the label, 
imageLabel.setText(null); 
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106 
107 
108 
109 
110 
111 
112 
113 
U4 
115 
116 
117 
118 
119 
120 
121 
122 

/ / Pack the frame again t o accommodate the 
/ / new size of the l abe l . 
pack(); 

/ * * 

The main method create* an instance of the 
MyCatlmage c l a s s , which causes i t to display 
i t s window. 

* / 

public s t a t i c void main(String[] args) 

{ 

new MyCatlmagelJ; 

} 

Figure 13-16 Window displayed by the MyCatlmage class 

Th* window MibaNy appears 
When tie user OK*S the Get Image 

button, this image appears 

Let's take a closer look at the HyCatlmage class. After some initial setup, the constructor 
calls the buildlmagePanel method in line 34. Inside the buildlmagePanel method, line 53 
creates a JPanel component, referenced by the imagePanel variable, and then lines 56 and 
57 create a JLabel component, referenced by the imagelabcl variable. This is the l.ibcl tint 
will display the image when the user clicks the button. The last statement in the method, in 
line 60, adds the imageLabel component to the inagePanel panel. 

Back in the constructor, line 35 calls the buildButtonPanel method, which creates the Get 
Image button and adds it to a panel. An instance of the ButtonListener inner class is also 
registered as the button's action listener. Let's look at the But tonLis tener class's 
actionPerformed method. This method is executed when the user clicks the Ciet Image 
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< * 

button, I'irsc, in line ^'. an Imagelcon oh|cci is v reared from the tile t •i/./fMj. I'his file is in 
the vinu* dim ton as rite «, lass. Next, in nc 102, the image is stored in the UWfpLflM COID 
ponent. In line 105 the text that is currently displayed in the label is removed by passing 
nul l to the imageLabel component's aetText method. The last statement, in line 109, calls 
the JFrame class's pack method. When the image was loaded into the JLabel component, the 
component resized itself to accommodate its new contents. The JFrame that encloses the 
window does not automatically resize itself, so we must call the pack method. This forces 
the JFrame to resize itself. 

Checkpoint 

MyProinmmir̂ Ub* wwuwtyprugrjmmingUbxom 

13.7 I low do you store an image in a JLabel component? I low do you store both an 
image and text in a JLabel component? 

13.8 I low do you store an image in a JBut ton component? I low do you store both an 
image and text in a JBut ton component? 

13.9 What method do you use to store an image in an existing JLabel or JBut ton 
component? 

136 Mnemonics and Tool Tips 

CONCEPT; A mnemonic is a key that you press while holding down the Alt key to 
interact with a component. A tool tip is text that is displayed in a small 
box when the user holds the mouse cursor over a component. 

Mnemonics 
A mnemonic is a key on the keyboard that you press in combination with the Alt key to 
access a component such as a button quickly. These are sometimes referred to as shortcut 
keys, or hot keys. When you assign a mnemonic to a button, the user can click the button by 
holding down the Alt key and pressing (he mnemonic key. Although users can interact with 
components with either the mouse or their mnemonic keys, those who arc quick with the 
keyboard usually prefer to use mnemonic keys instead of the mouse. 

You assign a mnemonic to a component through the component's aetMnemonic method, which 
is inherited from the AbatractButton class. The method's general format is as follows: 

void aetMnemonicfint key) 

The argument that you pass to the method is an integer code that represents the key you 
wish to assign as a mnemonic. The KeyEvent class, which is in the java.awt.event package, 
has predefined constants that you can use. These constants take the form KeyEvent.VK_x, 
where x is a key on the keyboard. For example, to assign the A key as a mnemonic, you 
would use KeyEvent.VK_A. (The letters VK in the constants stand for "virtual kcy*\) Here is 
an example of code that creates a button with the text "Exit* and assigns the X key as the 
mnemonic: 

JButton exitButton • new JButton(*Exit a) ; 
exitButton.aetMnemonic{KeyEvent.VK X); 
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The user may click this button by pressing (aj +X on the keyboard. (This means holding 
down the Alt key and pressing X.) 

II the letter chosen as the mnemonic is in the component's text, the first occurrence of that 
letter will appear underlined when the component is displayed. For example, the button cre­
ated with the previous code has the text -Exit". Because X was chosen as the mnemonic, the 
letter x will appear underlined, as shown in Figure 13-17. 

Flgurc 13-17 Button with mnemonic X 

If the mnemonic is a letter that docs not appear in the component's text, then no letter wil 
appear underlined. 

o NOTE: 
for the 

The KeyEvent class also has constants 

I symbol is 
VK_AHPERSAND, 

the constants. 

VK EXCLAMATION HARK, 

; for symbols. For example, 

and 
. See the Java API documentation for 

the constant 

the KeyEvent 
for the 

the constant 
& symbol is 

class for a list of all 

You can also assign mnemonics to radio buttons and check hoses, as shown in the follow -
inpU code: 

/ /Create three radio buttons and assign mnemonics. 
JRadioButton rbl • new JRadioButton)"Breakfast"); 
rbl.setMnemonic(KeyEvent.VK_B); 
JRadioButton rb2 - new JRadioButton)"Lunch"); 
rb2.setMncmonic(KeyEvent.VK_L); 
JRadioButton rbi - new JRadioButton)"Dinner"); 
rb3.setMncmonic(KeyEvent.VK_D); 

/ / Create three check boxes and assign aneoonics. 
JCheckBox cbl » new JCheckBox("Monday">; 
cbl.setMncmonic{KeyEvent.VK_H); 
JCheckBox cb2 - new JCheckBox)"Wednesday"); 
cb2.setMnemon ic(KeyEvent.VK_W >; 
JCheckBox cb3 • new JCheckBox)"Friday"); 
cb3.setMnemonic(KeyEvent.VK_F); 

This code will create the components shown in Figure 13-18. 
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Figure 13-18 Radio buttons and check boxes with mnemonics assigned 
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Tool Tips 
A tool tip is text that is displayed in a small box when the user holds the mouse cursor over 
a component. The box usually gi\es a short description of what the component does. Most 
CiUI applications use tool tips as a way of providing immediate and concise help to the user. 
For example, Figure 13-19 shows a button with its tool up displayed. 

Figure 13-19 Button with tool tip displayed 

Click here Dew: 

* 

You assign a tool tip to a component with the aetToolTipText method, which is inherited 
from the JComponent class. Mere is the method's general format: 

void MtToolTipText(Strln9 text) 

The St r ing that is passed as an argument is the text that w i l l be displayed in the com­
ponent's tool t ip . For example, the fo l lowing code creates the Exit button shown in 
Figure 13-19 and its associated tool t ip : 

JButton exitButton • new JButton(-Exit"»J 
exi tButton.•etToolTipTextrcl ick h«r« to e x i t . ' ) ; 

Checkpoint 

MyProgr.imnw*Ub" unvw.mypm^rammingtjhxom 

13.10 What is a mnemonic? I low do you assign a mnemonic to a component? 

13.11 What is a tool tip? I low do you assign a tool tip to a component? 

13.7 File Choosers and Color Choosers 

i CONCEPT: Java provides components that equip your applications with standard 
dialog boxes for opening files, saving files, and selecting colors. 
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File Choosers 
A file chooser is a specialized dialog box that allows the user to browse for a file and select 
it. Figure 13-20 shows an example of a file chooser dialog box. 

Figure 13-20 A file chooser dialog box (or opening a file 
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• •-*•. c 

2 mm 

* ,<t»tb»fA**r*n"t*t« Mttftrt l td 

* a : a 

You create an instance of (he JFi l«choo»r class, which is pan of the javax.swing package, 
to display a file chooser dialog box. I he claw ha* several constructor*. We will focus on two 
of them, which have the following general formats: 

JFileChooaorf» 
JFiWChoo«r{String path) 

The first constructor shown takes no arguments.'I his constructor uses the default directory 
as the starting point for all of its dialog boxes. If you are using Windows, this will probably 
be the "My Documents" folder under your account. If you are using UNIX, this will be your 
login directory. The second constructor takes a Str ing argument containing a valid path. 
This path will be the starting point for the object's dialog boxes. 

A JFileChooier object can display two types of predefined dialog boxes: an open file dialog 
box and a save file dialog box. Pigure I 3-20 show \ an example of an open file dialog box. 
It lets the user browse for an existing file to open. A save file dialog box, as shown in l:igure 
13-21, is employed when the user needs to browse to a location to save a file. Both of these 
dialog boxes appear the same, except the open file dialog box displays "Open** in its title 
bar, and the save file dialog box displays "Save." Also, the open file dialog box has an Open 
button, and the save file dialog box has a Save button. There is no difference in the way they 
operate. 

Displaying a File Chooser Dialog Box 

To display an open file dialog box, use the shovOpcnDialog method. The method s general 
format is as follows: 

int showOpenDialog(Cotiponent parent) 
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Figure 13-21 A save tile dialog box 
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Ihc argument can be cither nu l l or a reference to a component. If you pass n u l l , the dialog 
box is normally centered in the screen. If you pass a reference to a component, such as 
JFrame, the dialog box is displayed over the component. 

To display a save file dialog box, use the shovSaveDialog method. Ihc method's general 
format is as follows: 

int showSaveDlatog(Component parent) 

Once again, the argument can be either n u l l or a reference to a component, lioth the 
showOpenDialog and showSaveDtalog methods return an integer that indicates the action 
taken by the user to close the dialog box. You can compare the return value to one of the 
following constants: 

• jPil«Choo»«r.CAMCiL_OPTiOM. This return value indicates that the user clicked the 
Cancel button, 

• J F i i * c h o o » * r • A P P R O V E O P T I O M . T im return value indicates that the user clicked 
the Open or Save button. 

• JF i i«choo»«r . ERROR OPTION I his return value indicates that an error occurred, or 
the user clicked the standard close button on the window to dismiss it. 

If the user selected a file, you can use the getSelectedFile method to determine the file that 
was selected. The getSelectedFi le method returns a F i l e object, which contains data 
about the selected file. The F i le class is part of the java. io package. You can use the Fi le 
object's getPath method to get the path and file name as a Str ing. Here is an example: 

JFileChooser fileChooser * new JFileChooser(); 

int s t a tus • fileChooser.showOpenDialog(null); 
if (Status — JFileChooser.APPROVE_OPTI0N) 

i 
File selectedFile - f i leChooser.getSelectedFile)); 
String filename - se lec tedFi le .ge tFa thO; 
JOptionPane.showMessageDialogjnull, *You selected " • filename); 

I 
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Color Choosers 
A color chooser is a specialized dialog box that allows the user to select a color from a pre­
defined palette of colors. Figure 13-22 shows an example of a color chooser. By clicking the 
IISK tab you can select a color by specifying its hue, saturation, and brightness. By clicking 
the R( i l l tab you can select a color by specifying its red, green, and blue components. 

Figure 13-22 A color chooser dialog box 

i i i I T 
. J J 4 J — J . U J J - J - - 1 1 ' 

mmihdM 

You use the JColorChooaer class, which is pan of the javax.awing package, to display a 
color chooser dialog box. You do not create an instance of the class, however. It has a static 
method named ahowDialog, with the following general format: 

Color showDialog(Component parent , String titlt. Color initial) 

The first argument can be either n u l l or a reference to a component. If you pass nu l l , the 
dialog box is normally centered in the screen. It you pass a reference to a component, such 
as jFrame, the dialog box is displayed over the component. The second argument is text that 
is displayed in the dialog box's title bar The third argument indicates the color that appears 
initially selected in the dialog box. This method returns the color selected by the user. The 
following code is an example. This code allows the user to select a color, and then that color 
is assigned as a panels background color. 

JPanel panel • new JPanclf) ; 
Color selectedColor; 
selectedColor - JColorChooser.shovDialogfnull, 

"Select a Background Color", Color.BLUE); 
panel.setBackground(selectedColor); 
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13.8 Menus 

-i CONCEPT: J.iv.i provides classes for creating systems of drop-down menus. Menus 
can contain menu items, checked menu items, radio button menu items, 
and other menus. 

In the GUI applications you have studied so far, the user initiates actions by clicking compo­
nents such as buttons. When an application has several operations for the user to choose 
from, a menu system is more commonly used than buttons. A menu system is a collection of 
commands organized in one or more drop-down menus. Before learning how to construct a 
menu system, you must learn about the basic items that arc found in a typical menu system. 
Look at the example menu system in Figure 13-23. 

Figure 13-23 Example menu system 
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The menu system in the figure consists of the following items: 

• Menu Bar. At the top of the window, just below the title bar, is a menu bar. The menu 
bar lists the names of one or more menus. The menu bar in Figure I 1-23 shows the 
names of two menus: File and Fdit. 

• Menu. A menu is a drop-down list of menu items. The user may activate a menu by 
clicking on its name on the menu bar. In the figure, the Kdit menu has been activated. 

• Menu Item. A menu item can be selected b> the user. When a menu item is selected, 
some type of action is usually performed. 

• Check box menu item. A check box menu item appears with a small box beside it.The 
item may be selected or deselected. When it is selected, a check mark appears in the 
box. When it is deselected, the box appears empty. Check box menu items are nor­
mally used to turn an option on or off. The user toggles the state of a check box menu 
item each time he or she selects it. 

• Radio button menu item. A radio button menu item may be selected or deselected. A 
small circle appears beside it that is filled in when the item is selected and empty when 
the item is deselected. Like a check box menu item, a radio button menu item can be 
used to turn an option on or off. When a set of radio button menu items arc grouped 
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with \ ButtonCroup object* only one of them can be selected at a rime. When the user 
selects a radio button menu item, the one that was previously selected is deselected. 

• Submenu. A menu within a menu is called a submenu. Some of the commands on a 
menu arc actually the names of submenus. You tan tell when a command is the name 
of a submenu because a small ri^ht arrow appears to its right. Activating the name ol 
a submenu causes the submenu to appear. For example, in Figure 13-23, clicking on 
(he Sort command causes a submenu to appear. 

• Separator bar A separator bar is a horizontal bar that is used to separate groups of 
items on a menu. Separator bars are only used as a visual aid and cannot be selected 
by the user. 

A menu system is constructed with the following classes: 

• JM*nuXt«m. Use this class to create a regular menu item. A JHenuItem component 
generates an action event when the user selects it. 

• JCh«ckBoxM«nuit«a. Use this class to create a check box menu item. The class's 
ieSelected method returns t r ue if the item is selected, or f a l s e otherwise. A 
JCheckBoxMenuitem component generates an action event when the user selects it. 

• j R a d i o B u t t o n M e n u i t e « . Use this class to create a radio button menu item. 
JRadioButtonMenuItem components can be grouped in a ButtonGroup object so thai 
only one of them i an I K selected at a tune. I he class's isSelected method returns true 
if the item is selected, or false otherwise. A JRadioButtonMenuItem component gener­
ates an action event when the user selects it. 

• JMenu. Use this class to create a menu. A JHenu component can contain jMenuitem, 
JCheckBoxMenuitem, and JRadioButton components, as well as other JMenu compo­
nents. A submenu is a JMenu component that is inside another JMenu component. 

• JMenulir. Use this class to create a menu bar. A JMenuBer object can contain JHenu 
components. 

Al l of these classes are in the javax.fwing package. A menu system is a JHenuBar compo­
nent that contains one or more JMenu components. Fach JMenu component can contain 
JMenultem, JRadioButtonMenultcm, and JCheckBoxMenuitem components, as well as other 
JMenu components. The classes contain all o f the code necessary to operate the menu 
system. 

To see an example of an application that uses a menu system, we look at the HenuWindow 

class shown in Code Fisting 13*6. The class displays the window shown in Figure 11-24. 

Figure 13-24 Window displayed by the MenuWindow class 
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The class demonstrates how a label appears in different colors. Notice that the window has 
a menu bar with two menus: File and Text, Figure 13-25 shows a sketch of the menu sys­
tem. When the user opens the Text menu, he or she can select a color using the radio button 
menu items and the label will change to the selected color. The Text menu also contains a 
Visible item, which is a check box menu item. When this item is selected (checked), the label 
is visible. When this item is deselected (unchecked), the label is invisible. 

Figure 13-25 Sketch of the MenuWindow class's menu system 

f lU Text 

Exit • euck 
O Red 
O Blue 

[7| Visible 

Code Listing 13 6 (MenuWindow. J a v a ) 

import javax.swing.•» 
import java.awt."; 
import Java,awt.event.•; 

/ • • 

The MenuWindow e l m demonstrates a aenu system, 

7 

public c lass MenuWindow extends JFr< 

< 

private JLabel messageLabel; 
pr ivate f inal i n t LABEL_WIDTH - 400; 
pr ivate f inal i n t LABEL HEIGHT - 200; 

/ / Displays a message 
/ / Label 's width 
/ / Label 's height 

/ / The following wil l reference menu components. 
pr ivate JMenuBar menuBar; 
pr ivate JMenu fileMenu; 
private JHenu textMenu; 
private JMenuItem exit l tem; 
private JRadioButtonMenuItem blackl tea 
private JRadioButtonMenuItem redl tea ; 
pr ivate JRadioButtonMenuItem bluel tea; 
pr ivate JCheckBoxMenuXtem v i s ib l e l t eo ; 

/ / The aenu bar 
/ / The Pi le aenu 
/ / The Text aenu 
/ / To exi t 
/ / Hakes text black 
/ / Makes text red 
/ / Makes text blue 
/ / Toggle v i s i b i l i t y 

/ • • 

Constructor 
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public MenuWindow() 

{ 
/ / Set the t i t l e . 
setTitle("Example Menu System-); 

/ / Specify en action for the close button. 
setDefaultClose0peration(JPrame.EXIT_0N_CLOSE); 

/ / Create the messageLabel l abe l . 
messageLabel - new JLabelfUsc the Text menu to • • 

"change my color and make me i n v i s i b l e . " , 
SwingConstants.CENTER); 

/ / Set the l a b e l ' s preferred s i ze . 
messageLabel.setPreferredSizef 

new Dimension(LAQEL WIDTH, LABEL_HEIGHT>); 

/ / Set the l a b e l ' s foreground color . 
messageLabel.setPoreground(Color.BLACK); 

/ / Add the label t o the content pane. 
add(messageLabel); 

/ / Build the menu bar. 
bulldMenuBar()i 

/ / Pack and display the window. 

pack(); 
se tVis ib le ( t rue ) ; 

/ * * 

The buildMenuDar method builds the menu bar. 
* / 

private void buildMenuBar{) 

< 

/ / Create the menu bar . 
menuBar • new JMcnu3ar(); 

\9 / / Create the f i l e and text menu*. 
buildFileMcnu(); 
buildTcxtMenu(); 

/ / Add the f i l e and text menu* to the 
menuBar.add(fileHenu); 
menuBar.add(textHenu); 

sau bar, 
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/ / Set the window's menu bar. 
setJHenuBar(menuBar); 

The buildFileHenu method build* the Pi le menu 
and returns a reference to i t s JHenu object. 

7 

private void buildFileHenu() 
< 

/ / Create an Exit menu item. 
exit I ten - new JHenuItem)"Exit"); 
exitItem.setMnemonic(KeyEvent.VK_X); 
exitItem.addActionListener(new Exi tLis tener( ) ) ; 

/ / Create a JHenu object tor the Fi le aenu. 
fileHenu - new JHenu(-File ' ) ; 
f ileHenu.setHnemon ic(KeyEvent.VK_F); 

/ / Add the Exit menu item to the Fi le menu. 
l i leHenu.add(exitl tem); 

/ • • 

The buildTextHenu method builds the Text menu 
and returns a reference to i t s JHenu object. 

• / 

private void buildTextHenu)) 

< 
/ / Create the radio button menu items t o change 
/ / the color of the t ex t . Add an action l i s t ener 
/ / to each one. 
blackltem - new JRadioButtonHenuIten<"Black", t r u e ) ; 
blackltern.setHnemonic(KeyEvent.VK_B); 
blackItern.addActionListener(new ColorListener()) ; 

redltem • new JRadioButtonHenuItem("Red"); 
redltem.setHnemonic(KeyEvent.VK R); 
redltem.addActionListener(new ColorListenerf)); 

blueltem - new JRadioButtonHenuIten("Blue"); 
blueltem.setHnemonic(KeyEvent.VK_U); 
blueltem.addActionListenerfnew ColorListener()) ; 

/ / Create a button group for the radio button i t 
ButtonGroup group - new ButtonGroup(); 
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group.add(blackltem); 
group.add(redltern); 
group.add(blueltem); 

/ / Create a check box menu item to make the text 
/ / v i s ib le or i nv i s ib l e . 
vialbleltem - new JCheckBoxHenuItem("Visible", t r ue ) ; 
visibleltem.setMnemonic(KeyEvent.VK_V); 
visibleltem.addActionListener(new VisibleListener()); 

II Create a JHenu object tor the Text Menu. 
textMenu - new JMenu("Text*»; 
textMenu.setMnemonic(KeyEvent.VK T); 

/ / Add the menu items to the Text menu, 
textMenu.add(blackltem); 
textMenu.add(redltem); 
textMenu.add(blueTtern); 
textMenu.addSeparator(); 
textMenu.add(visibleltem); 

/ / Add a separator bar. 

/ * * 

Private inner c lass that handles the event tha t 
i s generated when the user se lects Exit from 
the Fi le menu. 

* / 

private c lass ExitListener implements ActlonLlstener 

public void actionPerformedfActionEvent e) 

( 
System.exit(0l; 

> 

/ * * 

Private inner c lass that handles the event tha t 
i s generated when the user se lec t s a color from 
the Text menu. 

* / 

private c lass ColorListener implements ActlonLlstener 

{ 
public void actionPerformed(ActionEvent e) 

{ 

if (blackltem.isSelectedf)) 
messageLabel.setForeground(Color.BLACK); 
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e l s e i f ( r e d l t e m . i s S e l e c t e d O ) 
messageLabel.setForeground(Color.RED); 

e l s e i f ( b l u e l t e m . i s S e l e c t e d O ) 
nossageLabe 1.set.Foreground)Color.BLUE); 

) 

> 

/ • • 

P r i v a t e inner c l a s s t h a t handles the event t h a t 
i s generated when the user s e l e c t s v i s i b l e f ro* 
the Text menu. 

• / 

p r i v a t e c l a s s V i s i b l e L i s t e n e r implements Act ionLis tener 

< 

publ ic void actionPerformedfActionEvent e) 

< 

i f ( v i s i b l e l t e m . i s S e l e c t e d O ) 
messageLabe l . s e tV ia ib l e ( t rue ) ; 

e l s e 
messageLabe l . s« tVi s ib l« ( f a l se ) ; 

> 

> 

/ • • 

The main method c r e a t e s an ins tance of the 
HenuWindow c l a s s , which causes i t t o d i sp lay 
i t s window. 

• / 

publ ic s t a t i c void main(S t r ing[ ] a rgs ) 

< 

HenuWindow mw - new HenuWindowf); 

> 

Let's rake a closer look at the HenuWindow class. Before we examine how the menu system is 
constructed, we should explain the code in lines 38 through 44. Lines J8 through 40 create 
the messageLabel component and align its text in the label's center Then, in lines 43 and 
44, the aetPreferredSize method is called. The satPreferredSize method is inherited 
from the JComponent class, and it establishes a component's preferred si/e. It is called the 
preferred size because the layout manager adjusts the component's M/C when necessary. 
Normally, a label's preferred si/e is determined automatically, depending on its contents. 
We want to make this label larger, however, so the window wil l be larger when it is packed 
around the label. 

The aetPreferredSize method accepts a Dimension object as its argument, A Dimension 
object specifies a component's width and height. The first argument to the Dimension class 
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constructor is the component's width, and the second argument is the component's height. 
In this class, the LABEL_wiDTH and LABEL_HEIGHT constants are defined with the values 400 
and 200 respectively. So, this statement sets the label's preferred si/e to 400 pixels wide 
by 200 pixels high. (The Dimension class is pan of the java.awt package.) Notice from 
Figure 11-24 that this code does not affect the si/e of the text that is displayed in the label, 
only the si/e of the label component. 

To create the menu system, the constructor calls the buildMenuBar method in line 53, Inside 
this method, the statement in line 67 creates a JMenuBar component and assigns its address 
to the menuBar variable. The JMenuBar component acts as a container for JMenu components. 
The menu bar in this application has two menus: File and Text. 

Next, the statement in line 70 calls the buildFilcHcnu method. The buildFilcMcnu method 
creates the File menu, which has only one item: Exit. The statement in line 89 creates A 
JHenuItem component for the Exit item, which is referenced by the exit l tera variable. The 
Str ing thai is passed to the JMenuItem constructor is the text that will appear on a menu for 
this menu item. The statement in line 90 assigns the x key as a mnemonic to the ex i t l tem 
component. Then, line 91 creates an action listener for the component (an instance of 
Ex i tL i i tener , a private inner class), which causes the application to end. 

Next, line 94 creates a JMenu object for the File menu. Notice that the name of the menu is 
passed as an argument to the JMenu constructor l ine 95 assigns the I key to the l:ile menu 
as a mnemonic. The last statement in the buildPileMenu method, in line 98, adds ex i t l tem 
to the f ileMenu component. 

Hack in the buildMenuBar method, the statement in line 71 calls the buiidTextHenu method. 
The buiidTextHenu method builds the Text menu, which has three radio button menu items 
I Black, Ked, and lllue), a separator bar, and a check box menu item (Visible). The code in 
lines M l through 121 creates the radio button menu items, assigns mnemonic keys to them, 
and adds an action listener to each. 

The JRadioButtonltem constructor accepts a Str ing argument, which is the menu item's 
text. By default, a radio button menu item is not initially selected. The constructor can also 
accept an optional second argument, which is a boolean value indicating whether the item 
should be initially selected. Notice that in line 111, true is passed as the second argument 
to the JRadioButtonltem constructor. This causes the Black menu item to be initially 
selected. 

Next, in lines 124 through 127, a button group is created and the radio button menu items 
^\rc added to it. As with JRadioButton components, JRadioButtonHenuItem components 
may be grouped in a ButtonGroup object. As a result, only one of the grouped menu items 
may be selected at a time. When one is selected, any other menu item in the group is dese­
lected. 

Next, the Visible item, a check box menu item, is created in line 131. Notice that t rue is 
passed as the second argument to the constructor. This causes the item to be initially selected. 
A mnemonic key is assigned in line 132, and an action listener is added to the component in 
line 133. 

Line 136 creates a JMenu component for the Text menu, and line 137 assigns a mnemonic 
key to it. Lines 140 through 142 add the blackItern, redltem, and b luel teo radio button 
menu items to the Text menu. In line 143, the addSeparator method is called to add a 
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separator bar to the menu. Because the addseparator method is called just after the 
blueltera component is added and just before the visibleir.cn component is added, it will 
appear between the Blue and Visible items on the menu. Line 144 adds the Visible item to 
the Text menu. 

Back m the buildnenuBar method, in lines 74 and 75, the File menu and Text menu are 
added to the menu bar. In line 78, the setJHenuBar method is called, passing menuBar as an 
argument. The aetJHenuBar method is a JPra»e method that places a menu bar in a frame. 
You pass a JMenuBar component as the argument. When the JFrame is displayed, the menu 
bar will appear at its top. 

Figure 1.1-26 shows how the class's window appears with the File menu and the Text menu 
opened. Selecting a color from the Text menu causes an instance of the ColorListener class 
to execute its actionPerformed method, which changes the color of the text. Selecting the 
Visible item causes an instance of the ViaibleListener class to execute its actionPerf ormed 
method, which toggles the label's visibility. 

Figure 11-26 The window with the File menu and Text menu opened 
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« Checkpoint 
MyProtrammmjUb" wwiv.niyprugrjmminghb.cum 

13.12 Briefly describe each of the following menu system items: 
a) Menu bar 
b) Menu item 
c| Check box menu item 
d | Radio button menu item 
c) Submenu 
f) Separator bar 

13.13 What class do you use to create a regular menu item? What do you pass to the 
class constructor? 

13.14 What class do you use to create a radio button menu item? What do you pass to 
the class constructor? How do you cause it to be initially selected? 

13.15 How do you create a relationship between radio button menu items so that only 
one may be selected at a time? 

13.16 What class do you use to create a c l i c k box menu item? What do you pass to the 
class constructor? I low do you cause it to be initially selected? 

I J. 17 What class do you use to create a menu? What do sou pass to the class 
constructor? 

I } , IH What class do you use to create a menu bar? 

I i . 19 I low do you place a menu bar in a JTraaw? 

13.20 What type of event do menu items generate when selected by the user? 

I 3.21 I low do you change (he si/e of a component such as a JLabel after it has been 
created? 

I 3.22 What arguments do you pass to the Diaention class constructor? 

13.9 More about Text Components: 
Text Areas and Fonts 

^ 

CONCEPT: A text area is a multi-l ine text field that can accept several lines of text 
input. Components that inherit from the JConponant class have a 
• • t F o n t method that allows you to change the font and style of the 
component's text. 

Text Areas 
In Chapter 12 you were introduced to the JTextField class, which is used to create text 
fields. A text field is a component that allows the user to enter a single line of text. A text 
area is like a text field that can accept multiple lines of input. You use the JTextArea class to 
create a text area. Here is the general format of two of the class's constructors: 

JTextArea{int rows, in t columns) 
JTextAreafString text, in t rows, i n t columns) 

http://wwiv.niyprugrjmminghb.cum


890 Chapter 1 3 Advanced GUI Applications 

In both constructors, rows is the number of rows or lines of text that the text area is to dis­
play, and columns is the number of columns or characters that are to be displayed per line. 
In the second constructor, text is a string that the text area will initially display. Tor exam­
ple, the following statement creates a text area with 20 rows and 40 columns: 

JTextArea textlnput • new JTextArea)20, 40); 

The following statement creates a text area with 20 rows and 40 columns that will initially 
display the text stored in the String object info: 

JTextArea textlnput • new JTextArea(info, 20, 40); 

As with the JTextField Jass , rhe JTextArea class provides the getText and setText meth­
ods for getting and setting the text contained in the component. For example, the following 
statcmem gers the text stored in the text lnput text area and stores it in the s t r ing object 
uierToxt: 

String userText • text lnput .getText(J ; 

The following statement stores the text that is in the String object info in the text lnput 
text area: 

text lnput .eetText( info) ; 

JTextArea components do not automatically display scroll bars. To display scroll bars on a 
JTextArea component, you must add it to the scroll pane. As you alreadv know, you create 
a scroll pane with the JScrollPane class. Here is an example of code that creates a text area 
and adds it to a scroll pane: 

JTextArea textlnput • new JTcxtArea(20, 40); 
JScrollPane scrollPane * new JScrollPane)textlnput); 

I he JScrollPane object displays both vertical and horizontal scroll bars on a text area. By 
default, the scroll bars ^rc not displayed until they are needed; however, you can alter this 
behavior with two of the JScrollPane class's methods. The setHorizontalScrollBarPolicy 
method takes an int argument that specifies when a horizontal scroll bar should appear in 
the scroll pane. You can pass one of the following constants as an argument; 

• JScrollPane.H0RIZ0NTAL_SCROLLBAR_AS_MEEDED. (his is the default setting. A 
horizontal scroll bar is displayed only when there is not enough horizontal space to 
display the text contained in the text area. 

• J S c r o l l P a n e . HORIZONTAL SCROLLBARNCVER. This setting prevents a horizontal 
scroll bar from being displayed in the text area. 

• J S c r o l l P a n e . H O R I Z O N T A L SCROLLBAR ALWAYS. With this setting, a horizontal 
scroll bar is always displayed, even when it is not needed. 

The se tVer t ica lScrol lBarPol icy method also takes an i n t argument, which specifies 
when a vertical stroll bar should appear in the scroll pane. You can pass one of the follow­
ing constants as an argument: 

• JSc ro l lPane .VERTICAL SCROLLBAR AS NERDED. This is the default setting. A ver­
tical scroll bar is displayed only when there is not enough vertical space to display the 
text contained in the text area. 
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* JScrollP«n«.VERTICAL_SCROLLBAR_ifEVER. Ibis setting prevents a vertical scroll 

bar from being displayed in the text area. 
• JScrollP«n«-VERTiCAL_SCROLLBAR_ALKATS, With this setting, a vertical scroll bar 

is always displayed, even when it is not needed. 

For example, the following code specifies that a vertical scroll bar should always appear on 
a scroll pane's component, but a horizontal scroll bar should not appear: 

scrollPane.sctHorizontalScrollBarPolicy( 
JScrollP«ne.HORIZONTALvSCROLLBAR_NEVER); 

scrollPane.setVerticalScrollBarPolicy) 
JScrollPane.VERTICAL_SCROlXBAR_ALWAYS); 

Figure 13-27 shows a text area without scroll bars,a text area with a vertical stroll bar, and 

a text area with both a horizontal and a vertical scroll bar. 

Figure 13-27 Text areas wi th and without scroll bars 

A text area with no scroll bars 
TMM * a s 

A text area with a vertical and 
A text area with a vertical scroll bar a horizontal scroll bar 

By default, JTextArea components do not perform line wrapping. This means th.it when 
text is entered into the component and the end of a line is reached, the text docs not wrap 
around to the next line. If you want line wrapping, you use the JTextArea class's aetLineWrap 
method to turn it on. The method accepts a boolean argument. If you pass t rue, line wrap­
ping is turned on, If you pass fa lse, line wrapping is turned off. Here is an example of a 
statement that turns a text area's line wrapping on: 

textInput.setLineWrapttrue); 

There arc two different styles of line wrapping: word wrapping and character wrapping. 
When word wrapping is performed, the line breaks always occur between words, never in 
the middle of a word. When character wrapping is performed, lines are broken between 
characters. This means that lines can be broken in the middle of a word. You specify the 
style of line wrapping that you prefer with the JTextArea class's setWrapstyleWord method. 
This method accepts a boolean argument. If you pass t rue, the text area will perform word 
wrapping. If you pass ta lae, the text area wi l l perform character wrapping. The default 
style is character wrapping. 

http://th.it
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Fonts 
The appearance of a component's text is determined by the text's font, Kyle, and size. The 
font is the name of the typeface—the style can be plain, bold, and/or italic—and the size is 
the size of the text in points. To change the appearance of a component's text you use the 
component's set Font method, which is inherited from the JComponent class. The general 
format of the method is as follows: 

void aetFontfFont appearance) 

You pass a Font object as an argument to this method. The Font class constructor has [he-
following general format: 

Font(String tontName, int style, int size); 

The first argument is the name of a font. Although the fonts that arc available vary from 
system to system, Java guarantees that you will have Dialog, Dialoglnput, Monospaced, 
SansScrif, and Serif. Figure 13-28 shows an example of each of these. 

Figure 13-28 Examples of fonts 

Dialog 

Dialoglnput 

Monospaced 

SansSerif 

Sent 

The second argument to the Font constructor is an int that represents the style of the text. 
The Font class provides the following constants that you can use: Font.PLAIN, Font.BOLD, 
and Font.ITALIC. The third argument is the si/c of the text in points. (There arc 72 points 
per inch, so a 72-point font has a height of one inch. Ten- and twelve-point fonts arc nor­
mally used for most applications.) Here is an example of a statement that ilunges the text 
of a label to a 24-point bold serif font: 

label.setFontlnew Font("Serif", Font.BOLD, 24)); 

You can combine styles by mathematically adding them. For example, the following state­
ment changes a label's text to a 24-point bold and italic serif font: 

label. setPontl new Pontpserif", Font.BOLD + Font.ITALIC, 24> > ; 

Figure 1.5-29 shows an example of the serif font in plain, bold, italic, and bold plus italic 
styles. The following code was used to create the labels: 

JLabel labell - new JLabel("Serif Plain", SwingConstants.CENTER); 
labell.setFont(new Font("Serif", Font.PLAIN, 24)); 

JLabel label2 - new JLabelf"Serif Bold", SwingConatanta.CENTER); 
label2.BetFont(new Font("Serif", Font.BOLD, 24)); 
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JLabel label3 - new JLabelfSerif I t a l i c" , SwingConatanta.CENTER); 
label3.aetFont(new Pont<*S«rif", Font.ITALIC, 24)); 

JLabel labeU - new JLabel{"Serif Bold + I t a l i c , 
SwingConstants.CENTER); 

label4.aetFont(new Font("Serif", Pont.BOLD • Pont.ITALIC, 24)); 

Figure 13-29 Examples of serif plain, bold, italic, and bold plus italic 

Senf Plain 

Serif Bold 

Serif Italic 

StrifHold ^Italic 

*i Checkpoint 

13.23 What argument* do you paw to the JT«xtAr« constructor? 

I J.24 I low do you retrieve the text that it stored in a JTextArca component? 

I }.2S Docs the JToxtArea component automatically display scroll bars? If not, how do 
you accomplish this? 

13.26 What is line wrapping? What arc the two styles of line wrapping? 1 low do you 
turn a JTextArea component's line wrapping on? I low do you select a line wrap­
ping style? 

13.27 What type of argument does a component's tttFont method accept? 

I 3.28 What arc the arguments that you pass to the Pont class constructor? 

See the Simple Text Editor Application case study on this book's companion Web site 
(ww\v«pcarsonhighcrcd.com/gaddis) for an in-depth example that uses menus and other 
topics from this chapter. 

13.10 Sliders 

CONCEPT: A slider is a component th.it allows (he user to .uljusi a number 

graphically within a range of values. 

Sliders, which arc created from the JSl ider class, display an image of a "slider knob" th.it 
can be dragged along a track. Sliders can be horizontally or vertically oriented, as shown in 
Figure 13-30. 

A slider is designed to represent a range of numeric values. At one end of the slider is the 
range's minimum value and at the other end is the range's maximum value, both of the 

http://th.it
http://th.it


894 Chapter 1 3 Advanced GUI Applications 

sliders shown in Figure 13-30 represent a range of 0 through 50. Sliders hold a numeric 
value in a field, and as the user moves the knob along the track, the numeric value is 
adjusted accordingly. Notice that the sliders in Figure I 1-JO have accompanying tick marks. 
At every tenth value, a major tick mark is displayed along with a label indicating the value 
at that tick mark. Between the major tick marks are minor tick marks, which in this exam­
ple arc displayed at every second value. The appearance of tick marks, their spacing, and the 
appearance of labels can be controlled through methods in the JSlider class. The JSlider 
constructor has the following general format: 

JS l ide r ( in t o r ien ta t ion , int minValue, 
Int maxValue, in t inititlVslue) 

Figure 11-10 A horizontal and a vertical slider 

Horizontal Slider 

E 

10 ?0 40 M 

Vortical Slider 

The first argument is an i n t specifying the sliders orientation. You should use one of the 
constants JSlider.HORIZONTAL or JSlider.VERTICAL. The second argument is the minimum 
value of the slider's range and the third argument is the maximum value of the sliders 
range. Ihc fourth argument is the initial value of the slider, which determines the initial 
position of the sliders knob. For example, the following code could be used to create the 
sliders shown in Figure 13*301 

JSlider a l ide r l - new JSlider!JSlider.HORIZONTAL, 0, 50, 25); 
JSlider a l ider2 - new JSlider(JSlider.VERTICAL, 0, 50, 2S>; 

You set the major and minor tick mark spacing with the methods aetHajorTickSpacing and 
aetMinorTickSpacing. Fach of these methods accepts an i n t argument that specifics the 
intervals of the tick marks. For example, the following code sets the t l i d e r l object's major 
tick mark spacing at 10, and its minor tick mark spacing at 2: 

aliderl»aetMajorTickSpacing(10); 
aliderl.aetMinorTickSpacing(2); 

If the a l i de r l component s range is 0 through 50, then these statements would cause major 
tick marks to be displayed ar values 0, 10, 20, 30, 40, and 50. Minor tick marks would be 
displayed at values 2, 4 , 6 , and 8, then at values 12, 14, 16, and 18, and so forth. 
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By default, tick marks arc not displayed, and setting their spacing does nor cause them to be 
displayed. You display tick marks by calling the setPaintTicks method, which accepts a 
boolean argument. If you pass t rue, then tick marks arc displayed. If you pass fa lse, they 
arc not displayed. I Icrc is an example: 

aliderl.aetPaintTicka(true); 

By default, labels arc not displayed cither. You display numeric labels on the slider compo­
nent by calling the aetPaintLabela method, which accepts a boolean argument. If you pass 
t rue, then numeric labels arc displayed at the major tick marks. If you pass fa lse, labels arc 
not displayed. I Icrc is an example: 

slider1.aetPaintLabela(true); 

When the knob's position is moved, the slider component generates a change event. To 
handle the change event, you must write a change listener daw. When you write a change 
listener class, it must meet the following requirements: 

• It must implement the ChangeListener interface. This interface is in the 

javax.swing.event package. 
• It must have a method named stateChanged. This method must take an argument of 

the ChangeEvent type. 

To retrieve the current value stored in a JSl ider, use the getValue method. This method 
returns the slider's value as an i n t . Here is an example: 

currentValue - sliderl.getValue(>; 

The TempConverter class shown in Code l ist ing 13-7 demonstrates the JSlider component. 
This class displays the window shown in Figure 13-31. Two temperatures arc initially 
shown: J2.0 degrees Fahrenheit and 0.0 degrees Celsius. A slider, which has the range of 0 
through 100, allows you to adjust the Celsius temperature and immediately sec the 
Fahrenheit conversion. The main method creates an instance of the class and displays the 
window. 

F igure 13-31 Window displayed by the TempConver terWindow class 

b_, TwrevMtjf** • £B 
FrtttMtwif: : : o 
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ft 24 40 m 44 140 
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Code Listing 13-7 (TempConverter .Java) 

l 

2 

i 

A 
5 

6 

B 

9 

10 

11 
12 

; I 
L4 

15 

. i , 

17 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

12 
13 
34 

35 

36 

17 

IB 
IS 
40 
41 
42 
43 
44 
45 

import javax.swing.*; 
import Javax.swing.event."j 
import java.awt.'; 
import Java.text.DecimalFormat; 

h 
This class displays a window with a sl ider component. 
The user can convert the Celsius tenperatures Iron 
0 through 100 to Fahrenheit by moving the s l ider. 

public class TempConverter extends JFr 
{ 

private JLabel label 1, labeU; 
private JTextField fahrenheitTemp; 
private JTextField celsiusTemp; 
private JPanel fpanel; 
private JPanel cpanel; 
private JPanel sliderPanel; 
private JSlider sl ider; 

/ / Message labels 
/ / Fahrenheit temp 
/ / Celsius temp 
/ / Fahrenheit panel 
/ / Celsius panel 
/ / Slider panel 
/ / Temperature adjuster 

/ • • 

Constructor 
• / 

public TempConvertcr() 

< 

II Set the t i t l e . 
setTitle("Temperatures'>; 

/ / Specify an action for the close button. 
setDefaultCloaeOperation(JFrame.EXIT_ON_CLOSE); 

/ / Create the message labels. 
label1 - new JLabel("Fahrenheit: ' ) ; 
label2 - new JLabel("Celsius: "); 

/ / Create the read-only text f i e lds . 
fahrenheitTemp - new JTextField("32.0", 10); 
fahrenheitTemp.setEditable(false); 
celsiusTemp - new JTextField)"0.0", 10); 
celsiusTemp.setEditable(false); 

/ / Create the s l ider. 
sl ider - new JSliderfJSlider.HORIZONTAL, 0, 100, 0); 
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90 
9 

9 

9 

slider.setMajorTickSpacing(20); 
slider.setMinorTickSpacing(5); 
s l ide r . se tPa in tT icks ( t rue ) ; 
s l ider . se tPa in tLabels ( t rue) ; 

/ / Major t ick every 20 
/ / Minor t ick every 5 
/ / Display t ick marks 
/ / Display numbers 

slider.addChangeListener(new Sl iderLis tenerf ) ) ; 

/ / Create panels and place the components in them. 
fpanel • new JFanel() ; 
fpanel .addflabel l ) ; 
fpanel.add(fahrenheitTemp); 
cpanel - new JPanelO; 
cpanel.add(label2); 
cpanel.add(celsiusTemp); 
sl iderPanel • new JPanelf) ; 
s l iderPane l .add(s l ider ) ; 

/ / Create a GridLayout manager. 
setLayout(new GridLayout(3, 1)) ; 

/ / Add the panels to the content pane. 
add(tpanel); 
add(cpaneL); 
add(sl iderPanel); 

/ / Pack and display the frame. 

pack()l 
se tv i s i b l e ( t r ue ) ; 

/ * * 

Private inner c lass to handle the change eventi 
that are generated when the s l i d e r i s moved. 

* / 

private c lass SliderListener implements ChangeListener 

{ 
public void stateChanged(ChangeEvent e) 

< 

double fahrenheit, c e l s iu s ; 
DecimalFormat fmt • new DecimalFormat(*0.0*); 

/ / Get the s l ide r value, 
ce ls ius • s l ider .ge tValue( ) ; 

/ / Convert the value to Fahrenheit* 
fahrenheit - (9.0 / 5.0) * ce l s ius • 32.0; 

/ / Store the Celsius temp in i t s display f i e ld . 
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94 
95 
96 
97 

98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

loe 
109 

, 110 
111 ) 

c e l l iusTemp. setText ( 
Doable . toStr ing(cels ius)) ; 

/ / Store the Fahrenheit temp in i t s display f i e ld . 
fahrenheitTemp.sctText(In*.foraatffahrenheit)); 

> 

> 

/ • 

The main method crea tes an instance of the 
c l a s s , which displays a window with a s l i d e r . 

• / 

public s t a t i c void main |S tnng( | args) 

< 

new TempConverter(); 

> 

* 
Checkpoint 

MjrPro|r*nnmlfl|Li*r wwtt\myfm>gKimmm)*tjlhCum 

13.29 What type of event doc* a JSlid«r generate when its slider knob is moved? 

13*30 What JSlid«r methods do you use to perform each of these operations? 
a) Establish [he spacing of major tick marks, 
h) Tstahlish [he spacing of minor tick marks. 

c) Cause tick marks to be displayed. 
d) I ,'ausc labels to be displayed. 

13-11 Look and Feel 

CONCEPT: A GUI application's appearance is determined by its look and feel. Java 
allows you to select an application's look and feel. 

Most operating systems' GUIs have their own unique appearance and style conventions. 
For example, if a Windows user switches to a Macintosh, UNIX, or Linux system, the first 
thing he or she is likely to notice is the difference in the way the GUIs on each system 
appear. The appearance of a particular system's GUI is known as its look and feel. 

|ava allows you to select the look and feel of a GUI application. The default look and feel 
for Java is called Oic j / i .Th is is the look and feel that you have seen in all of the GUI appli­
cations that wc have written in this hook. Some of the other look and feel choices are Metal, 
Motif , and Windows. Metal was the default look and feel for previous versions of Java. 
Mot i f is similar to a UNIX look and feel. Windows is the look and feel of the Windows 
operating system. Figure 13-32 shows how the TenpConverterWindow class window, pre­
sented earlier in this chapter, appears in each of these looks and feels. 
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<?[ NOTE: Ocean is actually a special theme of the Metal look and feel. 

O NOTE: Currently the Windows look and feel is available only on computers running 
the Microsoft Windows operating system. 

Figure 13-32 Metal, Motif, and Windows looks and feels 
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To change an application's look and led. you ta l l the UXManager class's static setLookAndFcol 
method, Java has a class lor each look and feel, and this method takes the fully qualified 
class name lor the desired look and feci as us argument. The class name must he passed as 
a string.Tabic l.)-l lists the fully qualified class names for the Metal, Motif , and Windows 
looks and feels. 

Tabic 13-1 Look and led class names 

Class Name 

"Javax.swing. plaf-metal-MetalLookAndFeel" 

"com.sun.Java.awing.plat.notif.MotifLookAndFcel" 

"com.sun.Java.swing.plaf.windows.WindowsLookAndFeeT 

Look and Heel 

Metal 

Mot i f 

Windows 

When you call the UIHanagcr.sctLookAndFecl method, any components that have already been 
created need to be updated. You do this by calling the SwingUtilities.updateComponentTreeUl 
method, passing a reference to the component that you want to update as an argument. 

The ulManager.setLookAndFeel method throws a number of exceptions. Specifically* it 
throws ClassNotFoundException, Instant iat ionExcept ion, Il legalAccessException, and 
UnsupportedLookAndFeelException. Unless you want to trap each of these types of excep­
tions, you can simply trap exceptions of type Exception. Here is an example of code that 
can be run from a JFrane object that changes its look and feel to Motif: 
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try 
( 

UIManager.setLookAndFeel( 
"com.sun.Java.swing.plaf.aotif.MotifLookAndPeel"); 

SwingUtilities.updateComponentTrecUI(this); 

> 

catch (Exception • ) 

{ 
JOptionPane.showMessageDialoglnull, "Error se t t ing " * 

"the look and f e e l . " ) ; 
System.exit(O); 

) 

And here is an example of code that can be run from a JPrame object that change! its look 
and feel to Windows: 

try 

< 

UIManager.setLookAndFeel( 
"com.sun.Java.swing.plat.windows.WindowsLookAndFeel"); 

SwingUtilities.updateComponentTreeUI< t h i s ) ; 
} 

catch (Exception e) 

< 

JOptlonPane.showMessageDialo<j(niillf "Error se t t ing • + 
"the look and f e e l . " ) ; 

System.exlt(O); 

) 

13.12 Common Errors to Avoid 
• Only retrieving the first selected item from a list component in which multiple items 

have been selected. If multiple items have been selected in a list component, the 
ge tSelec tedValue method returns only the first selected item. Likewise, the 
get Selected Index method returns only the index of the first selected item. You should 
use the getSeleetedValues or getSelectedlndices methods instead. 

• Using 1 as the beginning index for a list or combo box. The indices for a list or combo 
box start at 0, not I, 

• Forgetting to add a list or text area to a scroll pane. The JList and JTextArea compo­
nents do not automatically display scroll bars. You must add these components to a 
stroll pane object in order for them to display scroll bars. 

• Using the add method instead of the constructor to add a component to a scroll pane. 
To add a component to a scroll pane, you must pass a reference to the component as 
an argument to the JScrollPane constructor. 

• Adding a component to a scroll pane and then adding the component (not the scroll 
pane) to another container, such as a panel. It you add a component to a scroll pane 
and then intend to add that same component to a panel or other container, you must 
add the scroll pane instead of the component. Otherwise, the scroll bars will not 
appear on the component. 
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Hovel l ing to call the sc tEdi tab lc method (o give a combo box a text field. By 
default, a combo box is the combination of a button and a list. To make it a combi­
nation of a text field and a list, you must call the setEditable method and pass true 
as an argument. 
Trying to open an image file of an unsupported type. Currently, an laagclcon object 
can open image files that are scored in |PI( t . d l K o r PNG formats. 
Loading an image into an existing JL*b«l component and clipping part of the image. 
If you have not explicitly set the preferred size of a JLabel component, it resizes itself 
automatically when you load an image into it. The JFrane that encloses the JLabel 
does noi automatical!) r t *u t | bowtvee Vow n u l l call the 'i m object^ pw* method 
or aetPreCerredSize method to resize it. 
Assigning the same mnemonic to more than one component. If you assign the same 
mnemonic to more than one component in a window, it works only for the first com­
ponent that you assigned it to. 
Forgetting to add menu items to a JMtnu component, and JHanu components to a 
JMtnuiar component. After you create a menu item, you must add it to a JMenu com­
ponent in order for it to be displayed on the menu. Likewise, JMenu components must 
be added to a JMenuBar component in order to be displayed on the menu bar. 
Not calling the JPrama object's i«tJManuftar method to place the menu bar To dis­
play a menu bar, you must call the act JMenuBar method and pass it as an argument* 
Not grouping JRadloluttooMaouItau in a luttooOroup object. Just like regular radio 
button components, you must group radio button menu items in a button group in 
order to create a mutually exclusive relationship among them. 

Re 
Mu 

1. 

2. 

3. 

view Questions and Exercises 
I t l p le Choice and True/False 

You i.in use this method to m.ikc a text field read-only. 
a. iotBeadOnly 
b. satChangeabl* 
C MtUnadi tabU 
d. M t E d i t a b U 

A JL is t component generates this type of event when the user selects an item. 
a. action event 
b. item event 
c. list selection event 
d. list change event 

To display a scroll bar with a JL is t component, von must _. 
a. do nothing; the JL is t automatically appears with scroll bars if necessary 
b. add the JL is t component to a JScrollPanc component 
C. call the setScrollBar method 
d. none of the above; you cannot display a scroll bar with a JL is t component 
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4. 

5. 

6. 

7. 

8, 

9. 

10. 

11. 

Advanced GUI Applications 

This is the JLiat components default selection mode, 
ft. single selection 
b. single interval selection 
c. multiple selection 
d. multiple interval selection 

A list selection listener must have this method. 
a. valucChanged 
b. aelectionChanged 
C. actionPerforntcd 
d. itemSelected 

The LiatSelect ionListener interface is in this package. 
ft, java.awt 
b. java.awt.event 
c. javax.swing.event 
d. Javax.event 

This JLiat method returns - 1 if no item in the list is selected, 
a. getSelectedValue 
b. getSelectedltem 
C. getSelectedlndex 
d. getSelection 

A JComboBox component generates this type of event when the user selects an item. 
ft, action event 
b. item event 
c. list selection event 
d* list change event 

You can pass an instance of this class to the JLabel constructor if you want to display 

an image in the label. 
a. ImageFile 
b. Imageleon 
C. JLabellmage 
d. JImagePile 

This method can be used to store an image in a JLabel or a JButton component. 
a. setlmage 
b. storelmage 
c. getlcon 
d. setlcon 

This is text that appears in a small box when the user holds the mouse cursor over a 
component. 
a. mnemonic 
b. instant message 
c. tool tip 
d. pop-up mnemonic 



12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Review Questions and Exercises 

This is a key that activates a component just as if the user clicked it with the mouse. 
a. mnemonic 
b. key activator 
c. tool tip 
d. click simulator 

To display an open file or save file dialog box, you use this class. 
a. JFileChooscr 
b. JOpenSaveDialog 
C. JFileDialog 
d. JFileOptionPanc 

To display a dialog box that allows the user to select a color, you use this class. 
a. JColor 
b. JColorDialog 
Ct JColorChooser 
d. JColorOptionPan* 

You use this class to create a menu bar. 
a. MenuBar 
b. JHenuBar 
Ci JMenu 
d. JBar 

You use this class to create a radio button menu item. 
a. JMenuItem 
b. JRsdioButton 
C< JRadtoButtonltem 
d. JRadioButtonMenuXtev 

You use this method to place a menu bar on a JFraae. 
a. tetJMenuBar 
b. setMenuBar 
C. placcHenuBar 
d. setJMenu 

The setPreferredSize method accepts this as its arguments). 
a. a Size object 
b. two int values 
c. a Dimension object 
d. one int value 

Components of this class are multi-line text fields. 
a. JMultiLineTextField 
b. JTextArea 
C. JTextField 
d. JEditField 

903 
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20. This method is inherited from JCoaponent and changes the appearance of a compo­
nent's text. 
a. setAppearance 
b» sotTextAppearance 
C. setPont 
d. setText 

21 . This method sets the intervals at which major tick marks arc displayed on a JSlidcr 
component. 
a. setMajorTickSpacing 
b. setMajorTicklntervals 
C. setTickSpacing 
d. t e t l n t e r v a l s 

22. True or False: You can use code to change the contents of a read-only text field. 

23. True or False: A JList component automatically appears with a line border drawn 
around it. 

24. True or False: In single interval selection mode, the user may select multiple items 
from a JList component. 

25. True or False: With an editable combo box the user may only enter a value that 
appears in the component's list. 

26. True or False: You can store either text or an image in a JLabel object, but not 
both. 

27. True or False: You can store large images as well as small ones in a JLsbel component 

28. true or False: Mnemonics are useful for users who are good with the keyboard. 

?:>, 11 in or I alsc: A JMenuBar object acts as a container for JMenu components, 

>n hue oi I alsc: A JMenu object cannot contain other JMenu objects. 

31. True or False: A JTextArea component does not automatically display scroll bars. 

32. True or False: By default, a JTextArea component does not perform line wrapping. 

33. True or False: A JSlider component generates an action event when the slider knob 
is moved. 

34. True or False: By default, a JSlider component displays labels and tick marks. 

35. True or False: When labels are displayed on a JSlider component, they are displayed 
Oil the major tick marks. 

Find the Error 

1. / / Create a read-only text f i e ld . 
JTextField textPield - new JTextField*10); 
t ex tP ie ld .ac tEdi tab le ( t rue) ; 

2. / / Create a black 1-pixel border around l i s t , a JLiat component 
list.setBorderfColor.BLACK, 1); 

3. / / Create a JLis t and add i t t o a s c ro l l pane. 
/ / Assume tha t array already e x i s t s . 
JLis t l i s t - new JLis t (a r ray) ; 
JScrollPane scrollPane - new JScrollPanef); 
sc ro l lPane .add( l i s t ) ; 
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4. / / Assume that namcBox is a combo box and is properly set up 
/ / with a l i s t of names to choose from. 
/ / Get value of the selected item. 
String selectedName • nameBox.getSelectedIndex(); 

5. JLabel label - new JLabelpHave a nice day!"); 
label.setlmagefimage); 

6. / / Add a menu to the menu bar. 
JMenuBar menuBar • new JMenuBar(menuItem); 

7. / / Create a text area with 20 columns and 5 rows. 
JTextArea textArea • new JTextArea (20, 5); 

Algorithm Workbench 

1. Give an example of code that creates a read-only text field. 

2. Write code that creates a list with the following items: Monday, Tuesday, Wednesday, 
Thursday; Friday, Saturday, and Sunday. 

3i Write code that adds a scroll bar to the list you created in your answer to Algorithm 
Workbench 2. 

4. Assume that the variable myList references a JList component, and selection is a 
String variable. Write code that assigns the selected item in the myList component 
to the selection variable. 

5. Assume that the variable myComboBox references an uneditablc unnbo box, and 
selectionlndex is an int variable. Write code that assigns the index of the selected 
item in the myComboBox component to the selectionlndex variable. 

6. Write code that stores the image in the file dog-ipg in a label. 

7. Assume that label references an existing JLabel object. Write code that stores the 
image in the file puture.gifin the label. 

8. Write code that creates a button with the text "Open File." Assign the O key as a 
mnemonic and assign "This button opens a file" as the component's tool tip. 

9. Write code that displays a file open dialog box. If the user selects a file, the code 
should store the tiles path and name in a String variable. 

10. Write code that creates a text area displaying 10 rows and 15 columns. The text area 
should be capable of displaying scroll bars, when necessary. It should also perform 
word style line wrapping. 

I I. Write the code that creates a menu bar with one menu named File. The Kile menu 
should have the Fkcy assigned as a mnemonic. The File menu should have three menu 
items; Open, Print, and Exit. Assign mnemonic keys of your choice to each of these 
items. Register an instance of the OpenListener class as an action listener for the 
Open menu item, an instance of the FrintListener class as an action listener for 
the Print menu item, and an instance of the ExitListener class as an action listener 
for the Fxit menu item. Assume these classes have already been created. 

12. Write code that creates a JSlider component. The component should be horizontally 
oriented and its range should be 0 through 1000. labels and tick marks should be 
displayed. Major tick marks should appear at even' 100th number, and minor tick 
marks should appear at every 25th number. The initial value of the slider should be 
set at 500. 
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Short Answer 

1. What selection moJc should you select if you want the user to select a single item only 
in a list? 

2. You want to provide 20 items in a list for the user to select from. Which component 
would take up less space, a J L i « or a JCoaboBox? 

3. What is the difference between an uneditable combo box and an editable combo box? 
Which one is a combo box by default? 

4. Describe how you can store both an image and text in a JLabel component. 

5. What is a mnemonic? \ low docs the user use it? 

6. What happens when the mnemonic that you assign to a component is a letter that 
appears in the component's text? 

7. What is a tool tip? What is its purpose? 

8. What do you do to a group of radio button menu items so that only one of them can 
be selected it a time? 

9. When a checked menu item shows a check mark next to it, what happens when the 
user clicks on it? 

10. What fonts docs Java guarantee you have? 

11. Why would a JSLidvr component be ideal when you want the user to enter a number, 
but you want to make sure that the number is within a range? 

12. What arc the standard GUI looks and feels that are available in Java? 

Programming Challenges 

MyProjr«mniin|Lib" Visit www.myprogramminglah.com to complete many of these Programming Challenges 
online ami get instant feedback. 

1. Scrollable Tax Calculator 

Create an application that allows you to enter the amount of a purchase and then displays 
the amount of sales tax on that purchase. Use a slider to adjust the tax rate between 0 per­
cent and 10 percent. 

2. Image Viewer 

not. Write an application that allows the user to view image files. The application should use 
The imaqe cither a button or a menu item that displays a file chooser. When the user selects an image 

Viewer Problem file, it should be loaded and displayed. 

3. Dorm and Meal Plan Calculator 

A university has the following dormitories: 

Allen Hall: Si,500 per semester 
Pike Hall: $1,600 per semester 
Farthing Hall: Si,200 per semester 
University Suites: S1,800 per semester 

http://www.myprogramminglah.com
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The university also offers the following meal plans: 

7 meals per week: $560 per semester 
14 meals per week: $1,095 per semester 
Unlimited meals: $1,500 per semester 

Create an application with two combo boxes. One should hold the names of the dormito­
ries, and the other should hold the meal plans. The user should select a dormitory and a 
meal plan, and the application should show the total charges for the semester. 

4. Skateboard Designer 

The Skate Shop sells the skateboard products listed in Table 11-2. 

Table 13-2 Skateboard products 

Deck: 

The Master Thrasher $60 

The Dictator $45 

The Street King $50 

liik'k Assemblies 

7.75 inch axle $35 

8 inch axle $40 

8.5 inch axle $45 

Wheels 

51 mm $20 

SS mm $22 

58 mm $24 
61 mm $28 

In addition, the Skate Shop sells the following miscellaneous product! and services: 

Grip tape: $10 
Bearing* $30 
Kiser pads: $2 
Nuts & bolts kit: $) 

Crtttt an application that allows the user to select one deck, one truck assembly, and one 
wheel set from cither list components or combo boxes. The application should also have a 
list component that allows the user to select multiple miscellaneous products. The application 
should display the subtotal, the amount of sales tax (at 6 percent), and the total of the order. 

S. Shopping Cart System 

Create an application that works like a shopping cart system for a bookstore. In this chapter's 
source code folder (available on the hook's companion Web sue at www.pcarsonhighcrcd. 
com/gaddis), you will find a file named BnakPrices.txt. This file contains the names and 
prices of various books, formatted in the following fashion: 

I Did It Your Way, 11.95 
The 1 listory of Scotland, 14.50 
Learn Calculus in One Day, 29.95 
heel the Stress, 18.50 

Each line in the file contains the name of a book, followed by a comma, followed by the 
book's retail price. When your application begins execution, it should read the contents of 
the file and store the book titles in a list component. The user should be able to select a title 
from the list and add it to a shopping cart, which is simply another list component. The 
application should have buttons or menu items that allow the user to remove items from 
the shopping cart, clear the shopping cart of all selections, and check out. When the user 

http://www.pcarsonhighcrcd
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checks out, the application shoulj calculate and display the subtotal of all the hooks in the 
shopping cart, the sales tax (which is 6 percent of the subtotal), and the total. 

6. Cell Phone Packages 

Cell Solutions, a cell phone provider, sells the following packages: 

300 minutes per month: $45.00 per month 
800 minutes per month: $65.00 per month 
1500 minutes per month: $99.00 per month 

The provider sells the following phones (a 6 percent sales tax applies to the sale of a phone): 

Model 100:529.95 
Model 110: $49.95 
Model 200: $99.95 

Customers may also select the following option*.: 

Voice mail: $5.00 per month 
Text messaging: $10.00 per month 

Write an application that displa\s a menu system. The menu system should allow the user 
to select one package, one plume, and any of the options desired. As the user selects items 
from the menu, the application should show the prices of the items selected. 

7. Shade Designer 

A custom window shade designer charges a base fee of $50 per shade. In addition, charges 
arc added for certain styles, sizes, and colors as follows: 

Styles: 

Kegular shades: Add $0 

Folding shades: Add $10 
Koman shades: \dd S I S 

Si/cs: 

25 inches wide: Add $0 
27 inches wide: Add $2 
S2 inches wide: Add $4 
40 inches wide: Add $6 

Col ors: 

Natural: Add $5 
Blue: Add $0 
Teal: Add $0 
Ked: Add $0 
Cirecn: Add $0 

Create an application that allows the user to select the style, size, color, and number of 
shades from lists or combo boxes. The total charges should be displayed. 



Programming Challenges 909 

8. Conference Registration System 

Create an application that calculates the registration fees for a conference. The general con­
ference registration fee is $895 per person, and student registration is $495 per person. 
There is also an optional opening night dinner with a keynote speech for $30 per person. In 
addition, the optional prcconference workshops listed in Table I h i are available. 

Tabic 13-3 Optional preconference workshops 

Workshop 

Introduction to F-commerce 

The Future of the Web 

Advanced Java Programming 

Network Security 

Fee 

$295 

$295 

$395 

$395 

The application should allow the user to select the registration type, the optional opening 
night dinner and keynote speech, and as many preconference workshops as desired. The 
total cost should be displayed* 

9 . Dice Simulator 

Write a GUI application that simulates a pair of dice, similar to that shown in Figure 13*33. 
Fach time the button is clicked, the application should roll the due, using random numbers 
to determine the value of each die. (This chapter's source code folder contains images that 
you can use to display the dice.) 

Figure 13-33 Dice simulator 

L£J D<e Simulator 

10. Card Dealer 

This chapter's source code folder contains images for a complete deck of poker cards. Write 
a ( iUI application, similar to the one shown in Figure I3-.M, that randomly selects a card 
from the deck and displays it each time the user clicks the button. When a card has been 
selected, it is removed from the deck and cannot be selected again. Display a message when 
no more cards are left in the deck. 
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Figure 13-34 Card dealer 
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1 1 . Tic Tac Toe Simulator 

Create a GUI application that simulates a game of tic tac toe, figure 13-35 shows an exam­
ple of the applicationfs window. Ihc window shown in the figure uses nine large JLabol 
COfl)pOtl6ntl to display the Xs and Ot* 

t >nc approach in designing this application is to use a two-dimensional i n t array to simulate 
the game board in memorv. When the user clicks the Sew GflfNfl button, the application 
should step through the array, storing a random number in the range of 0 through I in each 
clement. The number 0 represents the letter () , and the number I represents the letter X. The 
JLabel components should then be updated to display the game board. "Hie application should 
dispLn a message indicating whether player X WOO, player Y Won, or the game was a lie. 

f igure 13 35 The Tic Tac Toe application 
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TOPICS 

14.1 Introduction to Applets 

14.2 A Brief Introduction to HTML 
14.3 Creating Applets with Swing 
14.4 Using AWT (or Portability 

14.5 Drawing Shapes 

14,6 Handling Mouse Events 
147 T l w r Objects 
14.8 Playing Audio 
14.9 Common Errors to Avoid 

Introduction to Applets 

CONCEPT: An applet is a Java program (hat is associated with a Web page and is 
executed in a Web browser as part of that Web page. 

Recall from Chapter 1 that there are two types of programs you can create with Java: appli­
cations and applets. An application is a stand-alone program that runs on your computer. 
So far in this book we have concentrated exclusively on writ ing applications. 

Applets are Java programs that are usually part of a Web site. If a user opens the Web site 
with a Java-enabled browser, the applet is executed tnsidc the browser window. It appears 
ro the user that the applet is part of the Web site.This is how it works: Applets are stored on 
I Web server along with the site's Web pages. When a user accesses a Web page on a server 
with his or her browser, any applets associated with the Web page are transmitted over the 
Internet from the server to the user's system. This is illustrated in Figure 14-1. Once the 
applets arc transmitted, the users system executes them. 

Applets are important because they can be used to extend the capabilities of a Web page. 
Web pages are normally written in Hypertext Markup Language (HTML). HTML is lim­
ited, however, because it merely describes the content and layout of a Web page, and creates 
links to other files and Web pages. H T M L does not have sophisticated abilities such as per­
forming math calculations and interacting with the user. A programmer can write a Java 
applet to perform these types of operations and associate it with a Web page. When some­
one visits the Web page, the applet is downloaded to the visitor's browser and executed. 

911 
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Figure 14-1 Applets are transmitted along with Web pages 

WebSorvor User wilh a Web broker 

Figure 14-2 shows an example of a Web page that has an applet. In the figure, the Web page 
is being viewed with Internet Explorer. This Web page briefly explains the Fahrenheit and 
Celsius Temperature scales. The area with the text boxes and the button at the bottom of the 
page is generated by an applet. To see I Fahrenheit temperature converted to Celsius, the 
user can enter the Fahrenheit temperature into the top text box and click the Convert but­
ton. The Celsius temperature will be displayed in the read-only text box. 

An applet does not have to be on a Web server in order to be executed. The Web page 
shown in Figure 14-2 is in the source code folder Chjpter \4\temf>(Umverter. Open the 
TempCtHwerter.html file in your Web browser to try it. Later in this chapter we will take 
a closer look at this Web page and its applet. 

Figure 14-2 A Web page with an applet 

This part of me Web 
page Is generated by 
an applet. 

^ h M , * » « . ^ > 0 f 

Fahrenhei t nncl Celsius Tc i t iporn i i i i vs 

C*Wl4*fmtT4^\*3A. 1**i h f r r****** * %*ff Wfirnl O *»t+i M i t e * * H I 

c 9* *- n 

• •< 
• - i i - -

. . . ' *«r- \m* • 



14.2 A Brief Introduction to HTML 913 

WA 

ui 

Most Web browsers have a special version of the JVM for running applets. For security 
purposes, this version of the JVM greatly restricts what an applet can Jo. I lcre is A summary 
of the restrictions placed on applets: 

• Applets cannot delete files, read the contents of files, or create files on the user's 
system. 
Applets cannot run any other program on the user's system. 
Applets cannot execute operating system procedures on the user's system. 
Applets cannot retrieve information about the user's system, or the user's identity. 

• Applets cannot make network connections with any system except the server from 
which the applet was transmitted. 

• If an applet displays a window, it will automatically have a message such as "Warning: 
Applet Window" displayed in it. This lets the user know that the window was not 
displayed by an application on his or her system. 

These restrictions might seem severe, but they are necessary to prevent malicious code from 
attacking or spying on unsuspecting users. If an applet attempts to violate one of these 
restrictions, an exception is thrown. 

Checkpo in t 

MjrProfr*ninim£ljrtT tru'U'.myprt^rjmminfiLihuum 

14.1 Mow is an applet that is associated with a Web page executed on a user'* system? 

14.2 Why do applets run in a restricted environment? 

A Brief Introduction to HTML 

CONCEPT: \ \ hen creating a Web page, you use Hypertext Markup I anguagc 
(HTML) to create a file that can be read and processed by a Web 
browser. 

Hypertext Markup Language (HTML) is the language that Web pages are written in. 
Although it is beyond the scope of this book to teach you everything about I I T M L , this 
section wi l l give you enough of the fundamentals so that you can write simple Web pages. 
You will need to know a little about 111 A l l tn order to run Java applets. If you are already 
familiar with I I T M L , this section is optional. 

Before we continue, let's look at the meanings of the terms hypertext and markup 
Lvtgtuge. 

Hypertext 
Web pages can contain regular text and hypertext, which arc both displayed in the browser 
window. In addition, hypertext can contain a link to another Web page, or perhaps another 
location in the same Web page. When the user clicks on the hypertext, it loads the Web page 
or the location that the hypertext is linked to. 
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Markup Language 
Although H T M L is called a language, it is not a programming language like Java. Instead, 
I I I ML is a markup language. It allows you to "mark up" a text file by inserting special 
instructions. These instructions tell the browser how to format the text and create any 
hypertext links. 

To make a VC'cb page, you create a text file that contains H T M L instructions, which arc 
known as tags* as well as the text that should be displayed on the Web page. The result­
ing file is known as an HTML document, and it is usually saved with the .html file 
name extension. When a Web browser reads the H T M L document, the tags instruct it 
how to format the text, where to place images, what to do when the user clicks on a l ink, 
and more. 

Most I I T M I . tags conic in pairs. The first is known as ilic opening rag and the second is 
known as the closing lag. The general format of a simple tag is as follows: 

<tag_namc'> 
Text 
< / f i !9 N M > 

In this general format, tag_name is the name of the tag. The opening tag is <tag_namc> 
and the closing tag is </tag_namc>. Both the opening and closing tags are enclosed in angle 
brackets l< >). Notice that in the closing tag, the tag name is preceded by a forward slash 
(/}. The Text that appears between the opening and closing tags is text thai is formatted or 
modified by the tags. 

Document Structure Tags 
Some of the H T M L tags arc used to establish the structure of an I I I M l document. The first 
of the structure tags that you should learn is the <htnl></htnl> tag. This tag marks the 
beginning and ending of an 11 I M l document. I vcrything that appears between these tags, 
including other tags, is the content of the VC'cb page. VI'hen you arc writing an I ITMI . docu-
ment, place an <html> tag at the very beginning, and an </ht«l> tag at the very end. 

The next tag is <head></head>. Everything that appears between <head> and </head> is 
considered part of the document head. The document head is a section of the I I T M I . file 
that contains information about the document. For example, key words that search 
engines use to identify a document are often placed in the document's head. The only 
thing that we wi l l use the document head for is to display a title in the Web browser's title 
bar. You do this with the < t i t l e > < / t i t l e > tag. Any text that you place between < t i t l e > 
and < / t i t l e > becomes the title of the page and is displayed in the browser's title bar. 
Code Listing 14-1 shows the contents of an H T M L document with the title " M y First 
Web Page". 

Notice that the < t i t l e > < / t i t l e > tag is inside of the <head></head> tag. The only output 
displayed by this Web page is the title. Figure 14-3 shows how this VC'cb page appears when 
opened in a browser. 



14.2 A Brief Introduction to HTML 9 IS 

Code Listing 14-1 (BasicWebPagel.htal) 

<html> 
<head> 

<title>My P i n t Web Page</titl«> 
</head> 
</html> 

Figure 14-3 Web page with a title only 
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After the document head comes the document body, which is enclosed in the <bodyx/body> 
tan. The document hody contains all of the tags and text that produce output, in the browser 
window, l.odc Listing 14-2 shows an I I T M L document with text plated in us body, r'igurc 
14-4 shows the document when opened in a browser. 

Code L i s t i ng 14-2 ( B a s i c W a b P a g e 2 . h t n l ) 

<html> 
<head> 

<tit le>Java Applications and Applets</t i t le> 
</head> 
<body> 

There are two types of programs you can crea te with Java: applicat ions 
and applets . An application i s a stand-alone program that runs on your 
computer. Applets are Java programs that are usually part of a Web s i t e 
They are stored on a Web server along with the s i t e ' s Web pages, when a 
remote user accesses a Web page with his or her browser, any applets 
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associated with the Web page are transmitted over the Internet fron the 
server to the remote u se r ' s system. 

</body> 
</html> 

Figure 14-4 Web page produced by Bask:WebPage2Mml 
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Text Formatt ing Tags 
The text displayed in the Web page in Figure 14-4 is unformatted, which means it appears 

as plain text. There arc many II I'M I. tags that you tan use to change the appearance of text. 
For example, there arc six different header tags that you can use to format text as a heading 
of some type. The <hl></hl> tag creates a level one header. A level one header appears in 
hol j l .kc .ii!J is IIIIKII largeI than rcgulai test. I lie • f.A- r.; • tag creates .1 level two lu.idu. 
A level CWO header also appears in boldface, but is smaller than a level one header. This pat­
tern continues with the <h3></h3>, <h4></h4>, <h5></h5>, and <h6></h6> tags. The higher a 
header tag's level number is, the smaller the text that it formats appears. For example, look 
at the following III Ml : 

<hl>Thia i s an hi Header</hl> 
<h2>Thia i s an h2 Header</h2> 
<h3>Thia i s an h3 Header</h3> 
<h4>Thia ia an h4 Header</h4> 
<h5>Thia i s an h5 Header</h5> 
<h6>Thia ia an h6 Header</h6> 
Thia i a r e g u l a r unformat ted t e x t . 

When this appears in the body of an III Ml document, it produces the Web page shown in 
Figure 14-5. 

You can use the <center></center> tag to center a line of text in the browser window. To 
demonstrate, we will add the following line to the document that was previously shown in 
OKJC listing 14-2: 

<center><hl>Java</hl></center> 
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Figure 14-S Header levels 
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This will cause rlic word "Java" to appear centered and as a level one header. Ilic modified docu* 
ment is shown in Code Listing 14-1, and the Vtcb pajic u produces is shown in h^urc 14-6, 

Code Listing 14-3 (Boa i cWebPagc3 .h tm l ) 

<html> 
<haad> 

< t i t l e > J a v a Appl ica t ions and AppLeta</ t i t l«> 
</head> 

<body> 
<center> 

«hl>Java</hl> 
</center> 
There a re two types of programs you can c r e a t e with 
and a p p l e t s . An a p p l i c a t i o n i s a s t and -a lone program 
on your computer. Applets a re Java programs t ha t are 
p a r t of a Web s i t e . They a re s t o r e d on a Web se rve r 
the s i t e ' s Web pages, when a remote user accesses a 
with h i s or her browser, any a p p l e t s a s soc ia t ed with 

Java: 
t ha t 
usua 

along 

a p p l i c a t i o n s 
runs 

Uy 
with 

Web page 
the l 

page a re t r ansmi t t ed over the I n t e r n e t from the se rve r t o 
remote u s e r ' s system. 

</body> 
</html> 

Mb 
the 
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Figure 14-6 Web page produced by BasicWebPage3.html 
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Notice that in the H T M L document, the word "Java" is enclosed in two sets of caps: the 
<cantar> tags and the <hl> tags. It doesn't matter which set of tags is used first. If we had 
written the line as follows, wc would have gotten the same result: 

<h ixcenter > J«v«< /centerx /h I > 

You can display text in boldface by using the < b x / b > tag, and in italics by using the 

< i x / i > tag. l;or example, the following wi l l cause the text "Hel lo World" to be displayed 
in boldface: 

<b>Hcllo World</b> 

The following wi l l cause " I lello Wor ld" to be displayed in italics: 

<I>H«llo World</l> 

Ihc following wi l l display " I lello World" in boldface and italics: 

<bx i>Hel lo Wor ld</ ix /b> 

Creat ing Breaks in Text 
Wc will look at three I I T M I . tags that arc used to create breaks in a document's text. These 
three tags arc unique from the ones wc previously studied because they do not occur in 
pairs. When you use one of these tags, you only insert an opening tag. 

The <br /> tag causes a line break to appear at the point in the text where it is inserted. It 
is often necessary to insert <br /> tags in an I ITMI document because the browser usually 
ignores the newline characters [hat are created when you press the Hntcr key. For example, if 
the following line appears in the body of an I ITMI document, it will cause the output shown 
in Figure 14-7. 

First line<br />Second line<br />Third line 
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Figure 14-7 Line breaks in an HTML document 
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The <p /> tag causes a paragraph break to appear at the point in the text where it is inserted, 
A paragraph break typically inserts more space into the text than a line break. Tor example, 
if the following line appears in the body of an H T M I document, it will cause the output 
shown in Figure 14-8. 

F i r s t paragraph<p />S#cond paragraph<p />Third paragraph 

Figure 14-8 Paragraph breaks in an HTML document 
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The<hr /> tag causes a horizontal rule to appear at the point in the text where it is inserted. 
A horizontal rule is a thin, horizontal line that is drawn across the Web page. For example, 
if the following text appears in the body of an H T M L document, it wi l l cause the output 
shown in Figure 14-9. 

This i s the first l ine of t ex t . 
<hr /> 
This i s the second line of t ex t . 
<hr /> 

This i s the third line of text* 
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Figure 14-9 Horizontal rules in a Web page 
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The HTML document shown in Code listing 14-4 demonstrates each of the taps we have 
discussed. The Web page it produces is shown tn Figure 14-10. 

Code Listing 14-4 <Ba i i cW«bPag«4 .h ta l ) 

<html> 
<head> 

<title>Java Applications and Applets</title> 
</head> 
<body> 

<etattx> 
<hl>Java</hl> 

</center> 
There are two typee of program* you can create with Java: applications 
and applets. 
<p /> 
<b>Applicat ions</b> 
<br /> 
An <i>application</i> i s a stand-alone program that runs on 
your computer. 
<p /> 
<b>Applets</b> 
<br /> 
<i>Applets</i> are Java programs that are usually part of a 
Web s i t e . They are stored on a Web server along with the s i t e ' s 
Web pages. When a remote user accesses a Web page with his or 
her browser, any applets associated with the Web page are 
transmitted over the Internet from the server to the remote 
user's system. 
<hr /> 

</body> 
</htmi> 
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Figure 14-10 Web page produced by BasicWebPoge4.html 
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Inserting Links 
At previously mentioned, a link i\ sonic clement in .i Web page ih.n tan he clicked on hy the 
user. When the user clicks the link, another Web pane is displayed, or some sort of action is 
initiated. We now look at how to insert a simple link that causes another Web page to be 
displayed. The tag that is used to insert a link has the following general format: 

The Text that appears between the opening and closing tags is the text that wi l l be displayed 
in the Web page. When the user clicks on this text, the Web page that is located at Address 
wil l be displayed in the browser. This address is often referred to as a uniform resource 
locator {URL). Notice that the address is enclosed in quotation marks. I lerc is an example: 

<a h re f - "h t tp : / /www.pca r sonh ighe red . com/gadd i s / ">Cl i ck here t o go t o 
the t e x t b o o k ' s web • i t e . < / « > 

The I I I M l . document shown in Code I isting 14-5 uses this l ink, and l-'igurc 14-11 shows 
how the page appears in the browser. 

Code List ing 14 5 (LinkDemo. h t m l ) 

<html> 
<head> 

<title>Link Demonstration</title> 
</h«ad> 
<body> 

This demonstrates a l ink . 
<br /> 
<a href ""http://www.aw.com/gaddis-^lick here to go to 
the textbook's web s i te .</a> 

</body> 
</htral> 

http://www.pcarsonhighered.com/gaddis/%22%3EClick
http://www.aw.com/gaddis-%5Elick


922 Chapter 14 Applets and More 

The text that is displayed by a link is usually highlighted in some way to let the user know 
that it is not ordinary text. In Figure 14-1 l f the link text is underlined. When the user clicks 
on this text, the browser displays the Web page at www.av.c0n/9Addis 

Figure 14-11 Web page produced by LinkDemo.html 

^s\*s I** ^ * 

w EC * 

O A l W M #» it r i*«i l t»* * m+* i0r 

< * 
Checkpoint 

MyProjfr*mmiiijlib"* u'wu'.myfirogrjmminghb.com 

14.1 What t.tn marks the beginning and end of an 111 Ml document? 

14.4 What tag marks the beginning and end of an I I T M I document's head section? 

14.5 What statement would you use in an I I I M l document to display the text "My 
Web Page" in the browser* title bar? What section of the I I T M I . document would 
this statement he written in? 

14.6 What tag marks the beginning and end of an I I I M l . document's body section? 

14.7 What statement would you write in an H T M I document to display the text 
"Student Hosier" as a level one header? 

14.8 What statement would you write in an H T M L document to display the text "My 
Resume" in bold and centered on the page? 

14.9 What statement would you write in an H T M L document to display the text "Hello 
Wor ld" in bold and italic? 

14.10 What tag causes a line break? What tag causes a paragraph break? What tag 

displays a horizontal rule? 

14.11 Suppose you wanted to display the text "Click Here" as a link to the Web site 
http: / / java.sun.com. What statement would you write to create the text? 

14.3 Creating Applets with Swing 

CONCEPT: You extend a class from JAppWt to create an applet, just as you extend a 
class from JFraa* to create a GUI application. 

By now you know almost everything necessary to create an applet. That is because applets 
arc very similar to GUI applications. You can think of an applet as a GUI application that 
runs under the control of a Web browser. Instead of displaying its own window, an applet 

http://www.av.c0n/9Addis
http://java.sun.com
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appears in the browser's window. I he ditlcrcnccs between GUI application code and applet 
code arc summarized here: 

• A GUI application class inherits from JFraa*. An applet class inherits from JApplet. 
The JApplet class is part of the javax.swing package. 

• A GUI application class has a constructor that creates other components and sets up 
the GUI . An applet class does not normally have a constructor. Instead, it has a method 
named i n i t that performs the same operations as a constructor. The i n i t method 
accepts no arguments and has a void return type. 

• The following methods, which are commonly called in a GUI application's construc­
tor, arc not called in an applet: 

aetTitle 
aetSize 
aetDefaultcloseOperation 
pack 

setVisible 

The methods listed here arc used in a GUI application to affect the application's window in 
some way. They arc not usually applicable to an applet because the applet docs not have a 
window of its own. 

• I here is no static main method needed to create an instance of the applet class. The 
browser creates an instance of the class automatically. 

let's look at a simple applet, Godc Listing 14*6 shows an applet that displays a label. 

Code Listing M r . ( S i m p l e A p p l a t . Java) 

1 
a 
J 

•i 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

import javax.awing. • ; 
import j ava . awt .* j 

/ • • 

Thi i i i a aimpie a p p l e t . 

* / 

publ ic c l a s s SimpleApplet extends JApplet 

< 

The i n i t method s e t s up the a p p l e t , much 
l i k e a c o n s t r u c t o r . 

» / 

publ ic void i n i t ( ) 

< 

/ / Create a l a b e l . 
JLabel l abe l -

new JLabel("This i s my very f i r s t a p p l e t . " ) ; 
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; / / Set the layout manager. 
setLayout(new FLowLayout()); 

24 / / Add the label to the content pane. 
15 add(label) ; 
16 > 

!' > 

This code is very much like a regular GUI application. Although this class extends JApplet 
instead of jFrame, you still add components to the content pane and use layout managers in 
the same way. 

Running an Applet 
The process of running an applet is different from that of running an application. To run an 
applet, you create .in I I I Ml document with an applet tag, which has the following general 
format: 

<applet code'"Filename.data" width-Vide height-Highx/applet> 

In the general format, Filenmmm.claBa is the name of the applet's xhss file. This is the hie 
that contains the compiled byte code. Note that you do not specify the ./Jtw file, which con­
tains the |av.i source code. You can optionally specify ,i path along with the file name. If 
you specify only the file name, it is assumed that the file is in the same directory .is the 
11 I'M I. document. Wide is the width of the applet in pixels, and High is the height of the 
applet in pixels. When a browser processes an applet tag, it loads specified byte code and 
executes it in an area that is the size specified by the wide and High values. 

The H T M L document shown in Code Listing 14-7 uses an applet tag to load the applet 
shown in (.'ode Listing 14-6.This document specifics that the applet should be displayed in 
an area that is 200 pixels wide by 50 pixels high. Figure 14-12 shows this document when 
it is displayed in a Web browser. 

Code Listing 14 7 ( S i m p l e A p p l a t . h t a l ) 

<html> 
<head> 

<title>A Simple Applet</t i t le> 
</head> 
<body> 

<appl«t code-'SimpleApplet.class" width-"200" h«ight-"50 
</applet> 

</body> 
</html> 
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Figure 14-12 The Web page produced by Simple Applet Mml 

& A %»*» A f«*«. * M M H 
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-
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<? NOTE: When you load a Web page thai uses an applet into your browser, you will most 
likely get a security warning, Hor example, Figure 14-1 1 shows the warning you get from 
Internet F.xplorer. To run the applet, click the warning message and then select Al low 
Blocked Con ten t . . . from the pop-up menu that appears. 

Figure 14-13 Security warning in Internet Explorer 

• n r * 
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Running an Applet w i t h app le tv iewer 

The Sun JDK comes with an applet viewer program that loads and executes an applet with­
out the need for a Web browser This program can be run from a command prompt with the 
appletviewer command. When you run the program, you specify the name of an I I T M I . 
document as a command line argument. For example, the fol lowing command passes 
SimplcApplct.html as the command line argument: 

appletviever SimpleApplet.html 

This command executes any applet that is referenced by an applet tag in the file 
Simple Applet .html/Xhc window shown tn Figure 14-14 wi l l be displayed-
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Figure 14-14 Applet executed by app le tv iewer 

NOTE; "I lie applet viewer docs not display any output generated by text or tags in the 
HTML document. It only executes applets. If the applet viewer opens an HTML docu­
ment with more than one applet tag, it will execute each applet in a separate window. 

Handling Events In an Applet 
In an applet, events arc handled with event listeners exactly as they arc in (JUI applications. To 
demonstrate, we will examine the TempConverter class, which is shown in Code Listing 14-8, 
This class is the applet displayed in the Web page we examined at the beginning of this chapter, 
It has a text field where the user can enter a Fahrenheit temperature and a Convert button that 
converts the temperature to Celsius and displays it in a read-only text field.The temperature 
conversion is performed in an action listener class that handles the button's action events. 

Code Listing 14-8 ( T e m p C o n v e r t e r . j e v a ) 

import javax.awing.•; 
import java.awt.»; 
import Java.awt.event.•; 
import Java.text.DecimalFormat; 

/ 

The TempConverter c l a s s i s an applet tha t converts 
Fahrenheit temperatures to Celsius. 

' / 

public c lass TempConverter extends JApplet 

{ 
private JPanel fPanel; 
pr ivate JPanel cPanel; 
pr ivate JPanel buttonPanel; 
pr ivate JTextField fahrenheit; 
pr ivate JTextField Celsius; 

/ / To hold a text f ie ld 
/ / To hold a text f ie ld 
/ / To hold a button 
/ / Fahrenheit temperature 
/ / Celsius temperature 

/ • • 

i n i t method 
• / 

public void i n i t f ) 

< 

/ / Build the panels. 
buildFp«nel(); 
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bui ldCpanelf J ; 

bu i l dBu t tonPane l f J ; 

/ / Create a layout manager. 
aetLayout(new GridLayout(3, 1)) ; 

/ / Add the panels to the content pane, 
addffPanel); 
add(cFanel); 
add(buttonPanel); 

/ • • 

The buildFpanel method creates a panel with a text 
f ield in which the user can enter a Fahrenheit 
temperature. 

* / 

private void buildFpanel)) 

{ 
/ / Create the panel. 
(Panel - new JPanel() ; 

/ / Create a l a b e l t o d i sp lay a message. 

JLabel message 1 -

new JLabel("Fahrenheit Temperature; " ) ; 

/ / Create a text f ie ld for the Fahrenheit temp, 
fahrenheit • new JTextField(10); 

/ / Create a layout manager for the panel. 
fPanel.setLayoutlnew rlowLayout(FlovLayout-RIGHT)); 

/ / Add the label and text f ie ld to the panel, 
fPanel.add(messageI); 
fPanel.add(fahrenheit); 

/ * * 

The buildCpanel method crea tes a panel that 
displays the Celsius temperature in a 
read-only text f ie ld . 

* / 

private void buildCpanelf) 
< 

/ / Create the panel. 
cPanel • new JFanelf) ; 
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n 
77 

78 

79 

80 
81 

82 

HI 

84 

65 

HI, 

87 

/ / Create a label to display a Message. 
JLabel message2 -

new JLabel("Celsius Teaperature: " | ; 

/ / Create a text f ield (or the Celsius teop. 
Celsius • new JTextField(10); 

/ / Hake the text f ield read-only, 
ce l s ius . se tEd i t ab le ( fa l se ) ; 

/ / Create a layout manager for the panel. 
cPanel.setLayout(new FlowLayout(FlowLayout.RIGHT)); 

B9 

90 

91 

92 

93 

94 

93 

96 

97 

98 

<,<, 

100 

101 

102 

103 

104 

10S 

106 

107 

108 

109 

110 

H I 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 

/ / Add the label and text f ie ld t o the panel. 
cPanel.add(message2); 
cPanel .add(celsius) ; 

/ • • 

The buildButtonPanel method crea tes a panel with 
a button tha t converts the Fahrenheit teaperature 
to Celsius. 

7 

private void buildButtonPanel)) 

< 

/ / Create the panel. 
buttonPanel - new JPanel() ; 

/ / Create a button with the text "Convert-. 
JButton convButton • new JButton<"Convert"); 

/ / Add an action l i s t ener to the button. 
convButton.addAct ionListener(new ButtonListener()) ; 

/ / Add the button to the panel. 
buttonPanel.add(convButton); 

/ • • 

Private inner c l a s s tha t handles the action event 
tha t is generated when the user c l icks the convert 
button. 

pr ivate c lass ButtonListener implements ActionListener 
< 

public void actionPerformed(ActionEvent e) 
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124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 ) 

double ftemp, ctemp; / / To hold the temperatures 

/ / Create a DecimalFormat object to format numbers. 
DecimalFormat formatter • new DecimalForaat("0.0"); 

/ / Get the Fahrenheit temperature and convert i t 
/ / to a double. 
ftemp - Double.parseDouble(fahrenheit.getTexti)); 

/ / Calculate the Celsius temperature, 
ctemp - (5.0 / 9.0) • (ftemp - 32); 

/ / Display the Celsius temperature. 
celsiu*.setText(formatter.format(ctemp)); 

Code l is t ing 14-9 shows the contents of TempConverter.html, .in I I I M l document that 
uses this applet. Figure 14-1.5 slums the Vt'cb page produced by this document. In the figure, 
the user has cntcrcJ a Fahrenheit temperature and converted it to Celsius. 

Code Listing 14-9 (TempConver te r . h t « l ) 

<html> 
<head> 

<title>Fahrenheit and Celsius Temperatures</title> 
</head> 
<body> 

<center> 
<hl>Fahrenheit and Celsius Temperaturea</hl> 

</center> 
Fahrenheit and Celsius are two temperature scales in use today. 
The <b>Pahrenheit</b> scale was developed by the German physicis t 
Daniel Gabriel Fahrenheit (1686 - 1736). In the Fahrenheit sca le , 
water freezes a t 32 degrees and bo i l s a t 212 degrees. The 
<b>Celsius</b> scale was developed by Swedish astronomer Andres Celsius 
(1701 - 1744). In the Celsius sca le , water freezes a t 0 degrees and 
boi ls a t 100 degrees. The Celsius to Fahrenheit conversion formula 
i s : 
<p /> 

<i>C</i> - (5/9) * (<i>F</i> - 32) 
<p /> 
where <i>F</i> i s the Fahrenheit temperature. You can also use 
th i s Web page to convert Fahrenheit temperatures to Celsius. 
Just enter a Fahrenheit temperature in the text box below, then 
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c l ick on the Convert button. 
<p /> 
<applet code-"TempConverter.class' 
</«ppl«t> 
<hr /> 

</body> 
</html> 

vidth--300" height--150-> 

Figure 14*15 Web page produced by TempConverter.html 
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14.12 Instead of JFramc, an applet class is extended from what class? 

14.13 Instead of a constructor, an applet class uses what method? 

14.14 Why is there no need for a static u i n method to create an instance of an applet 
class? 

14.15 Suppose the file MyApplet.java contains the Java source code for an applet. What 
tag would you write in an H T M L document to run the applet in an area that is 
400 pixels wide by 200 pixels high? 

http://ivww.myprogr.immingljb.com
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14.4 using AWT for Portability 

-1 C O N C E P T : Applets ih. i l use Swing component* may be incompatible w i t h some 

browsers. II you want to make sure that an applet is compatible wi th .ill 
Java-enabled browsers, use A W T components instead of Swing, 

Java provides two libraries o f classes that CiUI components may be created f rom. Recall 

f rom Chapter 12 that these libraries are AVCT and Swing, A W T is the or iginal l ibrary thai 

has been part of Java since its earliest version. Swing is an improved library that was intro­

duced wi th Java 2. Al l o f the CiUI applications in Chapters 12 and I 1, as well as the applets 

we have studied so far in this chapter, use Swing classes for their components. 

Some browsers, do not directly support the Swing classes in applets. These browsers require 

a plug-mi which is software that extends or enhances another program, in order to run 

applets that use Swing components. Fortunately, this plug-in is automatically installed on a 

computer when rhc Sun JDK is installed. If you have installed the JDK, you should be able 

to wr i te applets that use Swing and run them w i t h no problems. 

If you are wr i t ing an applet for other people to run on their computers, however, there is no 

guarantee that they wi l l have the required plug- in. If this is the case, you should use the 

A W T classes instead of the Swing classes for the components in your applet, Fortunately, 

the AVCT component classes are very similar to the Swing classes, so learning to use them is 

simple if you already know how to use Swing, 

There is a corresponding AVCT class for each of the Swing cUwes that you have learned so 

far. Ihc names of the AVCT classes arc the same as those of the Swing classes, except the 

A W T class names do not start w i th the letter J . For example, the AWT class to create a 

frame is named Frame, and the AVCT class to create a panel is named Panel. Table 14-1 lists 

several o f the AWT classes. Al l ot these classes are in the java.awt package. 

Tabic 14-1 Several AWT classes 

A W T Class 

Applet 

••'] ,IIT I' 

Panel 

Button 

Label 

TextField 

Checkbox 

Description 

Used as a superclass for all applets. Unlike JApplet objects, 

Applet objects do not have a content pane. 

Creates a frame container that may be displayed as a w in ­

dow. Unl ike JFrao* objects, Fraae objects do not have a 

content pane. 

Creates a panel container. 

Creates a button that may be cl icked. 

Creates a label that displays t e x t 

Creates a single line text f ie ld, wh ich the user may type into. 

Creates a check box that may be selected o r deselected. 

Corresponding 

Swing Class 

JApplet 

JFrame 

JPanel 

JButton 

JLabel 

JTex tF ie ld 

JChcckBox 

http://ih.il
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The Swing classes were intentionally designed with constructors and methods that arc simi­
lar to those of their AWT counterparts. In addition, events are handled in the same way for 
each set of classes. This makes it easy for you to use cither set of classes without learning a 
completely different syntax for each. For example, OHIC lasting 14-10 slums a version of 
the TempConverter applet that has been rewritten to use AWT components instead of Swing 
components. 

Code Listing 14 10 (AWTTempConverter . J a v a ) 

1 import Java,applet.Applet; 
2 import java.awt,*; 
3 import Java.awt.event.*; 
I import Java.text.DecimalPormat; 
5 
6 / • • 

The AWTTempConverter c l a s s i s an applet tha t converts 
8 Fahrenheit temperatures to Celsius. 

public c lass AWTTempConverter extends Applet 

{ 
private Panel fPanel; 
pr ivate Panel cPanel; 
pr ivate Panel buttonPanel; 
pr ivate TextPield fahrenheit; 
pr ivate TextPield Celsius; 

/ / To hold a text f ield 
/ / To hold a text f ield 
/ / T o hold a button 
/ / Fahrenheit temperature 
/ / Celsius temperature 

/ • • 

i n i t method 
• / 

public void i n i t ( ) 

< 

II Build the panels. 
buildFpanel(); 
buildCpanel(); 
buildButtonPanel(); 

/ / Create a layout manager. 
setLayout(new GridLayour:(i, 1)) ; 

/ / Add the panels to the applet . 
add(CPanel); 
add(cPanel); 
add(buttonPanel); 
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/ * * 

The buildFpanel method creates a panel with a text 
f ield in which the user can enter a Fahrenheit 
temperature. 

* / 

private void buildFpanel)) 

/ / Create the panel, 
fPanel - new Fanel() ; 

/ / Create a label to display a Message. 
Label messagel -

new Label<"Fahrenheit Temperature: * ) | 

/ / Create a text f ield tor the Fahrenheit temp, 
fahrenheit - new TextFieldf10); 

/ / Create a layout manager for the panel. 
fPansl.*etLayout(new FlowLayout(FlowLayout,RIGHT)); 

/ / Add the label and text f ie ld to the panel. 
fPanel.add(messagel); 
fPanel.add(fahrenheit)) 

/ * * 

The buildCpanel method creates a panel that 
displays the Celsius temperature in a 
read-only text f i e ld . 

* / 

private void buildCpanel() 

< 

/ / Create the panel. 
cPanel • new Panel) ); 

II Create a label t o display a message 
Label message2 -

new Label("Celsius Temperature! " ) ; 

80 / / Create a text f ie ld for the Celsius 
ec ls ius - new TextFieldf10); 

/ / Hake the text f ield read-only 
Celsius.sctEditablet fa l se ) ; 

/ / Create a layout manager for the panel. 
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87 cPanel.setLayout(new FlowLayout(FlowLayout.BIGHTJ J; 
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/ / Add the label and text f ield t o the panel. 
cPanel.add(message2); 
cPanel.add(Celsius); 

The buildButtonPanel method crea tes a panel with 
a button tha t converts the Fahrenheit teoperature 
to Celsius. 

pr ivate void buildButtonPanel!) 
< 

/ / Create the panel. 
buttonPanel - new PanelO; 

/ / Create a button with the text "Convert*. 
Button convButton • new Button('Convert"); 

/ / Add an action l i s t ener to the button. 
convButton.addActionListener(new ButtonListener(] | ; 

/ / Add the button to the panel. 
buttonPanel.add(convButton); 

/ • • 

Private inner c l a s s tha t handles the action event 
that i s generated when the user c l icks the convert 
button. 

• / 

private c lass ButtonListener implements ActionListener 

{ 
public void actionPerformed(ActionEvent e) 

i 
double ftemp, ctemp; / / T o hold the temperatures 

/ / Create a DecimalFormat object t o format nurabera. 
DecimalPormat formatter - new DecimalFormatf"0.0"); 

/ / Get the Fahrenheit temperature and convert i t 
/ / to a double. 
ftemp - Double.paraeDouble(fahrenheit.getTextf)); 
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135 
136 
137 
138 
139 
140 
141 } 
142 } 

/ / Calculate the Celsius temperature. 
ctemp - (5.0 / 9.0) * ( i teap - 32); 

/ / Display the Celsius temperature. 
Celsius.setText) formatter. format (ctctip)); 

) 

The only modifications that were made were as follows: 

• The JApplet, JPanel, JLabel, JTextField, and JButton classes were replaced with the 
Applet, Panel, Label, TextFleld, and Button classes. 

• The import javax.swing.*; statement was removed. 

To run the applet in a browser, the APPLET tag in the \emfyC.tmvcrter.html file must be 
modified to read as follows: 

<applet code-"AWTTempConverter.class" width-300 height-150> 
</applet> 

Once this change is made, the TemfiCutwcrtcr.htmi file produces the Web page shown in 

Figure 14-16. 

Figure 14-16 Web page running the AWTTempConverter applet 
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14.16 To create an applet using AWT, what class do you inherit your applet class from? 

14.17 In Swing, if an object's class extends JFraac or JApplet, you add components to its 
content pane. How do you add components to an object if its class extends Frame 
or Applet? 

file:///emfyC.tmvcrter.html
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14.5 Drawing Shapes 

- CONCEPT: Component* have an associated Graphic* object that may be used to 
draw lines and shapes. 

In addition to displaying standard components such as buttons and labels, Java allows you 
to draw lines and graphical shapes such as rectangles, ovals, and arcs. These lines and shapes 
are drawn directly on components. This allows a frame or a panel to become a canvas for 
your drawings. Before we examine how to draw graphics on a component, however, we 
must discuss the XV coordinate system. You use the XV coordinate system to specify the 
location of your graphics. 

The XY Coordinate System 
The location of each pixel in a component is identified with an X coordinate and a V coor­
dinate. The coordinates arc usually written in the form (X, VI. The X coordinate identities a 
pixel's lion/i>iu.i IK .ition, and the V coordinate idem:lies us wr tu. i l lot.ition. I he <, oordi 
nates of the pixel in the upper-left corner of a component arc usually (0, 0). The X coordi­
nates increase from left to right, and the V coordinates increase from top to bottom, I'or 
example, Figure 14-17 illustrates a component such as a frame or a panel that is .100 pixels 
wide by 200 pixels high. The X and Vcoordinates of the pixels in each corner, as well as the 
pixel In the center of the component arc shown. The pixel in the center of the component 
has an X coordinate of 149 and a V component of 99. 

Figure 14-17 X and K coordinates on a 300 pixel wide by 200 pixel high component 
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\ 

When you draw a line or shape on a component, you must indicate its position using X and 

V coordinate*! 

Graphics Objects 
Each component has an internal object that inherits from the Graphics class, which is part 
of the java.awt package. This object has numerous methods for drawing graphical shapes 
on the surface of the component. Table 14-2 lists some of these methods. 

http://wrtu.il
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Table 14-2 Some of Ihe Graphics class methods 

Method Description 

void setColor(Color c) 

Color getColorf) 
void drawLine(int xl, int yl, 

int x2, int y2) 

void drawRect(int x, int y, 
int width, int height) 

void f i l lRect( int x, int y, 
int width, int height) 

void drawOval(int x, int y, 

int width, int height) 

void f i l lOval(int x, int y, 
int width, in t height) 

void drawArcfint x, in t y, 
int width, in t height, 
int atartAngle, 
int arcAngle) 

void f i l lArc( int x, in t y, 
int width, int height, 
int atartAngle, 
int arcAngle) 

Sets the drawing color for this object to that specified 
by the argument. 

Returns the current drawing color for this object. 

Draws a line on the component starting at the coordi­
nate ( x l , / ! ) and ending at the coordinate \x2ty2). 
The line wi l l be drawn in the current drawing color. 

Draw*, the outline of a rectangle on the component. 
The upper-left corner of the rectangle wi l l be at the 
coordinate (x, / I . The width parameter specifics the 
rectangle's width in pixels, and height specifics the 
rectangle's height in pixels. The rectangle wi l l be 
drawn in the current drawing color. 

Draws a filled rectangle. The parameters .ire the same 
as those used by the drawRect method. The rectangle 
will be tilled with the current drawing color. 

Draws the outline of an oval on the component. The 
shape and si/c of the oval is determined by an invisi­
ble rectangle that encloses it. The upper-left corner of 
the rectangle will be at the coordinate (x, / ) . The 
width parameter specifics the rectangle's width in pix­
els, and he igh t specifics the rectangle's height in pix­
els. The oval will be drawn in the current drawing 
color. 

Draws a filled oval. The parameters arc the same as 
chose used by the drawOval method. The oval wi l l be 
filled in the current drawing color. 

T i m method draws an arc, which is considered to be 
part of an oval. Hie shape and si/e of the oval arc 
determined by an invisible rectangle that encloses it. 
The upper-left corner of the rectangle wi l l be at the 
coordinate (x , / ) .The w id th parameter specifics the 
rectangle's width in pixels, and he igh t specifics the 
rectangle's height in pixels. The arc begins at the angle 
a t a r t A n g l e , and ends at the angle arcAngle. The arc 
wi l l be drawn in the current drawing color. 

This method draws a filled arc. Ihe parameters are 
the same as those used by the dravArc method. The 
arc wi l l be filled with the current drawing color. 

lUble continues next pjfie) 
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Table 14-2 Some of the Graphics class methods (continued) 

Method Description 

void drawPoiygon{int() xPoints, 

i n t | | yPointa, 

in t numPoints) 

void f i i lPo iygon<in t | I xPoints, 

i n t | | yPoints, 

i n t numPoints) 

void drawatr ing(Str ing atr , 

in t x, in t y) 

void »*tPont(Pont f) 

This method draws the outline of a closed polygon on 
the component. The xPointa array contains the 
X-coordinates for each vertex, and the yPotnta array 
contains the V coordinates for each vertex. The argu­
ment passed into numPointa is the number of vertices 
in the polygon. 

This method draws a filled polygon. The parameters 
are the same as those used by the drawPolygon 
method. The polygon wi l l be filled with the current 
drawing color. 

Draws the string passed into atr using the current 
font. The bottom left of the string is drawn at the 
coordinates passed into x and y. 

Sets the current font, which is used by the drawstring 

method. 

In order to call any of these methods, you must get a reference to a component's Graphica 
object. One way to do this ts to override the paint method. You can override the paint 
method in any class that extends as follows: 

• JAppUt 
• JPram 
• Any AWT class, including Applet and Praaa 

The paint method is responsible for displaying, or "painting," a component on the screen. 
This method is automatically called when the component is first displayed and is tailed 
again any time the component needs to be redisplayed. For example, when the component 
is completely or partially obscured by another window, and the obscuring window is moved, 
then the component's paint method is called to redisplay it. The header for the paint 
method is: 

publ ic void paint(Graphics g) 

Notice that the method's argument is a Graphica object. When this method is called for a 
particular component, the Graphica object that belongs to that component is automatically 
passed as an argument. By overriding the paint method, you can use the Graphica object 
argument to draw your own graphics on the component. For example, look at the applet 
class in Code Listing 14 - I I . 

This class inherits from JApplet, and it overrides the paint method. The Graphica object 
that is passed into the paint method's g parameter is the object that is responsible for draw­
ing the entire applet window. Notice that in line 29 the method first calls the superclass 
version of the paint method, passing the object g as an argument. When overriding the 
paint method, you should always call the superclass's paint method before doing anything 
else. This ensures that the component wi l l be displayed properly on the screen. 
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import javax.swing.*; 

import Java.awt.*; 

/ * * 

Thif c l a n i s an applet that demonstrates how l ines 
can be drawn. 

* / 

public c lass LineDemo extends JApplet 

< 
/ * * 

i n i t method 
* / 

public void i n i t ( ) 

II Set the background color to white. 
getContentPane().setBackground(Color.white); 

) 

/ . . 

paint method 
fparam g The app le t ' s Graphics object . 

* / 

public void paint(Graphics g) 

< 

/ / Call the superclass paint method. 
super .pa in t (g) ; 

/ / Draw a red l ine Iron (20, 20) to (280, 280). 
g.setColor(Color.red); 
g.drawLine(20, 20, 280, 280); 

/ / Draw a blue l ine from (280, 20) to (20, 280) 
g.setColor(Color.blue); 
g.drawLine(280, 20, 20, 280); 

} 
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In line 32 the method sets the drawing color to red. In line 33 a line is drawn from the coor­
dinates (20, 20) to (280, 280). This is a diagonal line drawn from the top-left area of the 
applet window to the bottom-right area. Next, in line 36, the drawing color is set to blue. In 
line 37 a line is drawn from (280, 20) to (20, 280), This is also a diagonal line. It is drawn 
from the top-right area of the applet window to the bottom-left area. 

Vie can use the l.incDcmo.html file, which is in the same folder as the applet class, to 
execute the applet. The following line in the file runs the applet in an area that is 
300 pixels wide by 300 pixels high: 

<applet codc-'LincDcmo.claas* vidth-300 height»300> 
</appiet> 

hgure PI-IS slums the applet running in the applet viewer. 

Figure 14-18 LineDemo applet 

: K I T 

Notice that the paint method is not explicitly called by the applet. It is automatically called 
when the applet first executes. As previously mentioned, it is also called any time the applet 
window needs to be redisplayed. 

Code Listing 14-12 shows the RectangleDe»o class, an applet that draws two rectangles: 
one as a black outline and one filled with red. Each rectangle is 120 pixels wide and 120 
pixels high. The file KecLvtgieOemoMmU which is in the same folder as the applet class, 
executes the applet with the following tag: 

<applet code-"RectangleDemo*claflS* vidth-300 height-300> 
</appl«t> 
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Figure 14-19 shows the applet running in the applet viewer 

Code Listing 14 12 (RectanglaDemo. Java) 

1 import javax,swing.*; 
import java.awt.*; 

3 
4 / * * 

This class is an applet that demonstrates how 
rectangles can be drawn. 

7 * / 

publ ic c l a s s RectangleDemo extends JApplet 
10 < 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 } 

/ * * 

i n i t method 
* / 

publ ic void l n l t ( ) 

< 

II Set the background co lor t o wh i t e . 
ge tContentPane() . se tBackground(Color .whi te) \ 

) 

/ * « 

pa in t method 
tparam g The a p p l o t ' i Graphics o b j e c t . 

* / 

publ ic void pa in t (Graph ic ! g) 

( 

/ / Cal l the superc lass pa in t method. 
s u p e r . p a i n t ( g ) ; 

/ / Draw a black u n f i l l e d r e c t a n g l e . 
g . s e t C o l o r ( C o l o r . b l a c k ) ; 
g.drawRect(20, 20, 120, 120); 

/ / Draw a red f i l l e d r e c t a n g l e . 
g . s e t C o l o r ( C o l o r . r e d ) ; 
g . f i l l R e c t ( ! 6 0 , 160, 120, 120); 

> 
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Figure 14-19 RectangleDemo applet 

Code Listing 14-1.? ihow i the OvalDemo class, an applet that draws two ovals. An oval is 
enclosed in an invisible rectangle that establishes the boundaries of the oval. The width and 
height of the enclosing rectangle defines the shape and size of the oval. Thi t i i illustrated in 
Figure 14-20. 

When you call the dravoval or f i l lOva l method, you pass the X and V coordinates of the 
enclosing rectangle's nppcr-lett lorncr, and the width and height of the enclosing rectangle 
as arguments. 

Code Listing M i l (OvalDaao.Java) 

1 import javax.swing.* ; 
3 import j ava .awt .* ; 

3 
i / • • 

This c l a s s i s an app le t t h a t demonstra tes how 
6 ovals can be drawn. 
7 . / 

9 
10 
11 
12 
13 
14 
15 
16 

public c lass OvalDemo extends JApplet 

1 
/ • • 

i n i t method 
• / 

public void i n i t ( ) 

i 
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
17 
38 
19 ) 

> 

/ / Set the background color t o white. 
getContentPane().setBackground(Color.white); 

/ * « 

* / 

paint method 
flparam g The app le t ' s Graphics object . 

public void paint(Graphics g) 

i 

) 

/ / Call the superclass paint method. 
super .pa in t (g) ; 

/ / Draw a black unfi l led oval. 
g.setColor(Color.black); 
g.drawOval(20, 20, 120, 75); 

/ / Draw a green t i l l e d oval. 
g.setColor(Color.green); 
g.f i !10val(80, 160, 180, 75); 

Figure 14-20 An oval and its enclosing rectangle 

E ncto ung 

The file OvalDemo.html, which is in the same folder as the applet class, executes the 
applet with the following tag: 

- 'applet code- 'OvalDemo.class" wid th-300 height -255> 
< /app le t> 

Figure 14-21 shows the applet running in the applet viewer. 
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Figure 14-21 OvalDemo applet 
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T I P ; To draw a circle, simply draw an oval with an enclosing rectangle that is square. In 
other words, the enclosing rectangle's width and height should be the same. 

The drawArc method draws an arc, which is part of an oval. You pass the same arguments 
to drawArc as you do to drawOval, plus two additional arguments: the arc's starting angle 
and ending angle. The angles are measured in degrees, w ith 0 degrees being at the J o'clock 
position. For example, look at the follow itig statement: 

g.dr*wArc<20, 20, 100, 100, 0, 90) ; 

I his statement creates an enclosing rectangle with its upper-left corner at (20, 20) and with 
a width and height of 100 pixels each. The oval constructed from this enclosing rectangle 
is a circle. The arc that is drawn is the part of the oval that starts at 0 degrees and ends at 
90 degrees. Figure 14-22 illustrates this arc. The dashed lines show the enclosing rectangle 
and the oval. The thick black line shows (he arc that wi l l be drawn. 

Figure 14-22 An arc 
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Code Listing 14-14 shows the ArcDcmo class, which is an applet that draws four arcs: two 
unfilled and two filled. The filled arcs are drawn with the f i l l A r c method. 
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The file ArcDemo.html, which 
with the following tag: 

<apple t code-"ArcDemo. 
< /app le t> 

is in the same folder 

c l a s s " width-300 

as the applet class. 

height-220> 

execute* 1 the applet 

Figure 14-23 shows the applet running in the applet viewer. 

Code List ing 14-14 (ArcDemo. j e v o > 

import javax.swing."; 
. import java.awt.*; 
3 
4 /*• 

This c lass i s an applet that demonstrates how 
arcs can be drawn. 

1 */ 

9 
10 
n 
u 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
H 

public c lass ArcDemo extends JApplet 

{ 
/ . . 

l n l t method 
• / 

public void i n i t ( ) 

< 

/ / Set the background color to white. 
getContentPanei).setBackgroundfColor.white) 

> 

/ • • 

paint method 
#param g The app le t ' s Graphics object 

V 

public void paint(Graphics g) 

II Call the superclass paint method, 
super .paint (g) ; 

/ / Draw a black unfi l led arc from 0 degrees 
/ / to 90 degrees. 
g•setColor(Color.black); 
g.drawArcfO, 20, 120, 120, 0, 90); 

/ / Draw a red f i l l ed arc from 0 degrees 
/ / to 90 degrees. 
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g.set Color(Color.red); 
g,f i l lArc(140, 20, 120, 120, 0, 90); 

/ / Draw a green unfi l led Arc fro* 0 degrees 
/ / to 45 degrees. 
g.setColor(Color.green); 
g.drawArc(0, 120, 120, 120, 0, 45); 

/ / Draw a blue f i l l ed arc from 0 degrees 
/ / to 45 degrees. 
g.setColor(Color.blue); 
g.f i l lArc(140, 120, 120, 120, 0, 45); 

Figure 14-23 ArcDcmo applet 

AppHft V l f W AfttrVT* t w 

inHtttirtic 

The drawPolygon method draws an outline of a closed polygon and the fillPolygon method 
draws a cloved polygon filled with the current drawing colon A polygon is constructed of 
multiple line segments that are connected. The point where two line segments are connected 
is called a vertex. These methods accept two int arrays as arguments. The first array con­
tains the X coordinates of each vertex, and the second array contains ihc V coordinates of 
each vertex. The third argument is an int that specifies the number of vertices, or connect­
ing points. 

For example, suppose we use the following arrays as arguments for the X and V coordinates 
of a polygon: 

i n t [ | xCoords - {60, 100, 140, 140, 100, 60, 20, 20 >; 
i n t [ ] yCoords - {20, 20, 60, 100, 140, 140, 100, 60 >; 

The first point specified by these arrays is (60, 20), the second point is (100, 20| , and so 
forth. There arc a total of eight points specified by these arrays, and if we connect each of 
these points we get the octagon shown in Figure 14-24. 
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Figure 14-24 Points ot each vertex in an octagon 

F i r a t p o r t — » (60.20) (100. 20) S#con0 point 
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S»vtnth point — * (20. 100) 
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II the last point specified in the arrays is different from the first point, as in this example, 
then the t w o points arc automatically connected to close the polygon. The PolygonDemo 
class in Code Listing 14-15 draws a filled polygon using these arrays as arguments. 

C o d e L i s t i n g I l l s ( P o l y g o n D e m o . J a v a ) 

1 import j avax .swing .* ; 
• import j ava .awt .* ; 
3 
\ / • « 

This c l a s s i s an app le t t ha t demonstrates how a 

polygon can be drawn. 
7 */ 

9 
10 
11 
u 

13 
14 
15 
16 
17 
18 
L9 
20 
21 
22 
23 
24 
25 
26 

pub l ic c l a s s PolygonDemo extends JApplet 

( 

/ • • 

i n i t method 
* / 

publ ic void init. ( ) 

< 

/ / Set the background co lor t o wh i t e . 
ge tContentPane() . se tBackground(Color .whi te) ; 

} 

/ • • 

pa in t method 
Sparam g The a p p l e t ' s Graphics o b j e c t . 

* / 

publ ic void pa in t (Graphics g | 
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27 
28 
29 
30 
31 
32 
33 
34 
ir> 

!0 
37 
)6 
39 
10 
41 
42 

in t [ ) xCoords • 

i n t ( | yCoords 

(60, 100, 140, 140, 
100, 60, 20, 20 >; 

{20, 20, 60, 100. 
140, 140, 100, 60 ) ; 

/ / Call the superclass paint method, 
super .paint (g) ; 

/ / Set the drawing color , 
g.setColor(Color.red); 

/ / Draw the polygon. 
g.tillPolygon(xCoords, yCoords, B); 

The file PulygunDvmo.himl, which is in the same folder as the applet class, executes the 
applet with the following tag: 

<appl«t code-"PolygonDemo.class" width-160 height-160> 
< /appl« t> 

Figure 14-25 shows the applet running in the applet viewer. 

Figure 14-25 PolygonDemo apptet 

,.) 

ACPMWtM 
_ 

The drawstring method dr.iws a string as a graphic. The string is specified by its first argu­
ment, a String object. The X and V coordinates of the lower-left point of the string are 
specified by the second and third arguments. For example, assuming mat g references a 
Graphics object, the following statement draws the string "Hello World", starting at the 
coordinates 100, 50: 

g.drawstring("Hello World", 100, 50); 
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You COD set the font for the string with the aetFont method. This method accepts a Font 
object as its argument. I lerc is an example: 

g.aetFont{new Font("Serif", Font.ITALIC, 20)); 

The Font class was covered in Chapter 13. Recall that the Font constructor's arguments are 
the name of a font, the font's style, and the font's size in points. You can combine font styles 
with the + operator, as follows: 

q.aetront{new FontfSerif", Font.BOLD • Font.ITALIC, 24)); 

The GraphicStringDerao class in Code l ist ing 14-16 demonstrates the drawstring method. 
It draws the same octagon that the PolygonDeeo class drew, and then draws the string 
"STOP" over it to create a stop sign. The string is drawn in a bold 35-poinr sanserif font. 

Code Listing 14-16 (GraphicStr ingDemo. Java) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 1 

14 
15 
16 
I7 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

import javax.awing. ' ; 
import java.awt.*; 

/ * * 

Thia claaa la an applet that demonatratea how a 
at r ing can bo drawn. 

• / 

public claaa GraphicStringDemo extenda JApplet 

< 
/ * * 

i n i t method 
* / 

public void i n i t ( ) 

{ 
/ / Set the background color to white. 
getContentFanef).aetBackgroundfColor.white); 

> 

/ t * 

paint method 
?param g The apple t ' a Graphica object . 

* / 

public void paint(Graphica g) 

{ 
i n t l ) xCoorda - {60, 100, 140, 140, 

100, 60, 20, 20 }; 
i n t l ) yCoorda - {20, 20, 60, 100, 

140, 140, 100, 60 }; 
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33 
34 
35 
16 
17 
18 
19 
40 
41 
42 
43 
44 
15 
16 
47 
48 
49 

/ / Call the superclass paint method, 
super .paint (g) ; 

/ / Set the drawing color . 
g.setColor(Color.red); 

/ / Draw the polygon. 
g.fillPolygon(xCoord>, yCoords, 8); 

/ / Set the drawing color to white, 
g.JC*Color(Color.white); 

/ / Set the font and draw -STOP". 
g.setFont(new Font("SansSerif", Pont.BOLD, 35)); 
g.drawString(-STOP", 35, 95>j 

The file (ir.ifibitSlrinnDi'nKKhlml, which is in the same folder as the applet class,executes 
the applet with the following tag: 

<apple t c o d e - ' G r a p h i c S t r i n g D e n o . c l a s s " v id th -160 height-160> 
</applet> 

Figure 14-26 shows the applet running in the applet viewer. 

Figure 14-26 GraphicStringDemo applet 

The repaint Method 
As previously mentioned, you do not call a component's paint method. Ii is automatically 
called when the component must be redisplayed. Sometimes, however, you might want to 
force the application or applet to call the paint method. You do this by calling the repaint 
method, which has the following header: 

public void repaint() 
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The repaint method clears the surface of the component and then calls the paint method. 
You will see an applet that uses this method in a moment. 

Drawing on Panels 
Each of the preceding examples uses the entire JApplet window as a canvas for drawing. 
Sometimes, however, you might want to confine your drawing space to a smaller region 
within the window, such as a panel. To draw on a panel, you simply get a reference to the 
panel's Graphica object and then use that object's methods to draw. The resulting graphics 
arc drawn only on the panel. 

Getting a reference to a JPanel component's Graphics object is similar to the technique you 
saw in the previous examples. Instead of overriding the JPanel object's paint method, how­
ever, you should override its paintConponent method. This is true not only for JPanel 
objects, but also for all Swing components except JApplet and JFrame. The paintComponent 
method serves for JPanel and most other Swing objeas the same purpose as the paint 
method: It is automatically called when the component needs to be redisplayed. When it is 
called, the component's Graphics object is passed as an argument. Mere is the method's 
header: 

public void paintCoapon«nt(Graphics 9) 

When you override this method, first you should call the superclass's paintComponent 
method to ensure that the component is properly displayed. Here is an example call to the 
superclass's version of the method: 

super.paintComponent{g); 

After this you can call any of the Graphics object's methods to draw on the component. U 
i l l example, we look at the GraphicaWindow class in Code 1 isting I -1-17. When (his applet is 
run (via the Hrjphn'b\thnlow.html file, which is in the same folder as the applet class), the 
window shown in Figure 14-27 is displayed. A set of check boxes is displayed in a JPanel 
component on the right side of the window. The white area that occupies the majority of the 
window is a DrawingPanel object. The DrawingPanel class inherits from JPanel, and its code 
is shown in Code Listing-14-IS, When one of the check boxes is selected, a shape appears 
in the DrawingPanel object. Figure 14-28 shows how the applet window appears when all of 
the check boxes arc selected. 

Figure 14-27 GraphicsWindow applet 
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Figure 14-28 GraphicaWindow applet with all graphics selected 

Code Listing 1 1 1 / (GraphicaWindow. Java) 

import Javax.swing.•; 
2 import Java.awt.'; 
3 import java.awt.event.*; 

6 
7 
H 

9 
10 
11 
12 
13 
14 
15 
16 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

/ • • 

Thie claaa display! a drawing panel and a act of 
check boxea that allow the uaer to select shapes. 
The selected shapes are drawn on the drawing panel. 

• / 

public claaa GraphicaWindow extenda JApplet 

i 
/ / Declare an array of check box components 
private JCheckBox[) checkBoxes; 

/ / The following t i t l e e array contains the 
/ / t i t l e s of the check boxes. 
private StringI) t i t l e s - < -Line", -Rectangle', 

-Pilled Rectangle", 
-Oval", -r i l led Oval-, 
-Arc", -r i l led Arc- ); 

/ / The following wi l l reference a panel to contain 
/ / the check boxes. 
private JPanel checkBoxPanel; 

/ / The following wi l l reference an instance of the 
/ / DrawingPanel c lass . This wi l l be a panel to draw on. 
private DrawingPanel drawingPanel; 



/ * * 

i n i t method 
* / 

public void i n i t ( ) 

{ 
/ / Build the check box panel. 
buiidCheckBoxPanelt); 

/ / Create the drawing panel. 
drawingPanel - new DrawingFanel(checkBoxes); 

/ / Add the check box panel to the east region 
/ / and the drawing panel to the center region, 
add(checkBoxPanel, DorderLayout,EAST); 
add(drawingPanel, BorderLayout.CENTER); 

/ * * 

The buildChsckBoxPanel method creates the array of 
check box component* and add* then to a panel. 

* / 

private void bulldCheckDoxPanel() 

/ / Create the panel. 
checkBoxPanel • new JPanel() ; 
checkBoxPanel.setLayou t(new GridLayout(?, 1)) ; 

/ / Create the check box ar ray . 
checkBoxes • new JCheckBoxp ] ; 

/ / Create the check boxes and add the* to the panel 
for ( in t i • 0; i < checkBoxes.length; i++) 

t 
checkBoxesfi] - new JCheckBox(t i t les[ i | ) ; 
checkBoxes[il.addItemListener( 

new CheckBoxListener()); 
checkBoxPanel.add(checkBoxes[i]); 
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/ * * 

A private inner c lass to respond to changes in the 
s ta te of the check boxes* 

* / 
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78 
79 
80 
81 
82 
83 
84 
85 > 

private c lass CheckBoxListener implements IteaListener 

( 

> 

public void itemStateChangedflteaEvent e) 

< 

drawingPancl.reptintf); 

> 

Code Listing 14-18 ( D r a w i n g P a n e l . J a v a ) 

import javax.swing.*; 
3 import java.awt.*; 
3 
4 / • • 

This c l a s s c rea tes a panel tha t example shapes are 
6 drawn on. 
7 •/ 

9 
10 
11 
L2 
13 
L4 
IS 
16 
L7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

public c lass DrawingPanel extends JPanel 

< 

/ / Declare a check box array. 
pr ivate JCheckBox[ ) checkBoxArray; 

/ • • 

Constructor 
' / 

public DrawingPanel!JCheckBox(| cbArray) 

< 

/ / Reference the check box array. 
checkBoxArray - cbArray; 

/ / Set the background color to white. 
setBackground(Color.white); 

/ / Set the preferred s ize of the panel. 
setPreferredSize(new Dimension!300, 200)); 

/ • • 

paintComponent method 
gparam g The panel ' s Graphics object . 

public void paintComponent(Graphics 9) 
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/ / Call the superclass paintCoaponent method 
super.pa intCoaponent(g); 

/ / Draw the selected shapes. 
if (checkBoxArray[Q).isSelected()) 

< 

g.setColor(Color.black); 
g.drawLine(lO, 10, 290, 190); 

> 

If (checkBoxArray(lj.isSelectedf)) 

g.setColor(Color.black); 
g.drawRect(20, 20, 50, 50); 

> 

if (checkBoxArray[2].isSelected()) 

i 
g.setColor(Color.red); 
g . f l l lRect (50 , 30, 120, 120); 

> 

if (checkBoxArray(3).lsSelected()) 
< 

g.setColor(Color.black); 
g.drawOval(40, 155, 75, 50); 

> 

if (checkBoxArray[4|.isSelected()) 

< 

g.setColor(Color.blue); 
g.f i l lOval(200, 125, 75, 50); 

) 

if (checkBoxArray[5].isSelected()) 

g.setColor(Color.black); 
g.drawArc(200, 40, 75, 50, 0, 90); 

> 

if (checkBoxArray(6).isSelected()) 

g.setColor(Color.green); 
g . f i l lArc( l00 , 155, 75, 50, 0, 90); 

) 

I 

Let's take .i closer look at the applet's code. First, notice in lines 14 through 21 of the 
GraphicsWindow class (in (Jodc Listing 14-17) that two o( the class's fields arc array refer­
ence variables. The checkBoxes variable references an array of JCheckBox components, and 
the t i t l e s variable references an array of strings. The strings in the t i t l e s array arc the 
titles that the check boxes will display. 
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< * 

The first statement in the i n i t method, line 38, is a call to the buildcheckBoxPanel 
method, which creates a panel for the check boxes, creates the array of check boxes, adds 
an item listener to each element of the array, and adds each element to the panel. 

After the buildcheckBoxPanel method executes, the i n i t method creates a DrawingPanel 
object with the statement in line 4 1 . Notice that the checkBoxes variable is passed to the 
DrawingPanel constructor. The drawingPanel object needs a reference to the array so its 
paintcomponent method can determine which check boxes are selected and draw the cor­
responding shape. 

The only times that the paintcomponent method is automatically called is when the com­
ponent is initially displayed and when the component needs to be redisplayed. In order to 
display a shape immediately when the user selects a check box, \\c need the ihctk box item 
listener to force the paintcomponent method to be called. This is accomplished b> the state­
ment in line 82, in the CheckBoxListener class's ItemStateChanged method. This state­
ment calls the drawingPanel object's repa in t method, which causes the drawingPanel 
object's surface to be cleared, and then causes the object s paintcomponent method to 
execute, Because it is in the item listener, it is executed each time the user clicks on a check box. 

Checkpo in t 

14.18 In an AWT component, or a class that extends JAppiet or JPrame, if poll want to 
get a reference to the Graphics object, do you override the paint or paintcomponent 
method? 

14.19 In a JPanel object, do you override the paint or paintcomponent method to get a 
reference to the Graphics object? 

14.20 When are the paint and paintcomponent method called? 

14.21 In the paint or paintcomponent method, what should be done before anything 
else? 

14.22 Mow do you force the paint or paintcomponent method to be called? 

14.23 When using a Graphics object to draw an oval, what invisible shape is the oval 
enclosed in? 

14.24 What values are contained in the two arrays that are passed to a Graphics object** 
drawPolygon method? 

14.25 What Graphics class methods do you use to perform the following tasks? 
a) draw a line 
b) draw a filled rectangle 
c) draw a filled oval 
d) draw a filled arc 
c) set the drawing color 

f) draw a rectangle 
g) draw an oval 
h) draw an arc 
i) draw a string 
i) set the font 
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14.6 Handl ing Mouse Events 

i CONCEPT: Java allows you to create listener classes that handle events generated by 
the mouse. 

Handling Mouse Events 
The mouse generates two types of events: mouse events and mouse motion events. To han­
dle mouse events you create a mouse listener class and/or a mouse motion listener class. A 
mouse listener class can respond to any of the follow events: 

• The mouse button is pressed. 
• The mouse button is released. 
• The mouse button is clicked (pressed, then released without moving the mouse). 
• The mouse cursor enters a component's screen space. 
• The mouse cursor exits a component's screen space. 

A mouse listener class must implement the MouaeLittener interface, which is in the 
java. awt .event, package. The class must also have the methods listed in I a hie I 'M. 

Table 14-3 Methods required by the MouseListener interlace 

Method 

public void moutflPrfliifld(HouieEvent c) 

public void mouBeClicked(KouseEvent e) 

public void mouieReleaicdfMouieEvent e) 

public void roouteEntcrcdfMouscEvent c) 

public void mouseExited(MouseEvent c) 

Description 

If the mouse cursor is over the component 
and the mouse button is pressed, this 
method is called. 

A mouse click is defined as pressing the 
mouse button and releasing it without 
moving the mouse. If the mouse cursor is 
over the component and the mouse is 
clicked on, this method is called. 

This method is called when the mouse 
button is released after it has been pressed. 
The souBePreaaed method is always called 
before this method. 

This method is called when the mouse 
cursor enters the screen area belonging to 
the component. 

This method is called when the mouse 
cursor leaves the screen area belonging to 
the component. 

Notice that each of the methods listed in Table 14*3 accepts a MouseEvent object as its 
argument. The MouseEvent object contains data about the mouse event. We will use two 
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of the MouseEvcnt objects methods: g«tx and getY. These methods return the X and V 
coordinates of the mouse cursor when the event occurs. 

Once you create a mouse listener class, you can register it with a component using the 
addHouaeLiatener method, which is inherited from the Component class. The appropriate 
methods in the mouse listener class are automatically called when their corresponding mouse 
events occur, 

A mouse motion listener class can respond to the following events: 

• The mouse is dragged (the button is pressed and the mouse is moved while the button 
is held down), 

• The mouse is moved. 

A mouse motion listener class must implement the MouaaMotionLiatan«r interface, 
which is in the Java.awt.event package. The class must also have the methods listed in 
Table 14-4. Notice that each of these methods also accepts a NouaaEvant object as an 
argument. 

Tabic 14-4 Methods required by the MouscHotionListencr interface 

Method 
public void nvouaeDragged(MouaeEvent «) 

public void mouaeMovedfMouaeEvent *> 

Description 

The mouse is dragged when its button is pressed 
and the mouse is moved while the button is held 
down. This method is called when a dragging 
operation begins over the component. The 
moutePrciicd method is always called just before 
(his method. 

This method is called when the mouse cursor is 
over the component and it is moved. 

Once you create a mouse motion listener class, you can register it with a component using 
the addMouaeMotionLiatener method, which is inherited from the Component class. The 
appropriate methods in the mouse motion listener class arc automatically called when their 
corresponding mouse events occur. 

The MouaeEventa class, shown in (JHIC I isting 14-19, is an applet that demonstrates both a 
mouse listener and a mouse motion listener. The file MouscFvcnt$.htmty which is in the 
same folder as the applet class, can be used to start the applet. Figure 14-29 shows the 
applet running. The window displays a group of read-only text fields that represent the dif­
ferent mouse and mouse motion events. When an event occurs, the corresponding text field 
turns yellow The last two text fields constantly display the mouse cursor's X and Y coordi­
nates. Run this applet and experiment by clicking the moose inside the window; dragging 
the mouse, moving the mouse cursor in and out of the window, and moving the mouse 
cursor over the text fields. 
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Code Listing 14-19 (MouseEven t s . J a v a ) 

import javax.swing.•; 
import java.awt-event.*; 
impor t java•awt•*; 

/ * , 

* / 

This applet shows the mouse events as they occur. 

public c lass MouseEvents extends JApplet 

( 

private JTextFieldl] mouseStates; 
pr ivate St r ingl ) text • < 

"Pressed-, 'Clicked-, -Released-, 
"Entered", "Exited", -Dragged-, 
"X:", "Y:" )j 

/ • • 

i n i t method 
• / 

public void i n i t ( ) 

( 

/ / Create a layout manager. 
setLayoutjnow FlowLayoutf)); 

/ / Create the array of text f i e ld s . 
mouseStates - new JTextFieldl8); 
for ( in t i - 0; i < mouseStates.length; ! • • ) 

< 

mouseStates[i] - new JTex tF ie ld ( t ex t ( i ] , 10); 
mouseStates[i].setEditable< f a l se ) ; 
add(mouseStat«s(i)); 

> 

/ / Add a mouse l i s t ener t o t h i s applet . 
addMouseListener(new MyMouseListener{)); 

/ / Add a mouse motion l i s t ener to t h i s apple t . 
addMouseMotionListener(new HyMouseHotionListener()); 

/ # # 

The clearTextFields method se t s a l l of the text 
backgrounds to l ight gray. 

• / 
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public void clearTextFieldsf) 

< 

for ( in t i - 0; i < 6; i*+) 
nouseStatcsli | .setBackgroundfColor.lightGray); 

/ • • 

Private inner c l a s s tha t handles nouse events. 
When an event occurs, the text f ield for tha t 
event i s given a yellow background. 

7 

private c lass MyMouseListener 
implements HouseListener 

I 
public void mousePressed(HouseCvent e) 

{ 
clearTextFieldsf) ; 

mouseStat«s[0|.setBackground(Color.yellow); 

> 

public void mous«Clicked(Mous«Event • ) 

< 

cl«arT«xtFi«lds( | ; 
mous«States(1|.s«tBackground<Color.yellow); 

> 

public void mouseReleased(HouseEvent e) 

< 

clearTextFields<); 

mouseStates[2].setBackgroundfColor.yellow); 

) 

public void mouseCntered(HouseEvent e) 

{ 
clearTextFieldsf) ; 

mouseStates[31. set Background (Color, ye How); 

) 

public void mouflcExitcd(MouflcEvcnt e) 

I 
cl«arTcxtFiclds() ; 
mouaeState*[4).actBackground(Color.yellow); 
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/ * * 

Private inner c lass to handle »ou8e Motion events . 
* / 

private c lass MyHouseHotionListener 
implements HouscKotionListener 

{ 

public void nouseDragged)MouscEvent • ) 

1 

c learText r ie lds ( ) ; 
mouaeStates[5|.setBackgroundfColor.yellow); 

public void nouseMoved(MouseEvent e) 

{ 
mouseStates[61.setText("X: • • e .getXU); 
mouseStates[7].aetText("Y: - • e . g e t Y m ; 

Figure 14-29 MousoEvents applet 
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Using Adapter Classes 

Many times when you handle mouse events, you will not be interested in handling every 
event that the mouse generates. This is the case with the DravBoxes applet, which handles 
only mouse pressed and mouse dragged events. 

This applet lets you draw rectangles by pressing the mouse button and dragging the mouse 
inside the applet window. When you initially press the mouse button, the position of the 
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mouse cursor becomes the upper-left corner of a rectangle. As you drag the mouse, the 
lower-right corner of the rectangle follows the mouse cursor. When you release the mouse 
cursor, the rectangle stops following the mouse. Figure 14-30 shows an example of the applet*s 
window. You can run the applet with the DrJwBoxes.html file, which is in the same folder 
as the applet class. Code Listing 14-20 shows the code for the DravBoxe* class. 

o NOTE; To draw the rectangle, you must drag the mouse cursor to the right and below 
the position where you initially pressed the mouse button. 

Figure 14-30 DrawBoxes applet 

. Aj»pi#t < r * M Chff*fioa#i d i l l 

AppM 
I-

••ii|. • • • tit. 

Code Listing 14-20 (DrawBoxes. j ava) 

1 import javax.swing.*; 
2 import java.awt.event.*; 
3 import java.awt.*; 

'< 

6 
7 
H 

'< 

0 

/ • • 

This applet demonstrates how mouse events and mouse 
motion events can be handled. I t l e t s the user draw 
boxes by dragging the mouse. 

•• 

. public c l a s s DrawBoxes extends JApplet 

2 { 
private i n t currentx - 0; / / Mouse cursor ' s 
pr ivate i n t current* - 0; / / Mouse cursor ' s 

pr ivate i n t width - 0; / / The rectangle ' i 

X position 
Y position 

width 
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private int height - 0; / / The rec tangle ' s height 

/ * * 

i n i t method 
* / 

public void i n i t ( ) 

{ 
/ / Add a mouse l i s t ener and a mouse notion l i s t e n e r . 
addMouseListener(new MyMouseListenerf)); 
addMouseMotionListener(new HyHouseHotionListenerf)); 

) 

/ • • 

paint method 
jparam g The app le t ' s Graphics object . 

* / 

public void paint(Graphics g) 

{ 

/ / Call the superclass 's paint method. 
•up t r . pa in t (g ) ; 

/ / Draw a rectangle. 
g.drawRect(currentX, currentY, width, height) ; 

/ * * 

Mouse l i s t ener c lass 
* / 

private c lass MyMouseListener 
implements MouseListener 

I 
public void mousePressedfMouseCvent e) 

( 

/ / Get the mouse cursor coordinates. 
currentx - e .getX(); 
currentY - e.getY(); 

> 

/ / 

/ / The following methods are unused, but s t i l l 
/ / required by the MouseListener in ter face . 
/ / 

public void mouseClicked(MouseEvent e) 

< 
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public void mouseReleased(MouseEvent e) 

public void mouseEntered(MouseEvent e) 

public void mouseExited(MouseEvent e) 

/ • • 

Mouse Motion l i s t ene r c l a s s 
• / 

private c lass HyMouseHotionListener 
implements MouseHotionListener 

< 

public void mouseDragged(MouseEvent e) 

< 

/ / Calculate the s ize of the rectangle. 
width - e.getX() - currentX; 
height - e.getY() - current*; 

/ / Repaint the window. 
repa in t ( ) j 

/ • • 

The mouseMoved method i s unused, but s t i l l 
required by the MouseHotionListener interface. 

• / 

public void mouseHoved(KouseEvent e) 

< 

> 

Notice in the mouse listener and mouse motion listener classes that several of the methods 
are empty. Even though the applet handles only two mouse events, the MyMouseListener 
and MyMouseMotionListener classes must have all of the methods required by the interfaces 
they implement. If any of these methods are omitted, a compiler error results. 
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The Java API provides an alternative technique for creating these listener classes, which 
eliminates the need to define empty methods for the events you are not interested in. Instead 
of implementing the MouseListener or MouseMotionListener interfaces, you can extend 
your classes from the MouseAdapter or MouseMotionAdapter classes. These classes implement 
the MouseListener and MouseMotionListcncr interfaces and provide empty definitions tor 
all of the required methods. \X hen you extend a class from one of these adapter classes, it 
inherits the empty methods. In your extended class, you can override the methods you want 
and forget about the others. Both the MouseAdapter and MouseMotionAdapter classes are in 
the java.awt.event package. 

The DrawBoxes2 class shown in Code Listing 14*21 is a modification of the DrawBoxes class 
previously shown. In this version, the HyKouseListener class extends MouseAdapter and the 
MyMouseHotionLiatener class extends MouseMotionAdapter. This applet operates exactly the 
same as the DrawBoxes applet. The only difference is that this class docs not have the empty 
methods in the listener classes. 

o NOTE: Javi provides an adapter class lor all ot the interlace in the API thai have nunc 
than one method. 

Code Listing 14-21 <DrowBox«2. Java) 

1 Import javax.awing. ' ; 
import Java.awt.event.• ; 
import java.awt.*; 

4 
5 /** 

Thia applet demonstrate! how the nouse adapter 
classes can be uaed. 

B */ 
9 

10 public claaa DrawBoxea2 extenda JApplct 

11 { 
private int currentX • Oj 
private int currentY - 0; 
pr ivate int width • 0; 
pr ivate int height • 0; 

12 
13 
u 
13 
16 
I? 
18 
19 
20 
21 
22 
23 
24 
25 
26 

/ / House cu r so r ' s X position 
/ / House cu r so r ' s Y position 
/ / The rec tangle ' s width 
/ / The rec tangle ' s height 

/ * * 

i n i t method 
* / 

public void i n i t ( ) 

I 
// Add 1 mouse l i s t ener and a nouse notion l i s t e n e r . 
addMouseListenerfnew MyMouseListenerf)); 
addMouseMotionListener(new MyKouseMotionListener()); 
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/ • • 

paint method 
§param 9 The app le t ' s Graphics object. 

• / 

public void paint(Graphics g) 

< 

II Call the superc lass ' s paint 
super .paint (g) ; 

itbod< 

/ / Draw a rectangle. 
g.drawRect(currentX, currentY, width, height) ; 

/ • • 

Mouse l i s t ener c lass 
• / 

private c lass HyKouseListener extends HouseAdapter 

< 

public void mousePressedfMouseCvent • ) 

< 

/ / Get the coordinates of the souse cursor. 
currentX - e.getXf); 
currentY - e.getY(); 

/ • • 

Mouse Motion l i s t ene r c l a s s 
• / 

private c lass MyHouseHotionListener 
extends MouseHotionAdapter 

< 

public void mouseDragged(HouseEvent e) 

\ 

0 

* > 

2 > 

3 > 

/ / Calculate the s i i e of the rectangle. 
width - e.getX() - currentX; 
height - e.getY() - currentY; 

/ / Repaint the window. 
r epa in t ( ) ; 
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Checkpoint 

MyProgramnimgLab" ufww.niyprogrjmmingljb.com 

14.26 What is the difference between a mouse press event and a mouse click event? 

14.27 What interface would a listener class implement to handle a mouse click event? A 
mouse press event? A mouse dragged event? A mouse release event? A mouse move 
event? 

14.28 What type of object do mouse listener and mouse motion listener methods accept? 
What methods do these types of objects provide for determining a mouse cursor's 
location? 

14.29 If a class implements the MouseLittener interface but docs not need to use all of the 
methods specified by the interface, can the definitions for those methods be left 
out? If not, how arc these methods dealt with? 

14.10 What is an adapter class, and how does it make some programming tasks easier? 

14.7 Timer Objects 

-i CONCEPT: A Timer object regularly generates action event* at programmer-specified 
time intervals. 

Timer objects automatically generate action events at regular time intervals. This is useful 
when you want a program to perform an operation at certain times or after an amount of 
time has passed. 

Timer objects are created from the Timer CUM, which is in the javax.iwing package. I lere is 
the general format of the Timer class's constructor: 

Timer(int d*lsyt ActionListener listener) 

The argument passed into the delay parameter is the amount of time between action events, 
measured in milliseconds. A millisecond is a thousandth of a second, so a delay value of 
1000 causes an action event to be generated every second. The argument passed into the 
listener parameter is a reference to an action listener that is to be registered with the 
Timer object. If you want to add an action listener at a later time, you can pass null as this 
argument, then use the Timer object's addActionLietener method to register an action 
listener. Table 14-5 lists the Timer class's methods. 

An application can use a Timer object to execute code automatically at regular time inter­
vals. For example, a Timer object can be used to perform simple animation by moving a 
graphic image across the screen by a certain amount at regular time intervals. This is dem­
onstrated in the BouncingBall class, shown in Okie Listing 14-22. This class is an applet 
that displays a bouncing ball, as shown in Figure 14-31. 

http://ufww.niyprogrjmmingljb.com
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Tabic 14-5 Timer class methods 

Method Description 

void addAct ionLis tener 

(Act ionLis tener listener) 

int getDelayl) 

Boolean isRunningf) 

void aetDelayfint delay) 

void s t a r t f ) 

void atop<I 

Registers the object referenced by listener as an 
action listener. 

Returns the current time delay in milliseconds. 

Returns true if the Tia»r object is running. Otherwise, 
it returns fa lse. 

Sets the time delay. The argument is the amount of the 
delay in milliseconds. 

Starts the Tiaer object, whidi causes it to generate 
action events. 

Stops the Tiaer object, which causes it to stop generating 
action events. 

Figure 14-31 BouncingBal l applet 

A D D * 

MiDtalitartaa 
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Code Listing 14-22 ( B o u n c i n g B a l l . J a v a ) 

import javax.swing.*; 
import java.awt.event .• ; 
import java.awt.*; 

/ * * 

Thii applet uses a Timer object to animate 
a bouncing b a l l . 

* / 

public c lass BouncingBall extends JApplet 

pr ivate f inal int X * 109; 
private f inal int WIDTH - 40; 
pr ivate f inal int HEIGHT - 40; 
pr ivate f inal int TIHE_DELAY - 30; 
pr ivate f inal int MOVE - 20; 
pr ivate f inal int KINIMUM_Y - SO; 
private f inal int HAXIMUM_Y - 400; 
pr ivate int y • 400; 
pr ivate boolean goingUp - t rue; 
pr ivate Timer timer; 

/ / Ba l l ' s X coordinate 
/ / Ba l l ' s width 
/ / B a l l ' * height 
/ / Time delay 
/ / Pixels to move ball 
/ / Max height of ball 
/ / Nin height of ball 
/ / Ba l l ' s Y coordinate 
/ / Direction indicator 
/ / Timer object 

/ . . 

i n i t method 
* / 

public void i n i t ( ) 

< 

timer - new Timer(TIME_DELAY, new TiaerLis tener) ) ) ; 

t i m e r . s t a r t ) ) ; 

I 

/ . . 

paint method 
flparam g The app le t ' s Graphics object . 

* / 

public void paint(Graphics g) 
{ 

/ / Call the superclass paint method, 
super .paint fgl ; 

/ / Set the drawing color to red. 
g.setColor(Color.red); 
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> 

/ / Draw the b a l l . 
q . f i l lOva l (X , y, WIDTH, HEIGHT); 

/ • • 

• / 

P r i v a t e inner c l a s s t h a t handles the Tiner o b j e c t ' s 
ac t ion e v e n t s . 

p r i v a t e c l a s s TiraerListener implements Act ionLis tener 

< 

> 

publ ic void actionPerformed(ActionEvent e) 

< 

/ / Update the b a l l ' s V c o o r d i n a t e . 
i t (qoinqUp) 

< 

i f (y > MINIHUH_Y) 
y - - MOVE; 

e l s e 
qoinqUp • f a l s e ; 

) 

e l s e 

< 

i f (y < MAXIMUM_V) 
y • - HOVE; 

e l s e 
qoinqUp - t r u e ; 

> 

/ / Force a c a l l t o the pa in t net.hod. 
r e p a i n t ( ) ; 

> 

The BouncingBall class's i n i t method creates a Timer object with the following statement 
in line 30: 

timer - new Timer(TIME_DELAY, new TimerLUtener( M; 

This initializes the object with a time delay of 30 milliseconds (the value of TIME_DELAY) and 
registers an instance of the TimerListener claw as an action listener. This means that once 
the object is started, every 30 milliseconds it generates an action event, causing the action 
listeners actionPerformed method to execute. The next statement in the i n i t method, in 
line 3 1 , starts the Timer object as follows: 

timer.start(); 
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This causes the Timer object to commence generating action events. The TimerListener 
class's actionPerformed method calculates the new position of the bouncing Kill and 
repaints the screen. 

Checkpoint 

MyProjtramminsUb* wwwjnyprogrjmmmgljhxom 

14.3 I What type of events do Timer objects generate? 

14.12 I low are the time intervals between a Timer object's action events measured? 

14, \\ I low do you cause a Timer object to begin generating action events? 

14.34 I low to you cause a Timer object to cease generating action events? 

Playing Audio 

CONCEPT; Sounds that have been stored in an audio file may be played from a Java 
program. 

Java applets can play audio that is stored in a variety of popular sound file formats. The file 
formats directly supported are as follows: 

• .J i / or .jiff (Macintosh Audio File) 
• . J I / (Sun Audio Tile) 

• .m/</or .rmi (MIDI File) 
• AVJV (Windows Wave File) 

In order to play audi*) hies, vout mmpuier must be equipped with a sound card and speak­
ers. One way to play an audio file is to use the play method, which the JApplet class inher­
its from the Applet class. The version of the method that we will use is as follows: 

void play(URL banctocation, String filename) 

The argument passed to baseLocat ion is a URL object that specifies the location of the file. 
The argument passed to filename is the name of the file. The sound that is recorded in the 
file is played one time. 

When calling the play method, it is common to use either the getDocumcntBase or 
getCodeBase method (both of which the JApplet class inherits from the Applet class) to 
get a URL object for the first argument. The get Document Base method returns a URL object 
containing the location of the IITMI. file that invoked the applet. I lere is an example of a 
call to the play method, using a call to get Document Base for the first argument: 

play{getDocumcntBase(), -mysound.wav"); 

This statement will load and play the ntysound.uw sound file, stored at the same location 
as the HTML file that invoked the applet. 

The getCodeBase method returns a URL object containing the location of the applet's 
whiss file. Here is an example of its use: 

play(getCodeBase()f "mysound.wav*); 
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This statement will load and play the mysoumi.u-jv sound file, stored at the same location 
as the applet's .class file. The AudioDemul folder contains an example applet that plays 
a sound file using the play method. 

o NOTE: If the sound file specified by the arguments to the play method cannot be found, 
no sound will be played. 

Using an Audioclip Object 
The Applet class's play method loads a sound file, plays it one time, and then releases it for 
garbage collection. If you need to load a sound file to be played multiple times, you should 
use an AudioClip object. 

An AudioClip object is an object that implements the AudioClip interface. I he AudioClip 
interface is in the java.applet package, and it specifies the following three methods: play, 
loop, and atop. I he play method plays a sound one lime. The loop method repeatedly plays 
a sound, and the atop method causes a sound to stop playing. 

The Applet class's getAudioClip method can be used to create an AudioClip object for a 
given sound file as follows: 

AudioClip getAudioClip(URL basclocation, String tileNamc) 

The argument passed to bameLocatlon is a URL ob|cct that specifics the location of a sound 
file, and the argument passed to fiUNtmv is the name of the file. The method returns an 
AudioClip object that can be used to play the sound file. 

As before, we can use the get Document Base or getCodeBaae method to get a URL object for 
the first argument. I lerc is an example of a statement that uses the getAudioClip method: 

AudioClip c l i p - getAudioClip(getDocuMntBaa«()f "mysound.wav"); 

This statement declares c l i p as an AudioClip reference variable. Hie object returned by the 
getAudioClip method will load the mysuuml.wjv file, stored at the same location as 
the 1II Ml. file that invoked the applet. The address of the object will be assigned to c l ip . 
The following statement can then be used to play the sound file: 

c l i p . p l a y i ) ; 

The sound file can be played repeatedly with the following statement: 

c l ip . loopf ) ; 

Any time the sound file is being played, the following statement can be used to stop it: 

clip.atopf); 

The AudioDemo2 class shown in (lode Listing 14-23 is an applet that uses an AudioClip 
object to play a sound file. The file AuiiioDemo2.html can be used to start the applet, 
rigurc 14-12 shows the applet running. The Play button calls the AudioClip object's play 
method, causing the sound file to play once.The Loop button calls the loop method, causing 
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the sound file to be played repeatedly. The Stop button stops the sound file from playing. 
The sound file that is played is a famous NASA transmission from the Moon. NASA pro­
vides a wealth of public domain audio, video, and image files. You can find such items by 
going to www.nasa.gov, and then search the site using search terms such as "audio clips", 
"video clips", etc. 

Code List ing 14-23 <AudioDemo2.Java) 

i 
2 
3 
•1 
s 

7 

8 
9 

10 
11 
u 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

import java.awt.*; 
import Java.applet .*; 
import java.awt.event.*; 
import javax.swing.*; 

/ * * 

This applet uses the AudioClip c lass to play 
sound. Sound source: NASA 

* / 

public c lass AudioDcmo2 extends JApplet 

pr ivate JLabol c red i t ; 
pr ivate JDutton playButton; 
pr ivate JDutton loopButton; 
pr ivate JButton stopButton; 
pr ivate AudioClip sound; 

/ / Display* NASA credi t 
/ / Plays the sound c l ip 
/ / Loops the c l i p 
/ / Stops the c l i p 
/ / Holds the sound c l ip 

/ » » 

i n i t method 
* / 

public void i n i t ( ) 

{ 
/ / Create a layout manager. 
setLayoutfnew FlowLayout()); 

/ / Make the credi t label and add i t . 
c redi t - new JLabel("Audio source: NASA-); 
add(credi t ) ; 

/ / Make the buttons and add the*. 
makeButtonsf); 

/ / Get an AudioClip object for the sound f i l e , 
sound - getAudioClip(getDocumentBMe( I , "step.wav"); 

http://www.nasa.gov
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80 
81 
82 

/ • ' 

• / 

The makeButtons method crea tes the Play, Loop, and 
Stop buttons, and adds then to the content pane. 

pr ivate void makeButtons)) 

< 

/ / Create the Play, Loop, and Stop buttons. 
playButton - new JBut ton( 'P lay ' ) ; 
loopButton - new JButton("Loop"); 
stopButton - new JBut ton( 'Stop ' ) ; 

/ / Register an action l i s t ener with each button. 
playButton.addActionListener(new ButtonListenerj 
loopButton.addActionListener(new ButtonListenerj 
stopButton.addActionListener(new ButtonListenerj 

/ / Add the buttons to the content pane. 
add(playButton); 
add(LoopButton); 
add(stopButton); 

/ • • 

Private inner c l a s s tha t handles the action event 
that is generated when the user c l icks one of the 
buttons. 

• / 

private c lass ButtonListener implenents ActionListener 
{ 

public void actionPer(ormed(ActionCvent e) 

i 
H Determine which button was clicked and 
/ / perform the selected action, 
if (e.getSource() • • playButton) 

sound.play(); 
e l se if (e.getSourcef) - - loopButton) 

sound.loop(); 
e l se if (e.getSourcef) - - stopButton) 

sound.stop(); 
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Figure 14-32 AudioDemo2 applet 

I j App le t V i e w e r A u d > o ( ? c n i o 2 . e l a » 

Applet 
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aop | 

- p i - t T - r . - - -

Playing Audio in an Appl icat ion 
The previous examples show how to pl.iy .in audio tile in an applet. You tan play audio in 
an application as well. The process of getting a reference to an AudioClip object is different, 
however, in a class that does not extend JApplet. In the Chapter l4\AutlioDvnu>\ source 
code folder you will find a Swing application named Audntlrjmi\iM:i that demonstrates 
how to do it. The following code segment is from the application. 

43 
44 

45 
46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

// Create a tile object for the step.wav lile. 

rile (lie • new rile<aatep.wav"); 

// Get a URI object for the eudio file. 

URI uri - flle.toURIO; 

// Get a URL for the audio file. 

URL url - uri.toURL(); 

// Get an AudioClip object for the aound 

// file using the Applet claaa'a atetic 

// newAudioClip method, 

sound - Applet.newAudioClip(url); 

In line 44 wc create a r i l e object representing the audio file. Then, in line 47 we call the 
I'ile class's toURi method to create a URI object representing the audio tile. The um class is 
in the java.net package. (URI stands for Uniform Resource Identifier.) 

Then, in line 50 we call the URI class's toURL method to create a URL object representing 
the audio file. Note that if this method cannot construct a URL it throws a checked 
exception—MalformedURLException. The HalfornedURLException class is in the java.net 
package. 

Last, in line 55 wc call the Applet class's static newAudioClip method, passing the URL object 
as an argument. The method returns a reference to an AudioClip object which tan be used 
as previously demonstrated to play the audio file. 

http://java.net
http://java.net
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<5> Checkpo in t 

MyProyAmmingUb" tvtvu'jnypmgrjmmmgtahxom 

14.35 What Applet method can you use to play a sound file? 

14.16 What is the difference between using the Applet method asked lor in Checkpoint 
14.35, and using an AudioClip object to play a sound file? 

14.37 What methods docs an AudioClip object have? What do they do? 

14.38 What is the difference between the AppUt class's gatDocumentBaae and getCodeBaai 
methods? 

14.9 Common Errors t o Avoid 
• Forgetting a closing tag in an H T M L document. Most H T M L tags l u \ c an opening 

tag and a closing tag. The page wi l l not appear properly if you forget a closing tag. 
• Confusing the <h«ad></h«ad> tag wi th < h l x / h l > or another header tag. The 

<head*</head> tag marks a document's head section, whereas the <hl></hl> tag marks 
a header, which is large bold text* 

• Using X and/or V coordinates thai are outside of the component when drawing a 
shape, II vou use coordinates that are outside the component to draw a shape, the 
shape wi l l not appear. 

• Not calling the superclass's paint or paiatCoopooant method. When you override the 
paint or paintComponent method, the overriding method should call the superclass's 
version of the method before doing anything else. 

• Overriding the paint method with a component extended from JComponent. You 
should override the paint method only wilh AWT components, jFraifte components, 
or JApplct components. 

• Not calling the r t pa in t method to redisplay a window. When you update the data 
used to draw shapes on a component, you must call the repaint method to force a call 
to the paint or paintComponent method. 

• Not providing empty definitions for the unnceded methods in a mouse listener or 
mouse motion listener class. When writ ing mouse listeners or mouse motion listeners, 
you must provide definitions for all the methods specified by the listener interfaces. To 
avoid this you can write a listener as a class that inherits from an adapter class. 

• Forgetting to start a Tiaar object. A Tiner object does not begin generating action 

events until it is started with a call to its a ta r t method. 

Review Questions and Exercises 
M u l t i p l e Choice a n d True/False 

I, This scition of an H T M L document contains all o f the tags and text that produce 
output in the browser window. 
a. head 
b. content 
c. body 
d. output 
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2. You place the < t i t l « x / t i t l * > rag in this section of an IITMI document. 
a. head 
b. content 
C. body 
d. output 

3. Everything that appears between these tags in an HTML document is the content of 
the Web page, 
a. <contentx/content> 
b. <htmlx/htnl> 
C. <headx/head> 
d. <pagex/pag*> 

4. To create a level one header you use this tag. 
a. < l e v e l i x / U v e l i > 
b. <headerlx/headerl> 
C. < h l x / h l > 
d. <headx/head> 

5. When using Swing to write an applet, you extend the applet's class from [his class. 
a. Applet 
b. JApplet 
C. JFramc 
d. JAppletFraae 

6. When using AWT to write an applet, you extend the applet's class from this class. 
a. Applet 
b. JApplet 
c. JFrame 
d. JAppletFrue 

7. This applet method is invoked instead of a constructor 
a. s tar tup 
b. beginAppiet 
C. invoke 
d. i n i t 

8. The Sun JDK comes with this program, which loads and executes an applet without 
the need for a Web browser. 
a. apple t tes t 
b. appletload 
C. appletviewer 
d. viewapplet 

9. A class that inherits from Applet or Frame does not have one of these. 
a. an add method 
b. an i n i t method 
c. a content pane 
d. a layout manager 
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10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Applets and More 

What location on a component usually has the coordinates (0, 0)? 
ft, upper-right corner 
b. upper-left corner 
c. center 
d. lower-right corner 

In a class that extends jApplet or JFraaw you override this method to get a reference 
to the Graphics object. 
a. paint 
b. paintComponent 
C. getGraphics 
d. graphics 

In a class that extends jPanel you override this method to get a reference to the 
Graphics object. 
ft, paint 
b. paintComponent 
c. getGraphics 
d. graphics 

The drawLine method is a member of this class. 
a. JApplet 
b. Applet 
c. JPramo 

d. Graphics 

To force the pa in t method to be called to update a component's display, you 

a. call the paint method 
h. call the repaint method 

c. call the paintAgain method 
d , do nothing; you cannot force the paint method to he called 

A class that implements this interface can handle mouse dragged events. 
a. HouseListener 
b. ActionListener 
c. MouseMotionListener 
d. MouseDragListener 

A class that implements this interface can handle mouse click events. 
ft, MouseListener 
b. ActionListener 
C. MouseMotionListener 

d. MouseDragListener 

This KouseEvent method returns the X coordinate of the mouse cursor at the moment 
the mouse event is generated. 
ft, getXCoord 
b. getMouseX 

C. getPosit ion 
d. getX 
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18. If a class implements a standard API interface that specifies more than one method but 
does not need many of the methods, this should be used instead of the interface. 
a. your own detailed versions of the needed methods 
b. an adapter class 
c. a different interface 
d. there is no other choice 

19. A Timer object's time delay between events is specified in this unit of time. 
a* seconds 
b. microseconds 
c. milliseconds 
d. minutes 

20. A Timer object generates this type of event. 
a. action events 
b. timer events 

t\ item events 
d. interval events 

2 1 . The following Applet class method returns a URL object with the location of the 
111 Ml file that invoked the applet. 
a. getHTMLlocetion 
b. qttDocuments*it 
c. qetAppletlete 
d. qetCodelaie 

22. The following Applet class method returns a URL object with the location of the 
applet's ,chss file. 
a. getHTMLlocation 
b. getDocumentBeee 
c. getAppletBese 
d. getCodeBase 

23. True or False: Applets cannot create files on the user's system. 

24. True or False: Applets can read files on the users system. 

25. True or False: Applets cannot make network connections with any system except the 
server from which the applet was transmitted. 

26. True or False: Applets can retrieve information about the user's system or the user's 
identity. 

27. True or False: The <h6> tag produces larger text than the <hl> tag. 

28. True or False: You use a static main method to create an instance of an applet class. 

29. True or False: In a class that extends JApplet, you add components to the content 
pane. 

it). True or False: In an applet, events are handled differently than in a <*Ul application. 

i I. True or False: An object of the Fraae class does not have a content pane, 

32. True or False: In an overriding paint method, you should never call the superclass's 
version of the paint method. 
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M. True or False: Once a Timer object has been started, it cannot be stopped without 
shutting down the program. 

34. True or False: The Applet class's play method loads and plays an audio file once and 
then releases the memory it occupies for garbage collection. 

35. True or False: The loop and stop methods, for use with audio files, are part of the 
Appier v '.i-v 

Find the Error 

Find the errors in the following code: 

1. <applet code-"HyApplet.Java" width-100 height-50> 
</applet> 

2. public void paintfGraphics q) 

i 
drawLine(0# 0, 100, 100); 

> 

3. / / Force a c a l l to the paint acthod. 

pa in t | ) J 

4. public c lass HyPanel extends JPanel 

< 

public HyPanel<) 

< 

/ / Constructor code . . . 

public void paint(Graphics q) 

i 
/ / pa in t method code . . . 

> 

5. private class MyMouseListener implements MouseListener 

i 
public void mouseClicked(HouseEvent e) 

mouseClicks • - 1; 

> 

> 

private c lass MyMouseListener implements KouseAdapter 

{ 
public void mouseClicked(HouseEvent e) 

< 

mouseClicks +• 1; 
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Algor i thm Workbench 

I . 

2. 

*. 

4. 

5. 

Write the text and I ITML tags necessary to display "My I lomc Page" as a level one 
header, centered in the browser window. 

You have written an applet and saved the source code in a file named MyApplet. java. 
Write the H T M L rag needed to execute the applet in an area rhat is 300 pixels wide 
by 200 pixels high. Assume rhar the compiled applet code is stored in the same direc­
tory as the I I T M I . document. 

Look at the following GUI application class and indicate by line number the changes 
that should be made to convert this to an applet using Swing: 

L public c lass Sirapiewindow extends JFrj 

2 < 
publ ic SimpleWindow() 

/ / Set the t i t l e . 
s e t T i t l e p A Simple Window"); 

/ / Specify what happens when the close button i s clicked. 
setDe«aultCloseOperation(JFras-i.EXIT_ON_CLOSE); 

/ / Add a l abe l . 
JLabcl label - new JLabel<"This i s a simple window."); 
add(label) j 

/ / Pack and display the window. 
pack() ; 

s e t v i s i b l e ( t r u e ) ; 

3 
4 

5 

7 

I 
* 

10 
11 
12 
13 
14 
15 

II 
17 

18 ) 
19 ) 

Assume that g references a Graphics object. Write code that performs the following: 
a. Draws an outline of a rectangle that is 100 pixels wide by 200 pixels high, with its 

upper-left corner at (50, 75). 
b. Draws t filled rectangle that is 300 pixels wide by 100 pixels high, with its upper-

left corner at < 10, 90). 
C. Draws a blue outline of an oval wirh an enclosing rectangle that is 100 pixels wide 

by 50 pixels high, with its upper-left corner at (10, 25). 
d. Draws a red line from (0, 5> to (150, 175). 
e. Draws the string "Greetings F,arthling".The lower-left point of the string should be 

at (80,99). Use a bold, 20-point serif font. 
f. Draws a polygon with vertices at the following points: (10, 10), (10,25), (50,25), 

and (50, 10). What shape does this code result in? 

Rewrite rhc following mouse morion lisrener so ir uses an adapter class: 

private c lass HyHouseHotionListener implements MouseMotionListener 

< 

public void mouseDragged(MouseEvent e) 

> 
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public void mouseMovedfKouseEvent e) 

< 

> 

nouseHov«nents +• 1; 

> 

6. Assume that a class has an inner class named HyTinerUstener that can be used to 
handle the events generated by a Tiswr object. Write code that creates a Timer object 
with a time delay of one half second. Register an instance of MyTimerListener with 
the class. 

Short Answer 

1. When ,i user ancsscs .i Web page on a remote server with his or her browser, and that 
Web page has an applet associated with ii, is ihc applet executed by the server or by 
the user's system? 

2. I ist at least three security restrictions impose J on applets. 

3. Why are applets sometimes necessary in Web page development? 

4. Why isn't it necessary to call the aetViaible method to display an applet? 

5. Why would you ever need to use the older AWT library instead of Swing to develop 
an applet? 

6. A panel is 600 pixels wide by 400 pixels high. What arc the X and V coordinates of 
the pixel in the upper-left corner? The upper-right corner? The lower-left corner? The 
lower-right corner? The center of the panel? 

7. When is | component's paint or paintCoaponant method called? 

8. What is an adapter class? Mow does it make some programming tasks more conve­
nient? Under what circumstances does the Java AIM provide an adapter class? 

9. Under what circumstances would you want to use an AudioClip object to play a 
sound file, rather than the Applet class's play method? 

Programming Challenges 

MyProtramminfUb" Visit wwUKWfpfOgrammmglab.com tit complete many of these ProgMtntnlng Challenges 
online and get instant feedback. 

1. FollowMe Applet 

Write an applet that initially displays the word "Hello" in the center of a window. The word 
should follow the mouse cursor when it is moved inside the window. 

2 . House Applet 

Write an applet that draws the house shown on the left in Figure I4-.V1. When the user 
Applet click* on the door or windows, they should close. The figure on the right shows the house 

Problem with its door and windows closed. 

http://wwUKWfpfOgrammmglab.com
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F igure 14-33 House drawing 

House with door and wmdows open House wifr door and windows dosed. 

3. HatchMo Applet 
Write an applet that displays a drawing of two eyes in the center of its window. When rlie 
mouse cursor is not inside the window; the eyes should look ahead. When the mouse cursor 
is inside the window, the eye* should follow the cursor. This is illustrated in Figure 14-34. 

4. Thermometer Applet 
Write an applet that displays A thermometer. The user should be able to control the tem­
perature with a slider component. When the user moves the slider, the thermometer should 
show the corresponding temperature. 

5. Po l ygon D r a w e r 

Write an applet that lets the user click on six points. After the sixth point is clicked, the 
applet should draw a polygon with a vertex at e*uh point the user clicked. 

F igure 14-34 Eyes following the mouse cursor 

®0 
Moose not *n the wmdow. 

eyes looking ahead. 

k 
Mouse below me eye 

eyes looking down 

0© 
s. Mouse above the eyes, 

eyes Mx>bng up 

Mouse to me left of the eyes, 
eyes looking left 

00 
Mouse to the nght ol the eyes, 

eyes looking right 
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6. Gr idFi l l e r Applet 

Write an applet that displays a 4 X 4 grid. When the user clicks on a square in the grid, the 
applet should draw a filled circle in it. If the square already has a circle, clicking on it should 
cause the circle to disappear. 

7. DrinkMachine Applet 

Write an applet that simulates a soft drink vending machine. The simulated machine dis­
penses the following soft drinks: cola, lemon-lime soda, grape soda, root beer, and bottled 
water These drinks cost $0.75 each to purchase. 

When the applet starts, the drink machine should have a supply of 20 of each of the drinks. 
The applet should have a text field where the user can enter the amount of money he or 
she is giving the machine. The user can then click on a button to select a drink to dispense. 
The applet should also display the amount of change it is giving back to the user. The applet 
should keep track of its inventory of drinks and inform the user whether he or she has 
selected a drink that is out of stock. Be sure to handle operator errors such as selecting a drink 
with no money entered and selecting a drink with an inadequate amount of money entered. 

8. Stopwatch Applet 

Write an applet that simulates a stopwatch. It should have a Start button and a Stop button. 
When the Start button is clicked the applet should count the seconds that pass. When the 
Stop button is clicked, the applet should stop counting seconds. 

9. Slide show Application 

Write an application that displays a slideshow of images, one after the other, with a time 
delay between each image. The user should be able to select up to 10 images for the slide 
show and specify the time delay in seconds. 



Recursion 

TOPICS 
15.1 Introduction to Recursion 

15.2 Solving Problems with Recursion 
15.3 Examples ol Recursive Methods 

15.4 A Recursive Binary Search Method 
15.5 The Towers of Hanoi 
15.6 Common Errors to Avoid 

15.1 Introduction to Recursion 

CONCEPT: A recursive method is a method that calls itself. 

You have wen instances of method* calling other methods. Method A can call method It, 
which can then call method i.. It's also possible for a method to call itself. A method that 
calls itself is a recursive method. Look at the message method in Code Listing 15-1. 

Code Listing 15-1 ( E n d l e s s R a c u r s i o n . J a v a ) 

This c lass has a recursive method. 

5 public c lass EndlessRecursion 
<> < 

public s t a t i c void message)) 

8 t 
9 System.out .pr in t lnfThis i s a recursive method."); 

10 message{); 

1 1 > 
12 > 

988 
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This method displays the string "This is a recursive method." and then calls itself. Faeh time 
it calls itself, the cycle is repeated. Can you sec a problem with the method? There's no way 
in slop [lu- ret iirsivi- i.ilU. This method is like an mtiniic loop because there is no code to 
stop it from repeating. 

Like a loop, a recursive method must have some way to control the number of times it 
repeats. The class in Code I isting 15-2 has a modified version of the message method. It 
passes an integer argument, which holds the number of times the method should call itself. 

Code Listing I w ( R e c u r s i v e . J a v a ) 

: / • • 

2 This c lass has a recursive method, message, 
3 which displays a message n times. 
A •/ 

b public class Recursive 

1 { 
public s ta t ic void message)in* n) 

{ 

i f (n > 0) 

System.out.println("This i s a recursive 
13 message(n - l ) j 
14 } 

13 > 
16 > 

i thod.-)) 

This method contains an if statement that controls the repetition. As long as the n param­
eter is greater than zero, the method displays the message and calls itself again. F.ach time it 
calls itself, it passes n • 1 as the argument. For example, look at the program in (.'ode 
Listing 15*3. 

Code Listing 15-3 (RecuraionDemo. Java) 

: / • • 

2 This class demonstrates the Recursive.message method. 
J • / 

1 public c lass RecursionDemo 
6 < 

public s t a t i c void main(String[] args) 
8 < 
9 Recurs ive.message(5); 

10 > 
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V 
Program Output 

Thif 
Thif 
Thif 
This 
This 

i s 
i s 
i s 
i s 
i s 

a recursive 
a recursive 
a recursive 
a recursive 
a recursive 

method. 
method. 
method. 
method. 
method. 

The main method in this claw calls the Recursive-message method with the argument 5, 
which causes the method to call itself five times. The first time the method is called, the i f 
statement displays the message and then calls itself with 4 as the argument. Figure 15-1 
illustrates this. 

The diagram in Figure 15-1 illustrates two separate call* of the message method. Each time 
the method is called, a new instance of the n parameter is created in memory. The first time 
the method is called, the n parameter is set to 5. When the method calls itself, a new* instance 
of n is created, and the value 4 is passed into it. This cycle repeats until finally, zero is passed 
to the method. This is illustrated in Figure 15-2. 

Figure 15-1 First two calls o( the method 

First call ol the method 

Value of n 5 

Second cal of Ihe method 

Value of n: 4 

As you can sec from Figure 15-2, the method is called a total of six times. The first time it is 
called from the main method of the RecursionDcoo class, and the other five times it calls 
itself. The number of times that a method calls itself is known as the depth uf recursion. In 
this example, the depth of recursion is five. VCTicn the method reaches its sixth call, the n 
parameter is set to 0. At that point* the i f statement's conditional expression is fa lse, so the 
method returns. Control of the program returns from the sixth instance of the method to 
the point in the fifth instance directly after the recursive method call. This is illustrated in 
Figure 15-3. 

Because there arc no more statements to be executed after the method call, the fifth instance 
of the method returns control of the program back to the fourth instance. This repeats until 
all instances of the method return. 
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Figure 15-2 Total of six calls to the Message method 

The method is lirsl caHod 
from Iho main method of 
the RecuraionDeiro Class 

First call ol (he method 

Vai je of n; 5 

Tho second through sixth 
cans are rocursive. 

Seconc ca I ot the method 

Value of-V 4 

TMra cei o( Vie mtttod 

Value oln 3 

Fourth cat of the mothod 

Va uc ol n: 2 

Fifth call of the mothod 

Value of n: 1 

Sixth call of the mathod 

Va uo of iv 0 

Figure 15-3 Control returns to the point after the recursive method call 

public a t a t i c void meeeaeelint nl 

if In > 0) 
( 

System,out,printlnl"Thia i s a racuraiva mathod."); 
Recursive methee] eel » r * - . .qc (n - i ) ; 

\ » Control returns here from tho recursive co I. 
j There are no more statements to execute 

in this method, so the method returns. 

15.2 Solving Problems with Recursion 

CONCEPT: A problem can be solved with recursion if it can be broken down into 
successive smaller problems (hat are identical to the overall problem. 

The Recursive and RecursionDemo classes shown in the previous section demonstrate the 
mechanics of a recursive method. Recursion can be a powerful tool for solving repetitive 
problems and is an important topic in upper-level computer science courses. What might 
not be clear to you yet is how to use recursion to solve a problem. First, it should be noted 
that recursion is never absolutely required to solve a problem. Any problem that can be 



Vlri-oNiM* 

Rcduclnq a 
Problem with 

Recursion 

15.2 Solving Problems with Recursion 989 

solved recursively can also be solved iterative!)', with a loop. In fact, recursive algorithms 
^\rc usually less efficient than iterative algorithms. This is because a method call requires 
several actions to be performed by the JVM, These actions include allocating memory for 
parameters and local variables, and storing the address of the program location where con­
trol returns after the method terminates. These actions, which are sometimes referred i<> as 
overhead, take place with each method call. Such overhead is not necessary with a loop. 

Some repetitive problems, however, are more easily solved with recursion than with itera­
tion. Where an iterative algorithm might result in faster execution tunc, the programmer 
mfghl be able to design a recursive algorithm faster. 

In general, a recursive method works like this: 

• If the problem can be solved now, without recursion, then the method solves it and 
returns. 

• If the problem cannot be solved now, then the method reduces it to a smaller but 
similar problem and calls itself to solve the smaller problem. 

In order to apply this approach, first \ \c identify at least one case in which the problem can 
be solved without recursion, This is known as the hjse CJSC. Second, we determine a way to 
solve the problem in all other circumstances using recursion. This is called the recursive 
t\ist\ In the recursive case, we must always reduce the problem to a smaller version of the 
original problem. B> reducing the problem with each recursive call, the base case will even­
tually be reached and the recursion wi l l stop. 

Let's take an example from mathematics to examine an applnation of recursion. In mathe­
matics, the notation ; i ! represents the factorial of the number //. The factorial of a nonnega-
tivc number can be defined by the following rules: 

I f « - Ochen 

If u > 0 then 

«! - 1 

i f ! - I x 2 x 3 x . . • X * 

Let's replace the notation ; i ! with factorial!*!), which looks a bit more like computer code, 

and rewrite these rules as follows: 

K M - Othen 

If I I > 0 then 

factorial(ii) ™ I 

factorial(ii) = l x 2 x 3 x . . . X n 

These rules state that when n is 0, its factorial is 1. When n is greater than 0, its factorial is 
the product of all the positive integers from 1 up to tt. For instance, factorial!*)) is calculated 
as I X 2 X 3 X 4 X 5 X 6. 

When designing a recursive algorithm to calculate the factorial of any number, first we iden­
tify the base case, which is the part of the calculation that we can solve without recursion. 
That is the case where n is equal to 0 as follows: 

If I I = Othcn factorial(if) • I 

This tells how to solve the problem when ft is equal to 0, but what do we do when n is 
greater than 0? That is the recursive case, or the part of the problem that we use recursion 
to solve. This is how we express it: 

If I I > 0 then factorial(n) • n X factor ials — 1 
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This states that if #i is greater than 0, the factorial of n is n times the factorial of n - I, 
Notice how the recursive call works on a reduced version of the problem, « - I. So, our 
recursive rule for calculating the factorial of a number might look like this: 

If w - Othcn factorial!/!) - 1 

If I I > 0 then factorial!/!) - if X factorial (n - I ) 

The following code shows how this might be implemented in a Java method: 

pr ivate s t a t i c i n t f a c t o r i a l ( i n t n) 

{ 
if (n — 0) 

return 1; / / Base case 
l l H 

return n * f a c t o r i a l s - l j ; 

> 

The program in Code Listing 15-4 demonstrates the method. Figure 15*4 shows example 
interaction with the program. 

Code Listing 15-4 ( F a c t o r i a l D e m o . Java) 

import javax.swing.JOptionPane; 

1 1 

This program demonstrates the recursive 
fac tor ia l method. 

••' 

publ ic class FactorialDemo 

i 
public s t a t i c void main(String[ ] ergs) 

< 

String input; / / T o hold user input 
int number; / / To hold a number 

/ / Get a number from the user, 
input - JOptionPane-showInputDialogf"Enter a • • 

*nonnegative i n t ege r : " ) ; 
number • In teger .parse ln t ( input ) ; 

/ / Display the factor ia l of the number. 
JOptionPane.showMessageDialog(null, 

number * "I i s * + factorial(number)); 

System.exit(O); 
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27 

28 

/ . . 

29 
30 
31 
32 
ii 
M 
35 
36 
37 
38 
39 
40 
41 
42 ) 

The fac tor ia l method uses recursion to ca lcula te 
the fac tor ia l of i t s argument, which i s assumed 
to be a nonnegative number. 
Sparam n The number to use in the ca lcula t ion . 
3return The fac tor ia l of n. 

* / 

private s t a t i c int f ac to r i a l ) in t n) 

< 

if (n - - 0) 
return 1; / / Base case 

e lse 
return n * f a c t o r i a l s - 1) ; 

} 

Figure 15-4 Interaction with the F a c t o r i o l D e s w . j a v a program 

Input - . . -

o im^iiincMimUisiFvqini^tKi' 

M-

2 * i ^ 

• M M 

m 

In the example run of [he program, che factorial method is called with the argument 4 
passed into n. Because n is not equal to 0, the i f statement's d i e clause executes the follow­
ing statement: 

return n # t ac to r ia i (n - 1); 

Although this is a return statement, it docs not immediately return. Before the return value 
can he determined, the value of f a c t o r i a l ( n - l ) must be determined. The f a c t o r i a l 
method is called recursively until the fifth call, in which the n parameter wi l l be set to zero. 
The diagram in Figure 15-5 illustrates the value of n and the return value during each call of 
the method. 

This diagram illustrates why a recursive algorithm must reduce the problem with each 
recursive call. Eventually the recursion has to stop in order for a solution BO be reached. If 
each recursive call works on a smaller version of the problem, then the recursive calls work 
toward the base case. The base case does not require recursion, so it stops the chain of 
recursive calls. 

Usually, a problem is reduced by making the value of one or more parameters smaller with 
each recursive call. In our f a c t o r i a l method, the value of the parameter n gets closer to 0 
with each recursive call. When the parameter reaches 0, the method returns a value without 
making another recursive call. 
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Figure 15-5 Recursive calls to the factorial method 

The method is first called 
Irom tho riu in mothod. - First cal o' the method 

Value of n 4 

Return value 24 

The second through fifth 
calls are recursive. 

Secood cat ol the nxjfrod 

Value of n: 3 

Return value 6 

Tr*rd ca ol the method 

Va*ueo*n 2 

Return value 2 

Fourth cal of the mothod 

Value of n. 1 

Return value 1 

hifth call of the method 

Value ol n; 0 

Return va'ue: 1 

< * 

Direct and Indirect Recursion 
The examples we have discussed so far show recursive methods that directly call them­
selves. This is known as direct recursion. There is also the possibility of creating indirect 
recursion in a program. This occurs when method A calls method B, which in turn calls 
method A. There can even be several methods involved in the recursion. For example, 
method A could call method B, which could call method C, which calls method A. 

Checkpo in t 

MyProtrammtnjUtf unvttf.myprogr.tmminghb.com 

15.1 It is said that a recursive algorithm has more overhead than an iterative algorithm. 
What does this mean? 

15.2 What is a base case? 

http://unvttf.myprogr.tmminghb.com
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15.3 What is a recursive case? 

15.4 What causes a recursive algorithm to stop calling itself? 

15.5 What is direct recursion? What is indirect recursion? 

15.3 Examples of Recursive Methods 

Summing a Range of Array Elements w i th Recursion 
In this example we look at a method, rangeSum, tli.»c uses recursion to sum a range of array 
elements. The method takes the following arguments: an int array that contain*, the range 
of elements to he summed, an int specifying the starting element of the range, and an int 
specifying the ending clement of the range. I Icre is an example of how the method might 
be used: 

i n t | | numbers - ( 1 , 2, 3, A, 5, 6, 7, 8, 9); 
int sum; 
sum - rangeSum)numbers, J, 7) ; 

This code specifies that rangeSum should return the sum of elements i through 7 in the 
numbers array. The return value, which in this vase would be 30, is stored in sum. I Icre is the 
definition of the rangeSum method: 

public s t a t i c int rangeSum(int() array, int s t a r t , in t end) 

< 

if ( s t a r t > end) 
return 0; 

e lse 
return a r r a y ( s t a r t | • rangeSua(array, s t a r t * I , end); 

> 

This method's base case is when the s t a r t parameter is greater than the end parameter. If 
this is true, the method returns the value 0. Otherwise, the method executes the following 
statement: 

return a r r a y ( s t a r t | • rangeSumfarray, s t a r t * 1, end); 

This statement returns the sum of a r r ay ( s t a r t ) plus the return value of a recursive call. 
Notice that in the recursive call, the starting element in the range is s t a r t • 1. In essence, 
this statement says "return the value of the first element in the range plus the sum of the rest 
of the elements in the range." The program in Code Listing 15-5 demonstrates the method. 

Code Listing 15-5 ( R a n g e S u m . J a v a ) 

This program demonstrates the recursive rangeSum method. 

4 



994 Chapter 15 Recursion 

5 public class RangeSum 
6 { 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
23 
26 
27 
28 
29 
30 
31 
32 > 

public s tat ic void main(String[| args) 

< 

i n t [ | numbers - ( 1, 2, 3, 4, 5, 6, 7, 8, 9 ); 

System.out.print("The sum of elements 2 through " * 
"5 i s "• rangeSuafnumbers, 2, 5) ) ; 

) 

/ • • 

The rangeSum method calculates the sum of a specified 
range of elements in array. 
Sparam start Specifies the starting element. 
Sparam end Specifies the ending element. 
^return The sum of the range. 

• / 

public s tat ic int rangeSum(int[| array, int start , int end) 
< 

if (start > end) 
return Of 

e l se 
return array(start) • 

rangeSum(array, start t 1, end); 

> 

Program Output 

The sum of element* 2 through 5 is 18 

Drawing Concentric Circles 
In tins example we look at the Circles applet, which uses recursion to draw concentric 
circles. Concentric circles are circles of different sizes, one inside another, all with a com­
mon center point. Figure 15-6 shows the applets output-The applet code is shown in Code 
Listing 15-6. 

Code Lilting 15-6 ( C i r c l e s . Java) 

import javax.swing.*; 
3 import java.awt.*; 
3 

This applet uses a recursive method to 
6 draw concentric c i rc les . 
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* / 

public c lass Circles extends JApplet 

< 

/ * * 

i n i t method 
* / 

public void i n i t ( ) 

< 

getContentPane().setBackgroundfColor.white); 

) 

/ * * 

paint method 
Jparam g The app le t ' s Graphics object . 

• / 

public void paint(Graphics g) 

II Draw 10 concentric c i r c l e s . The outermost 
/ / c i r c l e ' s enclosing rectangle should be a t 
/ / (3 , 5), and i t should be 300 pixels wide 
/ / by 300 pixels high. 
drawCirclea(g, 10, 5, 300); 

/ . . 

The drawCircles method draws concentric c i r c l e s 
tparam g A Graphics object . 
?param n The number of c i r c l e s to draw. 
Gparam topXY The top le f t coordinates of the 

outermost c i r c l e ' s enclosing rectangle. 
t s i z e The width and height of the outermost 

c i r c l e ' s enclosing rectangle. 
* / 

private void drawCircles(Graphics g, int nf 

int topXY, int size) 

< 

if (n > 0) 

< 

g.drawOval(topXY, topXY, s ize , s i z e ) ; 
drawCircles(g, n - 1, topXY * 15, s ize - 30); 

) 

I 
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Figure 15-6 C i r c l e s applet 

•CCHt 

The drawCirclei method, which is called from ihc applet's paint method, uses recursion CO 
draw the concentric circles. The n parameter holds the number of circle? to draw. When this 
parameter is set to 0, the method has reached its base case. Otherwise, it calls the g object's 
drawOval method to draw .i . m K I he topXV parameter hold? the value to use as the X and 
V coordinate of the enclosing rectangle's upper-left corner. The aize parameter holds the 
value to use as the enclosing rectangle's width and height. After the circle is drawn, the 
drawci rc le i method is recursively called with parameter values adjusted for the next circle. 

The Fibonacci Series 
Some mathematical problems arc designed to be solved recursively. One well-known exam­
ple is the calculation of Fibonacci numbers. The Fibonacci numbers, named after the Italian 
mathematician Leonardo Fibonacci (born circa 1170), arc the following sequence: 

0,1, 1,2,3,5,8,13,21,34,55,89,14-4,233,... 

Notice that after the second number, each number in the scries is the sum of the two previ­
ous numbers. The Fibonacci scries can be defined as follows: 

l f « = 0 ihen Fib(w> = 0 

I fw = 1 then Fib(n>= 1 

l f « > - 2 t h e n Fib(n) - Fib** - 1> + F i b ( n - 2 > 

A recursive Java method to calculate the «th number in the Fibonacci series is shown here: 

public s ta t ic int fib(int n) 

< 

if (n - - 0) 
return 0; 
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e l se if (n — 1) 
return 1; 

e lse 
return fibfn - 1) + flbfn - 2) ; 

I 
Notice that this method actually has two base cases: when n is equal to 0, and when n is 
equal to 1. In cither case, the method returns a value without making a recursive call. The 
program in Code Listing 15-7 demonstrates this method by displaying the first 10 numbers 
in the Fibonacci series. 

Code L i s t i ng 15-7 ( F i b N u m b a r s . Java) 

1 / •* 
Thif program demonttratea the recuraive f i b aethod. 

I • / 
4 
I publ ic claaa FibNumbera 

B { 
publ ic a ta t i c void aa in(Str ing[ ) arga) 

{ 
Syatem.out.println("The f i r a t 10 nuabera In ' • 

"the Fibonacci aariaa a re : " ) ) 
9 

10 

11 
L2 
I1 
u 

15 
16 
17 
it 
19 
20 
2) 
22 

23 
24 

25 

26 

27 

28 

29 

30 

JI 

12 

33 

34 > 

for ( in t i - 0i i < 10; ! • • ) 
Syatem.out .pr int(f ib( i ) • • " | | 

Syatem.out .print ln() ; 

> 

The fib method calculatea the nth 
number in the Fibonacci ae r iea . 
flparam n The nth number to ca lcu la te . 
^return The nth number. 

* / 

public atatic int f ib( int n) 
< 

if (n - - 0) 
return 0; 

elae if (n - - I) 
return 1; 

elae 
return fib(n - 1) + fib(n - 2)1 

I 
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Program Output 

The f i r s t 10 numbers in the Fibonacci se r ies are : 
0 1 1 2 3 5 8 13 21 34 

Finding the Greatest Common Divisor 
l )ur next example <>t recursion is rhe calculation «>t the greatest common divisor, or (*l I), 
of two numbers. The CiCD of two positive integers, x and v, is as follows: 

if y divides x evenly, then gcdfx, y) • y 
()thcrwise, gcd(x» y) = gcd(>\ remainder of xty) 

This definition states that the t iCD of x and y is y if v/v has no remainder. This is the base 
case. Otherwise, the answer is the ItCI) of y and the remainder of x/y\ The program in Code 
Listing 15-8 shows a recursive method for calculating the CiCD, 

Code Listing 15-8 (GCDdemo. j a v a ) 

import Java.uti l .Scanner; 

/ • • 

This program demonstrates the recursive gcd method, 
• / 

public claaa GCDdemo 

I 
public a t a t i c void m«in(Sr.ring| ) arga) 

< 

int numl, num2; / / Two numbers for GCD calculat ion 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(System,in); 

/ / Get the f i r s t number from the user. 
System.out.print( 'Enter an integer: " ) ; 
numl - keyboard.nextlnt(J; 

/ / Get the second number from the user. 
System.out.print("Enter another integer: " ) ; 
num2 - keyboard.nextlnt(J; 

/ / Display the GCD. 
System.out.println("The greates t cormon divisor • i 

"of these two numbers i s • • 
gcd(numl, nua2)); 

/ • • 
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J] 

32 
33 
M 
35 
36 
37 
38 
39 
40 
41 
42 
•i i 

44 
45 > 

The gcd method calculates the greatest c< 
divisor of the arguments passed into x and y. 
Gparam x A number. 
?param y Another number. 
^returns The greates t common divisor of x and y. 

* / 

public s t a t i c int gcd< int. x, int y) 
< 

if (x % y • - 0) 
return y; 

e lse 
return gcd(y, x % y ) ; 

} 

Program Output with Example Input Shown In Bold 

Enter an integer: 49 (Enter) 
Enter another integer: 28 [Enter] 
The greates t common divisor of these two numbers i s 7 

15.4 A Recursive Binary Search Method 

- i CONCEPT: The recursive binary search algorithm is more clcpant and easier m 
understand than its iterative version. 

In Chapter 7 you learned about the binary search algorithm and saw an iterative example 
written in Java. The binary search algorithm can also be implemented recursively. For 
example, the procedure can be expressed as: 

// array(middle ] equals the search value, then the value ts found. 
Use if array (middle) is less than the search value* perform 

a binary search OM the upper half of the array, 
F/tt'/^ array f middle | ts greater than the search value* perform 

a binary search on the louxr half of the array. 

When you compare the recursive algorithm to its iterative counterpart, it becomes evident 
that the recursive version is much more elegant and easier to understand. The recursive 
binary search algorithm is also a good example of repeatedly breaking a problem down into 
smaller pieces until it is solved. Here is the code for the method: 

public s t a t i c int binarySearch(int( ) array, int f i r s t , 
i n t l a s t , i n t value) 

( 

int middle; / / Hid point of search 
/ / Test for the base case where the 
/ / value i s not found. 
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if ( f i r s t > l a s t ) 
return - 1 ; 

/ / Calculate the middle posi t ion, 
middle - ( f i r s t • l a s t ) / 2; 
/ / Search for the value. 
if (array(middle| • • value) 

return middle; 
e lse if (array[middle) < value) 

return binarySearch(array, middle » 1, 
l a s t , value); 

rliUr 

return binarySearchfarray, f i r s t , 
middle - 1, value) ; 

> 

The first parameter, array, is the array to be searched. The next parameter, f i r s t , holds the 
subscript or rhc first element in the search range (the portion of ihc array to be searched). 
The next parameter, l as t , holds the subscript of ihc last clement in the search range. The 
last parameter, value, holds the value to be searched for. I .ike the iterative version, this 
method returns the subscript of the value if it is found, or -1 if the value is not found. (lode 
I isting 15W demonstrates the method. 

Code Listing 15-9 ( R e c u r s i v e B i n a r y S e a r c h . J a v a ) 

a 

i 
s 
6 

J 

B 

9 

LO 

11 

12 

I I 

:i 
15 

.6 

17 

Lfl 

L9 

20 

21 

22 

23 

24 

import Java.uti l .Scanner; 

/ • • 

This program demonstrates the recursive 
binary search method. 

• ' 

public c lass RecursiveBinarySearch 

< 

public s t a t i c void main(String [1 

< 

i n t searchValue; 
i n t r e su l t ; 
String input; 
char again; 

' 

/ / The value t o search for 
/ / The search re su l t 
/ / A l ine of input 
/ / To hold a single character 

/ / The values in the following array are sorted 
/ / in ascending order. 
i n t numbers!| - (101, 142, 147, 189, 199, 207, 222, 

234, 289, 296, 310, 319, 388, 394, 
417, 429, 447, 521, 536, 600); 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 
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do 

{ 
/ / Get a value to search for. 
System.out.print("Enter a value to " * 

"starch for: " ) ; 
scarchValue • keyboard.nextInt(); 

/ / Search for the value 
r e su l t - binarySearchfnumbers, 0, 

(numbers.length 
searchValue); 

- I ) , 

/ / Display the r e s u l t s , 
if ( resu l t « -1) 

{ 

System.out.println(searchValue * 
" was not found.11); 

) 

slss 

I 
System.out.println(searchValue + 

" was found at • • 
"element • + r e s u l t ) ; 

i 

/ / Docs the user want to search again? 
System.out.print!"Do you want to search again? 

"(Y or N); " ) ; 
/ / Consume the remaining nevline. 
keyboard.nextLine(); 
/ / Read a l ine of input, 
input - keyboard.nextLinef); 

> while (input.charKt(O) - - ' y ' | | 
input.charAt(O) — 'Y'>; 

/ • • 

The binarySearch method performs a binary search 
on an integer ar ray . 
Cparam array The array to search. 
Gparam f i r s t The f i r s t element in the search range 
?param las t The l a s t element in the search range. 
9param value The value to search for. 
^return The subscript of the value if found, 

otherwise - 1 . 
* / 
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73 
' 4 
75 
76 
11 

n 
i% 

80 

81 

B3 

84 

Ho 

87 
88 
B9 
90 
»] 
M 
93 
U 

M 
97 

public s t a t i c i n t binarySearch(int() array, int f i r s t , 
in t l a s t , int value) 

< 
i n t middle; / / Hid point of search 

/ / Test for the base case where the 
/ / value i t not found, 
if ( f i r s t > l a s t ) 

return - 1 ; 

/ / Calculate the middle position* 
middle • ( f i r s t * l a s t ) / 2; 

/ / Search for the value, 
if (array[middle] «« value) 

return middle; 
e l se if (array(middle) < value) 

return binarySearch(array, middle * 1, 
l a s t , value); 

e l se 
return binarySearch(array, f i r s t , 

middle - 1, value); 

I 

Program Output with Example Input Shown In Bold 

Enter a value to search for: 289 (Enter] 
289 was found at element 8 
Do you want to search again? (Y or N): y [Enter] 
Enter a value to search for: 388 [Enter] 
388 was found at element 12 
Do you want to search again? (Y or N): y [Enter] 
Enter a value to search for: 101 [Enter] 
101 was found at element 0 
Do you want to search again? (Y or N): y [Enter] 
Enter a value to search for: 999 [Enter] 
999 was not found. 
Do you want to search again? (Y or N): n [Enter] 

15.5 The Towers of Hanoi 
^H 

CONCEPT: I he repetitive step* involved in solving I he Tower* of Hanoi game can be 
easily implemented in a recursive algorithm. 
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The lowers of I lanoi is a mathematical game that is often used in computer science text­
books to illustrate the power of recursion. The game uses three pegs and a set of discs 
with holes through their centers. The discs are stacked on one of the pegs as shown in 
Figure 15-7. 

Figure 15-7 The pegs and discs in the Towers of Hanoi game 

Notice that the discs arc stacked on the leftmost peg, in order of size with the largest disc at 
the bottom. The game is based on a legend where a group of monks in a temple in I lanoi 
have a similar set of pegs with 64 discs. The job of the monks is to move the discs from the 
first peg to the third peg. The middle peg can be used as a temporary holder. Furthermore, 
the monks must follow these rules while moving the discs: 

• Only one disk may be moved at a time. 
• A disk cannot be placed on top of a smaller disc. 
• All discs must he stored on a peg except while being moved. 

According to the legend, when the monks have moved all of the discs from the first peg to 
the last peg, the world wi l l come to an end. 

To play the game, you must move all of the discs from the first peg to the third peg, follow­
ing the same rules as the monks, let's look at some example solutions to this game, for dif­
ferent numbers of discs. If you have only one disc, the solution to the game is simple: move 
the disc from peg I to peg J. If you have two discs, the solution requires three moves: 

• Move disc I to peg 2. 
• Move disc 2 to peg 3. 
• Move disc I to peg 3. 

Notice that this approach uses peg 2 as a temporary location. The complexity of the moves 
continues to increase as the number of discs increases. To move three discs requires the 
seven moves shown in Figure 15-8. 

The following statement describes the overall solution to the problem: 

Move n discs from peg I to peg I using peg 2J$J temporary peg. 

The following algorithm can be used as the basis of a recursive method that simulates the 
solution to the game. Notice that in this algorithm we use the variables A, B, and C to hold 
peg numbers. 

To move n discs from peg A to peg C, using peg Bos a temporary peg: 
1fn>0tben 
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Aflw* n - / discs from peg A to peg B. using peg Cos a temporary peg. 
Move the remaining disc from peg A to peg C 
Move n - / discs from peg B to peg C. using peg A as a temporary peg. 

End if 

The base CMC for (he a lgor i thm is reached when there are no more discs to move. The fo l ­
lowing code is for a method that implements this a lgor i thm. Note that the method does not 
actually move anything, hut displays instructions indicat ing all o f the disc moves to make. 

private void moveDiscsfint num, int frooPeg, int toPeg, int tempPeg) 

I 
i f (num > OJ 

{ 

movcDiiCi(num - 1, fromPcg, tempPeg, toPeg); 
Syitem.out.println("Hove a disc from peg - • fromPeg • 

" to peg " • toPeg); 

moveDiic»(nu« - 1, tempPeg, toPeg, fromPcg); 

) 

F i g u r e 15 -8 Steps for mov ing three peqs 

Cifiv-nil t« lup 

S«oo*4 move Wov« **c l to p«q * ' * K l t o W l ? 

FouHh movr Uov« due 3 to p*j 3 F # - « W Movtdu 1 toptQl 

Sulh mov* Movt dtoc 2 lo p*g 3. Svwcimovfe Mo p*g J 
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I his me thod accepts arguments i n to the l o l l o w i n g four parameters : 

num The number of discs to move. 

f romPeg The peg to move the discs f rom. 

toPeg The peg to move the discs to . 

tempPeg The peg to use as a temporary peg. 

II num is greater than 0, then there arc discs to move. The first recursive call is as follows: 

moveDiflCfl(num - 1, fromPeg, terapPeg, toPeg); 

I his statement is an instruction to move all but OfM dtt< from iiumr<:q to tampPeg, using 

toPeg as a temporary peg. The next statement is as follows: 

System.out.printlnf"Move a d isc Iron peg • * fromPeg + 
• to peg • • toPeg); 

Thi» simply displays a message indicating that a disc should be moved from fromPeg to 

toPeg. Nest, another recursive call is executed as follows: 

moveDiscs{num - 1, tempPeg, toPeg, trocPeg); 

This statement is an instruction to move all but one disc from tempPeg to toPeg, using 

fromPeg as a temporary peg. ( lode last ing 15-10 shows the Hanoi class, which uses this 

method. 

Code List ing 15 10 ( H a n o i . J a v a ) 

/ • • 

Th i i claim displays * solution to the Towers of 

Hanoi game. 

* / 

public c l a n Hanoi 

{ 
private int numDiaca; / / Number of discs 

9 
10 
II 
13 

13 
1-1 

15 
16 
17 
18 
19 
20 
- 1 

22 
2 I 

/ * * 

Constructor. 
3param n The number of discs to use. 

* / 

public Hanoifint n) 

II Assign the number of discs. 

numDiscs • n; 

/ / Move the number of discs from peg 1 to peg 3 
/ / using peg 2 as a temporary storage locat ion. 
moveDiscs(numDiscs, 1, I, 2); 
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24 
25 / • • 

The moveDiscs method displays a disc nove. 
Sparam num The number of d iscs t o move. 
iparam fromPeg The peg to move from. 

29 9param toPeg The peg to move t o . 
30 iparam tempPeg The temporary peg* 
31 •/ 
32 

private void moveDiscs(int num, i n t froaPeg, 
34 i n t toPeg, int tcapPcg) 
35 < 
36 if (num > 0) 
37 < 

moveDiacs(num - 1, fromPeg, tempPeg, toPeg); 
System.out.println("Move a d isc froa peg " • 

40 fromPeg * • t o peg * • toPeg; 
moveDiscs(num • 1, tempPeg, toPeg, fromPeg); 

42 > 
43 > 
44 > 

The class constructor accepts an argument, which is the number of disc* to use in the game. 
It assigns tins value to the numDiscs field, and then calk the moveDiaca method in line 22. In 
a nutshell, this statement is an instruction to move all the discs from peg 1 to peg J, using 
peg 2 as a temporary peg. The program in Code lasting 15-11 demonstrates the class. It 
displays the instructions for moving three discs. 

Code Listing 15-11 (HanoiDemo.Java) 

1 /•• 
2 This c lass demonstrates the Hanoi c lass , which 
3 displays the steps necessary to solve the Towers 
4 of Hanoi game. 
5 */ 
6 
I public c lass HanoiDcmo 

{ 
9 s t a t i c public void main(String[] args) 

10 i 
11 Hanoi towersOfHanoi - new Hanoi(3); 
12 > 
13 > 
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Program Output 

Move 

Move 

Move 

Move 

Move 

Move 

Move 

a disc 
a disc 
• disc 
a difc 
a difc 
a difc 
a difc 

from 
from 
from 
from 
from 
from 
from 

peg 
peg 
peg 
peg 
peg 
peg 
peg 

1 
1 
3 
1 
2 
2 
1 

to 
to 
to 
to 
to 
to 
to 

peg 3 
peg 2 
peg 2 
peg 3 
peg 1 
peg 3 
peg 3 

15,6 Common Errors to Avoid 
• Not coding .i base case, When the base case is reached, a recursive method stops call­

ing itself. Without I base case, the method wi l l continue to call itself infinitely. 
• Not reducing the problem with each recursive call. Unless the problem is reduced 

(winch usually means that the value of one or more critical parameters is reduced) 
with each recursive call, the method wi l l not reach the base case. If rhe base case is not 
reached, the method will call itself infinitely. 

• Writing the recursive call in such a way that the base case is never reached. You might 
have a base case and a recursive case that reduces the problem, but if the calculations 
are not performed in such a way that the base case is ultimately reached, the method 
wi l l call itself infinitely. 

Review Questions and Exercises 

Mult iple Choice and True/False 

1. A method is called once from a program's euin method, and then it calls itself four 
times. The depth of recursion is . 
a. one 
b. four 
C five 
d. nine 

2. This is the part of a problem that can be solved without recursion. 
a. base case 
b. solvable case 
c. known case 

d. iterative case 

3. This is the part of a problem that is solved with recursion. 
a. base case 
b. iterative case 
c. unknown case 

d. recursion case 
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4. This is when a method explicitly calls itself. 
a. explicit recursion 
b. modal recursion 
c. direct recursion 
d. indirect recursion 

5. I'his is when method \ calls method It, \\ huh calls method V 
ft, implicit recursion 
b. modal recursion 
c. direct recursion 
d. indirect recursion 

6. This refers to the actions taken internally by the JVM when a method is called, 
ft, overhead 
b. set up 
c. clean up 
d. synchronization 

7. True or False: An iterative algorithm will usually run faster than an equivalent recti* 
sive algorithm. 

8. True or False: Some problems can be solved through recursion only. 

9. True or False: It is not necessary to have a base case in all recursive algorithms. 

10. True or False: In the base case, a recursive method calls itself with a smaller version 
of the original problem. 

Find the Error 

I» Find the error in the following program: 

public e l m FindThtError 

< 

public s ta t ic void main(String() it?*) 
< 

myHethod(O); 

> 

public s tat ic void nyMethodfint nam) 

< 

System.out.print(num + • • ) ; 
myHethod(num + 1 ) ; 

> 

Algor i thm Workbench 

I • Write a method that accepts a String as an argument* The method should use recur­
sion to display each individual character in the String. 

2. Modify the method you wrote in Algorithm Workbench 1 so it displays the String 
backwards. 
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3. What will the following program dtspby? 

public c lass Checkpoint 

{ 
public s t a t i c void main(String[ | args) 

Int num - 0; 
showMe(num); 

> 

public a t a t i c void ahowHe(int arg) 

< 

if (arg < 10) 
ahowMofarg + 1); 

olae 
Syaten.out .pr int ln(arg)) 

> 

> 

4. What will the following program display? 

public claea Checkpoint 

< 

public a t a t i c void BuinfStringl | arga) 
{ 

int nua - 0; 
•howMe(num); 

) 

public a t a t i c void ahowMcfint arg) 

Syatem.out .print ln(arg); 
If (arg < 10) 

ahowKe(arg • 1); 

> 

) 

5. What will the following program display? 

public claaa ReviewQueation5 

{ 
public a t a t i c void raain(String(] arga) 

< 

int x - 10; 
Syetem.out.printIn(myMethod(x)); 

} 
public s t a t i c int myMethodfint nu») 

< 

if (nua <- 0) 
return 0; 

e lse 
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return myKethod(num - 1) + n\m; 

) 

6. Convert the following iterative method to one that uses recursion: 

public s t a t i c void s ign( in t n) 

< 

while (n > 0) 

< 

System.out.printIn("No Parking ' ) ; 
n-- ; 

> 

> 

7. Write an iterative version (using a loop instead of recursion) of the f a c t o r i a l method 
shown in this chapter. 

Shor t Answer 

1. What is the difference between an iterative algorithm and a recursive algorithm? 

2. What is a recursive algorithm's base case? What is the recursive case? 

3. What is the base case of each of the recursive methods listed in Algorithm Workbench 
I, 4, and .5? 

4. What type of recursive method do you think would be more difficult to debug: one 
that uses direct recursion or one that uses indirect recursion? Why? 

5. Which repetition approach is less efficient: a loop or a recursive method? Why? 

6. When recursion is used to solve a problem, why must the recursive method call itself 
to solve a smaller version of the original problem? 

7. Mow is a problem usually reduced with a recursive method? 

Programming Challenges 

MyProframminfLjir Visit www.myprogrjmmmgtjb.com to complete many of these Programming Challenges 
online and git instant feedback. 

1 . Recursive Mult ipl icat ion 

Write a recursive function that accepts two arguments into the parameters x and y. The 
function should return the value of x times y. Remember, multiplication can be performed 
as repeated addition as follows: 

7 * 4 = 4 + 4 + 4 + 4 + 4 + 4 + 4 

2 . isMember Me thod 

Write a recursive boolean method named isHcmbcr. The method should search an array for 
a specified value, and return true if the value is found in the array, or false if the value is 
not found in the array. Demonstrate the method in a program. 

http://www.myprogrjmmmgtjb.com
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3. String Reverscr 

Write a recursive method that accepts a string as its argument and prints the string in 
reverse order. Demonstrate the method in a program, 

4. QAxElenent Method 

Write a method named maxElement, which returns the largest value in an array that is passed 
as an argument. The method should use recursion to find the largest element* Demonstrate 
the method in a program. 

5 Palindrome Detector 

A palindrome is any word, phrase, or sentence that reads the same forward and backward. 
I lore arc some well-known palindromes: 

Able was I, ere I saw Flba 
A man, a plan, a canal, Panama 
Desserts, I stressed 
Kayak 

Write a boolean method that uses recursion to determine whether a s t r i ng argument is a 
palindrome. The method should return true if the argument reads rhc same forward and 
backward. Demonstrate the method in a program. 

6. Character Counter 

W'nii' a method thai uses recursion to count the number of times a specific character occurs 
in an array of characters. Demonstrate the method in a program, 

7. Recursive Power Method 

ton ^ r ' r c A m c t ' u * J *hat uses recursion to raise a number to a power. The method should accept 
The Reeutstve * w o arguments: the number to be raised and the exponent. Assume that the exponent is a 

Power Problem nonnegativc integer. Demonstrate the method in a program. 

8. Sum of Numbers 

Write a method that accepts an integer argument and returns the sum of all the integers 
from I up to the number passed as an argument. Tor example, if 50 is passed as an argu­
ment, the method wi l l return the sum of 1,2, 3 , 4 , . , .50, Use recursion to calculate the sum. 
Demonstrate the method in a program. 

9. Ackermann's Function 

Ackermann's function is a recursive mathematical algorithm that can be used to test how 
well a computer performs recursion. Write a method ackennann(m# n ) , which solves Acker­
mann's function. Use the following logic in your method: 

If m • 0 then return n + I 
If n ™ 0 then return ackermann(m — l# l) 
Otherwise, return ackerciannfn — 1, «ckernann(n, n — 1)) 
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Test your method in .1 program that displays the return values of the following method 
calls: 

ackermann(Of 0) ackermann(0, 1) ackernann(l, 1) ackermann(1, 2) 
ackermann(l, 3) ackcrmann(2ff 2) ackennann(3, 2) 

10. Recursive Population Class 

In Programming Challenge 9 of Chapter 4 you wrote a population class that predicts the 
si/cof a population of organisms after a number of days. Modify the class so it uses a recur­
sive method instead of a loop to calculate the number of organisms-
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"1 
16*1 Introduction to Database Management Systems 

CONCEPT: A database management system (DBMS) is software that manages large 
collections of data. 

II an application needs to store only a small amount of data, text and binary files work well. 
These tvpes of files however, are not practical when a large amount of data must be stored 
and manipulated. Many businesses keep hundreds of thousands, or even millions, of data 
items in files. When a text or binary file contains this much data, simple operations such is 
searching, inserting, and deleting become cumbersome and inefficient* 

When developing applications that work with an extensive amount of data, most develop­
ers prefer to use a database management system. A Hatahatt nutugemvnt system {OHMS) 
is software specifically designed to store, retrieve, and manipulate large amounts of data in 
an organized and efficient manner Once the data is stored using the database management 
system, applications may be written in Java or other languages to communicate with the 
DBMS. Rather than retrieving or manipulating the data directly, applications can send 
instructions to the DBMS. The DIIMS tames out those instructions and sends the results 
back to the application. Figure 16-1 illustrates this. 

1013 
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Figure 16-1 A Java application interacts wi th a DBMS, which manipulates data 

Java 
Application 

T 

Although Figure 16-1 is simplified* it illustrates the layered nature of an application that 
works with a database management system. The topmost layer of software, which in this 
case is written in Java, interacts with the user. It also sends instructions to the next layer of 
software, the DBMS. The DBMS works directly with the data, and sends the results of 
operations back to the application. 

For example, suppose that a company keeps all of its product records in a database. I lie 
company has a Java application that allows the user to look up information on any product 
by entering its product ID number. The Java application instructs the DBMS to retrieve the 
record for the product with the specified product ID number. The DBMS retrieves the prod­
uct record and sends the data back to the Java application. The Java application displays 
the data to the user. 

The advantage of this layered approach to software development is that the Java program­
mer docs not need to know about the physical structure of the data. He or she only needs to 
know how to write code that interacts with the DBMS. The DBMS handles the actual read­
ing, writ ing, and searching of data. 

JDBC 
Figure 16-1 gives a simple illustration of a Java application communicating with a DBMS. 
The technology that makes this communication possible is known as JDBC, which stands 
for Java Database Connectivity. The Java API contains numerous JDBC classes that allow 
your Java applications to interact with a DBMS. This is illustrated in Figure 16-2. 
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Figure 16-2 A Java application uses the )DBC classes to interact with a DBMS 

: 

Java 
Applcatcn 

JDBCCtaasea 
: 

DataBase 
Management 

System 

Data 

/ 

/ 

SQL 
\£) / . , which stands lor Structured Query t.jngujge% is a standard language for working 
with database management systems. It was originally developed by IBM in the 1970s, Since 
then, SQL has been adopted by almost every database software vendor as the language of 
choice for interacting with its DBMS. 

SQL consists of several key words. You use the key words to construct statements, which arc 
also known as queries. These statements, or queries, ,\rc submitted to the DBMS, and are 
instructions lor the DBMS to carry out operations on its data. When a Java application inter­
acts with a DBMS, the Java application must construct SQL statements as strings, and then 
use an API method to pass those strings to the DBMS. In this chapter you will learn how to 
construct simple SQL statements and then pass them to a DBMS using an API method call. 

o NOTE: Although SQL is a language, you don't use it to write applications. It is intended 
only as a standard means of interacting with a DBMS. You still need a general program­
ming language, such as Java, to write an application for the ordinary user. 

Using a DBMS 

In order tt) use JDBCto work with a database, you will need a DBMS installed on your system, 
or available to you in a school lab environment. There are many commercial DBMS packages 
available. Oracle, Microsoft SQL Server, DB2, and MySQL are just a few of the popular ones. 
In your school's lab, you may already have access to one of these, or perhaps another DBMS. 
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Java DB 
If you Jo not have access to a DBMS in a school lab, you can use Java DB, which can be 
downloaded from the following UKI : 

http://www.oracle.com/technetworlc/j4v4/javadb/ 

Java DB is an open source distribution of Apache Derby, a pure Java DBMS that is freely 
available from Oracle. It is designed specifically for Java applications and is easy to install 
and use. All of the examples in this chapter were created with Java DB. If you wish to install 
and use Java DB, sec Appendix M , Installing Java DB, available for download on this book's 
companion Web site. 

Creating the Cof £eeDB Database 
In this chapter wc wi l l use a database named CoffccDB as our example. Ihc Cof fccDB data­
base is used in the business operations of The Midnight Koastcry, a small coffee roasting 
company. After you have installed the Java DB DBMS, perform the following steps to create 
the Cof feeDB database: 

1. Make sure you have downloaded student source code files from the book's compan­
ion Web site. 

2. In this chapters source code tiles, locate a program named CreateCof feeDB. Java. 
L Compile and execute the CreataCof t««DB. Java program. If Java DB is properly 

installed, this program will create the Cof taaDB database on your system. 

o NOTE: It you arc in a school lab environment using a DBMS other than Java I )B, consult 
with your instructor on how to modify the program to work with your specific DBMS. 

Connecting to the Cof feeDB Database 
After installing Ja\ .i I )B and creating the Cof ICCDB database, you should attempt to connect 
to the database with a Java program. A program can call the static JDIU- method 
DriverManager.getConnection to get a connection to a database. There are overloaded ver­
sions of this method, but the simplest one has the following general format: 

Driv«rManager.getConnection(DatJb4*aUffL); 

The method returns a reference to a Connection object, which we will discuss in a moment. 
In the general format, DatabaaeURL is a string known as a ihuhjse URL. UKI stands for 
Uniform Resource Locator. A database UKI lists the protocol that should be used to access 
the database, the name of the database, and potentially other items. A simple database UKI 
has the following general format: 

protocolisubprotocolzdatabascHamt 

In this very simple general format, three items are listed, separated by colons: protocol, 
Bubprotocol, and databaaeName. Let's take a closer look ai each one. 

• protocol is the database protocol. When using JDR(i, the protocol will always be jdbc. 
• The value for aubprotocol will be dependent upon the particular type of I )BMS you 

arc connecting to. If you arc using Java DB, the subprotocol is derby. 
a datnbaseName is the name of the database you are connecting to. 

http://www.oracle.com/technetworlc/j4v4/javadb/
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If we arc using Java DB. the UK I. tor [he CoffeeDB database is: 

jdbc:derby:Cof feeDB 

The DriverManager.getConnection method searches for and loads a JDBC driver that is 
compatible with the database specified by the URL. A JDBC driver is a Java class that is 
designed to communicate with a specific DBMS. Fach DBMS usually comes with its own 
JDBC driver. Typically, when you install a DBMS, you also update your system's CLASSPATH 
variable to include the JDBC! driver's location.This will enable the JVM to find the driver 
class when you call the DriverHanager.getConnection method. 

When the DriverManager.getConnection method finds a compatible driver, it returns a 
Connection object. Connection is an interface in the java.sql package. You will need to use 
this Connection object to perform various tasks with the database, so save the reference in 
a variable. I Icrc is an example of code that we can use in a Java application to get a connec­
tion to the CoffeeDB database using Java DB: 

f inal String DBJJRL - -jdbc:derby:CoffeeDB"; 
Connection conn • DriverKanager.getConnection(DB URL); 

In the second statement shown here, we call the DriverManager.getConnection method, 
passing the URL for the CoffeeDB database. The method returns a reference to a Connection 
object, which wc assign to the conn variable. If the DriverManager.getConnection method 
fails to load an appropriate driver for the specified database, it will throw an SQLException. 

Before going any further, compile and execute the TestConnection. )ava program shown in 
Cock Listing 16-1. It demonstrates what we've covered so far, (This program assumes that 
|ava DB has been installed, and that the CoffeeDB database has been treated.) 

Code List ing 16-1 ( T e s t C o n n e c t i o n . j eve> 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 

l import java .aql .* ; / / Needed for JDBC classes 
2 
J / * * 

This program demonstrates how to connect to 
a Java DB database using JDBC. 

6 * / 
7 

public c lass TestConnection 

' < 

public s t a t i c void main(String[) args) 

I 
/ / Create a named constant for the URL. 
/ / NOTE: This value i s speci f ic for Java DB. 
f inal String DBJJRL - "jdbciderbyiCoffeeDB*; 

try 

/ / Create a connection to the database. 
Connection conn - DriverManager.getConnection(DB_URL); 
System.out.println("Connection created to CoffeeDB."); 
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21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

/ / Close the connection. 
conn.close)); 
System.out.printIn("Connection c losed . " ) ; 

) 

cstch(Exception ex) 

< 

System, out . pr in t In ( "ERROR: • + cx.gct.Mc*sagc( ) ) ; 

> 

Program Output 

Connection created to CoffeeDB. 
Connection closed. 

Notice that line I imports all of the classes in the java.aql package. This package contains 
many of the necessary JDBC classes. Tine 14 creates a string constant containing the UKI 
for the Cof feeDB database. 

J1 >It* - methods throw an SQLException if they encounter a problem with a database. For 
that reason, we use a t r y - c a t c h statement to handle any such exceptions. Let's take a 
closer look at the statements inside the try block: 

• I inc 19 does the following: 
• It declares a Connection variable named conn. 
• It calls the DriverHanager.gotConnection method to get a connection to the 

CoffeeDD database. 
• The DriverManager.getConnection method returns a reference to a Connection 

object. The reference is assigned to the conn variable. 
• I inc 20 displays a message indicating that a connection was created. 
• I inc 2 J calls the Connection object's cloae method, which simply closes the database 

connection, 
• Line 24 displays a message indicating that the connection is closed. 

If a connection cannot be created in line 19, or the connection cannot be closed in line 2 1 , 
an exception will he thrown. The catch clause in line 26 wi l l handle the exception, and line 
28 wi l l display the exception object's default error message. 

Connecting to a Password-Protected Database 
If the database that you are connecting to requires a user name and a password, you can use 
the following form of the DriverManager.getConnection method: 

DriverManager.getConnection(DatabaseURL, Username, Password); 

In this general format, Username is a string containing a valid username, and Password is a 
string containing the password. 



16.2 Tables. Rows, and Columns 1019 

Checkpoint 

M/ProxnimminjUb" wwu'.myprogrjmminglah.com 

16.1 Why do most businesses use a DBMS to store their data instead of creating their 
own text files or binary' files to hold the Jata? 

16.2 When a Java programmer uses a DBMS to store and manipulate data, why doesn't 
the programmer need to know specific details about the physical structure of the 
data? 

16.3 What is the technology that makes it possible for a Java application to communicate 
with a HUMS? 

16.4 What is the standard language for working with database management systems? 

16.5 What is a database UKL? 

16.6 Suppose you have a Java DB database on your system named inventoryDB. What 
database UKI would you use in a Java program to get a connection to the database? 

16.7 What static JDBC method do you call to get a connection to a database? 

16.2 Tables, Rows, and Columns 

CONCEPT: Data that is stored in J database is organized into tables, rows, and columns. 

A database management system stores data in a database. Your first step in learning to use 
a DBMS is to learn how data is organized inside a database. The data that is stored in a 
database is organized into one or more tables. Each table holds a collection of related data. 
The data that is stored in a table is then organized into rows and columns. A row is a com­
plete set of information about a single item. The data that is stored in a row is divided into 
columns. Each column is an individual piece of information about the item. 

The CoffeeDB database has a table named Coffee, which holds records for all of the differ­
ent coffees sold by the company. Table 16-1 shows the contents of the table. 

Tabic 16-1 The Coffee database tabic 

Description 

Bolivian Dark 

Bolivian Medium 

Brazilian Dark 

Brazilian Medium 

Brazilian Decaf 

Central American Dark 

Central American Medium 

Sumatra Dark 

Sumatra Decaf 

Sumatra Medium 

ProdHun 

14-001 

14-002 

15-001 

15-002 

15-003 

16-001 

16-002 

17-001 

17-002 

17-003 

Fric« 
8.95 

8.95 

7.95 

7.95 

8.55 

9.95 

9.95 

7.95 

8.95 

7.95 
{table continues next page) 
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Table 16-1 The C o f f e e database table (continued) 

Description ProdMua Price 

Sumatra Organic Dark 

Kona Medium 

Kona Dark 

French Roast Dark 

Galapagos Medium 

Guatemalan Dark 

Guatemalan Decaf 

Guatemalan Medium 

17-004 

18-001 

18-002 

19-001 

20-001 

21-001 

21-002 

21-003 

11.95 

18.45 

18.45 

9.65 

6.85 

9.95 

10.45 

9.95 

A- you i .in sec, [lie uhle his IS row.. I . i j i row holds data ahoui .i tvpe of lollee. I he rows 
are divided into three columns. The lirst solumn is named Descript ion, and it holds the 
description of a type of coffee. The second column is named ProdNum, and it holds a coffee's 
product number. The third column is named Price, and it holds a coffee's price per pound. 
As illustrated in Figure 16-.!, the third row in the table holds the following data: 

Description: l lra/il ion Dark 

Product Number 15-001 
Price: 7.95 

Figure 16-J The C o f f e e database tabic 

This row contains 
about a tingle item. 
Description Brazilian Dark 
Product Number: 15-001 
PrK»: 7.95 

Description 
BoliMdi; Dark 
Bolivian Mcd.UJU 
Dual i n Dark 
Brazilian Medium 
Brarilian Decaf 
Central American Dark 
Central American Medium 
Sumatra Dark 
Sumatra Decaf 
bunntra Medium 
Sumatra Organic Dark 
Kona Medium 
KotiaDark 
French Roan Dark 
Galapagos Medium 
Guatemalan Dade 
( u.r/r iLvi DciMt" 
Guatemalan Medium 

ProdNum 
14 001 
11002 
: i o o i 
IJ 563 
1S-003 

1 16-001 
16-002 
l'-OOl 
17-002 
1MXJ3 
l'-004 

| 11-001 
18-002 
19-001 
20 001 
21-001 
21-002 

1 21-003 

Price 
8 05 
S 95 
• V 

~Qs 

8 >5 
9.95 
o o> 
795 
8.95 
7.95 
11 9> 
18.45 
18.45 
9 65 
6.85 
9.95 
10 45 
9.95 

Description 
Column 

ProdNum 
Column 

Price 
Column 
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Column Data Types 
The column* in a database table are assigned a data type. Notice that the Description and 
ProdNum columns in the Coffee tabic hold strings* and the Price column holds floating­
point numbers. The data types of the columns arc not Java data types, however. Instead, 
they are SQL data types. Table 16-2 lists a few of the standard SQL data types, and shows 
the Java data type that each is generally compatible wi th. 

Table 16-2 A few of the SQL data types 

SQL Data Iype 

INTEGER or INT 

CHARACTER | 

VARCHARC; 

REAL 

DOUBLE 

DECIMALft, 

DATE 

M) or CHAR(fl) 

\ 

d) 

Description 
i • 
An integer number 

A fixed-length str ing wi th a length 

o f « characters 

A variable-length str ing w i t h a 

max imum length of n characters 

A single-precision f loating-point 

number 

A double-precision f loating-point 

number 

A decimal value wi th / total digits 

and </ digits appearing after the 
decimal point 

A date 

Corresponding Java Data Iype 

i n t 

S t r i n g 

S t r i n g 

f l o a t 

double 

Java.math.BigD«cimal 

lava .aq l .Date 

There arc many other standard data types in SQL. When the Coffee table was created, the 
following data type1* were used for the columns: 

• The data type for the Description column is CHAB(25)/llm means that each value in 
the Description column is a string with a fixed length of 25 characters, compatible 
with the Str ing type in Java. 

• The data type for the ProdNum column is CHAR( 10). This means that each value in the 
ProdNum column is a string with a fixed length of 10 characters, compatible with the 
Str ing type in Java. 

• The data type for the Price column is DOUBLE. This means that each value in the Price 
column is a double-precision floating-point number, compatible with the double data 
type in Java. 

Primary Keys 
Most database tables have a primary key% which is a column that can be used to identify 
a specific row in a table. The column that is designated as the primary key holds a unique 
value for each row. If you try to store duplicate data in the primary key column, an error 
wi l l occur. 
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In the Coffee table, the ProdNum column is the primary key because it holds a unique prod-
uct number for each type or coffee. I lere are some other examples: 

• Suppose a table stores employee data, and one of the columns holds employee ID 
numbers. Because each employee's ID number is unique, this column can be used as 
the primary key. 

• Suppose a table stores data about a cell phone company's inventory of phones, and 
one of the columns holds cell phone serial numbers. Because each phone's serial num­
ber is unique, this column can be used as the primary key. 

• Suppose a table stores invoice data, and one of the columns holds invoice num­
bers. Each invoice has a unique invoice number, so this column can be used as a 
primary key. 

O NOTE: It \s possible for a tabic** primary key to be the combination of several columns 

in the tabic. 

* 
Checkpoint 

MyrroftamminiUb' wwu\mypm^r.immmtilih.tiim 

16.8 Describe how the data that is stored in a table is organized. 

16.9 What is a primary key? 

16.10 What Java data types correspond with the following SQL types? 
• INTEGER 

• INT 

• REAL 

• CHAR 

• CHARACTER 

• VARCHAR 

• DOUBLE 

16.3 Introduction to the SQL SELECT Statement 

CONCEPT: The SELECT statement is used in SQL to retrieve data from a database. 

The first SQL statement we wi l l discuss is the SELECT statement. You use the SELECT 
statement to retrieve the rows in a table. As its name implies, the SELECT statement allows 
you to select specific rows. We wi l l start w i th a very simple form of the statement, as 
shown here: 

SELECT Columns FROM Table 

In the general form. Columns is one or more column names, and Table is a table name. 
I lere is an example SELECT statement that we might execute on the CoffeeDB database: 

SELECT Descr ip t ion FROM Coffee 
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This statement wi l l retrieve the Descr ipt ion column for every row in the Coffee table. 
Figure 16-4 shows an example of the results. 

Figure 16-4 D e s c r i p t i o n column 

D e s c r i p t i o n 

Bolivian Dark 
Bolivian Medium 
Brazilian Dark 
Brazilian Medium 
Brazilian Decaf 
Central Amcncan Dark 
Central American Medium 
Sumatra Dark 
Sumatra Decaf 
Sumatra Medium 
Sumatra Organic Dark 
Kona Medium 
Kona Dark 
French Roa*t Dark 
Galapagos Medium 
Guatemalan Dark 
Guatemalan Decaf 
Guatemalan Medium 

Figure 16-4 shows the results of a SELECT statement, but what happens to these results? In 
1 Java program, the results of a SELECT statement are returned to the program in a 
Resultset object. A ResultSet object is simply an object that contains the results of an 
SQL statement. The process of sending an SQL statement to a DBMS can be summarized 
in the following steps: 

1. Get a connection to the database. 
2. Pass a string containing an SQL statement to the DBMS. If the SQL statement has 

results to send back, a ResultSet object wi l l be returned to the program. 
3. Process the contents of the ResultSet object, if one has been returned to the program. 
4. When finished working with the database, close the connection. 

You previously saw, in Code Listing 16-1, an example of how to perform step I (get a 
connection to the database) and step 4 (close the connection). Next we look at the details 
of how an SQL statement is sent to the DBMS and how its results are processed in steps 
2 and 3. 
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Passing an SQL Statement to the DBMS 
Once you have gotten a connection to the database, you are ready to issue SQL statements 
to the DBMS. First, you must get a statement object from the Connection object, using its 
createStatement method. I [ere is an example: 

Statement stmt • conn.createStateeentf) ; 

After this code executes, the stmt variable wi l l reference a statement object, statement is an 
interface in the java.sql package, statement objects have a variety of methods that can be 
used to execute SQL queries. To execute a SELECT query* you use the executeQuery method. 
The method returns a ReauitSet object. I Icre is an example: 

String sqiStatement - "SELECT Deacription PROM Coffee"; 
ReauitSet reaul t - atat .executeOuery(sqlStateaent); 

The first statement creates a string containing an SQL query. The second statement paste* 
this string as an argument to the executeQuery method. The method returns a reference to 
a ReauitSet object containing the results of the query. The reference is assigned to the 
reaul t variable, l-igurc 16-5 illustrates how the reault variable references the ReauitSet 
object. 

Figure 16 5 A R e a u i t S e t object contains the results of an SQL query 

reault variable 

ARciultSee object 
containa tho resulta o* 

the SOL query 
Boiivun Dark 
Bolivian Medium 
Bnuftan Da'k 

BrarfianDecal 

Central American Medium 
Sumatra Oart 

Sumatra Medium 
Sumatra Of 
KonaMedHfi 
lym-m: 
Frond. Roa$t Darti 
Galapagos Medium 
Guatemalan Dart 
Guatemalan Oewt 
Guatemalan Mtx*um 

A Resultset object contains a set of rows and columns. The Resultset object in Figure 16-5 
has IS rows uul one column, I he rows MI A ReauitSet are numbered, with the fifN LWI 
being row I, the second row being row 2, and so forth. The columns also are numbered, 
with the first column being column I , the second column being column 2, and so forth. 
Figure 16-6 shows the same ReauitSet with the row and column numbers labeled. 



16.3 Introduction to the SQL SELECT Statement 1025 

Figure 16-6 R e a u l t S e t rows and columns 

Column i 
Row 1 
Row 2 
Row 3 
Row 4 
Row 5 
Row 6 
Row 7 
Row 8 
Row 9 
Row 10 
Row 11 
Row 12 
Row 13 
Row 14 
Row 15 
Row 16 
Row 17 
Row 18 

Bolivian Dark 
Bolivian Medium 
BriMHijn 0*A— 
Br^/i ian Madkjm 
Brazilian 0<_<<ii 

Central Amencan Motfum 
Sumatra Dark 
SurnatM Dvc it 

, Sumatra Madum 
Sumatra Oraantc Oartt 
KonaMe<*um 
K0na Dark 
French Roaal Oarh 
Qalapaooe Medium 

1 fluMermltn Dirh 
1 Guatemalan Decal 
^ * p ^ * - m - ^ — ^ ^ ^ ^ ^ ^ ^ ^ ^ ™ 

Uudtfmalan Medium 

Getting a Row f rom the Reau l tSe t Object 

A ReaultSet object has an internal cursor that points to a specific row in the ReaultSet. H ie 
row that the cursor points to is considered the turrvnt rtnv. The cursor can be moved from 
row to row, and this provides you with a way to examine all of the rows in the ReaultSet. 

At first, the cursor is not pointing to a row, but is positioned just before the first row. This 

is illustrated in Figure 16-7. 

Figure 16-7 The cursor is initially positioned before the first row 

imhdi v »»e cursor •& poMoned Juri 
before the firft row in the RetultSat, 

Curwr • 
Row 1 
Row 2 
Row 3 
Row -I 
Row 5 
Row 6 
Row 7 
Row 8 
Row 9 
Row 10 
Row 11 
Row 12 
Row 13 
Row 14 
Row 15 
Row 16 
Row 17 | 
Row 18 | 

Columnl 
Bolivian Dark 
Bolivian Medium 
BnuHanOark 
Bra/than Medhjm 
Biazllan Decal 
Central American Dark 
Central American Medum 
Sumatra Dark 
Sumatra Oecal 

Sumatra OrjjanK Dark 
Ko'U ' . ' • . " JLT 

KonaOanV 
French Roast Dark 
Galapagos Modmm 
Guatemalan D*irk 
Guatemalan Decaf 
Guatemalan Medium 
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To move the cursor to the first row in a newly created Resul tSet , you call the object's next 

method. I lerc is an example: 

r e su l t . nex t ( I ; 

\ssuuung that r e s u l t references a newly created Resul tSet object, this statement moves 
the cursor t o the first row in the ResultSet. Figure 16-8 shows how the cursor has moved 
to the first row in the ResultSet after the next method is called the first t ime. 

F i g u r e 16 -8 The n e x t me thod moves the cursor fo rward 

C U M I 

Alter the Resu 1 c t e t object* next method 
Is called Ihe first lime, the cursor <s positKjned 
si Ihe first row. 

Column 1 

t 

-\ 
4 
5 

Row 
Row 
Row 
Row 
Row 
Row 
Row 
Row 
Row 
Row 10 
Row 11 
Row 12 
Row 13 
Row 14 
Row 15 
Row 16 
Row 17 

Bolivian Dark 
Bolivian Medium 
Brazilian Dark 
Brazilian Medium 
Brazilian Decai 

KOnaMidum 
Kona Dark 
Frpncft Roasi Dart 

Guatemalan Dark 
Guatemalan Oecel 

8 Guatemalan Medium 

I'ach lime you call the next method, it moves the cursor t o the next row in the ResultSet. 

The next method returns a boolean value. It returns t r u e if the cursor successfully moved to 

the next row. If there arc no more rows, it returns fa lse . I l ie fo l low ing code shows how 

you can move the cursor through all o f the rows of a newly created ResultSet. 

wh i le ( r e s u l t . n e x t ( ) ) 

< 

/ / Process the current row. 

There arc other ResultSet methods for navigating the rows in a ResultSet object. We wi l l 

look at some of them later in this chapter. 

G e t t i n g C o l u m n s I n a R e s u l t S e t R o w 

You use one of the ResultSet object's "ge t " methods to retrieve the contents o f a specific 

column in the current row. When you call one of these methods, you can pass cither the 

column number or the co lumn name as an argument. There arc numerous "ge t " methods 

defined in the ResultSet interface. Tabic 16-3 lists a few of them. 

file:///ssuuung
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Table 16-3 A tcvv of the R e s u l t s e t methods 

Rosul tSet Method 

double getDouble(int colNumber) 
double getDouble(String colName) 

i n t g e t l n t ( i n t colNumber) 
i n t ge t !n t (St r ing colName) 

String getStr ing(int colNumber) 
String getString(String col Name\ 

Description 

Returns the double that is stored in the column specified 
by colNumber or colName. The column must hold data 
that is compatible with the double data type in Java. If 
an error occurs, the method throws an SQLException. 

Returns the int chat is stored in the column specified by 
colNumber or col Name, The column must hold data 
that is compatible with the int data type in Java. If an 
error occurs, the method throws an SQLException. 

Returns the string that is stored in the column specified 
by colNumber or col Name. The column must hold data 
that is compatible with the String type in Java. If an 
error occurs, the method throws an SQLException. 

Recall that columns have an SQL data type. The SQI data types are not the same as the 
Java data types, but are compatible with them. To retrieve the contents of a column, you call 
the method that is designed to work with that column's data type. Tor example, it the col­
umn contains a string, you would use the ge t s t r ing method to retrieve its value, If the 
column contains an integer, you would use the get Int method, likewise, if the column con­
tains a double, you would call the getDouble method. 

When you call one of the "get** methods, you must tell it which column in the current row 
you want to retrieve. These methods accept etther an integer argument, which is a column 
number, or a String holding the column name. 

The ResultSet that we have been looking at in our example has only one column: the 
Description column. The Description column's data type is CHAB(25j, which means it is a 
fixed-length string of 25 characters. This is compatible with the s t r i ng type in Java. To 
display the contents of the Description column in the current row, we could use the follow­
ing statement: 

System.out .pr in t In(resul t .ge ts t r ing("Descr ip t ion")) ; 

The Description column holds values that arc compatible with the String type, so we use 
the ge t s t r i ng method to retrieve its contents. We could also use the column number to 
retrieve the column contents. Here is an example: 

Sys tem.out .pr in t In( resul t .ge tSt r ing)1)) ; 

o NOTE: Column names in a database table are not case sensitive. The column names 
DESCRIPTION, description, and Description are all the same. 

Let's look at a complete program that demonstrates what we have covered so far. Code 
Listing 16-2 displays the Desc r ip t ion column from all of the rows in the CoffeeDB database. 
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Code Listing 16-2 ( S h o w C o f f e e D e s c r i p t i o n s . Java) 

1 

2 

i 

A 
5 

6 

B 

9 
LQ 

11 
12 

; I 
L4 
15 

16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

import Java.sql.*; / / Needed for JDBC classes 

' • • 

This program demonstrates how to issue an SOL 
SELECT statement to a database using JDBC. 

public class ShowCoffeeDescriptions 
I 

public s tat ic void nain(String[] args) 

< 

/ / Create a named constant tor the URL. 
/ / NOTE: This value i s specific for Java DD. 
final String DB_URL - •jdbc:derby:CoffeeDB-; 

try 
< 

/ / Create a connection to the database. 
Connection conn - DriverHanager.getConnection(DB_UHL); 

/ / Create a Statement object. 
Statement stmt - conn.creat«Stateaent<); 

/ / Create a string with a SELECT stateaent. 
String sqlstatenent - "SELECT Description FROM Coffee'; 

/ / Send the statement to the DBMS. 
ResultSet result • stmt.executeOuery(sqlStateaent); 

/ / Display a header for the l i s t ing . 
System.out.println("Coffees Found in the Database"); 
System, out. print In ( • - - - - - - - « - - - - - - - - - - - - - - - - - - « • ) • 

/ / Display the contents of the result set . 
/ / The result set wil l have three columns. 
while (result .next()) 

System.out.printIn(result.getStringf"Description")); 

) 

/ / Close the connection* 
conn.close(); 

catch(Exception ex) 
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45 
46 
47 

Syetem.out.println("ERROR: - + ex.getKessagef)); 

49 ) 

Program Output 

Coffees Found in the Database 

Bolivian Dark 
Bolivian Medium 
Brazilian Dark 
Brazilian Medium 
Brazilian Decaf 
Central American Dark 
Central American Medium 
Sumatra Dark 
Sumatra Decaf 
Sumatra Medium 
Sumatra Organic Dark 
Kona Medium 
Kona Dark 
french Roait Dark 
Galapagoa Medium 
Guatemalan Dark 
Guatemalan Decaf 
Guatemalan Medium 

let \ take a closer look at the code. Line 14 declares a siring constant, initialized with the 
URL for the Cof feeDB database. The statements that access the database are written inside 
the try block that appears in lines 18 through 42, Line IV gets a connection to the database. 
After line 19 executes, the conn variable will reference a Connection object that can be used 
to access the database. 

At this point in the program, we have a connection to the Cot teens database, but we are not 
ready to send a SELECT statement to the database. In order to send a SELECT statement to the 
database, we must have a Statement object. Line 22 calls the Connection object's 
createStatement method, which returns a reference to a Statement object. The reference is 
assigned to the stmt variable. 

Line 15 declares a S t r ing variable named sq is ta tement , initialized with the string 
•SELECT Deecription PROM Cof fee". This is the SQL statement that we want to submit to 
the database. Line 28 passes this string as an argument to the Statement object's executeQuery 
method, which executes the statement. The method returns a reference to a ReaultSet 
object, which is assigned to the result variable. The Resu l tSe t object contains the results of 
the SELECT statement. 
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The while loop that appears in lines 36 through 39 displays the contents of the ReiultSet 
object. It works like this: 

• The while statement in line 36 calls the ResultSet object's next method to advance 
the internal cursor. If the cursor is successfully advanced, the method returns true and 
the loop iterates. If the cursor is at the end of the ResultSet object's rows, the method 
returns false and the loop terminates. 

• Each time the loop iterates, the ResultSet object's internal cursor will be positioned at 
a specific row. The statement in line 38 gets the value of the Description column and 
displays it. 

Line 42 closes the connection to the database. 

More about the SELECT Statement 

You tan specify more than one column in a SELECT statement by separating the column 
names with commas. I Icre is an example: 

SELECT Description, Price FROM Coffee 

This statement will retrieve the Description column and the Price column for every row in 
the Coffee table. The program shown in Onle I isting 16-J demonstrates. 

Code Listing 16-3 ( S h o w D e a c r i p t i o n a A n d P r i c e a . J a v a ) 

l 
i 
I 

< 

5 
<> 

7 

H 

9 
10 
11 
12 
13 

:•; 

15 
16 
17 
18 
19 
20 
2 : 

22 
23 
2A 

25 

import j a v a . s q l . * ; / / Needed for JDBC c l a s s e s 

This program displays the coffee descr ipt ions 
and the i r pr ices . 

• ' 

public c lass ShowDescriptionsAndPrices 
i 

public s t a t i c void main(String[ ] args) 

< 

/ / Create a named constant for the URL. 
/ / NOTE: This value i s specif ic for Java DD. 
f inal String DB_URL - -jdbc:derby:CoffeeDB"; 

t ry 
< 

/ / Create a connection to the database. 
Connection conn • DriverHanager.getConnection(DB URL); 

/ / Create a Statement object . 
Statement stmt - conn.createStateaent() ; 

/ / Create a s t r ing with a SELECT statement, 
String sqlStatement -
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26 
27 
28 
29 
30 
31 
32 
ii 
14 
35 
36 
37 
38 
39 
40 
41 
43 
43 
44 
45 
46 
47 

"SELECT Description, Price FROM Coffee"; 

/ / Send the statement t o the DBMS. 
RcsultSet resul t - stmt.cxccutcQuery(sqlStatement); 

/ / Display the contents of the resul t s e t . 
/ / The resul t se t wil l have three columns. 
while ( resu l t .nex t ( ) ) 

i 
System.out.print*I"%25s %.2f\n", 

resu l t .ge t s t r ing("Descr ip t ion") , 
resul t .getDouble("Price")) ; 

> 

/ / Close the connection, 
conn.c loset ) ; 

> 

catch(Exception ex) 

{ 
System.out.println("ERROR: 

) 

+ ex .ge tMessage ( ) ) ; 

) 

Program Output 

Bolivian Dark 
Bolivian Medium 
Brazilian Dark 
Brazilian Medium 
Brazilian Decaf 
Central American Dark 
Central American Medium 
Sumatra Dark 
Sumatra Decaf 
Sumatra Medium 
Sumatra Organic Dark 
Kona Medium 
Kona Dark 
French Roast Dark 
Galapagos Medium 
Guatemalan Dark 
Guatemalan Decaf 
Guatemalan Medium 

8.95 
8.9S 
7.95 
7.95 
8.55 
9.95 
9.95 
7.95 
8.95 
7.95 
11.95 
18.45 
18.45 
9.65 
6.85 
9.95 
10.45 
9.95 
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The program in Code I isting 16-3 is very similar to that in Code Listing 16-2. The differ­
ences between the two programs arc summarized here: 

• l ines 25 and 26 initialize the s q l S t a t e a e n t variable with the string -SELECT 
Description, Price PROM Coffee". This is a SELECT statement that will retrieve the 
Description and Price columns from the database table. 

• Inside the while loop, in lines 35 through 37, we call r e s u l t . getString to get the cur­
rent row's Description column, and we call r e s u l t . getDouble to get the current row's 
Price column. These items are displayed with the System.out.printf method. 

It' you wish to retrieve every column, you can use the • character instead of listing column 
names. I Icrc is an example: 

SELECT * PROM Coffee 

This statement will retrieve every column for every- row in the Coffee table. The program 
shown in Code I isting 16-4 demonstrates. 

Code Listing 16-4 (ShowCof feeDa ta . J a v a ) 

import java .sq l .*! / / Needed for JDBC classes 

10 
11 
12 
13 
14 
15 
16 
L7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

/ • • 

This program displays a l l of the columns in the 
Coffee table of the CoffeeDD database. 

• / 

public c lass ShowCoffeeData 

i 
public s t a t i c void nain(Str ingI) args) 

< 

/ / Create a named constant for the URL. 
/ / NOTEi This value i s specif ic for Java DB. 
f inal String DBJJRL - "jdbc:derby:CoffeeDB"; 

t ry 

I 
/ / Create a connection to the database. 
Connection conn - DriverHanager.getConnection(DB URL; 

/ / Create a Statement object . 
Statement stmt - conn.createStateoentf) ; 

/ / Create a s t r ing with a SELECT statement. 
String sqlstatement - "SELECT • FROM Coffee"; 

/ / Send the statement to the DBMS. 
ResultSet r e su l t - stmt.executeOuery(sqlStateKent); 

/ / Display the contents of the r e su l t s e t . 
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l\ 
33 
34 

35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 ) 

/ / The r e s u l t se t w i l l have t h r e e 
while < r e s u l t . n e x t ( ) | 

( 

System.out 

> 

/ / Close the 
c o n n . c l o s e ( ) ; 

) 

catchJException 

< 

. p r i n t f ( 

connect! 

ex) 

columns. 

"»25s %10s %5.2f\n". 
r e s u l t . g e t S t r i n g ( 
r e s u l t . g e t S t r i n g < 
resu l t .ge tDouble ( 

o n . 

System.out.println("ERROR: • * ex 

) 

} 

P r o g r a m O u t p u t 

B o l l 

B o l l 

irai 
Braz 
I r a z 
Cent 

Ctnt 
Suma 
Suma 
Suma 
Suma 
Kona 
Kona 

v i a n Dark 
v i a n Medium 
i l i a n Dark 
i l i a n Medium 
i l i a n Docaf 
r a l American Dark 
r a l American Medium 
t r a Dark 
t ra Decaf 
t r a Medium 
t r a O r g a n i c Dark 

Medium 
Dark 

French Roas t Dark 
Gala 
Guat 
Guat 
Guat 

pagos Medium 
emalan Dark 
emalan Decaf 
emalan Medium 

14-001 
14-002 
15-001 
15-002 
15-003 
16-001 
16-002 

17-001 
17-002 
17-003 
17-004 
18-001 
18-002 
19-001 
2 0 - 0 0 1 
2 1 - 0 0 1 
21 -002 
21-003 

"Desc r ip t ion" ) , 
-ProdNum"). 
• P r i c e " ) ) ; 

ge t t t e s sageO) ; 

8 .95 
8 .95 
7 .95 
7 .95 
8 .55 
9 .95 
9 .95 
7 .95 
8 .95 
7 .95 
11 .95 
18 .45 
18 .45 
9 .65 
6 .85 
9 .95 
10 .45 
9 .95 

SQL statements arc free-form, which means that cabs, newlines, and spaces between the key 
words arc ignored. For example, the statement 

SELECT • FROM Coffee 

works the same as: 

SELECT 

FROM 
Coffee 
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In addition, SQL key words and tabic names are ease insensitive. 1 he previous statement 
could be written as: 

select * from coffee 

Specifying Search Criteria w i th the WHERE Clause 
Occasionally you might want to retrieve every row in a table. For example, if you wanted a 
list of all the coffees in the Coffee table, the previous SELECT statement would give it to you. 
Normally, however, you want to narrow the list down to only a few selected rows in the 
table. That's where the WHERE clause comes in. The WHERE clause can be used with the SELECT 

statement to specify search criteria- When you use the WHERE clause, only the rows that meet 
the search criteria wi l l be returned in the result set. The general format of a SELECT state­
ment with a WHERE clause is: 

SELECT Columns FROM Titbit WHERE Cr i te r ia 

In the general format, C r i t e r i a is a conditional expression. Here is an example of a SELECT 

statement that uses the WHERE clause: 

SELECT * FROM Coffee WHERE Price > 12.00 

The first part of the statement, SELECT • FROM Coffee, specifies that we want to see ever)* 
column. The WHERE clause specifies that we want only the rows in which the content of the 
Price column is greater than 12.DO, Mgure l<> *' shows the results of this statement. Notice 
that onlv two coffees meet this search criterion. 

Figure 16-9 Rows where P r i c e is greater than 12,00 

D t i c r i p t i o n 

Kono Medium 

Kona Dark 

ProdWua 

18-001 
18-002 

Pric< 

18.4S 
18.45 

Standard SQL supports the relational operators listed in Table 16-4 for wri t ing conditional 
expressions in a WHERE clause. 

Table 16-4 SQL relational operators 

Operator Mcaninjj 

> 

< 

<> 

(ireatcr-than 

Less-than 

(ircatcr-than or equal-to 

Less-chan or equal-to 

Equal-to 

Not equal-to 
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Notice that the equal-to and not equal-to operators in SQI. arc different from those in 
Java. The equal-to operator is one equal sign, not two equal signs. The not equal-to oper­
ator is <>. 

Let's look at a few more examples of the SELECT statement. The fol lowing statement 
could be used to retrieve the product numbers and prices of all the coffees that are priced 
t l 7.95: 

SELECT ProdNum, Price PROM Coffee WHERE Price - 7.95 

The results of this statement are shown in Figure 16-10. 

Figure 16-10 Results of SQL statement 

ProdNum 

16001 
16002 
17-001 
17-003 

Price 

7.95 
7.95 
7.95 

7.95 

The fo l lowing SELECT statement retrieves all of the columns for the row where (he 
description is "1'rciu.h Roast l>.nk". I he nsults returned front thi t statement arc shown 
in Figure 16-1 I. 

SELECT * FROM Coffee WHERE Description - 'French Roait Dark' 

Figure 16 11 Results of SQL statement 

D e s c r i p t i o n 

French Roast Dark 

ProdNum 

19-001 

• r i c e 

9.65 

If you look carefully at the previous statement you wi l l notice another difference between 
SQL syntax and Java syntax. In SQI . string literals are enclosed in single quotes, not 
double quotes. 

< * 

TIP: If you need to include a single quote as part of a string, simply write two single 
quotes in its place. For example, suppose you wanted to search the Coffee table for a cof­
fee named Joe's Special Blend. You could use the following statement: 

SELECT * FROM Coffee WHERE Description - *Joe'*s Special Blend' 

Let's look at an example program that uses a WHERE clause in a SELECT statement. The 
progr.im in (lode Listing 16-5 lets the user enter a minimum price, and then search the 
Coffee table for rows where the Price column is greater than or equal to the specified 
price. 



1036 Chapter 16 Databases 

Code Listing 16-5 ( C o f f e e M i n P r i c e . J a v a ) 

: import Java.uti l .Scanner; 
2 import j a v a . s q l . ' ; 
3 
4 / • • 

Thia program l e t s the uaer search lor coffees 
6 priced at a minimum value. 
7 • / 

9 

10 

11 

12 

; I 

L4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

public c lass CoffeeMinPrice 

{ 
public s t a t i c void nain(Str ing(] args) 

{ 

double minPrice; 
int coffeeCount - 0; 

/ / T o hold the ainiaua pr ice 
/ / To count coffees tha t qualify 

/ / Create a named constant for the URL. 
/ / NOTEi This value i s specif ic for Java DB. 
f inal String DBJJRL - "Jdbc:derbyICOXXMDB") 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner!Systea.in); 

/ / Get the minimum price from the user. 
System.out.print)"Enter the miniaua pr ice : " ) ; 
minPrice - keyboard.nextDouble(); 

t ry 

< 

II Create a connection to the database. 
Connection conn • DriverManager.getConnection(DB_URL; 

/ / Create a Statement object . 
Statement stmt - conn.createSta nt<); 

/ / Create a s t r ing containing a SELECT statement. 
/ / Note tha t we are incorporating the u se r ' s input 
/ / in to the s t r i ng . 
String sqlStatement -

"SELECT • FROM Coffee WHERE Price >- • • 
Double.toStringfminPrice); 

/ / Send the statement to the DBMS. 
ResultSet r e su l t * stmt.executeQuery(sqlStatenent); 

/ / Display the contents of the r e su l t s e t . 
/ / The re su l t se t wi l l have three columns. 
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47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

while ( resul t .next(>) 

{ 
/ / Display a row from the resul t s e t . 
System.out.printf|"%25s tlOs %5.2f\n", 

resul t .gc tSt r ing("Descr ip t ion") , 
result .getStringfProdNum"), 
result .gctDoublc("Price")) ; 

/ / Increment the counter. 
coffeeCount**; 

I 

/ / Display the number of qualifying coffees. 
System.out.println(coffeeCount » " coffees found."); 

/ / close the 
conn.clo«e() 

64 > 
catch(Except ion 

66 { 

connec t ion . 

! 

ex) 

System.out.println(-ERROR: 
68 > 
69 > 
70 > 

P r o g r a m O u t p u t 

Enter the minimum p r i c e : 

Kona Medium 
Kona Dark 
2 coffees found. 

Program Output 
Enter the minimum p r i c e ; 

Sumatra O r g a n i c Dark 
Kona Medium 

Kona Dark 
Guatemalan Decaf 
4 coffees found. 

Program Output 

Enter the minimum p r i c e : 
0 coffees found. 

12.00 [Inter] 

18-001 
18-002 

10.00 [Enter] 

17-004 

18-001 
18-002 
21-002 

20.00 [Enter] 

• * «x.getMessage()); 

18 .45 

18 .45 

1 1 . 9 5 

LI. 43 
1 8 . 4 5 
1 0 . 4 5 

There arc a few things in Code Listing 16-5 thai deserve some explanation. In lines 24 and 
25 the program prompts the user to enter a minimum price, and the user's input is assigned 
to the double variable minPrice. Then, notice in lines 18 through 40 that the rainPrice 
variable is converted to a string, and concatenated onto the string containing the SELECT 
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statement. When the program runs, if the user enters 10.00, the SELECT statement that is 
created in lines 18 through 40 wi l l be: 

SELECT * FROM Coffee WHERE Price >- 10.00 

Or, if the user enters 12.00, the SELECT statement (hat is i reared in lines IS through 'HI will be: 

SELECT • FROM Coffee WHERE Price >- 12.00 

Programs commonly need ro use techniques such as this to create SQL statements that 
incorporate user input. 

S t r i ng Compar isons In a S E L E C T S ta temen t 

String comparisons in SQL arc case sensitive. If you ran the following statement against the 

CoffeeDB database, you would not ger any results: 

SELECT * FROM Coffee WHERE De»cription - 'trench roast dark' 

I lowcvcr, you can use the UPPER() function to convert a string to uppercase. I lerc is an 
example: 

SELECT * FROM Coffee WHERE UPPER(Description) - 'FRENCH ROAST DARK' 

This statement will return the same results as shown in Figure 16-11. SQL also provides a 
LOWER)) function, which converts its argument to lowercase. 

Us ing t h e LIKE O p e r a t o r 

Sometimes searching for an exact string wi l l not yield the results you want. For example, 
suppose we want a list of all the decaf coffees in the Coffee table. The following statement 
wi l l nor work. Can you see why? 

SELECT * FROM Coffee WHERE Description - * Decaf* 

This statement wi l l search for rows where the Descr ip t ion field is equal to the string 
"Deca f . Unfortunately, it will find none. If you glance back at Table 16-1, you will sec that 
none of the rows in the Coffee rable have a Description column that is equal to "Decaf". 
You wi l l also sec, however, that the word "Decaf" docs appear in the D e s c r i p t i o n column 
of some of the rows. For example, in one row you will find "Brazilian Decaf". In another 
row you wi l l find "Sumatra Decaf". In yet another row vou wi l l find "(iuatcmalan Decaf". 
In addition to the word "Decaf", each of these strings contains other characters. 

In order to find all of the decaf coffees, we need ro search for rows where "Decaf" appears 
asasubsrring in the Description column. You can perform just such a search using the LIKE 
operator. I lerc is an example of how ro use ir. 

SELECT * FROM Coffee WHERE Description LIKE '%Decaft' 

The LIKE operator is followed by a string rhar contains a character pattern. In this example, 
the character pattern is 'tDecaf%'. The % symbol is used as a wildcard character. It repre­
sents any sequence of zero or more characters. The pattern " iDeca f f specifies that the 
string "Decaf" must appear with any sequence of characters before or after it. The results of 
this statement arc shown in Figure 16-12. 
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Figure 16-12 Results of SQL statement 

D e s c r i p t i o n 

Brazilian Decaf 

Sumatra Decaf 

Guatemalan Decaf 

ProdHua 
15-00 3 
17002 
21 002 

f r i ce 
8.55 
8.95 
10.45 

likewise, ihc Inllowing statement will result in all the rows where the Description column 
starts with the word "Sumatra". 

SELECT • FROM Coffee WHERE Description LIKE 'SuMtral ' 

The underscore character ( _ ) is also used as a w ildcard. Unlike the % character, the under­
score represents a single character. For example, look at the following statement. 

SELECT • FROM Coffee WHERE ProdNua LIKE •2_-00_' 

This statement will result in all the rows where the ProdNum column begins with "2" , fol­
lowed by any single character, followed by "-00", followed by any single character. The 
results of this statement arc shown in Figure 16-13. 

Figure 16-13 Results of SQL Statement 

D e s c r i p t i o n 

G.ildpjqos Medium 

Guatemalan Dark 
Guatemalan Decaf 
Guatemalan Medium 

ProdNun 

20-001 
21-001 
21-002 
21-003 

Price 
6.85 
9,95 
10.45 
9.95 

You can use the NOT operator to disqualify a character pattern in a search criterion. For 
example, suppose that you want a list of all the coffees that arc not decaf. The following 
statement will yield just those results. 

SELECT * FROM Coffee WHERE Description NOT LIKE '%Dec«f%' 

Using AND and OR 

You can use the AND and OR logical operators to specify multiple search criteria in a WHERE 
clause. For example, look at the following statement: 

SELECT • FROM Coffee WHERE Price > 10.00 AND Price < 14.00 

The AND operator requires that both of the search criteria be true in order for a row to be 
qualified as a match. The only rows that will be returned from this statement are those 
where the Price column contains a value that is greater than 10.00 and less than 14.00. 
Figure 16-14 shows the results of the statement. 
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If you want the list sorted in descending order (from highest to lowest), use the DESC opera­
tor, as shown here: 

SELECT * FROM Cottee 
WHERE Price > 9.95 
ORDER BY Price DESC 

Mathematical Functions 
SQL provides several functions for performing calculations. For example, the AVG function 
calculates the average value in a particular column. Here is an example SELECT statement 
using the AVG function: 

SELECT AVG(Price) FROM Coffee 

This statement produces a single value: the average of all the values in the Price column. 
Because we did not use a WHERE clause, it uses all of the rows in the Coffee table in the cal­
culation. Here is an example that calculates the average price of all the coffees having a 
product number that begins with "20": 

SELECT AVG(Price) FROM Coffee WHERE ProdNuv LIKE '20%' 

Another of the mathematical functions is SUN, which calculates the sum of a column's val­
ues. I lit following statement, which is probably not very useful, calculates the sum of the 
values in the Price column: 

SELECT SUM(Price) FROH Coffee 

The HIN and MAX functions determine the minimum and maximum values found in a col­
umn. The following statement will tell us the minimum value in the Price column: 

SELECT HIN(Price) FROH Coffee 

The following statement will tell us the maximum value in the Price column: 

SELECT HAX(Price) FROM Coffee 

The COUNT function can be used to determine the number of rows in a table, as demon­
strated by the following statement: 

SELECT C0UNT{*> FROH Coffee 

The * simply indicates that you want to count entire rows. I lerc is another example, which 
tells us the number of coffees having a price greater than 9.95: 

SELECT C0UNT{») FROH Coffee WHERE Price > 9.95 

Queries that use math functions, such as the examples shown here, return only one value. 
So, when you submit such a statement to a DBMS using JDRC, the ResultSet object that 
is returned to the program will contain one row with one column. The program shown 
in Code Listing 16-6 shows an example of how you can use the MIN, HAX, and AVG func­
tions to find the lowest, highest, and average prices in the Coffee table. 
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Code Listing 16-6 ( C o f f e e M a t h . J a v a ) 

l 

2 

i 

A 

5 

6 

B 

9 

10 

11 

12 

; I 

L4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

import Java . iq l .* ; 

' • • 

This program demonstrates some of the SOL math functions. 
• / 

public c l a s s CoffeeMath 

< 

public s t a t i c void main(String[1 args) 

< 

/ / Variables to hold the lowest, highest, and 
/ / average prices of coffee, 
double lowest - J . J , 

highest - 0.0, 
average - 0.0; 

/ / Create a named constant for the URL. 
/ / NOTE: This value i s specif ic for Java DB. 
f inal String DBJJRL - •jdbciderby:CoffeeDB-j 

t ry 

< 

/ / Create a connection to the database. 
Connection conn - DriverManager.getConn«ction(DB_URL; 

/ / Create a Statement object . 
Statement stmt - conn.createStat n t < ) ; 

/ / Create SELECT statements t o get the lowest, highest , 
/ / and average prices from the Coffee t ab le . 
String reinstatement - "SELECT MlN(Price) FROM Coffee-; 
String maxStatement - 'SELECT HAX(Price) FROM Coffee'; 
String avgStatement - 'SELECT AVG(Price) FROM Coffee"; 

/ / Get the lowest pr ice . 
ResultSet minResult • stmt.executeOueryfminStatenent); 
if (minResult.next()) 

lowest - minResult.getDouble(l); 

/ / Get the highest pr ice . 
ResultSet maxResult - stmt.executeQueryfmaxStatement); 
if (maxResult.nextf)) 

highest - maxResult.getDouble(l); 

/ / Get the average pr ice . 
ResultSet avgResult - stmt.executeOuery(avgStatement); 
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47 

49 
50 
51 
52 
bi 
54 
55 
56 
57 
58 
59 
60 
61 
6̂  
63 > 

If (avgResult.next()) 
average - avgResult.getDoublelI); 

II Display the r e s u l t s . 
System.out.print!("Lowest p r i ce : $%.2f\n", lowest); 
System.out.printf("Highest pr ice : $%.2f\n", highest) ; 
System.out.printf("Average pr ice : $%.2f\n", average); 

/ / Close the connection. 
conn.close() ; 

} 
catchfException ex) 

{ 
System.out.printIn("ERROR: • ex.getMessagem; 

I 

Program Output 

Lowest pr ice : $6.85 
Highest pr ice : $18.45 
Average pr ice : $10.16 

lines \\ through H declare three strings: adnStatemnt, maxStatement, and avgStatement. 
I ach of these strings contains a SELECT statement that uses a math function. 

The code in lines .16 through 38 gets the lowest price in the table. I lerc is a summary of how 
the code works: 

• line 36 executes the contents of •instatetwnr.. and the ResultSet reference that is 
returned is assigned to the minReeult variable. 

• The if statement in line 37 advances the ResultSet object's cursor, and line 38 gets 
the value of column I and assigns it to the lowest variable. 

The code in lines 41 through '13 gets the highest price In the table. Here is a summary of 
how the code works: 

• l.inc 41 executes the contents of MxStateaent, and the ResultSet reference that is 
returned is assigned to the mexReeult variable. 

• The if statement in line 42 advances the ResultSet object's cursor, and line 43 gets 
the value of column I and assigns it to the highest variable. 

The code in lines 46 through 48 gets the average price in the table. Mere is a summary of 
how the code works: 

• Line 46 executes the contents of avgStateaent, and the ResultSet reference that is 
returned is assigned to the avgResult variable. 

• The if statement in line 47 advances the ResultSet object's cursor, and line 48 gets 
the value of column 1 and assigns it to the average variable. 
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< * 
Checkpoint 

MyfrogramminxLab* wwuKmyprogrammmgtah.com 

16.11 What is a ReaultSet object? 

16.12 Took ft| the following SQL statement. 

SELECT Id PROM Account 

What is the name of the table from which this statement is retrieving data? 

What is the name of the column that is being retrieved? 

16.1 i Assume that a database has a table named Inventory, with the following columns: 

Column Name Type 

ProductID 

QtyOnHand 

Co i t 

CHAR(IO) 

INT 

DOUBLE 

a) Write a SELECT statement that will return all of the column* friHii every row in table. 
b) Write a SELECT statement that will return the ProductiD column from ever)' 

row in table. 

C) Write a SELECT statement that will return the ProductiD column an J the 

QtyOnHand column from even* row in table. 
d) Write a SELECT statement that will return the ProductiD column only from the 

rows where Cott is less than 17.00. 
e) Write a SELECT statement that will return all of the columns from the rows 

where ProductiD ends with " / . / " . 

16.14 What is the purpose of the LIKE operator? 

16.15 What is the purpose of the % symbol in a character pattern used by the LIKE 
operator? What is the purpose of the underline ( _ ) character? 

16.16 I low can you sort the results of a SELECT statement on a specific column? 

16.17 Assume that the following declarations exist: 

final String DB_URL • "jdbc:derby:CoffeeDB\-
String sql • "SELECT • FROM Coffee"; 

Write code that uses these Str ing objects to get a database connection and execute 
the SQL statement. Be sure to close the connection when done. 

16.18 I low do vou submit a SELECT statement to the DBMS? 
* 

16.19 Where does a ReaultSet objects cursor initially point? How do you move the cur­
sor forward in the result set? 

16.20 Assume that a valid ResultSet object exists, populated with data. What method do you 
call to retrieve column 3 as a string? What do you past at an argument to the method? 

16.4 Inserting Rows 

CONCEPT: You use the INSERT statement in SQL to insert a new row into a tabic. 

In SQL, the INSERT statement is used to msm a row into a database table. 

INSERT INTO TabieNa»e VALUES (Vaiuei , Valac2, etc.) 

http://wwuKmyprogrammmgtah.com
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In the general format, TableNamv is the name of the database table. Value!, Volue2% etc... 
is a list of column values. After the statement executes, a row containing the specified col­
umn values will be inserted into the table. Mere is an example that inserts a row into the 
Coffee table, in our CoffeeDS database: 

INSERT INTO Coffee VALUES {'Honduran Dark", '22-001*, 8-65) 

Notice that the string values are enclosed in single-quote marks. Also, notice the order that 
the values appear in the list. The first value, i londuran Dark*, is inserted into the first col­
umn of the table, which is Description. The second value, '22-001' , is inserted into the 
second column of the table, which is ProdNum. The third value, 8.65, is inserted into the third 
column of the table, which is Price. After this statement executes, a new row will be inserted 
into the Coffee table containing the following column values: 

Description: 'Honduran Dark' 
ProdNum: 22-001 
Price: 8.65 

II you arc not sure of the order in which the columns appear in the table, you can use the 
following general format of the INSERT statement to specify the column names and their 
corresponding values, 

INSERT INTO Tabletfd 
(ColumnNMMt, ColumnN4mm2, e t c . ) 

VALUES 
iValuet, Vslu*2, e t c . . ) 

In this general format ColumnNamcl, ColumnNamc2t etc... is a list of column names and 
Valucl* Valuo2> e t c . . . is a list of corresponding values. In the new row, Valuel will 
appear in the column specified by ColumnNamcI% Value2 will appear in the column speci­
fied by CotumnName2i and so forth. I Icre is an example: 

INSERT INTO Coffee 
(Description, ProdNum, Price) 

VALUES 
('Honduran Dark', ' 22 -001 ' , 8.65) 

This statement will produce a new row* containing the following column values: 

Description: 'Honduran Dark' 
ProdNum: 22-001 
Price: 8.65 

II we rewrote the INSERT statement in the following manner, it would produce a new row 
with the same values: 

INSERT INTO Coffee 
(ProdNum, Price, Description) 

VALUES 
( '22-001 ' , 8.65, 'Honduran Dark') 
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NOTE: If a column is a primary key, it must hold a unique value for each row in the 
table. No two rows in a table can have the same value in the primary key column. Recall 
that the ProdNum column is the primary key in the Coffee table. The DRMS wil l not allow 
you to insert a new row with the same product number as an existing row. 

Inserting Rows with JDBC 
To issue an INSERT statement with JDBC, you must first get a statement object from the 
Connection object, using its createStateaent method. You then use the Statement object's 
executeUpdate method. The method returns an i n t value representing the number of rows 
that were inserted into the table. Here is an example: 

String sqlStatement - -INSERT INTO Coffee " • 
"(ProdNum, Price, Description) " • 
-VALUES ( '22 -001 ' , 8.65, 'Honduran Dark ' ) " ; 

int row* • •tmt.executeUpdate(>qlStatement); 

The first statement creates a string containing an INSERT statement. The second statement 
passes this string as an argument to the executeUpdate method. The method should return 
the i n t value I , indicating that one row was inserted into the table. The program in Code 
Listing 16-7 shows an example. It prompts the user for the description, product number, 
and price of a new coffee and inserts that data into the Coffee table. 

Code L is t ing 16 7 <Cof f e e l n e e r t e r . Java) 

: import Java.uti l .Scanner; 
3 import j ava . sq l . * ; 
3 
i / • • 

This program l e t s the user inser t a row into the 
6 CoffccDB database's Coffee tab le . 
7 t / 

9 

10 

11 

12 

13 

a 
15 
16 
17 
18 
19 
20 
21 
22 
23 

public c lass Coffeelnserter 

< 

public s t a t i c void main(String(| args) 

I 
String descr ipt ion; / / To hold the coffee description 
String prodNum; / / To hold the product number 
double pr ice; / / To hold the price 

/ / Create a named constant for the URL. 
/ / NOTE: This value i s specif ic for Java DB. 
f inal String DBJJRL - •jdbc:derby:CoffeeDB"; 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new ScannerfSystem.in); 
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24 
25 
26 
27 
28 
29 
30 
31 
12 
33 
14 
35 
36 
37 
38 
39 
40 
•11 
42 
43 
44 
45 
46 
41 
48 
49 
50 
51 
52 
53 
54 
55 
56 
51 
58 
59 
60 
SI 
62 

t r y 

< 

II Create a connection t o t h e da tabase . 
Connection conn - DriverHanager.getConnection(DE) URL); 

/ / Get the data for the new co f f ee . 
Sys t em,ou t .p r in t ) "En te r the coffee d e s c r i p t i o n : " ) ; 
d e s c r i p t i o n • keyboard .nextLine{) ; 
Sys t em.ou t .p r in t ( "En te r the product number: " | ; 
prodNum - keyboard.nextLine( ); 

Sys t em.ou t .p r in t ( "En te r the p r i c e : " ) ; 

p r i c e - keyboard.nextDoubleU; 

/ / Create a Statement o b j e c t . 

Statement stmt - conn . c r ea t eS t a t e*en t< ) ; 

/ / Create a s t r i n g with an INSERT s ta tement . 
S t r ing sqlStatement - "INSERT INTO Coffee - + 

"(ProdNum, P r i c e , Descr ip t ion) • + 

"VALUES ( ' • * 
prodNum • " ' , " • 

p r i c e • ", ' " * 
d e s c r i p t i o n • "')mt 

II Send the statement t o the DBMS. 
i n t rows - stmt, executellpdatef sq lS ta tement ) ; 

/ / Display the r e s u l t s . 
Sys tem.ou t .p r in t ln ( rows * " row(s) added t o the t a b l e . " ) ; 

/ / Close the connect ion , 
c o n n . c l o s e t ) ; 

> 

catch<Exception ex) 

{ 
System.out.println{"ERROR: 

) 

• ex .ge tMessageO) ; 

) 

Program Output 
Enter the coffee d e s c r i p t i o n : Konduran Dark [Enter] 
Enter the product number: 22-001 [Enter] 
Enter the p r i c e : 8.65 [Enter] 
1 row(s) added to the t a b l e . 
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16.21 Write .111 SQL statement to insert a new row into the Coffee tabic containing the 
following data: 

Description: Eastern Blend 
ProdNum: 30-001 
Pricei 18.95 

16.22 Rewrite the following INSERT statement so that it specifics the coffee table's col­
umn names. 

INSERT INTO Coffee 
VALUES ('Honduran Dark', *22-00r , 8.65) 

16.5 Updating and Deleting Existing Rows 

n CONCEPT: You use the UPDATE statement in SQL to change the value of an existing 
row. You use the DlLlTl statement to delete row* from a table. 

In SQL, the UPDATE statement is used to change the contents of an existing row in a table. For 
example, if the price of Brazilian Decaf coffee changes, we could use an UPDATE statement BO 
change the Price column for that row. I lere is the general format of the UPDATE statement: 

UPDATE Table 
SET Column - Value 
WHERE Cr i te r ia 

In the general format, Table is a table name, column is a column name, Value is a value to 
store in the column, and C r i t e r i a is a conditional expression. Here is an UPDATE statement 
that will change the price of Brazilian Decaf coffee to 9.95: 

UPDATE Coffee 
SET Price - 9.95 
WHERE Description - 'B ra i i l i an Decaf 

I lere is another example: 

UPDATE Coffee 
SET Description • 'Galapagos Organic Medium' 
WHERE ProdNusi - '20-001 " 

This statement locates the row where ProdNum is '20-001' and sets the Description field to 
'Galapagos Organic Medium'. 

It is possible to update more than one row. For example, suppose we wish to change the 
price of every Guatemalan coffee to 12.95. If you look back at Table 16-1 you will sec that 
the product number for each of the Guatemalan coffees begins with 1 1 ' . All we need is an 
UPDATE statement that locates all the rows where the ProdNum column begins with ' 2 1 ' , and 
changes the Price column of those rows to 12.95. Here is such a statement: 

UPDATE Coffee 
SET Price • 12.95 

WHERE ProdNum LIKE '211 ' 
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© WARNING! lie careful that you do not leave out the WHERE clause and the conditional 
expression when using an UPDATE statement. You could change the contents of every row 
in the table! For example, look at the following statement: 

UPDATE Coffee 
SET P r i c e - 4.95 

Because this statement does not have a WHERE clause, it will change 
every row in the Coffee table to 4.95! 

the Price column for 

Updat ing Rows w i t h JDBC 
The process ol issuing an UPDATE statement in JDrU! is similar to that ot issuing an INSERT 
statement. First, you get a Statement object from the Connection object, using us 
createStatement method. You then use the Statement object's executeUpdate method to 
issue the UPDATE statement. The method returns an int value representing the number of 
rows that were affected by the UPDATE statement. Here is an example: 

String sqlStatement • -UPDATE Coffee • • 
•SET Price - 9.95 " • 
-WHERE Description - 'Brazil ian Decaf-) 

int rows - stmt.executeUpdate(sqlStatement); 

The first statement creates a string containing an UPDATE statement. The second statement 
passes this siring as an argument to the executeUpdate method. The method returns an int 
value indicating the number of rows that were changed. 

Code l ist ing 16-8 demonstrates how CO update a row in the Coffee table. The user enters an 
existing product number, and the program displays that product's data. The user then enters 
I new price for the specified product, and the program updates the row with rhc new price 

Code Listing 16 8 (Cof f e e P r i c e t l p d a t e r . J a v a ) 

import Java.util .Scanner; 
. import j a v a . s q l . ' ; 
3 

This program l e t s the user change the price of a 
coffee in the CoffeeDB database 's Coffee t ab le . 

7 */ 

• public c lass CoffeePriceUpdater 
10 < 
11 public s t a t i c void main(String[] args) 
12 { 

String prodNum; / / To hold the product number 
double p r ice ; / / To hold the price 

15 
/ / Create a named constant for the URL. 
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L7 

18 

L9 

21 

22 

23 

24 

25 

26 

27 

2G 

29 

JO 

n 
32 
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34 

35 

16 

! ' 

38 

39 

to 
41 

42 
i i 

44 

45 

46 

47 

48 

49 
50 
51 

53 
54 
53 
56 

57 

58 
59 
SO 
61 
62 
63 
64 

II NOTE: This value i s specif ic for Java DB. 
f inal String DBJJRL - "jdbc:derby:CoffeeDB-; 

/ / Create a Scanner object for keyboard input, 
Scanner keyboard • new ScannerfSysten.in); 

t ry 

i 
II Create a connection to the database. 
Connection conn - DriverManager.getConnection(DB_URL); 

/ / Create a Statement object* 
Statement stmt • conn.createStateaentf); 

/ / Get the product nunber for the desired coffee. 
System.out.print( aEnter the product number: • ) ; 
prodNum • keyboard.nextLinef); 

/ / Display the coffee ' s current data. 
if (findAndDisplayProduct(stat, prodNua)) 

K 
/ / Get the new pr ice . 
System.out.print("Enter the new pr ice : " ) ; 

price - keyboard.nextDoublef); 

/ / Update the coffee with the new pr ice . 
updatePrice(stmt f prodNua, p r ice ) ; 

> 

e l se 

I 

> 

/ / The specified product number was not found. 
System.out .pr int lnfThat product was not found. 

/ / Close the connection, 
conn.closet ) \ 

> 

catch(Exception ex) 

< 

System.out.printIn("ERROR: 

> 

* • ex.getMessage( 

/ • • 

The findAndDisplayProduct method finds a specified coffee 's 
data and displays i t . 
Sparam stmt A Statement object for the database. 
Sparam prodNum The product number for the desired coffee. 
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65 
66 
67 
68 
69 
70 
71 
72 
73 
U 
75 
76 
77 
78 
7 9 
80 
81 
82 
83 
-M 
85 
86 
87 

90 

91 
92 

91 

•/•I 

95 

96 
97 

98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

108 
109 
110 
111 
112 

^re turn t r u e / f a l s e i nd i ca t i ng whether the product was found. 

* / 

publ ic s t a t i c boolean findAndDisplayProduct(Statement s tmt , 
S t r ing prodNum) 
throws SQLException 

< 

boolean productFound; / / Flag 

/ / Create a SELECT s ta tement t o get the spec i f i ed 
/ / row from the Coffee t a b l e . 
S t r ing sq l s ta tement -

"SELECT * PROM Coffee WHERE ProdNum • ** * 
prodNum + " ' " ; 

/ / Send the SELECT s ta tement t o the DBMS. 
Resul tSet r e s u l t - s tm t . execu t e0ue ry ( sq l s t a t emen t ) ; 

/ / Display the con ten t s of the r e s u l t s e t . 
i f ( r e s u l t . n e x t O ) 

( 
/ / Display the product . 
S y s t e m . o u t . p r i n t l n ( " D e s c r i p t i o n ! " * 

r e s u l t . g e t S t r i n g ( " D e s c r i p t i o n " ) ) ; 
Sys tem.ou t .p r in t ln ( "Produc t Number: " * 

r e s u l t , g e t s t r i n g ("ProdNum**)); 
System.out .pr int ln(**Fricet $" • 

r e su l t . gc tDoub lc ( "Price**)); 

/ / Set the f lag t o i n d i c a t e the product was found. 
productPound • t r u e ; 

} 
else 

( 

/ / I nd ica t e the product was not found. 
productFound • f a l s e ; 

} 

re tu rn productFound; 

/ t t 

The updatePr ice method updates a spec i f i ed coffee*s p r i c e . 
4param stmt A Statement ob jec t for the da t abase . 
?param prodNum The product number for the d e s i r e d cof fee . 
Qparam p r i c e The p r o d u c t ' s new p r i c e . 

' / 
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113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 

public s t a t i c void updatePrice(Statement stmt. String prodNum, 
double price) throws SQLException 

( 

/ / Create an UPDATE statement t o update the price 
/ / for the specified product nuaber. 
String sqiStatement - "UPDATE Coffee • * 

"SET Price • " • Double.toString(price) • 
"WHERE ProdNum • • • * prodNua • " • • ; 

/ / Send the UPDATE statement t o the DBMS. 
i n t rows - stmt.executeUpdate(sqlStateaent); 

/ / Display the r e s u l t s . 
System.out.printlnfrows * row(s) updated."); 

) 

Program Output 

Enter the product number: 17-001 [Enter] 
Description! Sumatra Dark 
Product Numberi 17-001 
Pricei 57.95 
Enter the new pricei 9.95 [Enter) 
1 row(s) updated. 

In the main method, line 26 gets a connection to the database and line 2** creates a Statement 
object, lines M and U prompt the user for a product number, which is assigned to the 
prodNum variable. 

Before we let the user change the specified product's price, we want to display the prod­
uct's current information. So, line 36 calls a method named f indAndDisplayProduct, 
passing the S t a t e m e n t object and the prodNum variable as arguments . The 
f IndAndDisplayProduct method (which is shown in lines 68 through 104) queries the data­
base table for the row with the specified product number. If the row is found, the method 
displays the row's contents and then returns true. If the row is nor found, the method 
simply returns false. 

If the specified product is found, lines 39 and 40 prompt the user for the product's new 
price, and the user's input is assigned to the price variable. Then, line 43 calls a method 
named updatePrice, passing the Statement object, the prodNum variable, and the price vari­
able as arguments. The updatePrice method (which is shown in lines 113 through 127) 
updates the row containing the specified product number with the new price. 

Notice that neither the f indAndDisplayProduct method nor the updatePrice method 
handles any SQLExceptions that might occur. If an SQLException happens in either of 
those methods, it gets passed up to the main method, where it is handled by the t ry-
catch statement. 
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Deleting Rows with the DELETE Statement 
In SQL you use the DELETE statement to delete one or more rows from a table. The general 
format of the DELETE statement is: 

DELETE FROM Table WHERE Cr i t e r i a 

In the general format. Table is a table name and Criteria is a conditional expression. 
Here is a DELETE statement that will delete the row where ProdNum is 20-001: 

DELETE TROM Coffee WHERE ProdNun • '20-001' 

I his statement locates tin- row in die Coffee tabic where the ProdNun minimi is M I to iln 
value "20-001", and deletes that row. 

Ii is possible to delete multiple rows with the DELETE statement. For example, look at the 
following statement: 

DELETE FROM Coffee WHERE Description LIKE 'Sumatra*' 

This statement will delete all rows in the Coffee table where the Description column 
begins with 'Sumatra'. If you glance back at Table 16-1 you will sec that four rows will be 
deleted. 

© W A R N I N G ! lie careful that vou do not leave out the WHERE clause an 
e 

expression when using .1 DELETE statement. You 

example, look at the following statement: 

DELETE TROM C o f f e e 

could delete every row 

iVcuiM tins statement does not have a WHERE clause, it wi l l Jelete every 
table! 

d the conditional 
in the table! For 

row in the Col lee 

Deleting Rows w i th JDBC 
The process ol issuing a DELETE statement in JDBC is similar to that of issuing an INSERT 
statement or an UPDATE statement. First, you get a Statement object from the Connection 
object, using its createStatement method. You then use the Statement object's executeUpdate 
method to issue the DELETE statement. The method returns an int value representing the 
number of rows that were deleted. I lerc is an example: 

String sqiStatenent - "DELETE FROM Coffee * • 
"WHERE ProdNum - '20-001**; 

int rows - stmt.executcUpdate(sqlStatement); 

The first statement creates a string containing a DELETE statement. The second statement 
passes this string as an argument to the executeUpdate method. I h c method returns an int 
value indicating the number of rows that were deleted. 

I he program shown in t ode I isting 16 9 demonstrates how A -OU , .in :H ,U V:ul I-inn iln 
Coffee table. 
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Code Listing 16-9 ( C o f f e e D e l e t e r . Java) 

1 i m p o r t J a v a . u t i l . S c a n n e r ; 

2 import java.sql.*; 
3 
4 / • • 

This program l e t s the user delete a coffee 
from the CoffeeDB database's Coffee table. 

7 • / 

9 

10 

11 
12 

; I 
L4 

15 

. i , 

L7 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

12 
13 
34 

35 

36 

17 

)8 
IS 
40 
41 
42 
43 
44 
45 
46 

public class CoffeeDeleter 
{ 

public s tat ic void main(String[| args) 
( 

String prodNum; / / To hold the product number 
String sure; / / To make sure the user wants to delete 

/ / Create a named constant for the URL. 
/ / NOTEi This value i s specific for Java DB. 
final String DBJJRL - "Jdbc:derby:CoffeeDB"; 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard - new Scanner(Systea.in); 

try 

< 

II Create a connection to the database. 
Connection conn - DriverManager.getConnection(DB_URL); 

/ / Create a Statement object. 
Statement stmt - conn.createStatenent(); 

/ / Get the product number for the desired coffee. 
System.out,print("Enter the product number: "); 
prodNum • keyboard.nextLinef); 

/ / Display the coffee's current data. 
if (findAndDisplayProduct(start, prodNum)) 

/ / Make sure the user wants to delete this product. 
System.out.print)"Are you sure you want to delete • 

- this item? (y/n): "); 
sure • keyboard.nextLine(); 

if (Character.toUpperCase< sure.charAt(0)) 

II Delete the specified coffee. 
deleteCoffee(stmt, prodNum); 

' Y ' > 
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> 

else 

< 

System.out.println("The item was not de l e t ed . " ) ; 
> 

I 
else 

< 
/ / The specified product number was not found. 
System.out.println("That product was not found."); 

) 

II Close the connection, 
conn.c loset ) ; 

> 

catchjException ex) 

{ 
System.out.prlntln("ERROR: - + ex.getMessage<)); 

/ * * 
The findAndDisplayProduct method finds a specified coffee 's 
data and displays i t . 
*param stmt A Statement object for the database. 
fparam prodNum The product number for the desired coffee. 
^return t rue / fa l se to indicate whether the product was found. 

* / 

public s t a t i c boolean findAndDisplayProduct(Statement stmt, 
String prodNum) 
throws SOLException 

boolean productFound; / / Flag 

/ / Create a SELECT statement to get the specified 
/ / row from the Coffee t ab le . 
String sqlStatement • 

"SELECT * FROM Coffee WHERE ProdNum - •• + 
prodNum + • • • ; 

90 
9 
•>. 

9 . 

'J-

II Send the SELECT statement to the DBMS. 
RcsultSet resul t - stmt.executeQuery(sqlStateBcnt); 

/ / Display the contents of the r e su l t s e t . 
i f ( r esu l t .nex t ( ) ) 

{ 
/ / Display the product. 
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95 S y s t e m . o a t . p r i n t l n ( " D e s c r i p t i o n : • • 
96 r e s u i t . g e t S t r i n g ( - D e s c T i p t i o n - ) ) ; 
97 Sys t em.oa t . p r in t ln ( "P roduc t Number: • + 
98 resul t .getStr ing<"ProdNum") ) ; 
99 S y s t e m . o u t . p r i n t l n ( " P r i c e : S" • 

100 r e s u l t . g e t D o u b l e ( " P r i c e " ) ) ; 
101 
102 / / Set the f lag t o i n d i c a t e the product was found. 
103 productFound - t r u e ; 
104 > 
105 e l s e 
106 < 
107 / / I n d i c a t e the product was not found. 
1 OB productFound - f a l s e ; 
109 ) 
110 

r e t u r n productFound; 
112 > 

113 
114 / • • 

The dele teCoffee method d e l e t e s a spec i f i ed co f f ee . 
Pparam stmt A Statement ob j ec t for the da t abase . 
Gparam prodNum The product number for the des i red co f f ee . 

118 • / 
119 

publ ic s t a t i c void dele teCoffee(Ste tement s tmt . S t r ing prodNum) 
121 throws SQLException 
122 < 
123 / / Crea te a DELETE statement t o d e l e t e the 
124 / / spec i f i ed product number. 
125 S t r ing sqlStatement - "DELETE FROM Coffee - • 
126 "WHERE ProdNum - •• • prodNum • " • " ; 
127 
128 / / Send the DELETE s ta tement t o the DBMS. 
129 i n t rows - s tmt .executeUpdate(sq lSta tement ) ; 
130 
131 / / Display the r e s u l t s . 
132 Sys tem.ou t .p r in t ln ( rows • • row(s) d e l e t e d . " ) ; 

> 

134 > 

Program Output 

Enter the product number: 20-001 [Enter] 
Descr ip t ion : Galapagos Medium 
Product Number: 20-001 
P r i c e : S6.85 
Are you sure you want t o d e l e t e t h i s item? ( y / n ) : y [Enter] 
1 row(s) d e l e t e d . 
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16.23 The Midnight Coffee Roastery is running a special on decaf coffee. Write an SQI 
statement that changes the price of all decaf coffees to 4.95. 

16.2-1 The sale on decaf coffee didn't do too well, so the Midnight Coffee Roastery has 
decided to stop selling decaf. Write an SQL statement that will delete all decaf cof­
fees from the Cottee table. 

Creating and Deleting Tables 

CONCEPT: In SQL, (he CREATE TABLE statement can be used to create a database 
table. The DROP TABLE statement can be used to delete a table, 

The Cof feeDB database that we have been using as our example is very simple. It has only 
one table. Coffee, which holds product information. The usefulness of this database is lim­
ited to looking up coffee descriptions, product numbers, and prices. 

Suppose we want to store other data in the database. MKII .IS a list of customers. To do so, 
we would have to add another table to the database. In SQI. you use the CREATE TABLE state­
ment to create a table. I Icrc is the general format of the CREATE TABLE statement: 

CREATE TABLE TableNamc 
{ColumnNamel DetaTypcl, 
CoLumnName2 DetoTypc2, 
t t c . . . ) 

In the general format, TableNamc is the name of the table. ColumnNamel is the name of the 
first column, and DataTypml is the SQI data type for the first column, ColumnNamm2 is the 
name of the second column, and DataTypm2 is the SQI data r\pc for the second column. 
This sequence repeats for all of the columns in the table. I lere is an example: 

CREATE TABLE Customer 
( Name CHAR(25), 

Address CHAR{25), 
City CHMH12), 
State CHARJ2), 
Zip CHAR(5) ) 

I Ins statement t rcatd I H€* t*W* named CnstCBBT. Hie columns in the Customer tabic arc 
Name,Address, City, State, and Zip. 

You may also specify that a column is a primary key by listing the PRIMARY KEY qualifier 
after the column's data type. Recall from our earlier discussion on database organization 
that a primary key is a column that holds a unique value for each row, and can be used to 
identify specific rows. When you use the PRIMARY KEY qualifier with a column, you should 
also use the NOT NULL qualifier. The NOT HULL qualifier specifies that the column must contain 

http://www.mypro%5Eranmnn%5Elab.com
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a value for every row. I lerc is an example of how we can create a Customer table, using the 
CustomerNumber column as rhc primary key: 

CREATE TABLE Customer 
( CustomerNumber CHAR(10l NOT HULL PRIMARY KEY, 

Name CHAR(2S), 
Address CHAR(25), 
City CHAR(12), 
State CHAR(2), 
Zip CHAR(5) ) 

This statement creates a new table named Customer. Ii has the same structure as the table 
created by the previous example, with one additional column, CustomerNumber, which is the 
primary key. Because CustomerNuribcr is the pnmar> key, this column must hold a unique 
value for each row in the tabic. 

< » ' 

TIP: Remember, a primary key is used to identify a specific row in a table. When selecting 
a column as a primary key, make sure it holds a unique value that cannot be duplicated lor 
two rows in the table. 

Take a look It the program in Code I istmg Ift 10. When you run this program, it creates the 
Customer table in the Cof feoDB database, and then inserts the three rows shown in Tabic 16-5. 

Code Listing 16-10 (Crea teCus tomerTable .Java 

1 

2 

! 

i 

5 
6 

7 

B 
9 

10 
11 
12 
13 
14 
15 
16 

18 
19 
20 
21 
22 

import java.sql.*) / / Needed tor JDK classes 

This program crea tes a Customer 
table in the CofteeOB database. 

• / 

public class CreateCustonerTable 

I 
public s t a t i c void main(String(] args) 

< 

/ / Create a named constant for the URL. 
/ / NOTE: This value i s specif ic for Java DB. 
f inal String DBJJRL - •jdbc:derby:CoffeeDB'; 

t ry 

i 
II Create a connection to the database. 
Connection conn - DriverHanager.getConnection(DB_URL); 

/ / Get a Statement object . 
Statement stmt - conn.createStateoent() ; 
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23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 

42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

l e i > 

/ / Make an SQL statement t o c r e a t e the t a b l e . 
S t r ing aq l - "CREATE TABLE Customer" • 

"( CustomerNumber CHAR(IO) NOT HULL PRIMARY KEY, • * 
" Name CHAR(25)," + 
• Address CHARTS >," * 
" City CHAR(12J," • 
" S t a t e CHAR(2),' * 
" Zip CHAR(5) ) " ; 

/ / Execute the s t a t emen t . 
s t m t . e x e c u t e ( s q l ) ; 

/ / Add some rows t o the new t a b l e . 
s q l - "INSERT INTO Customer VALUES- • 

" ( '101*i 'Downtown Cafe*, '17 N. Main S t r e e t ' , " • 
• ' A s h e v i l l e ' , ' N C , ' S S S I S ' ) - ; 

s tmt .execu teUpda te ( sq l ) ; 

sq l • "INSERT INTO Customer VALUES" • 
" ( ' 1 0 2 ' , "Main S t r e e t G r o c e r y ' , " + 

•110 E. Main S t r e e t ' , " + 

" 'Can ton ' , ' N C , >55SSS')"J 
s tmt .execu teUpda te ( sq l ) ; 

sq l - "INSERT INTO Customer VALUES" • 
" ( ' 1 0 3 ' , 'The Coffee P l a c e ' , '101 Center P l a z a ' , " 
" 'Waynesv i l l e ' , ' N C , ' 5 5 5 1 6 ' ) " j 

stmt.executeUpdatef s q l ) ; 

/ / Close the connect ion . 
c o n n . c l o s e t ) ; 

> 

catch (Exception ex) 

< 

System.out.println("ERROR! • • ex.getMeeeage<)); 

) 

1 

• 

Table 16-5 Rows inserted into the Customer table 

CuBtom«rNumber 

101 
102 
103 

N.irac Address 

Downtown Cafe 17 N. Main Street 

Main Street Grocery 110 I•". Main Strcci 

The Coffee Place 101 Center Plaza 

C i t y 

Asheville 

Canton 

Waynesville 

S t a t e 

NC 
NC 
NC 

Zip 

55515 
55555 
55516 
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< * 

Removing a Table with the DROP TABLE Statement 
Should the need arise to delete a table from a database, you can use the DROP TABLE state­
ment. I Icre is the statement's general format: 

DROP TABLE TableNam* 

In the general format, TableName is the name of the table you wish to delete. For example, 
suppose that after we created the Customer table, we discovered that we selected the wrong 
data type for many of the columns. We could delete the table, and then re-create it with the 
proper data types. The NQI statement to delete the table would be: 

DROP TABLE Customer 

Checkpoint 

MyPi-ojrArnmmjLab* www.myprtigrjmmin^hb.com 

16.25 Write the SQI statement to create a table named Book. The Book tabic should have 
the columns to hold the name of the publisher, the name of the author, the number 
of pages, and a 10-character ISBN number. 

16.26 Write a statement to delete the Book table you created in Checkpoint 16.25. 

16.7 Creating a New Database with JDBC 

CONCEPT: Creating a new database with JDBC is as simple as adding an attribute to 
the database URL and then using SQL to create a table in the database. 

In the previous section you learned about the CREATE TABLE statement, which is used to 
create a new table in an existing database. But, suppose you wish to create a completely 
new database. With JDBC, .ill you must do is append the attribute ;cre*te-true to the 
database UK I., lor example, suppose you wish to create a new database named 
":i-»-r-.i i nru-n-rin. to hold data on your collection of DVDs. In J.iva DB, the UKI you 
would use would be: 

"jdbc:derby:EntertainmentDB;create-true" 

Because we have appended the attribute ;create-true to the database URL, the program 
will create the database when it runs. Then, we can use a CREATE TABLE statement to create 
a table in the database. The program in Code Listing 16-11 demonstrates. 

Code Listing 16-11 ( B u i l d E n t e r t a i n a e n t D B . Java) 

import java .sql . ' ; 
2 
i / • • 

Thin program shows how to create a new database 
using Java DB. 

6 • / 

http://www.myprtigrjmmin%5Ehb.com


16.7 Creating a New Database with JDBC 1061 

public c lass BuildEntertainmentDB 

< 

public s t a t i c void nain(String[1 args) 
throws Exception 

i 
f inal String DB_URL -

"j dbc:derby:EntertainmentDB;ci 

try 

< 

/ / Create a connection to the database. 
Connection conn -

DriverHanager.getConnection(DB_URL); 

/ / Create a Statement object . 
Statement stmt - conn.createStateaent(J; 

/ / Create the Dvd t ab le . 
System.out.println("Creating the Dvd t ab le . 
stmt.execute("CREATE TABLE Dvd (" • 

"Tit le CHAR(25), " + 
"Minutes INTEGER, " • 
"Price DOUBLE)")! 

) ; 

/ / Close the resources. 
s tmt .c lose t ) ; 
conn.close(); 
System.out-println("Done"); 

catch(Exception ex) 

( 
System.out.println("ERROR: • 

> 

• ex.getMessageO); 

When this program runs, the EntertainswncDB database will be created. This is because the 
database URL, in line 14, has the ;c rea te - t rue attribute. Lines 27 through 30 then create a 
table named Dvd. 

o NOTE: When you create a new database using Java DB, you will see a folder appear on 
your system with the same name as the database. This folder holds the database. To delete 
the entire database, simply delete the folder 
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16.8 Scrollable Result Sets 

-1 C O N C E P T : A scrollable result set al lows random cursor movement. By default , a 

result set is not scrollable. 

By default , ResultSet objects a l low you to move the cursor fo rward only. Once the cursor 

has moved past a row, you cannot move the cursor backward to read that row again. If you 

need to move the cursor backward through the result set, you can create a scrollable result 

set. You do this when you create a Statement object by using an overloaded version of a 

Connection object's createStatement method. The method accepts t w o arguments. The first 

Specifics the result set's scroll ing type. Y O I I can use any of the fo l lowing constants for this 

argument: 

ReflultSet.TYPE_rORWARD_ONLY 

This is the default scroll ing type. It specifies that the result set's cursor should move forward 

only. 

ROBultSet.TYPE_SCR0U._INSENSITIVB 

This specifics that the result set should be scrollable, a l lowing the cursor to move forward 

and backward through the result set. In addi t ion, this result set is insensitive to changes 

made to the database. This means that if another program or process makes changes to tin-

database, those changes wi l l not appear in this result set. 

ReaultSet.TYPE_SCROLL_SENSITIVE 

This specifics that the result set should be scrollable, a l lowing the cursor to move forward 

and backward through the result set. In addi t ion, this result set is sensitive t o changes made 

to the database. This means that if another program or process makes changes to the data­

base, those changes w i l l appear in this result set as soon as they are nude . 

The second argument specifics the result set s concurrency level. You can use any of the fo l ­

lowing constants for this argument: 

R6iuitS«t.CONCUR_READ_ONLY 

This is the default concurrency level. It specifies that the result set contains a read-only ver­

sion of data f rom the database. You cannot change the contents of the database by altering 

the contents of the result set. 

ResultSet .C0NCUR_UPDATEA8LE 

This specifics that the result set should be updateable. Changes can be made to the result 

set, and then those changes can be saved to the database. The ResultSet interface specifics 

several methods that may be used to update the result set and then save those updates to the 

database. These methods al low you to make changes to the database wi thout issuing SQL 

statements. For more informat ion on these methods, see the Java API documentat ion. 

Assuming that conn references a Connection object, here is an example of the method cal l : 

Statement stmt • 
conn.createStatement(ResultSet-TYPE_SCROLL_INSENSITIVE, 

ResultSet.CONCUR_READ_ONLY); 
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The statement object created by this code wi l l be scrollable, insensitive to changes made to 
the database by other processes, and wi l l not be updatcablc. 

Resu l tSe t Navigation Methods 

Once you have created a scrollable result set, you can use the following ResultSet methods 

to move the cursor: 

fir.to 
Lut() 
next() 

previous() 

r e l a t i ve ! rowa) 

absolute! row) 

Moves the cursor to the first row in the result set. 

Mines the cursor to the last row in the result set. 

Moves the cursor to the next row in the result set. 

Moves the cursor to the previous row in the result set. 

Moves the cursor the number of rows specified by the argument rova, 
relative to the current row. Tor example, the call r e l a t i v e ! 2) will move 
the cursor 2 rows forward from the current row, and re la t ive) - l ) will 
move the cursor I row Kick ward from the current row. 

Moves the cursor to the row specified by the integer row. Remember, 
row numbering begins at I , so the call absolute! 1) will move the cur­
sor to the first row in the result set. 

O NOTE: scrollable result sets arc not supported by all JI)B(] drivers. If your driver does 
not support scrollable result sets, it wi l l throw an exception when you try to use an 
unsupported navigation method. 

The following code shows a simple, yet practical use of some of these methods; 

r c i u L t S c t . U i t O ; / / Hove to the last row 
int numRowi • resultSet.getRow(1; / / Oct the current row number 
r e i u l t S e t . f i r s t ) ) ; / / Hove beck t o the f i r s t row 

This code would be useful when you need to determine the number of rows in the result set 
before p ress ing any of its data. The first statement moves the cursor to the last row. The sec­
ond statement calls the ReiultSet method getRow. which returns the row number of the cur­
rent row. The third statement then moves the cursor to the first row for subsequent processing. 

Result Set Metadata 

CONCEPT: Result set metadata describes the contents of a result set. The metadata 
can be used to determine which columns were returned when a query that 
is not known in advance is executed. 

The term metadata refers to data that describes other data. A ResultSet object has meta­
data, which describes the data stored in the ResultSet. You can use result set metadata to 
determine several things about a result set, including the number of columns it contains, the 
names of the columns, the types of each column, and much more. Result set metadata can 
be very useful if you are writ ing an application that wi l l submit an SQL query, and you 
don't know in advance what columns wi l l be returned. 
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< >IKC you have a ResultSet object, you can call its getHetaData method to get a reference 
to a ResultSetMetaData object. Assuming that resul tSct references a ResultSet object, 
here is an example: 

ResultSetMetaData Beta - resultSet.getMetaData(); 

ResultSetMetaData is an interface in the java.sql package. It specifies numerous methods, 

a few of which arc described in Table 16-6. 

Tabic 16 6 

Method 

A few ResultSetMetaData methods 

Description 

i n t getColumnCount() 

String getColumnNamefint col) 

String getColumnTypoName(int col) 

int getColumnDisplaySize(int col) 

String getTablcNamejint col) 

Returns the number of columns in the result set. 

Returns the name of the column specified by the integer 
col. The first column is column I. 

Returns the name of the data rypc of the column speci­
fied by chc inrcger c o l . The first column is column I. 
The data type name returned is the database-specific 
SQ\. data type. 

Returns the display width, in characters, of the column 
specified by the integer c o l . Inc first column is column I. 

Returns the name of the table associated with the column 
specified by the integer co l .The first column is column I. 

The program in (,'odc Listing 16-12 demonstrates how metadata can be used. It asks the 
user to enter a SELECT statement for the CoffeeDB database, then displays information about 
the result set as well as the result set's contents. 

Code L is t ing 16-12 (MataDataDamo. Java) 

l 

2 

J 

3 
6 

7 

H 

10 
11 

12 
13 

; 5 

import java.sql .*) 
import Java.uti l .Scanner; 

/ • • 

This program demonstrates r e su l t se t Metadata, 

I 

public c lass MetaDataDemo 

< 

public s t a t i c void nain(Str ing[] args) throws Exception 

I 
/ / Create a named constant for the URL. 
/ / NOTE: This value i s specif ic for Java DB. 
f ina l String DB_URL - "jdbc:derby:CoffeeDB"; 
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t ry 

/ / Create a Scanner object for keyboard input. 
Scanner keyboard * new Scanner(System.ln); 

/ / Get a SELECT statement from the user. 
System.out.println("Enter a SELECT statement for " + 

"the CoffeeDB database:"); 
String aqi - keyboard.nextLineU; 

/ / Create a connection to the database. 
Connection conn -

DriverHanager.getConnectionf DB_URL); 

/ / Create a Statement object . 
Statement stmt - conn.createStatementO; 

/ / Execute the query* 
ResuLtSet resultSet • stmt.executeQuery(sql); 

/ / Get the resul t se t metadata. 
ResuLtSetMetaData mete - resu l tSe t . getMetaDataO; 

/ / Display the number of columns returned. 
System.out.println("The resul t set has - * 

meta.getColumnCountf) • 
" column<s»-")J 

/ / Display the column names and types. 
for ( in t i • 1; i <• meta.getColumnCountU; i++» 

System.out.println(meta.getColuanName{i) + ", • + 
meta.getColumnTypeName(i)); 

> 

/ / Display the contents of the rows. 
System.out,println("\nHere are the resul t se t rows:"); 
while ( r w u l t S e t . n e x t O ) 

{ 
II Display a row. 
for ( int i • 1; i <- meta.getColumnCountU; i++) 

I 

) 

Sys tern. out . pr in t ( r »u l tSc t . ge tS t r i ng ( i j j ; 

System.out .pr int ln() ; 
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63 
64 
65 
66 
67 

68 
69 
70 

71 > 
72 > 

/ / Close the statement and 
s t m t . c l o s e ( ) ; 
conn .c lose ) ) ; 

> 

catch(Exception ex) 

< 

System.out.println(" 

> 

P r o g r a m O u t p u t w i t h E x a m p l e 

Enter a 
SELECT • 

Th« r e m 

SELECT statement for the 
FROM Coffee WHERE Price 

I t set has 3 column(s). 
DESCRIPTION, CHAR 

PRODNUM, CHAR 

PRICE, DOUBLE 

Here arc 

Sumatra 
the resu l t s e t rows: 
Organic Dark 17. 

Kona Medium IB-
Kona Dark IB-
Guatemalan Decaf 21-

P r o g r a m O u t p u t w i t h E x a m p l e 

Enter a SELECT statement for the 
SELECT ProdMua FROM Coffee WHERE 

The reau 
PRODNUM, 

Here are 
17-004 

18-001 
18-002 

21-002 

It set has 1 column(s). 
CHAR 

the resu l t s e t rows: 

ERROR: 

Input 

the connection. 

" • ex .ge thes sage ( ) ) ; 

S h o w n In Bold 

CoffeeDD database: 
> 10.00 [Enter] 

-004 
•001 
•002 
•002 

Input 

1 1 . 9 5 
IB. 45 
IB.45 
10 .45 

S h o w n In Bold 

CoffeeDB database! 
Price > 10.00 [Enter] 

Line .J4 submits the query to the DBMS and gets a Rcaul tset object. Line 37 gets a 
RcsultSetMetaData object. The statement in lines 40 through 42 displays the number of 
columns contained in the result set. It uses the ReaultSetltetaData object's getColumnCount 
method to get this value. The loop in lines 45 through 49 iterates once for each column in 
the result set. Each iteration displays the column name and column data type. I lie 
ResultSctMctaOata object's getColumnNane and getColumnTypeName methods are used to 
retrieve this information. The while loop in lines 53 through 61 displays the contents of 
the result set. It has a nested fo r loop, in lines 56 through 59, which iterates once for each 
column in the result set. Each iteration gets the column value as a string and displays it. 
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16.10 Displaying Query Results in a JTable 

CONCEPT: I'hc JTable component is a Swing claw that can be used to display a 
table of data. It is ideal for displaying result set data in a GUI application. 

The JTable class is a Swing component that displays data in a two-dimensional table. The 
class has several constructors, but the one we will use has the following format: 

JTable{Object( |( I rowData, Object! I coltlawa) 

The rowDato parameter is a two-dimensional array of Objects. 1 his array contains the data that 
will be displayed in the table. Kach row in the array becomes a row of data in the table, and cat h 
column in the array becomes a column in the table. Tlic JTable component calls the toString 
method of each object in the array to get the value to store in each column of the tabic. 

The colNamea parameter is a one-dimensional array of objects. It contains the column 
names to display. Once again, the JTable component tails the toSt r ing method of c u l l 
object in the array to get a value. 

The following code shows an example of how to set up a simple JTable component. 

String! 1 colNanaa - {'Ma«e', -Telephone" ) ; 
String! | [ | rowData - << "Jean", 

< "Tin-, 
{ "Hatt", 

< "ROM", 

< "Gari", 
{ "Shawn", 
{ "Renee", 

< "Joe", 

"555-2222" >, 
"555-1212" >, 
"555-9999" >, 
"555-4545" >, 
•555-5214" >, 
•555-7821" ) , 
-555-9640- ) , 
•555-8657" ) ) ; 

JTable myTable •* new JTable(rowData, colNancs); 
JScrollPane scrollPane - new JScrollPane(JTable); 

In th i* code, the colNamci array contains the column names, and the rowData array contains 
the data to display in the table. After the JTable object is constructed, it is added to a 
JScrollPane object. Figure 16-16 shows an example of how this table wi l l appear when 
displayed in a frame. 

Figure 16-16 A J T a b l e displaying data 

1 •> 

Name 
Jean 
Tim 

Malt 

G*rl 
Shawn 

6 
'elepnone 

: : : : : : : 

555-12*2 
• 

555-4545 
555-52*4 
555-73:1 

3 
^ 

^— 
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Now, let's look at how a JTable can be used to display the results of a database query. Vt'c 
will use three classes to build an application that allows the user to enter a SELECT state­
ment, and then displays the results of the query in a JTable. The three classes arc 
TableFormatter, CoffeeDBQuery, and Cof fccDBViewer. Code Listing 16-13 shows the 
TableFormatter class, which inherits from JFraae. \X'hcn you instantiate [hi*, class, you p.us 
a two-dimensional array containing table data, and a single-dimension a I array containing 
column names to the constructor. The object creates a JTable containing the data, and dis­
plays the JTable in a JFrane that is 400 pixels wide by 200 pixels high. 

Code Listing 16-13 ( T a b l e F o r m a t t e r . J a v a ) 

import javax.swing."; 
import java.awt.*] 

4 /' 

o 

B 
9 

10 
n 
ia 
11 
M 
13 

n 
IB 
.'I 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
12 
!! 
U 
35 
3fi 

The TableFormatter class displays a populated JTable. 
/ 

public c lass TableFormatter extends JFrane 

< 
/ / Constants lor s i t e . 
pr ivate f inal i n t WIDTH • 400; 
pr ivate f inal i n t HEIGHT - 200; 

/ • • 

Constructor 
7 

public TableFormatter(Object[ |[ | da ta . Object!] colNames; 

< 
/ / Specify an action for the close button. 
setDefaultCloseOperation(JFrame.DISPOSE_ON_CLOSE); 

/ / Create a JTable with the r e s u l t s . 
JTable table - new JTable(data, colNaaes); 

/ / Put the table in a scro l l pane. 
JScrollPane scrollPane • new JScrollPane(table); 

/ / Add the table to the content pane, 
add(scro1lPane, BorderLayout.CENTER); 

/ / Set the s ize and display. 
setSize(HIDTH, HEIGHT); 
se tVis ib le ( t rue) ; 
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Lets look at the constructor. In line 18 it accepts a two-dimensional Object array, data, and 
a one-dimensional Object array, colNwes. These arrays contain the data and the column 
names to display in the table. In line 24 they are passed to the JTable constructor. Also 
notice in line 21 that we pass JFraM.DISPOSE_ON_CLOSE to the setDefaultCloseOperation 
method. Because this JFrame will be instantiated by another class, we do not want to shut 
down the entire application when the user clicks the standard close button. Instead, wc 
merely want to dispose of this JFrane. 

Code Listing 16 14 shows the CoffeeDBQuery class. The class constructor accepts a S t r i n g 
containing an SQL query. It creates a database connection, executes the query, and then 
makes the result set data and its column names available through accessor methods. 

Code l i s t i n g 1 6 14 (Cof feeDBQuery. Java) 

import java.sqL.*; 

/ * * 

* / 

This cLaii execute* queries on the CoffccDB database 
and provides the resu l t s in array*. 

public e l m CoffeeDBQuery 

/ / Database URL Constant 
public f inal String DBJJRL -

"jdbc:derbyiCoffecDBH; 

pr ivate Connection conn; / / Database connection 
private S t r ing! ) ( ) tableData; / / Table data 
private String! I colNaaes; / / Column m 

/** 

Constructor 
* / 

public CoffeeDBQuery(String query) 

< 

II Get a connection to the database. 
getDatabaseConnection(); 

try 
( 

/ / Create a Statement object for the query. 
Statement stmt -

conn.createStatement( 
ResultSet.TYPE_SCROLL_INSENSITIVE, 
ResultSet. C0NCUR_REM)_0NLY); 
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36 
37 
18 
19 
40 
41 
42 
43 
44 
45 
46 
47 
IB 
19 

51 
52 
53 
M 

55 
56 
57 
38 
39 
80 
61 
63 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
73 
76 
77 
78 
79 
eo 
e: 
82 
83 

/ / Execute the query. 
ResultSet resul tSet • 

stmt.executeQuery < query); 

/ / Get the number of row*. 
r e s u l t S e t . l a s t f ) ; / / Hove t o l a s t row 
int minUJows • resu l tSe t . get Row ( ) ; / / Get row number 
r e s u l t S e t . f i r s t ( ) ; / / Hove t o f i r s t row 

/ / Get a metadata object tor the r e su l t s e t . 
ResultSetHetaData meta • resultSet .getHetaDataf); 

/ / Create an array of Strings for the column names. 
colNames - new String[meta.getColumnCount<)]; 

/ / Store the column names in the colNames array, 
for ( int i - 0; i < meta.getColuanCount(); -**) 

< 

/ / Get a column name. 

colNames|i| • meta.getColumnLabel(i+l)j 

) 

/ / Create a 2D String array for the table data . 
tableData -

new String|numRows)|meta.getColuauiCountf)|; 

/ / Store the columns in the tableData array. 
for ( in t row - 0) row < numRows; row**) 

< 

for ( in t col - 0; col < meta.getColumnCountf); col**) 

tableData!row)[col] - resul tSet .ge tSt r ing(col • 1) ; 

> 

/ / Go to the next row in the ResultSet. 
r e su l tSe t .nex t ( ) ; 

> 

/ / Close the statement and connection objects , 
s tmt .c lose t ) ; 
conn.c loset ) ; 

> 

catch (SQLException ex) 

ex.printStackTrace(); 

> 

/ • • 
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85 
86 
87 
88 
89 
90 
91 
92 
93 
•••I 

95 

96 

9 7 

9fl 
99 

100 
101 
102 
103 
104 
105 
L0< 
107 
108 
109 

The getDatabaseConnection method loads the JDBC 
and gets a connection t o the database. 

* / 

private void getDatabaseConnection() 

{ 
t ry 

< 

/ / Create a connection to the database. 
conn • DriverManager.getConnectionfDBJJRL); 

) 

catch (Exception ex) 

{ 
ex.printStackTrace!); 
System.exit(0); 

I 
I 

/ * * 
The getColumnNames method returns the column names 

* / 

public Str ing!) getColumnNames() 

( 

return colNames; 

) 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 ) 

/ # # 

The getTableData method returns the table data . 
• / 

public Str ingUM getTableData!) 

< 

return tableData; 

> 

In line 22 the constructor accepts a St r ing referenced by the query parameter variable. This 
S t r i n g should contain a SELECT statement. In line 25, the constructor calls the 
getDatabaseConnection method. This method, which appears in lines 88 through 100, 
establishes a connection with the database. 

I ines 10 through 11 create a Statement object, specifying a scrollable result set. Lines 36 and 
37 execute the query that was passed as an argument to the constructor, and get a reference 
to a ResultSet object. In lines 40 through 42 we determine the number of rows in the result 
set. This involves moving the cursor to the last row, getting the row number i which is stored 
in the numRows variable), then moving the cursor to the first row for subsequent processing. 

l ine 45 gets a ResultSetHetaData object. Line 48 creates a Str ing array, referenced by the 
colNames variable, to hold the column names. This statement uses the RcsultSetMetaData 
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object s getColumnCount method to determine the size of the array. The for loop in lines 51 
through 55 retrieves the column names from the ResultSetMetaData object and stores the 
names in the colNames array. 

Lines 58 through 59 create a two-dimensional s t r ing array, referenced by the tableData vari­
able, to hold the table data. It uses the numfiovs variable to determine the number of rows, and 
the ResultSetMetaData object's getColumnCount method to determine the number of columns. 

The for loop in lines 62 through 71 stores the result set data in the data array. This loop 
iterates once for each row in the result set. Inside the loop, in lines 64 through 67, a nested 
for loop iterates once for each column in the result set. It retrieves the value of each column, 
as a string, and stores it as an element in the tableData array. Lines 74 and 75 call the 
Statement and Connection objects1 c lose method. 

The getColumnNames method, in lines 106 through 109, is an accessor method that returns a 
reference to the colNaraea array. The getTableData method, in lines 115 through I 18, is an 
accessor method that returns a reference to the tableData array. 

Code Listing 16-15 shows the CotfecDBviewer class, which allows the user to enter any sort 
of SELECT statement for the CoffeeDB database, and then displays the result in an instance of 
the TableFormatter class. 

Code Listing 16-15 (Cof feeDBViewer . ]fiva> 

1 import javax.swing.** 
2 import java.awt.*; 
3 import Java.awt.event.*; 
4 
3 / • • 
6 The CoffeeDBViewer c l a s s i s a simple database viewer for 

the CoffeeDB database. 

9 
i public c lass CoffeeDBViewer extends JPrame 

11 < 
JPanel queryPanel; / / A panel t o hold the query 

13 JPanel buttonPanel; / / A panel t o hold the buttons 
14 JTextArea queryTextArea; / / The user enters a query here 
15 JButton submitButton; / / To subait a query 
16 JButton exitButton; / / To qui t the application 
17 
18 / • • 
19 Constructor 
20 •/ 
21 
22 public CoffeeDBViewer)) 
23 < 

24 / / Set the window t i t l e . 
25 setTitle("CoffeeDB Viewer"); 
2fi 
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/ / Specify an action for the close button. 
•etDefaultCloseOperation(JFra»e.EXIT_OH_CLOSE); 

/ / Build the Query Panel* 
buildQueryPanelf)-

/ / Build the Button Panel* 
buildButtonPanel(); 

/ / Add the panels to the content pane. 
add(queryFanel, BorderLayout.NORTH); 
add(buttonPanel, BorderLayout.SOUTH); 

/ / Pack and display. 
pack{); 
se tVis ib le ( t rue ) ; 

/ * * 

The buLLdQueryPanel method builds a panel to hold the 
text area tha t the user wil l enter a query in to . 

* / 

private void buildQueryPanel() 

{ 
/ / Create a panel. 
queryPanoi - new JPanclf); 

/ / Create a text area, 8 rows by SO columns. 
queryTextArea - new JTextArea(8, 50); 

/ / Turn l ine wrapping on. 
queryTextArea.setLineWrap(true); 

/ / Add a s c ro l l pane to the text area. 
JScrollPane qaScrollPane -

new JScrollPane(queryTextArea); 
qaScrollPane.setHori2ontalScrollBarPolicy( 

JScrollPane.H0RI20NTAL_SCR0LLBAR_NEVER); 
qaScrollPane.setVerticalScrollBarPolicyf 

JScrollPane.VERTICAL_SCROLLBAR_AS_HEEDED); 

/ / Add the text area to the panel. 
queryPanel.add(qaScrollPane); 

/ # # 

The buildButtonPanel method builds a panel 
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75 

76 

77 

78 

79 

80 

81 

82 

B3 

84 

65 

HI, 

87 

to hold the Submit and Exit buttons. 
7 

private void buildButtonPanel() 

i 
II Create a panel. 
buttonPanel • new JPanel() ; 

/ / Create the Submit button. 
submitButton - new JButton("Submit"); 

/ / Register an action l i s t ene r for the Submit button. 
submitButton.addActionListener(new SubmitButtonListener()); 

B9 

90 

91 

93 

93 

94 

93 

96 

97 

9B 

99 

100 

101 

102 

103 

104 

10S 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

/ / Create the Exit button. 
exitButton - new JButton("Exit"); 

/ / Register an action l i s t ener (or the Exit button. 
exitButton.addActionListener(new ExitButtonListenerf)); 

/ / Add the two buttons to the panel. 
buttonPanel.add(submitButton); 
buttonPanel.add(exitButton); 

/ • • 

The SubmitButtonListener c l a s s i s an action l i s t ener 
for the Submit button. 

• / 

private c lass SubmitButtonListener implements ActionListener 
< 

public void actionPerformed(ActionEvent e) 

< 

/ / Get the u se r ' s statement. 
String userStatement - queryTextArea.getText()< 

/ / Qualify tha t i t i s a SELECT statement. 
if (userStatement.trim().toUpperCase<) 

.startsWith(-SELECT-)) 
{ 

/ / Create a CoffeeDBQuery object for the query. 
CoffeeDBQuery dbQuery • 

new CoffeeDBQuery(userStatement); 

/ / Get the column names. 
String! ] colNames - dbQuery.getColumnNaoesf); 
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/ / Get the table data . 
S t r ing! ) [ ) data - dbQuery.getTableData(); 

/ / Display the resu l t s in a t ab le . 
TableFormatter table • 

new TablcFormattcrfdata, colNaJMS); 

> 

else 
{ 

JOptionFane.showHessageDialogfnull, 
"Only enter SELECT sta tements .") ; 

) 

/ * * 

The ExitButtonLiatener c lass i s an action l i s t ene r 
tor the Exit button. 

* / 

private c lass ExitButtonListener iapleswnts ActionListener 

{ 

public void actionPerformedfActionEvant • ) 

< 

/ / End the appl icat ion. 
System.exit(O); 

/ . . 

The main method creates an instance of the c l a s s . 
* / 

public s t a t i c void «ain(Str ing[] args) 

< 

new CoxxeeDBViever(); 

9 } 
60 ) 

In line 25 the title bar text is set, and in line 28 an action for the standard close button is 
established. In line 31 , the buildQueryPanel method is called. This method, which appears 
in lines 50 through 71, creates a panel with a JTextArea component. The user will enter 
SELECT statements into this JTextArea. 

In line 34 the buildButtonPanel method is called. This method, which appears in lines 78 
through 98, creates a panel with a Submit button and an Exit button. In lines 37 and 38, the 
query panel and the button panel are added to the Jfrasw's content pane, and in lines 41 
and 42 the JFrame is packed and displayed. 
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The Submi tBut tonL i i tener class, in lines 105 through 136, is registered as an action listener 

for the Submit bu t ton . When the user cl icks the Submit bu t t on , the ac t ionPer fo rmed 

method, in lines 107 through 135, executes. In line 110 the text entered by the user in to the 

JTextArea component is retrieved. The i f statement, which begins at line 113, determines 

whether the text begins wi th "SELECT-. Because this application is designed only to execute 

SELECT statements, we want t o reject any other types of statements. If the text does begin 

w i t h "SELECT", we p r i n t e d . Otherwise, an error message is displayed in lines 132 and I ? 3. 

Lines 117 and 118 create an instance of the CoffecDBOuery class, passing the i n e r t SQL 

statement as an argument to the constructor. L ine 121 calls the Cof feeDBQuery method 

getColumnNames t o retrieve an array conta in ing the co lumn names. Line 124 calls the 

CoffeeDBQuery method getTableData to retrieve a two-dimensional array containing the 

table data. Lines 127 and 128 create an instance of the TableFormatter class, passing the 

arrays containing the table data and co lumn names as arguments to the constructor. 

The Ex i tBu t tonL is tener class, in lines 143 through 150, is registered as an act ion listener 

for the Exit bu t ton . When the user cl icks the Exit bu t ton , this class's ac t ionPer formed 

method ends the appl icat ion. 

I lie main method in lines 156 through 159 creates an instance of the Cof foeDBViewer class, 

which starts the application running. Figure 16-17 shows the application s window. In the 

f igure, the user has entered the statement SELECT • PROM co f f ee . When the user cl icks 

the Submit bu t ton , the w indow at the bot tom appears, showing the results of the query'. 

Note that the JTable has a scroll bar, and not all o f the rows are visible. 

F i g u r e 1 6 - 1 7 Interaction w i t h the Cof f e e D B V i e w e r appl icat ion 

This window Iks! The user enters a SELECT statement and 
click* the Submit button 
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Figure 16-18 shows another session w i t h the appl icat ion. In the f igure, the user has entered 

the fo l lowing statement: 

SELECT 

ProdNum, Price 
FROM 

Coffee 

WHERE 

Price > 9.0 

ORDER BY 

ProdNum 

When the user cl icks the Submit but ton, the w indow at the bot tom appears, showing the 

results of the query. 

F i g u r e 1 6 - 1 8 Interaction w i t h the Co f f e e D B V i e w e r appl icat ion 

This window appears first The user enters a SELECT statement and 
dicks the Submit outton 

!_cort«oev»-«f 
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This window appears next. It displays tte results o* the SELECT 
statement In a JTabl# component 
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16.11 Relational Data 

C O N C E P T : In a relational database, a column f rom one table ean be associated w i t h 

a co lumn f rom oiher tables. This association creates a relationship 

between the tables. 
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In the section 16.6 we added a Customer table to the CoffeeDB database (sec (lode Listing 
16-10). This made the database more useful by giving us the ability' to look up customer 
information, as well as the product information held in the Coffee table. 

Suppose we want to make the database even more useful by storing information about 
unpaid customer orders. That way, we can get a list of all the customers with outstanding 
balances. To do this, we will need to add an additional table and more data to the database. 
I lore is a summary of the UnpaidOrder table, which we will create to hold order data. (We 
will explain what a foreign key is momentarily.) 

UnpaidOrder table: 

CuatomerNumber 
ProdNum 

OrderDate 
Quanti ty 
Coat 

CHAR(I01 
CHAR(IO) 
CHAR(iO) 
DOUBLE 

DOUBLE 

Foreign Key 
Foreign Key 

I h c first column, CuatomerNumber, identifies the customer that placed the order. Notice* 
however, that the UnpaidOrder table docs not hold any other customer data. It holds only 
the customer number. When designing a database, it is important that you avoid unncces-
sar\ duplication ot data. Ilccausc the customer data is already stored in the Cut tome r tabic, 
we need only to store the customer number in the Order table. We can use that number to 
look up the rest of the customer's data in the customer table. 

In the UnpaidOrder table, the CuatomerNuaber column is considered a foreign key. A foreign 
key is a column in one tabic that references a primary key in another tabic. Recall that 
CuatomerNumber is the primary key in the Customer table. When we add a row to the 
UnpaidOrder table, the value that we store in the CustoawrNumber column must match A 
value in the CuatomerNumber column of the Customer table. This creates a relationship 
between the rows in the UnpaidOrder table and the rows in the Customer table. 

The next column, ProdNum, is also a foreign key because it identifies a product in the Coffee 
table. This is the item that the customer ordered. Once again, it is not necessary to store all 
of the product data in the UnpaidOrder table. We need only to store the product number, 
and then wc can use that number to look up the product data in the Coffee tabic. 

The next column in the UnpaidOrder table is OrderDate. This will hold the date that the 
order was placed. The Quantity column holds the number of pounds of coffee that the 
customer ordered. The Coat column holds the total cost of the item. We will use the follow­
ing SQL statement to create the Order table: 

CREATE TABLE UnpaidOrder 
{ CustomerNumber CHAR)10) NOT NULL REFERENCES Customer(CustomerNumber)# 

ProdNum CHAR(IO) NOT NULL REFERENCES Coffee(ProdNum), 
OrderDate CHAR(IO), 
Quantity DOUBLE, 
Coat DOUBLE ) 

'In SQL there is a DATE data type, which is used to hold dales. Ii corresponds to the Java.sql.Date class. To 
keep the example simple, however, wc will merely store the invoice dale as a string. 
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Notice that this statement introduces a new qualifier, REFERENCES, which is used with both 
the Customer Number and ProdNum columns. Here is the way it is used with the Customer Number 
column: 

REFERENCES Customer(CustomerNumber) 

This indicates that the column references the CustomerNumber column in the Customer table. 
Because of this qualifier, the DKMS performs a check when you insert a row into the 
UnpaidOrder table. It will allow you to insert a row only if the Customer Number column con­
tains a valid value from the CustomerNumber column of the Customer tabic. Tim ensures 
referential integrity between the two tables. 

The REFERENCES qualifier is also used w ith the ProdNum column: 

REFERENCES Coffcc(ProdNun) 

Tins indicates that the column references the ProdNum column in the Coffee table. When you 
insert a row into the Order table, its ProdNum column must contain a valid value from the 
ProdNum column of the Cof fee table. 

System designers commonly use entity relationship diagrams to show the relationships between 
database tables. Figure 16-19 shows an entity relationship diagram for the Cof feeDB database. 
In the diagram, the primary keys are denoted with (PK). The lines that arc drawn between the 
tables show how the tables arc related. In this diagram, there arc two types of relationships: 

• A one to many relationship means thai for each row in tabic A there can be many 
rows in tabic H that reference it. 

• A many to one relationship means that many rows in table A can reference a single 
row in table B. 

Notice that the ends of each line show cither a I or an infinity symbol (<"). You can interpret 
the infinity symbol as meaning many, and the number 1 as meaning tine. Look at the line 
that connects the Customer tabic to the Unpaidorder tabic. The I is .n the end of the line 
near the Customer tabic, and the infinity symbol is at the end near the UnpaidOrder table. 
This means that one row in the Customer table may be referenced by many rows in the 
UnpaidOrder tabic. I his makes sense because a customer can place many orders. (In fact, 
this is what management hopes for!) 

II wc look at the relationship in the other direction, we *.cc that many of the rows in the 
UnpaidOrder table can reference one row in the Customer table. I Icrc is a summary of all the 
relationships shown in the diagram: 

• There is a one to many relationship between the Customer tabic and the UnpaidOrder 
table. One row in the Customer table may be referenced by many rows in the 
UnpaidOrder table. 

• There is a many to one relationship between the UnpaidOrder table and the Customer 
table. Many rows in the UnpaidOrder table may reference a single row in the Customer 
table. 

• There is a one to many relationship between the Coffee table and the UnpaidOrder rablc. 
One row in the Coffee table may be referenced by many rows in the UnpaidOrder table. 

• There is a many to one relationship between the UnpaidOrder table and the Coffee rablc. 
Many rows in the UnpaidOrder tabic may reference a single row in the Coffee tabic. 

http://Ril.ilioti.il
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Figure 1 6 - 1 9 Entity relat ionship d iagram 
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Joining Data f rom Mult ip le Tables 
When related dam is stored in multiple tablet, as in the Cof feeDB database, it is often neces­
sary to pull data from different tables in a SELECT statement. For example, suppose we want 
to sec information about all the unpaid orders. Specifically, tor each unpaid order, we want 
to sec the customer number, customer name, order date, coffee description, and cost. This 
involves columns horn the Customer, UnpaidOrder, an J Coffee tables. Hccausc some ot these 
tables have columns with the same name, we have to use qualified column names in our 
SELECT statement. A ipuUfivd column name cakes the following form: 

TflbleWame.CoiumnWrtflie 

lor example. Customer.CustomerNumber specifies the CustomerNumber column in the 
Customer table, and UnpaidOrder.CustomerNumber specifies the Customer Number column in 
the UnpaidOrder table. Take a look at the following query: 

SELECT 
Customer. CustomerNumber, 
CUB tomer. Name*. 
UnpaidOrder.OrderDate, 
Coffee.Description, 
UnpaidOrder.Cost 

FROM 

Customer, UnpaidOrder, Coffee 

UnpaidOrder.CustomerNumber - Customer.CustomerNumber AND 
UnpaidOrder.ProdNum - Coffee*ProdNum 

The first part of the query specifies the columns we want: 

SELECT 
Customer.CustomerNumber, 
Customer.Name, 
UnpaidOrder.OrderDate, 
Coffee.Description, 
UnpaidOrder.Cost 

The second part of the query, which uses the FROM clause, specifies the tables we want to pull 
the data from; 
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FROM 
Customer, UnpaidOrder, Coffee 

Notice that the tabic names are separated by commas. The third part of the query, which 
uses the WHERE clause, specifies search criteria: 

WHERE 

UnpaidOrder.CustomerNumber • Customer.CustomerNumber AND 

UnpaidOrder.ProdNum • Coffee.ProdSun 

The search criteria tell the DBMS how to link the rows in the tables. Recall f rom our 
earlier discussion that the UnpaidOrder.CustomerNumber column references the 
Customer.CustomerNumber column, and the UnpaidOrder.ProdNum column references the 

Cot fee • ProdNum column. 

© W A R N I N G ! When joining data from multiple tables, be sure to use a WHERE clause to 
specify search criteria that link the appropriate columns. Failure to do so wi l l result in a 
large set of unrelated data. 

An Order Entry System 
Now, let's look at an example application that uses a relational database. In order to use 
this application, you will need the Coffee table, the Customer table, and the UnpaidOrder 
tabic in the CotteeDB database. Back in Section 16.6 you saw (.'ode Listing 16-10, which is 
a program named CreateCustomerTable. Java. This program created the Customer table in 
the Cof feeDB database, and added three sample rows. If you haven't already run that pro­
gram, do so now. After running the program, you can run the CotteeDBViewer application 
presented earlier in this chapter, and enter the statement SELECT * PROM Customer. You 
should see the data shown in Tigure 16-20, 

F igure 16-20 Customer tabic 

C7 K*JR! t t 
CUSTOMeRNUMBER 

iw 
103 

NUtF 
• 

«OOREM C»T-
• 

Carton 
• 

STATt ZIP 
" M S 

55555 
y .' 

Next, you should run the program CreateUnpaidOrderTable. java. This program is in the 
source code (older for this chapter, and it wi l l create the UnpaidOrder table we discussed 
earlier in this chapter. The table will have no data stored in it, however. 

Now that we have the necessary tables set up in our database, we will examine an order 
entry application that allows the user to place an order for coffee. The application is built 
from a number of classes. The first class we wi l l look at is the Cof f eeDBHanager class, show n 
in Code Listing 16-16. This class performs a variety of operations on the Cof feeDB data­
base, which we wi l l need in our order entry system. 
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Code Listing 16-16 (CoffeeDBManager . J a v a ) 

import j ava . sq l . • ; l 

2 

i 

A 
5 
6 • / 

B public c l a s s CoffeeDBManager 

The CoffeeDBManager c l a s s performs operations on 
the CoffeeDB database. 

9 

10 

11 

12 

; I 

L4 

15 

. i , 

L7 

LB 

• '.' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

12 
13 
34 

35 

36 

17 

)8 
IS 
40 
41 
42 
43 
44 
45 
46 

< 

/ / Constant Cor database URL. 
public f inal String DBURL -

"jdbc:derby:Cof feeDB"; 

/ / Field for the database connection 
private Connection conn; 

/ • • 

Constructor 
• / 

public CoffeeDBManager!) throws SQLException 

< 

/ / Create a connection to the database. 
conn - DriverManager.getConnection(DB_URL); 

/ • • 

• / 

The getCoffeeNanes method returns an array 
of Strings containing a l l the coffee naaes. 

public String!) getCoffeeNanes() 
throws SQLException 

/ / Create a Statement object lor the query. 
Statement stmt • 

conn.createStatement( 
ResultSet.TYPE_SCROLL_SENSITIVE, 
ResultSet.CONCURJ»EAD_ONLY); 

/ / Execute the query* 
ResultSet resul tSet - stmt.executeQueryf 

•SELECT Description FROM Coffee"); 

// Get the number of rows 
r e s u l t S e t . l a s t ( ) ; / / Hove t o l a s t row 
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int numRows - resul tSet .getRov(); / / Get row number 
r e s u l t S e t . f i r s t ( J ; / / Move to f i r s t row 

/ / Create an array for the coffee names. 
String! I l is tData - new String(numRows|; 

/ / Populate the array with coffee names. 
for ( int index • 0; index < numRows; index**) 
{ 

/ / Store the coffee name in the array. 
l is tDatalindex) • r e su l tSe t .ge tS t r ing( l» ; 

/ / Go to the next row in the resul t s e t . 
r e su l tSe t . nex t ( ) ; 

> 

II Close the connection and statement objects , 
conn.close)) ; 
s tmt .c lose) ) ; 

/ / Return the l is tData array. 
return ListData; 

/ * * 

The getProdNum method returns a specific 
coffee 's product number. 
tparam coffeeName The specified coffee. 

* / 

public String getProdNumfString coffeeName) 
throws SQLException 

I 
String prodNum - ""; / / Product number 

/ / Create a connection to the database, 
conn • DriverHanager.getConnectionfDB URL); 

/ / Create a Statement object for the query. 
Statement stmt - conn.createStatement(); 

90 
9 
9! 
9 . 

9< 

/ / Execute the query. 
ResultSet resul tSet - stmt.executeQueryf 

"SELECT ProdNum • + 
"FROM Coffee * * 
"WHERE Description » ' 
coffeeName * • * * 1 | 

http://Rtkilioti.il
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95 
96 
97 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

/ / If the r e s u l t s e t has a row, go t o i t 
/ / and r e t r i e v e the product number, 
i f ( r e su l tSe t . nex t (>> 

prodNum • r e s u l t S e t . g e t S t r i n g ( l ) ; 

/ / Close the Connection and S t a t 
c o n n . c l o s e ( ) ; 
s t m t . c l o s e ( ) ; 

/ / Return the product number. 
r e t u r n prodNum; 

nt o b j e c t s . 

The getCoffeePrice method r e t u r n s the p r i c e 
of a co f f ee . 
tparam prodNum The spec i f i ed product number, 

publ ic double ge tCof feePr ice (8 t r ing prodNum) 
throws SQLException 

I 
double p r i c e - 0 .0 ; / / Coffee p r i c e 

/ / Crea te a connect ion t o the da tabase , 
conn - DriverManager.getConnection(DB_URL); 

/ / Crea te a Statement ob j ec t for the query. 
Statement stmt • conn .c rea teSta tement<) ; 

/ / Execute the query . 
ResultSet r e s u l t S e t - stint.executeOuery< 

•SELECT Pr ice " • 
•FROM Coffee • • 
•WHERE ProdNum - •" • 
prodNum • " ' " > ; 

/ / If the r e s u l t s e t has a row, go t o i t 
/ / and r e t r i e v e the p r i c e , 
i f ( r e s u l t S e t . n e x t ( ) ) 

p r i c e • r e s u l t S e t . g e t D o u b l e ( l ) ; 

/ / Close the connect ion and s ta tement ob j ec t s , 
c o n n . c l o s e ( ) ; 
s t m t . c l o s e ( ) ; 

/ / Return the p r i c e , 
r e t u r n p r i c e ; 
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143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
LCI 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

/ * * 

The getCustomerNames method r e t u r n s an a r r a y 
of S t r i n g s conta in ing a l l the customer names. 

* / 

publ ic S t r i n g ! ] gatCustomerNames() throws SQLException 

i 
II Create a connection t o the da t abase . 
conn - DriverManager.getConnection<DB_URL); 

/ / Create a Statement ob jec t for the query . 
Statement stmt -

conn.createSta tement( 
ResultSet.TYPE_SCROLL_SENSITIVE, 
ResultSet.C0NCUR_READ_0HLY); 

/ / Execute the query . 

Resul tSet r e s u l t S e t • 
stmt.executeOueryf"SELECT Nana FROM Customer"); 

/ / Get the number of rows 
r e s u l t S e t . l a a t ( ) j / / Move l a s t row 
i n t numRows - r e su l tSe t . ge tRowj ) ; / / Cat row number 
r e s u l t S e t . f i r s t ! ) ; / / Move t o f i r s t row 

/ / Create an a r ray for the customer names. 
S t r i n g ! 1 l i a tDa t a - new String!nuaRows); 

/ / Populate the a r ray with customer names, 
for ( i n t index - 0 ; index < numRows; index**) 

< 

/ / S tore the customer name in the a r r a y . 
l i s t D a t a ! i n d e x ] - r e s u l t S e t . g e t S t r i n g ( l ) ; 

/ / Go t o the next row in t h e r e s u l t s e t . 
r e s u l t S e t . n e x t ( ) ; 

> 

/ / Close the connection and s ta tement o b j e c t s , 
conn.c lose) \\ 

s t m t . c l o s e ! U 

II Return the l i s t D a t a a r r a y . 
r e t u r n l i s t D a t a ; 
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191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 

216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 

227 

228 

229 
230 
23 
23 
23 
23 
23 
23 
23 
238 

/ • • 

The getCustomerNum method returns a specif ic 
customer's number. 
I?param name The specified customer's nane. 

• / 

public String getCustomerNum(String name) 
throws SQLException 

1 
String customerNumber - ""; 

/ / Create a connection to the database. 
conn • DriverHanager.getConnection(DB_URL); 

/ / Create a Statement object tor the query. 
Statement stmt - conn.createStateaent<); 

/ / Execute the query. 
ResultSet resul tSet -

stmt.execut«Qu«ry("SELECT CustomerNumber • • 
•FROM Customer " • 
•WHERE Name • •• • nam • • 

if ( resu l tSe t .next ( ) ) 
customerNumber - r e s u l t S e t . g e t s t r i n g ( l ) ; 

" ) ; 

/ / Close the connection and s t a t 
conn.close() ; 
stmt.close()> 

/ / Return the customer number. 
return customerNumber; 

nt objects-

/ • • 

The submitOrder method submits an order t o 
the UnpaidOrder table in the CoffeeDB database. 
Ppar,in custNum The customer number. 
?param prodNum The product number. 
Pparam quantity The quanti ty ordered. 
Pparam price The pr ice . 
?param orderDate The order da te . 

/ 

public void submitOrder(String custNum, String prodNum, 
i n t quant i ty , double p r i ce . 
String orderDate) throws SQLException 

< 
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239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 ) 

/ / Ca lcu la te the cos t of the o r d e r . 
double coat - quan t i ty * p r i c e ; 

/ / Create a connection t o the da t abase , 
conn • DriverManager.getConnection(D8_URL); 

/ / Create a Statement ob jec t for the query . 
Statement stmt • conn .c rea teS ta t emen t f ) ; 

/ / Execute the query . 
etmt.executeUpdate("INSERT INTO UnpaidOrder VALUES!*" * 

custNum * " ' , * - + 

prodNum * • * , * • * orderDate + " \ • 

quan t i ty * w
§ • • cos t + T ) ; 

/ / Close the connection and s t a t 
c o n n . c l o s e ) ) ; 
s t m t . c l o s e f ) ; 

nt objects. 

Here is a summary of the method* in rhc CoffeeDBMeneger class: 

• rhc constructor, in lines 21 through 25, establishes a connection to the database. The 
getCof f eeNames method, in lines 32 through 69, returns an arra> of strings containing 
the names of all the coffees in the Coffee table. 

• The getProdNum method, in lines " " through 106, accepts a Str ing argument contain­
ing the name of a coffee. I he method returns the coffee's product number. 

• The getCof feePrice method, in lines 114 through 143, accepts a s t r i n g argument 
containing a coffee s product number. The method returns the price of the specified 
coffee. 

a The getCustomerNames method, in lines 150 through 189, returns an array of strings 
containing the names of all the customers in the Customer tabic. 

• The getCustomerNum method, in lines 197 through 223, accepts a s t r i n g argument 
containing a customer's name. The method returns that customer's customer number, 

• The submitOrder method tn lines 235 through 257 creates a row in the UnpaidOrder 
table. It accepts arguments for the customer number, the product number of the coffee 
being ordered, the quantity being ordered, the coffee s price per pound, and the order 
date. I inc 240 calculates the cod or the order b\ multiplying the quantit) b) the price 
per pound. Line 243 opens a connection to the database and line 246 creates a 
Statement object. Lines 249 through 252 execute an INSERT statement on the 
UnpaidOrders table. 

The next class we will look at is the Custo»erPanel class, shown in Code Listing 16-17. This 
class, which inherits from JPanel, uses a JL is t component to display all of the customer 
names in the Customer table. Figure 16-21 shows an example of how the panel will appear 
when it is displayed in a GUI application. 

http://RikitKMi.il
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Figure 16 -21 Customer panel 
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Code List ing 1 6 - 1 7 ( C u s t o m e r P a n e l . Java ) 

import java .sq l .* ; 
2 import javax.swing.•; 
3 
4 / • • 

The CustomerPanel c l a s s i s a custoa JPanel tha t 
shows a l i s t of customers in a JLis t . 

' • / 

i t 

Constructor 
• / 

' public c lass CustomerPanel extends JPanel 
10 < 

private f inal int NUMROWS - 5j / / Number of rows t o display 
private JList customerList; / / A l i s t for customer names 

13 S t r ing! | names; / / To hold customer names 
14 

15 

L6 

17 

LB 

LS 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 
31 
32 
i i 

public CustomerPanel!) 

< 

try 
< 

/ / Create a CoHeeDBManager object. 
CoffeeDBHanager dbHanager - new CoffeeDBManagerf); 

/ / Get a l i s t of customer names as a String ar ray . 
names - dbHanager.getCustomerNames(); 

/ / Create a JList object to hold cust 
customerList - new JList(names); 

r names. 

/ / Set the number of v i s ib le rows. 
customerList.setVisibleRowCount(KUM ROWS); 
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/ / Put the JLiat object in a scro l l pane. 
JScrollPane scrollPane -

new JScrollPane(custONrList) ; 

/ / Add the sc ro l l pane to the panel. 
add(scrollPane); 

/ / Add i t i t l e d border to the panel. 
setBordcr(BorderFactory»createTitledBorder( 

"Select a Customer")); 

> 

catch (SQLException ex) 

{ 

ex.printStackTrace(); 
System.exit(O); 

} 

/ * * 

The getCustoiner method returns the cust 
name selected by the user. 

* / 

public String getCustomerf) 

( 

/ / The JList c l a s s ' s getSelcctedValue method returns 
/ / an Object reference, so we wil l cast i t to a String 
return (String) customerList.getSelectedValueO; 

I 

Line 24 in the constructor creates an instance of the CotfeeDBManager class. Line 27 calls 
the getCustomerNames method to Ret a Str ing array containing the customer names. Line 30 
creates a JLis t component, passing the array of customer names as an argument to the 
constructor. This will cause the JList component to be populated with the names of all the 
customers in the Customer table. Line 33 sets the number of visible rows for the JList com­
ponent, and lines J6 and 37 put the JList in a scroll pane. Line 40 adds the scroll pane to 
the panel, and lines 43 and 44 create a titled border around the panel 

The getcustomer method, in lines 58 through 63, returns the customer name that is cur­
rently selected in the JList component. 

The next class. Cot feePanel, is shown in Code Listing 16-18. This class, which inherits from 
jPanel, uses a JLis t component to display all of the coffee names in the Description col­
umn of the Coffee table, Figure 16-22 shows an example of how the panel will appear 
when it is displayed in a GUI application. 

http://1b.11
http://RikitKMi.il
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Figure 1 6 - 2 2 Codec panel 
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Code Listing 16-18 (Cof f e e P a n e l . J a v a ) 

F 

import java .sq l .* ; 
2 import javax.swing.*j 
3 
( / . . 

The CoffeePanel claaa ia a custom JPanel tha t 
ahowa a l i a t of coffeea in a JLis t . 

9 public claaa CoffeePanel extenda JPanel 

0 < 
private f inal int NUMROWS - 5; / / Number of rows t o display 
private JList coffeeLiat; / / A l i a t for coffee daacriptiona 
String!1 coffeeNames; / / To hold coffee names 

/ t t 

Constructor 

public CoHeePanel(» 

( 

t ry 

( 

33 

/ / Create a CoffeeDBManager object. 
CoffeeDBManager dbManager - new CoffeeDBManagerf); 

/ / Get a l i s t of coffee names as a String ar ray . 
coffeeNames - dbManager.getCoffeeNames<); 

/ / Create a JList object to hold the coffee names. 
coffeeList - new JList(coffeeNames); 

/ / Set the number of v i s ib le rows. 
coffeeList,setVisibleRowCount(NUM_BOWS); 
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/ / Put the JList object in a scro l l pane. 
JScrollPane scrollPane - new JScrollPane(coffeeList); 

/ / Add the sc ro l l pane to the panel. 
add(scrollPane); 

/ / Add a t i t l e d border to the panel. 
aetBorder(BorderFactory.createTitled3order( 

-Select a Coffee ' ) ) ; 

> 

catch (SQLException ex) 

{ 

ex.printStackTrace(); 
System.exlt(O); 

} 

/ * * 

• / 

The getCoffee method returns the cot tee 
description selected by the user . 

»(> public String getCoffi 

{ 
/ / The JList c l a s s ' s getSelectedValue method returns 
/ / an Object reference, so we wil l cast i t to a Str ing. 
return (String) coffeeList.getSelectedValue(); 

) 

I 

Line 24 in the constructor creates an instance of the CotfeeDBManager class. Line 27 calls 
the getCoffeeNames method to get a String array containing coffee names. Line 30 creates 
a JList component, passing the array of coffee names as an argument to the constructor. 
This will cause the JList component to be populated with the names of all the coffees in the 

Coffee table. Line 33 sets the number of visible rows for the JList component, and line 36 
puts the JList in a scroll pane. Line 39 adds the scroll pane to the panel, and lines 42 and 
43 create a titled border around the panel. 

The getCoffee method, in lines 57 through 62, returns the coffee name that is currently 
selected in the JList component. 

The next class, QtyDatePanel, is shown in Code Listing 16-19. This class, which inherits 
from jPanel, simply displays J T e x t F i e l d components for the quantity of coffee being 
ordered (in pounds) and the date of the order. Figure 16-23 shows an example of how the 
panel will appear when it is displayed in a GUI application. 

http://Ril.ilioti.il
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Figure 16-23 QtyDatc panel 

Quantity 
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I 

I 
Code Listing 16-19 (Q tyDatePane l . Java ) 

import javax .awing .* ; 

import j a v a . a w t . " ; 

i / • • 
3 

7 

The QtyDatePanel presents text f ields (or the 
quantity of coffee being ordered and the order 
date, 

8 • / 
9 

10 

11 
12 

13 
14 
15 
L6 
L7 
18 
19 
20 
21 
.>.> 

23 
24 
25 
26 
27 

28 
29 

10 

J . 

32 

33 

34 

35 

36 

public claas QtyDatePanel extends JPanel 

( 

private JTextPield qtyTextPield; / / Order quantity 
private JTextPield dateTextPield; / / order date 

/ • • 

Constructor 

public QtyDatePanel)> 

< 

II Create a label prompting the user 
/ / for a quantity. 
JLabel qtyPrompt - new JLabel("Quantity'); 

/ / Create a text field for the quantity. 
qtyTextPield - new JTextField(lO); 

/ / Create a label prompting the user 
/ / for a date. 
JLabel datePrompt • new JLabel("Order Date"); 

/ / Create a text f ie ld for the date. 
dateTextPield - new JTextPield)10); 

/ / Create a grid layout manager, 4 rows, 1 coluan, 
setLayout(new GridLayout(4f 1)); 
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/ / Add the components t o the panel, 
add (qtyPrompt); 
add (qtyTextField); 
add (datePrompt); 
add (dateTextField); 

/ * * 

The getQuantity method returns the quanti ty 
entered by the user . 
•return The value entered into qtyTextField. 

* / 

public int getQuantity!) 

{ 
return Integer .parseInt(qtyTextPield.getText()) ; 

/ * * 

The getDate method returns the quanti ty 
entered by the user . 
• return The value entered into dateTextField. 

* / 

public String getOate() 

return dateTextPield.getText(); 

> 

/ . . 

The clear method c lears the text f i e lds . 
• / 

public void c learf) 

( 

qtyTextField. s e tTex tC" ) ; 
dateTextField.setText |""J 

) 

The constructor creates text fields into which the user can enter the quantity of an order and 
the order date. It also creates labels that prompt the user for the correct information for cacli 
text box. A GridLayout manager is then created, and these components arc added to the panel. 

The getQuantity method, in lines 51 through 54, returns the quantity entered by the user as 
an integer. Hie getDate method, in lines 62 through 65, returns the order date entered by the 
user as a s t r ing. The clear method, in lines 71 through 75, clears the text fields of any data. 

http://io.il
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Now let's look at the PlaceOrder class, shown in Code Listing 16-20. This application pres­
ents the GUI interface shown in Figure 16-24 for order entry-

Figure 1 6 - 2 4 Order Entry GUI 
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Code List ing 1 6 - 2 0 ( P l a c e O r d e r . J a v a ) 

import java-sql ,*; 
import javax.swing,*; 
import java.awt. f j 
import ]ava.awt.event.*f 

/ • • 

The PlaceOrder c l a s s i s a simple order entry system-
* / 

public c lass PlaceOrder extends JFracie 

< 

CustomerPanel customerPanel; / / Panel for customers 
CotteePanel coffeePanel; / / Panel for coffees 
QtyDatePanel qtyDatePanel; / / Panel for quantity and date 
JPanel buttonPanel; / / Panel for buttons 

/ • • 

Constructor 
• / 

public PlaceOrder() 

I 
/ / Set the window t i t l e . 
se tTi t le("Place Order"); 

/ / Specify an action for the close button. 
setDefaultCloseOperation(JFrane.EXIT ON CLOSE); 
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/ / Create a CustoraerPanel object . 
customerPanel - new CustomerPanelO; 

/ / Create a CoffeePanel object . 
coffeePanel • new CoffeeFanelO* 

/ / Create a QtyDateFanel object . 
qtyDatePanel • new QtyDateFanel()# 

/ / Build the ButtonPanel object . 
buildButtonFaneK); 

/ / Create a BorderLayout manager. 
ietLayout(new BorderLayout()); 

/ / Add the panels to the content pane, 
add(customerPanel, BorderLayout.WEST); 
add(coffeePanel, BorderLayout.CENTER); 
add(qtyDatePanel, BorderLayout.EAST); 
add(buttonPanel, BorderLayout.SOUTH); 

/ / Pack and diaplay the window. 

pMk()i 
i e t V l i l b l e ( t r u e ) ; 

/ * * 

The buildButtonPanel method bui lds a panel for 
the Submit and Exit buttons. 

* / 

public void buildButtonPanel)) 

< 

/ / Create a panel for the but tons. 
buttonPanel - new JPanelf); 

/ / Create a Submit button and add an action l i s t e n e r . 
JButton submitButton • new JButton("Submit"); 
submitButton.addActionListener(new SubaitButtonListener()); 

\9 II Create Bti Exit button. 
JButton exitButton - new JBu t ton ( -Ex i f ) ; 
exitButton.addActionListener(new ExitButtonListener()); 

/ / Add the buttons to the panel. 
buttonPanel.add(submitButton); 
buttonPanel.add(exitButton); 

http://Rtkilioti.il
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77 

78 

79 
HO 

8 1 

82 
HI 

84 

65 

HI, 

87 

66 

B9 

90 

91 

92 

93 

94 

95 

96 

97 
'IK 

99 

100 

101 

102 

103 

104 

10S 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

/ • • 

Private inner c l a s s chat handles subait button events 
• / 

private c lass SubmitButtonListener iaplenents ActionListener 

< 
public void actionPerformed(ActionEvent e) 

< 
t ry 

/ / Get the customer name froa the CustoaerPanel object. 
String cuatomerName - custoaerPanel.getCustomerf); 

/ / Get the coffee descript ion froa the CoffeePanel. 
String coffee - coffeePanel.getCotteeO; 

/ / Get the quanti ty from the QtyDatePanel object , 
i n t qty - qtyDatePanel.getQuantity(); 

/ / Get the order date froa the QtyDatePanel object . 
String orderDate * qtyDatePanel.getDate(); 

/ / Create a CoffeeDBHanager object. 
CoffeeDBManager dbHanager - new CoffeeDBManagerf); 

/ / Get the cuatoner number. 
String customerNum -

dbHanager.getCuatonerNua(customerName); 

/ / Get the coffee product number. 
String prodNum • dbHanager.getProdNumjcoffee); 

/ / Get the coffee price per pound. 
double price - dbHanager.getCoffeePrice(prodNum); 

/ / Submit the order. 
dbHanager.submitOrder(customerNum, prodNum, qty, 

pr ice , orderDate); 

/ / Clear the text f ie lds for quantity and order da te . 
qtyDatePanel.clear(); 

/ / Let the user know the order was placed. 
JOptionPane.shovMessageDialogfnull, "Order Placed.") ; 
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123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 ) 

catch (SQLException ex) 

{ 
ex.printStackTracef); 
System.exit(O); 

I 

> 

Private inner c lass that, handles ex i t button events 

private c lass ExitButtonListener implements ActionListener 

{ 
public void actionPerformed(ActionEvent e) 

{ 

System.exit(O); 

> 

> 

main method 

public s t a t i c void main)String!I args) 

( 

new PlaceOrder(); 

In (he constructor, lines 24 through 27 set the JFraoe's title and specify an action for the 
close button, lines 30, 33, and 36 create instances of the Cus toner Panel, Cof feePanel, and 
QtyDatePanel classes. Line 39 calls the buildButtonPanel method. The buildButtonPanel 
method, which appears in lines 60 through 76, creates a panel with two JButton compo­
nents: a Submit button and an Exit button. VC'e will look at these buttons* event handlers in 
a moment. Back in the constructor, line 42 creates a BorderLayout manager, l ines 45 
through 48 add the panels to appropriate regions of the content pane. Lines 51 and 52 pack 
and display the JFrame. 

The SubmitButtonListener class, in lines 82 through 129, is the event handler for the 
Submit button. Line 89 retrieves the customer name from the Customer Panel object. Line 92 
retrieves the cotfee description from the Cof feePanel object. Lines 95 and 98 retrieve the 
quantity and order date from the QtyDatePanel object. Line 101 creates an instance of the 
Cof f eeDBHanager class, which we will use to submit the order. 

\X'c have the name of the customer placing the order, and the name of the coffee being ordered, 
but to submit an order we need the customer number and the product number. Lines 104 and 
105 call the Cof feeDBManager object's getCustoacrNua method to retrieve the customer num­
ber. Line 108 calls the CoffccDBManager object's getProdNum method to retrieve the product 
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number. We also need the price of the coffee. Line 111 calls the CoffccDBManagcr objects 

g c t C o f f c c P r i c c method to retrieve this i n fo rma t i on . Lines 114 and 115 call the 

Cof fccDBManagcr objects submitOrdcr method to submit the order After the order is submit­

ted, line I 18 clears the text fields holding the quantity and order date, making it easier to enter 

the next order. Line 121 displays a dialog box indicating that the order was placed. 

Figure 16-25 shows the order entry GUI wi th a customer selected, a coffee selected, a quan­

t i ty entered, and an order date entered. 

F i g u r e 1 6 - 2 5 Order data entered 
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After we submit the order shown in Figure 16-25, we can run the CottecDBViewer applies* 

t ion and enter the fo l lowing SELECT statement to pul l data f rom various tables relating to 

the order. Figure 16*26 shows the Cof fccDBVicwcr application's opening screen w i t h the 

SELECT statement already fil led i n , and the results of the statement. 

F i g u r e 1 6 - 2 6 Order in format ion v iewed in Co f f c c D B V i c w c r 
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SELECT 
Customer.CustomerNumber, 
Customer. Name, 
UnpaidOrder.OrderDate, 
Coffee.Description, 
UnpaidOrder.Cost 

FROM 

Customer, UnpaidOrdcr, Coffee 
WHERE 

UnpaidOrder.CustomerNumber - Custoner.CustomerNumber AND 
UnpaidOrder.FrodNum - Coffee.FrodNun 

16.12 Advanced Topics 

Transactions 
Sometimes an application must perform several database updates to earn* out I single task. 
For example, suppose you have a checking account and a car loan at your bank, l-ach 
month, your car payments arc automatically taken from your checking account, l;or this 
operation to take place, the balance of your checking account must be reduced by the 
amount of the car payment, and the balance of the car loan must also be reduced. 

An operation that requires multiple database updates is known as a transaction* In order 
for a transaction to be complete, all of the steps involved in the transaction must be per­
formed. If any single step within a transaction fails, then none of the steps in the transaction 
should be performed, lor example, imagine that the hank system has begun the process of 
making your car payment. The amount of the payment is subtracted from your checking 
account balance, but then some sort of system failure occurs before the balance of the ^\\r 
loan is reduced, You would be quite upset to learn that the amount for your car payment 
was withdrawn from your checking account, but never applied to your loan! 

Most database systems provide a means for undoing the partially completed steps in a 
transaction when a failure occurs. When you write transaction-processing code, there arc 
two concepts you must understand: commit and rollback. The term commit refers to mak­
ing a permanent change to a database, and the term rollback refers to undoing changes to a 
database. 

By default, the JDIU! Connection class operates in auto commit mode. In auto commtt 
mode, all updates that arc made to the database are made permanent as soon as they arc 
executed. When auto commit mode is turned off, however, changes do not become perma­
nent until a commit command is executed. This makes it possible to use a rollback com­
mand to undo changes, A rollback command wi l l undo all database changes since the last 
commit command. 

In |h l i ( , you turn auto commit mode off with the Connection class's setAutoCommit 
method, passing the argument false. I lere is an example: 

conn. set AutoCotieiit ( f a l se ) ; 
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You execute a commit command by calling the Connection class's commit method, as shown 
here: 

conn.commit!I; 

A rollback command can be executed with the Connection class's r o l l b a c k method, as 
shown here: 

conn.rollback)); 

Let's look at an example. Suppose we add a new table named inventory to the CoffeeDB 
database, for the purpose of storing the quantity of each type of coffee in inventory. The 
table has two rows: ProdNum, which is a coffee product number, and Oty, which is the quan­
tity of each type of coffee. When an order is placed, we want to update both the inventory 
table and the UnpaidOrder table. In the Inventory table wc want to subtract the quantity 
being ordered from the quantity in inventory. In the UnpaidOrder tabic wc want to insert a 
new row representing the order I lerc is Mime example code that might be used to process 
this as a transaction. 

Connection conn - DriverManager.getConnection(DB_URL); 
conn.setAutoCommit(false); 
Statement stmt - conn.createStatementO; 
/ / Attempt the t ransact ion. 
t ry 

< 

/ / Update the inventory records. 
stint.executeUpdatefUPDATE Inventory SET Qty • Oty - " + 

qtyOrdered • • WHERE ProdNum • • + prodNum); 
/ / Add the order to the UnpaidOrder t ab le . 
itmt.oxecuteUpdateCINSERT IHTO UnpaidOrder VALUES)1" * 

custNum • •*! •• * 
prodNum • • * , * • 4 orderDate + M \ • • 
qtyOrdered • ", " • cost • MM* 

/ / Commit a l l these updates* 
conn.commit(); 

catch (SQLException ex) 

i 
II Roll back the changes. 

conn.rollback!\% 

> 

Notice that inside the try block, after the statements to update the database have been exe­
cuted, the Connection class's commit method is executed. In the catch block, the rollback 
method is executed in the event of an error. 

Stored Procedures 
Many commercial database systems allow you to create SQL statements and store them in 
the DBMS itself. These SQL statements are called stored procedures* and they can be exe­
cuted by other applications using the DBMS. If you have written an SQL statement that is 
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used often in a variety of applications, it might be helpful to store it as a stored procedure 
in the DBMS, Then, you can call the stored procedure from any of your applications when 
you need to execute the SQL statement. Because stored procedures are already in the DBMS, 
they usually execute faster than SQL statements that are submitted from applications 
outside the DBMS. 

\Xc won t go into the details of stored procedures in this book, but we wi l l point you in the 
right direction if you want to learn more. Each DBMS has its own syntax for creating a 
stored procedure in SQL, so you wi l l have to consult your DBMS documentation to deter­
mine the format. Once you have properly written a stored procedure in SQL, you simply 
submit it to [he DBMS using the Statement class's execute method. To execute a stored 
procedure, you must create a CallableState«ent object. CallableStatement is an interface 
in the java.aql package. To create a CallableStatement object, you call the Connection 
class's prepareCall statement. 

16.13 Common Errors to Avoid 
• Using (he « operator instead of the • operator in an SQL statement. The equal-to 

operator in SQL is one • sign, instead of two. 

• Using double quotes around strings instead of single quotes. String literals in SQL are 
enclosed in single quotes instead of double quotes. 

• Using t& and 11 in an SQL statement* The logical AND and logical OK operators in 
SQL are the words AND and OR, not the u and 11 symbols. 

• Not using the correct W M R I clause in an UPDATI statement, lie careful that you do not 
leave out the WHERE clftUM and the conditional expression when using an UPDATE state­
ment. You could change the contents of everv row in the table! 

• Not using the correct WHERE clause in a DELETE statement, lie careful that you do nor 
leave out the WHERE clause and the conditional expression when using a DELETE state­
ment. You could delete even- row in the table! 

• Not using the correct WHERE clause when joining data. VC'hcn joining data from multi­
ple tables, be sure to use a WHERE clause to specify search criteria that link the appro­
priate columns. Failure to do so wi l l result in a large set of unrelated data. 

Review Questions and Exercises 
M u l t i p l e Choice and True/False 

I. This is the technology that makes it possible for a Java application to communicate 
with a DBMS. 

a. DBMSC 
b. JDBC 

c. JDBMS 
d. JDSQL 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Databases 

This is .1 st.nnd.ird language for working with database management systems. 
a. Java 
b. COBOL 
C. SQL 
d. BASK 

1 he data that is stored in .i tabic IN OflJ im/ed in 
a. rows 
b. files 
c. folders 
d. pages 

The data that is stored in a row is divided into 
a. sections 
b. bytes 
c. columns 
d. tables 

This is a column that holds a unique value for each row, and can be used to identify 
specific rows. 
a. II) column 
b. public key 

c. designator column 
d. primary key 

This type of SQL statement is used to retrieve rows from a table. 
a. RETRIEVE 
b. GET 
C. SELECT 
d. READ 

This contains the results of an SQL SELECT statement. 
ft, select set 
b. result set 
c. SQL set 
d. collection set 

This clause allows you to specify search criteria with the SELECT statement. 
a. SEARCH 
b. WHERE 

C. AS 
d. CRITERIA 

This is a Java class that is designed to communicate with a specific DBMS. 
a. JDBC driver 
b. DBMS Superclass 
b. DBMS Subclass 
d. Stream convener 

This is a string listing the protocol that should be used to access a database, the name 
of the database, and potentially other items. 
a. JDBC driver 
b. JDBC locator 
c. Database URL 
d. Database specifier 

http://st.nnd.ird
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I I. This method is specified in che Statement interface, and should be used to execute a 
SELECT statement. 
a. execute 
b. executeUpdata 
c. axecuteQuery 
d. executeSelect 

12. This method is specified in the statement interface, and should be used to execute an 
UPDATE statement. 
a. execute 
b. cxccutcUpdatc 
c. executeQuery 
d. executeSelect 

13. This method is specified in the statement interface, and should be used co execute an 
INSERT statement. 
a. execute 
b. executellpdate 
c. executeQuery 
d. executeSelect 

14. This SQI statement is used to insert rows into a table. 
a. INSERT 

b. ADD 
C. CREATE 

d. UPDATE 

15. This SQI statement is used to remove rows from a tabic. 
a. REMOVE 

b , ERASE 

C PURGE 

d. DELETE 

16. This SQL statement is used to delete an entire tabic. 
a. REMOVE 

b . DROP 

C. PURGE 

d. DELETE 

17. This is a column in one table that references a primary key in another table. 
a. secondary key 
b. fake key 
c. foreign key 
d. duplicate key 

18. True/False: Java comes with its own built-in DBMS. 

19. True/False: A Java programmer that uses a DBMS to store data docs not need to 
know about the physical structure of the data. 

20. True/False: You use SQI, instead of Java to write entire applications, including the 
user interface. 

21. True/False: In SQI , the not-cqual-to operator is !- , which is the same as in Java. 

22. True/False: When a ResultSet object is initially created, its cursor is pointing at the 
first row in the result set. 
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23. True/False: In a transaction, it is permissible for only some of the database updates to 
be made. 

24. True/False: Hie term rollback refers to undoing changes to a database. 

Find the Error 

1. Find the error in the following SQL statement. 

SELECT • FROM Coffee WHERE Description - "French Roast Dark" 

2. Find the error in the following SQL statement. 

SELECT • FROM Coffee WHERE ProdNun !^ '14-001' 

3. Find the error in the following Java code. Assume that conn references a valid Connection 
object. 

/ / This code has an error!11 
String sql - "SELECT • FROM Coffee*; 
Statement stmt - conn.createStaterwntf); 
ResultSet result - sent.«x«cut*(sql); 

Algorithm Workbench 

1. What SQL data types correspond with the following Java types? 

• int 

• float 

• String 

• double 

2. Look at the following SQL statement. 

SELECT Name FROM Employee 

What is the name of the table from which this statement is retrieving data? 

What is the name of the column that is being retrieved? 

Pdf questions i through 12, assume that a iht.ih.isc has J table named Stock, with the fol­
lowing columns: 

Column Name Type 

TradingSymbol CHAR)10) 

CompanyName CHAR(2 5) 

NumShares INT 

PurchasePrice DOUBLE 

SellingPrice DOUBLE 

3. Write a SELECT statement that will return all of the columns from every row in table. 

4. Write a SELECT statement that will return the TradingSymbol column from every row 
in table. 

5. Write a SELECT statement that will return the TradingSymbol column and the NumShares 
column front every row in table. 

6. Write a SELECT statement that will return the TradingSymbol column only from the 
rows where PurchasePrice is greater than 25.00. 

http://iht.ih.isc
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7. Write a SELECT statement that will return all of the columns from the rows where 
TradingSymbol starts with "SU". 

8. Write a SELECT statement that will return the TradingSymbol column only from the 
rows where Sell ingPrice is greater than PurchaaePrice, and NumShares is greater 
than 100. 

9. Write a SELECT statement that will return the TradingSymbol column and the NumShares 
column only from the rows where SellingPrice is greater than PurchaaePrice, and 
NumSharea is greater than 100. The results should be sorted by the NumShares column, 
in ascending order. 

10. Write an SQL statement that will insert a new row into the Stock table. Ihc row 
should have the following column values: 

TradingSymbol: XYZ 
CompanyName: "XYZ (ompam " 
NumSharea: 150 
PurchaaePrice: 12.55 
SellingPrice: 22.47 

11. Write an SQL statement that does the following: For each row in the Stock table, if 
the TradingSymbol column is "XYZ", change it to "ABC*. 

12. Write an SQl statement that will delete rows in the Stock table where the number of 
shares is less than 10. 

13. Assume that the following declaration exists. 

f inal String DBJJRL - -jdbciderbyiCoffeeDB-; 

Ihc string referenced by DBJJRL is a database lTKI . Write a statement that uses this 
string to get a connection to the database. 

I4» Assuming that conn references a valid Connection object, write code to create a 
Statement object. (Do not be concerned about result set scrolling or concurrency*) 

15. Look at the following declaration. 

String aql - "SELECT * FROM Coffee WHERE Price > 10.00-; 

\SMIIIIC also thai stmt rcfeicncci \ valid ttattNBt object Write code thai execute* 
the SQL statement referenced by the aql variable. 

16. Assume that the following code is used to retrieve data from the Cof feeDB databases 
Coffee table. Write the code that should appear inside the loop to display the contents 
of the result set. 

String aql " "SELECT * PROM Coffee -; 
Connection conn • DriverManager.getConnection(DB URL); 
Statement stmt * conn.createStatementf); 
ResultSet reaul t - stmt .executeOuery(sql); 
while ( reau l t .nex t ( ) ) 

II Finish th i s code 11 

s tmt . c lose t l l 
conn.cloee(); 

file:///smiiiic
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17. Write an SQL statement to create a table named Car. The car table should have 
the columns to hold a car's manufacturer, year model, and a 20-ch a meter vehicle 
ID number. 

18. Write an SQL statement to delete the Car table you created in Algorithm Workbench 17. 

Short Answer 

1. If you arc wri t ing an application to store the customer and inventory records for a 
large business, why would you not want to use traditional text or binary files? 

2. You hear a fellow classmate say the following: "JDBC is a standard language for 
working with database management systems. It was invented at IBM." Arc these state­
ments correct, or is he confusing JDIU'. with something else? 

3. When we speak of database organization, we speak of such things as rows, tables, 
and columns. Describe how the data in a database is organized into these conceptual 
units. 

4. What is a primary key? 

5. What is a result set? 

6. What arc the relational operators in SQL for the following comparisons? 

Create r-than 
l.css-than 
drcater-than or equal-to 

less-than orct|ual-to 
l\|ual-to 
Not equal-to 

7. What is the number of the first row in a tabic? What is the number of the first column 

in a table? 

8. What is metadata? What is result set metadata? When is result set metadata useful? 

9. What is a foreign key? 

Programming Challenges 

MyProirammingLab'' Visit www.ntyprogrammingUb.com to complete nuny of these Programming Challenges 
online and get instant feedback. 

1 . Customer Inserter 

Write an application that connects to the Cof feeDB database, and allows the user to insert a 

new row into the Cuatomer table. 

2. Cus tomer Updater 

Write an application that connects to the Cof feeDB database, and allows the user to select 
a customer, then change any of that customer's information. (You should not attempt to 
change the customer number, because it is referenced by the UnpaidOrder table.) 

http://www.ntyprogrammingUb.com
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3. Unpaid Order Sum 

Write an application that connects to the Cof feeDB database, then calculates and displays 
the total amount owed in unpaid orders. This wi l l be the sum of each row s Cost column. 

4. Unpaid Order Lookup 

Write an application that connects to the Cof feeDB database and displays a JL i s t compo­
nent. The JLiot component should display a list of customers with unpaid orders. When the 
user clicks on a customer, the application should display a summary of all the unpaid orders 
for that customer. 

5. Population Database 

Make sure you have downloaded rhe book \ source code from the companion Web site 
at www.pearsonhighered.con/gaddit. In this chapter's source code folder you wi l l find 
a program named CroatcCityDB. Java. Compile and run the program. The program wil l 
create a Java 1)11 database named cityDB. The CityDB database wi l l have a table named City, 
with the following columns: 

Column Name Data Type 

CityName 
Primary key 
Population 

CHKR ( 5 0 ) 

The CityName column stores the name of a city and the Population column stores rhe 
population of that city. After you run the CreateCityDB. Java program, the Ci ty table will 
COnnln 20 rows with various cities and their populations. 

Next, write a program that connects to the CityOB database, and allows the user to select 
any of the following operations: 

Sort the list of cities by population, in ascending order. 
Sort the list of cities by population, in descending order. 
Sort the list of cities bv name. 

• Get the total population of all the cities. 
• Get the average population of all the cities. 
• Cet the highest population. 
• Ciet the lowest population. 

6 . Personnel Database Creator 

Write an application that creates a database named Personnel. The database should have a 
table named Employee* with columns for employee ID, name, position, and hourly pay rate. 
The employee II) should be the primary key. Insert at least five sample rows of data into the 
Employee table. 

7. Employee Inserter 

Write a GUI application that allows the user to add new employees to the Personnel data­
base you created in Programming Challenge 6. 

http://www.pearsonhighered.con/gaddit
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8. Employee Updater 

Write .1 GUI application that allows the user to look up an employee in the Personnel data­
base you created in Programming Challenge 6. The user should be able to change any of the 
employee's information except employee ID, which is the primary key. 

9 . PhoneBook Database 

Write an application that creates a database named PhoneBook. The database should have a 
table named Entr ies, with columns for a person's name and phone number. 

Next, write an application that lets the user add rows to the Entries table, look up a person's 
phone number, change a person's phone number, and delete specified rows. 
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Primitive Data Types 

D J L J Type Descr ip t ion 
boolean Boolean itrue or t d U t l 
char Chjrjacr 
i n t Integer 
•hor t Short integer 
Long I ong micKcr 
f loat Single paviMon floating point 
double Double prixuion floating point 

Opening a lite for Output: 
Import Java.Lo.*f 

PrintWrlter outputPiia - n«w 
P r l n t W r i t e r ( / i i e n « e ) | 

Opening a Vile for Input: 
import Java.lo.*f 
import Java.uti l .Scannerr 

P i l l myPile - new PLL«UiJ#naa») j 
Scanner inpu t r i l e - new Bcenner(»yrileii 

Web Sites 
1 or the Ciaddis Scries: 

w w w . p e a r s o n h i g h e r e d . c o m / g a d d i s 

Tor Pearson Computing: 
w w w . p e a r s o n h i g h e r e d . c o m / c s 

Format of a Class with a Static main Method 

p u b l i c c l a s s CISBSNMM* 

< 
put>lic s t a t i c void main<String[ ] »rgn) 
< 

MtatmwttntMi 
> 

> 

iorrns of the if Statement 
Simple i f s t a t emen t : 
i f (expression) 

statementj 

i f /elne s t a t emen t : 
i f (expression) 

statement} 
else 

statement; 

i f /else i f s t a tement : 
i f (expression) 

statement; 
• l e e i f (expression) 

statement; 
i?l fie 

statement; 

E x a m p l e : 
i f <x < y ) 

X++J 

1 -x a m p l e : 
i f ( x < y> 

X++| 

x — i 

Example : 
i f <x < y ) 

X>*( 
e l s e i f ( x < z ) 

x - - ; 

To comlitionalty-execute more than one statement, 
enclose the statements in braces: 
Form: Example : 
i f (expression) i f ( x < y) 

s t a t e m e n t ; 
s t a t e m e n t ; 

> 

x + + ; 
2 - x j 

> 

Commonly Uttd Operators 
Assignment O p e r a t o r s 
m W , • »i 
* • Coaihmcd jJdn icm' j tup imcnt 
• « l imihntcd \urMrj(i i<Wiui|cmitciu 

t or ihutcd imj l t ip lk i t iou/ i t t i j tnmf i i t 
/ . in f i ib i i i cd divmnii/ iwi|( i imri-t 

%m i imihutrd ITMHIUIUI trrmjUHicM'iWK'MiH IH 

Ari thmet ic O p e r a t o r s 
* AJJUmit 

* kWdpUctttoa 

% M<*Julw -.IYIIUHHICI'I 

Rela t ional O p e r a t o r s 
• I t%t l M i l 

< - 1 m than oi equal to 
> ( i r t J t r r d u n 

( i m t c r (Kan Of r*|uj l to 

M I q tu l to 
• - N f l ct | iu l in 

Lojlteal O p e r a t o r s 
fcfc AND 
II OR 
• MOI 

Incretnent/Decrement 
• i Itkrrmem 

the while loop 

Form: 
while (expression: 

MtMt+m+ntj 

while (expression: 

statement; 
statementj 

Example: 
w h i l e (x < 100) 

S y » t e n i . o u t . p r i n t ( x + + ) j 

w h i l e (x < 100} 

< 
S y n t e n u o u t * p r i n t ( x ) ; 
x*+j 

The do-while Loop 
F o r m : 
do 

mtstemsatj 
while fexpreeaion); 

do 
< 

at*te*en£; 
mtstmmsnt; 

) while <e>p«Mion)j 

Example : 
do 

Sy»tem.out.prlnt(x*+Jj 
while i* < 100)f 

do 
* 

Syatem.out.prlnt(x)j 
x**/ 

> while (x < 100); 

http://www.pearsonhighered.com/gaddis
http://www.pearsonhighered.com/cs
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The f o r Loop 
Poem: 
f o r {initialization; Tmttj Updtt*} 

eeaeementi 

f o r ( I n i t i a J J a a t i o i i / Teat / Updatm) 

( 
*t#t*m*nt; 

statement) 
> 

Example: 
f o r ( i n t count - 0; count < lOj c o u n t " ) 

S y a t e m . o u t . p r i n t f c o u n t ) j 

f o r t i n t count • 0; count < lOj c o u n t * * ) 

^ 
S y a t M . o u t -pr inf < *Th« v* ion of count in 
S y a t a m . o u t . p r i n t I n ( c o u n t ) ; 

> 

m)i 

The switch/casm Statement 
Form: 
• w i t c h ( f x p r a u i o n ) 

< 
caaa c o n i c i n c i 

Mtat+m+nt{M)i 

b m k i 
c m C o n i t a n t i 

etflCamantfaJl 
breaki 

d a t a u l t i 
mt*t*mmnt(nj j 

> 

Example; 
t w i t c h ( c h o i c e ) 

( 
CftM 0 f 

S y a t e m . o u t . p r l n t l n f Y o u a e l e e t e d 0 . *" 11 
breakj 

O i M 1 1 
S y a t e m . o u t . p r i n t l n t H Y o u a e l e e t e d 1 . " ) J 
break* 

d a f a u l t i 
fiyattw.out.print Int "Tou d i d not a a l a c t 0 o r l » " ) | 

) 

To create a Scanner ohjeet for reading keyhoanl input: 

Scanner keyboard • now Scanner(Syatem.in)i 

lor the S c a n n e r class, use this Import statement: 

import Java .u t i l .Scanner j 

S c a n n e r Class Methods for Reading Input 

\ ] L M V I I 1 v rl*'\ method ( • 

byte nextByte( ) | Read -I byte 

double nextDouble() 

f loat nextFloat() 

int naxt lnt ) ) 

S t r ing nextLine() 

Ki .ii .i double 

Read a f loat 

Kcad .in int 

Kt ad .i String 

nhurt nextShort ( ) ] Kt*id a nhort 

Example Code using the S c a n n e r Clas* 
in Read Keyboard Input: 

/ / Create a Scanner object. 
Scanner keyboard * 

new Scenner(Syntem.in)j 

/ / Reed a St r ing from the keyboard. 
S t r ing e t r j 
s t r • keyboard.nextLine() i 

/ / Read an In t from the keyboard. 
in t number; 
number * keyboard.nextXnt()j 

/ / Reed a double from the keyboard. 
double va l j 
val • keyboard.nextDouble()t 

Using JOpt x o n P a n e to Display a Message Dialog: 
JOptionPane.nhowMeflaageDlalog(null, 

"Hello World")? 

Using JQptionPmnm to Display an Input l)utU>f: 
St r ing name; 
name • JOptionPane.nhowInputDialogt"Enter " * 

"your name.*)* 

I orJOptionPane mc the following Import %taccmcnt: 
import Javax.Hwing.JOptionPone; 

Wrapper Class Conversion Methods 
byte Byte.paraeBytet&trlng «) 

Commuaitriagtoa by te , 
double Double.paraeDouble(String i 

( onvcrti a *tnn£ to a double. 
float F loa t . pa raeF loa t fS t r i ng a) 

Convert* a unnn to a float* 
i n t In teger ,par*eXnt(St r ing a) 

Commits a Ming loan i n t . 
long Long.par*eLong(String a) 

(omenta firing to a long. 
abort Shor t . pameShor t (S t r ing e) 

Converts a string to a short* 



abstract classes and methods, 
668-675 

Abstract Windowing Toolkit (AWT) 
Sec uho specific cUsses 
applet* created with, *Ml 9 is 
c l a» c * , l i s t o f , v t i 

clan hierarchy, 841-844 
defined, 755, 756-757 
porttbility, 931-935 

access 
package, 654-655 
sequential file, 735 
specification in IIVII diagrams, 

145 
accessor method, 144 
access specifiers 

private, Wl 
protected, 649-655 
public, 28, M i 

accumulator*, 221, 223,431 
action command* 783, 786 
Actlontvant class 

q«tActiMCcjmm*ftd(|, 7 S J - 7 K 

9*t8ourc«(). 783. 786-787 
Acttoncv*rtt object, 782-78} 
action rvcnts, 772 
Act ionLisUMr interface. 771-778 
action listeners, handling event* with. 

758,771-778 
ACtiDnp«rforMd(). 771-772 
actual parameter*, 285 
adapter c l aw* . 961 
*ddActionLl*t*ntr<). 7 77, 780-784, 

785,968 
adding/inserting , T c n i s , n Ar rayL ia t , 

477,481-482 
addition operator. 55 
<iddLittS«lcctionLiit«n«r() 
addrcsv. 4 
aggregation 

description of, 519-529 

security issues, 527-529 
i n U M I diagrams, 527 

algorithm*, t 
array, 4 J 0 - * 37 
hinan watch, 4 "0 4 fl 
binary search, recursive, 9V*#_|fl02 
selection sort, 467-470 
sequential search. 451-453 

ALU (arithmetic and logic unit), 1 
AND(44) , 135,116-131, MW-1040 
anonymous object, 765, 7 
Apache Derby, 1016 
API (application programmer 

interface], \ I 

stainlard package*. 387 
appearance, 898-900 
i W n d ( 1.586-587 
appending data to file*. 240-241, 

735 
Appl«t cla*s, 911 

Sec aha AudioCl lp interface 
applets 

audio, playing, 971-974 

AWT, creating with. 9 M-935 
defined, S-9,91 1-912 
difference* between (»IU tnii^ 923 
event*, handling in , 926-930 
restrictions on. 9| \ 
running. 924-926 

running with «ppUtvi*mrv 

925 926 
security, 911,925 
Swing, creating with, 922-9JO 

app l f t t v imr . 925-926 
application programmer interface. 

See API 
applications 

defined, 911 
Java. 8-9 
playing audio in, 975 
*oftware, 5 

arcs, drawing. 937, 944-946 
argument*. 34 

array* a*. 426-430 
command line. 4?2-4""3 
formatting string. 172-173 

object referenceJaiguments to 
methods, passing. 289-292 

objects as. passing, 164*366, 
504-507 

othei mines lot, 285 
parameter data type compatibility 

and,285-286 
passing, by value, 288-289 
passing, to a method, 281-293 
passing multiple, 286-287 
variable length argument lists, 

474-476 
arithmetic and logic unit (Al Hi . 1 
arithmetic operators 

• (addition}, <S 
associativity of, 58 
/ (division), $5, *6 

i (modulus), 15, 
• {multiplication), 55 
- (negation!", *"* 
precedence nt operations, 57-59 
• {string concatenation), 40-41 
- (subtraction), 55 

A r n y U l t class 
adding/inserting items, 477, 

481-482 
aurohoxing and unboxing, 604-60* 
capacity, 483-484 
constTUCtor, 483, 484 
defined. 476 
diamond operator for type 

inference, 484 
enhanced fo r loop with, 478-479 
m i U 477-478 
object, creating and using, 

477-478 
removing items, 480-481 
set/replacing items. 4S2 4N i 
• n # 0 , 477 
tostrmgt I, 479-480 

arrays 

accessing elements of, 409-4 10 
algorithms, 430-437,467-472 
as arguments, 426-410 

mi 
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array* {continued) 
averaging values in numeric, 432 
binary search algorithm, 470-472 
binary search algorithm, recursive, 

999-1002 
bounds checking, 411-414 
comparing* 430-431 
content, inputtin^/outputting, 

410-41 \ 

copying, 424-426 
declaration notation, 416 
defined, 407 
elements, displaying, 417-419, 461 
enhanced fo r loop, 420-421 
errors, off-by-one, 414, 42n 
file* and, 442-441 
finding hlgh(tc/1oweM value* in 

numeric, 412-4 H 

initialization, 415-416, 4SK-IW 
invalid subscripts with, 41 1-414 
Ung th field in, 420, 448, 459-460 
length of, 4 (9-420 
of object*, 417-441, 448-451 
one dmicfuiooal, 454 
partially filled, 441-442 
passing, in methods, 426-410, 

46 1-46 * 
ranged, 465 
reference variable*, reassigning, 

421-124 
returning, from melhuds, 44 1-44* 
selection sort algorithm, 467-470 
sequential search algorithm, 

451-151 
size, user specified, 421-4.* \ 
size declarator, 408-40^ 
S t r i ng , 4 4 M 4 K 
subscripts, 409, 411-414, 4S 1 
summing values in numeric, 

411-412,461-463 
with ihree or more dimensions, 

two-dimensional, 4*4-165 
assignment operators, 52 

combined, ft! 64 
assignmcm statements, w, v1 \ i 
associativity, 141-142 

nf arithmetic operators, 58 
t txctpUon, 72K 
fparam, 292-2^1 

I rMurn* 300-301 
attributes, 20 
audio, playing 

in an applet, 971-974 
in an application, 975 

AudioClLp interface 
g«tAudioCUp( | ,972 
g*t€odal«M(),972 

g«t Document BJM< »f 972 
loopf 1.972 
p l * y<h97 l , 972 

•top<h972 
autoboxing, 604-605 
auto commit, 10*' ' 
AWT. Sec Abstract Windowing 

Toolkit 

background color, 778-782 
backslashes, 36, 37. 38,241 
backspace, \" 
backups, external hard drives for, * 
bankAccount, 178-384 
hasesase ,^ ' 
base class, 620 
BASK „ 7, 8 
Bell 1 aboratones, 7 
binary digit, 4 
binary files 

appending data to, 735 
DAtJlnputStruft class, 7 3 2 - ^ 4 
D*UOutp«tftr«a»cU*%, 730-732 
defined, 214, 729-730 
r i u i n p u t s t n M class, 732-734 
r iUOutputStruaclass, 730-732, 

raw format, 730 
reading data from, 712-734 
writing data to, 730-712 

binary numbers, 6 
binary operators, 55 
binary search algorithm, 470-472 

recursive, 999-1 iv 
binding 

defined, 177 
dynamic, 664 666 
late, 665 

bit, 4 
blank lines, 28 
block comments, 79 
block of statements, 117,201 
body 

class, 29 
document, 915 
loop, 198 
method, 30, 275 

b o o l t i n data type, 50 
boolean expressions 

logical operators and, 135, 136 
relational operators and, 112 

boolean value, returning* 304 
Bordt r fKtory class, list of 

methods, 816 
•ordtrLayout manager, 788, 

7^1-798 

borders 
compound, K16 
defined, 815 
empty, 816-817 
etched, 816 
line, 816,817 
lowered bevel, 816 
matte, 816 

methods for creating, 816 
obfect* tH5 
raised bevel, 816 

M t l o R t o r n . K l * , 852 
titled, 816, 817 

bounds checking, 41 1-414 
braces, 29-31,201 
Hrandi's Kagel House application, 

818-130 
breaks, creating tent, 918-921 
b r u k statements, 153-154, 233 
browsers, 91 1,911 
buffers 

f.le, 235 
keyboard, »#n 

bcildH#iUi»jrfuHN7 

bti i ldTMthMLtK ss 
button class, 911 
ftuttonOroup class, 80S 
buttons, 756, 765 

Sec dUo j i u t t rm class; Jtutton 
component; Radio buttons 

di*pla\ii ig images in, 868-874 
byte, 4 
byte code, 8 
byte data type, 45,46 
&y t« .par»«ywo,96 
Byt# WtpMr Class, ^6,601 

calling methods, 73,276 280, 
2*9-300 

hierarchical, 281-282 
superclass constructor, 6 \1 6 I1* 

call stack, 718 
Car class, W l 

case conversion, character, 567-549 
case sensitive, 29,43 
ca t * statement, 153-154 
cast operators, 66-67, 286 
catch block, 702 
catch clause, 702 

using multiple, 708-716 
using one, 718-721 

( Us (compact discs), 5 
C«llPhor» class example, 356-360 
central processing unit (CPU), 7,12-13 

fetch/decode/rxecute cycle, 3-4 
parts/organization of, 3 
role of, 3 
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chain* of inheritance. 655-660 
Character claw 

CMC conversion, 567-569 
description of, 562-569 
UDlgi to .562 
i « U t t * r ( |»562, 
l a U t t « 0 r D L « i t ( ) , 562 
liLov«rC«Mr | ,562 
l*Spa«Ch*r(K562 

UUpparCtaai 1.562 
i«Wiu«3pac«Ot 562 

toLoMrCaMf K 5 6 8 

toUpp*rC*MU,568 
characters 

comparing, 118-119 
conversion, 164 
l i i r u U , 50-51 
reading, 88 
Unicode, 51-52, 118-119 
wrapping, **9| 

charAt) ),74, 586 
char data type, S0-^2, *62 
chffckiou cU%s 9 H 
check boxen, 756, 804, Ml ( M l 5 

See ntso JchackBox class 
check box menu item, 880 

See also JCh«ckft»KMMultn claw 
dlCCkfd exception*, 722-72.) 
t h o Han name example, 166-376 
circles drawing, 944 

concentric, 994-996 
l I. I S M S 

See also sfteafk classes 
MMiWrl) , 144 
access specifier*, (12 
adapter, 961-966 
JKK'cgarion, 519-529 
bane, 62(t 
body of, 29 

collaborations 546-550 
constructor* ami, 152-156 
data hiding, 144-145 
dit i iut ion, 28 
derived, 620 

finding, 388*391 
header, 28 
hierarchies of, 661 , 841-844 
inner, 771 

instance fields and, 147-351, 
384-385,497-498 

instance method* and, 334, 
347-351,497-498 

instance of, 347-351 
interfaces, 675-686 
in |ava API, 325-327 
layout of members. 146 
mutator method, 344 
names, 29,44 

object* created from, 324-325 
peer, 757 
private access specifier, 332 
protected member*, 649-654 
public access specifier, 332 
responsibilities, identifying, 

391-394 
static, 497-503 
type variables, 71-72, 328 
writing, stepbs step instructions, 

331V-346 
. e l m f i l * extension, 28, 764 
C I O M O . 7 3 1 , 7 3 3 

( O K O l , 7 
code reuse, 274 
collaboration, cla**, 546-550 
color 

background and foreground, 
setting. 778-782 

changing background O M nt 
jFraM content pane, 782 

constants, h*i of, 778 

tf*tColor()» 9 ) 7 
ColorChtckftoiWiadov, 811-814 
color chooser dialog box, 879 
ColorHindov cla**, 778-782 
columns, 1019-1022 
combined assignment operator*, 

6 (-64 
MHiiho boxes, 7*6, 863 161 

Set abo JCcMboftoi class 
command line arguments, 472-473 
comnus 

in numeric literal*, 47, 48 
separated value, 606 
separators, 168-170 

comments 
block, 79 
defined, 77 
documentation, 79-81,282. 

292-293, ,100-301 
multi-line, 78-79 
single-line, 77-78 

slash marks, use of. 28, 31 
commit, 1099 
compact diso [i IX . * 
comparing arrays, 430-431 
comparing string object*. 143^149 
compiler, role of, 12-13 
compiling program*. 14-15 
component* 

See j/*o type of 
adding, to a window. 765-770 
border*. 815-817 
burton*, 756, 765,868-874 
check boxe*, 756,810-815 
combo boxe*, 756,862-868 
defined, 755 

heavyweight, 757 
label*, 756,765, 868-874 
lightweight, 757 
list*, 756, 846-862 
panels, 766-770 
radio button*, 756, 804-810 
slider*, 756, 893-898 
text area*, 889-893 
text fields, 7*6, ' 6 * , K44-84* 

compound borders, 816 
compound operator*, 63 
computet systems 

hardware, 2-5 
software, 5-6 

OMMtOi **" 
concatenation operator, 40-41 
conditional expression, 1*0 l*«* 
conditional loop*, 21 1 
conditionally executed, 110, 117-118 
conditional operator, 150-152 
console 

output, U 
window, 33 

constant* 
color, 778 
MUM, 535 
EXIT_ON_CLOM, 7 6 0 - 7 6 1 

HXDE_ON_CLOSE. 7 6 1 

MAX VALUE, 6 0 4 

HIN_VALUI, 6 0 4 

named, 69-70 
consiiiktoit, 175 

copy. 518-519 
default, 154-1*5,618-619 
nu aig, 1**.618-639 

ohiect creation and, 152-356 
overloading, 376-384,534 
Strlngftulldar class, 585-586 
String class, 356 
StrlnqTokftnlztr class, 596 
superclass. 629-631,632-639 
in UMI diagrams, 154 

container*, GUI, 758 
adding layout manager to, 788 
nesting panel*, 795-798 

concent pane*, 766-770, 782 
cont irum statement*. 233 
control characters, 16 
control unit, 3 
control variable, loop, 200 
conversion 

character, 164 
data type, 65-68,95-98,285-286 

copy (copying) 
array*. 424-426 
constructors, 518-519 
deep, 527-529 

for, 5 
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copy (copying} {continued) 

object*, 516-518 
reference,424. S I * 

f a l l o w , 527-52** 
count -control led loop*, 2 1 1 . 218-220 
counter variable*, 212 
countTDlt tMf) , 597 
( programming language, 7 , 8 
C++ programming language, ? , 8 
O programming language, 7 
CPU. Sec central processing unit 
C KC cards, 549-550 
cr#*t#CompoundBord«r(K K I 6 
cr«t«BmptyBord«r(K 816 
crMt«8tch#dftord#r i 1,816 
c r * * t « U n * l o r d f t r ( ) , 816 
cr** t«taw*r#dB#v«Uord#r<) , 8 I * 
c r « t * 5 U t t « B o r d * r < ) , 816 

er«at«MiMdB#v# lBord#rO, 816 

c raa taTUUd lo rda r t | , 816 
.Oiv fi le, 606 

currency symbols. 48 

cursor navigation methods, KM* * 

Oiitonwt class, 192 

D 

data 

appending, to d ies 2 4 0 - 2 4 1 , 7 H 

hid ing, 20 .344 -343 

metadata, i * * i iu i ts* t . 1061-1066 

reading, horn files, 241-242. 

># 734 
*talc, 14 S 

storage, t S 

wr i t i ng , to f i let , 2.14-240, 730-732 
database example <Coff««DB) 

co lumn*, gett ing, 1026-1027 
connecting to , 1016-1018 

CTEATE and DR0F TABLE statements. 

1057-1060 
creating, 1016 

DELET* statement, |DBC, I053-10S6 
DELETE statement, S Q I , 1048, 10S1 
displaying rabies, 1067-1077 
INSERT statement, J D K ; 1046-1047 
INSERT statement, S Q I . 1044-1046 
joining data (rum mult iple tables 

1080-1081 

keyt, primary, 1021 1022 

LIKE operator, 1038-1039 

logical operators tand, or ) , 

I 0 i 9 - 1 0 4 0 
matliematical function*. 1041-1043 
ORDER BY clause, 1040-1041 
passing SQI statements to DBMS. 

1024-1034 
relational database, 1077-10**** 

toultSft obiect, 1024-1030 
rows, gett ing, 1025-1026 
SELECT statement, 1022-1023, 

1030-1014, 1038 
tables, rows, and columns, 

1019-1022 
UFOATC statement. | D K , 

1049-1052 
UPDATE statrment, SQI . 104S I- *> 
WHERE clause. 1034-1040, 1049, 

1053, 1081 

database management systems 

(DBMS) 
defined, 1013-1014 
lava DB, 1016 
J D K ! (lava Database 

i omcc t i v i ry ) , 1014-1015 
JDBC, creating a, 1060-1061 
packages, s", 1015 
password-protected, 1018 
M « u l t $ « t , metadata, 1063-1066 
R*«uUS«t, navigation method*, 

10*1 

teatllttt, scrollable, 1062 -106 I 

Structured Query language SQI , 
101s 

tramactH)tts, 1099*1101 
D-ta lnputStr-aa clas-s, 732-734 
Dtt-OutputStr-a i -c lass, 730-732 
data types 

bool«.n. SO 
byt- ,4S,46 
char, 50-s2 
conversion between, 65 -68 , 95 -98 , 

285-286 
doubU, 45 , 47 

enumerated. * t s - 5 4 t 

float, 45,47 
floating-point, 47-4** 
int, 45,46-47 
Lonq, 45, 46 
mix ing, in expressions. 67-68 

numeric data. 43 ,603 -605 

pr imi t ive, 4 4 - ^ 2 , 6^ -68 

ranking, 65 -66 

short, 4s\4f> 
SQI,1021 
in UM1 diagrams, 345-346 

DB2, 1015 

debugging GUI applications, 
831-835 

D « i m a i r o r * a t class, 174-181 
decimal nota t ion , 49 
decision structures 

condi t ional operator, 150-15£ 

defined, 110 

i ( - « l M - i « statement, 129-134 

I S t l i * statement, 119-121 

i f statement, 109-119 
logical operators 

nested i f statements, 122-129 

•w i tch statement. 152-160 

declarations 

array notat ion, 416 
variable. » , 149-150 

decorations, window, 760 
decrement operator ( • • ) , 193-196 

postfix versus prefix modes, 196 
deep copy, 5 2 7 - 5 2 ^ 
default constructor, 354-355, 

638-639 
default error message, retrieving, 

705-708 
default exception handler, TOO 
d a t a - I t statement, 153-134, 155 
def in i t ion, class. 28 
4 i l 4 t « ( h 5 8 S - J 
d * l - t -Ch* rA t ( | , 588-58** 
DELETE statement 

J D K , 1053-11 
S Q I , 1048, I 0 t i 

delimiters, 236 , S99-600 
depth of recursion, 987 
derived class, <>20 
deserialisation, 742 
diagnostic messages. 811 H M 
dialog boxes, 92-9X 
diamond operaror for type 

Inlmn, 4*4 
dice w i th objects, example, 3MK- 164 

digital versatile discs (DVDs), * 

DiMn«ion class, 886-887 

direct recursion, 992 

disk drives, 4 -5 

divtde-and-ciinquer approa* l i , 
273-273 

divistun 
in tegn. $7 

opr ia tot , " . s>, 

rc in i inde i of. *<» 
doClicm 1 .810,814-815 
documentation comments, 7 9 - 8 1 . 

212,292 293, MM 101, 
728 

document body. 91 5 
document head. 9 ) 4 
document structure tags. 

914-916 
dot , U 
doubU data type, 45 , 47 
Doubl«.pars«Doubl«|), **6 
Double vr.ppar class, 96 , 603 
do-smiU loops, 208-210 
dras*Arci). 937 , 944-946 
DrjvBoXM. 961-966 
d r j v C i r c U « < ) * 9 9 6 



Index i i i -

drawing 

arcs, 937, 944-946 

circle*. 944 

concentric circles. 994-996 
lines. 937 . «*4fl 
ovals, 9 3 7 , 9 4 2 - 9 4 4 
on panels, 951-956 
polygons. 938 ,946 
rectangles, 937 ,940 -942 

t i r ing* . 9 3 1 , 948-950 
X Y coordinate system, 9 16 

d r a v L i M i 1.937, 940 
d r u « v * l ( | , 917. 442-944 
d r * w f o l y 9 o n | , , 9 3 8 . 9 4 6 
d rM f f tM t ( ) , 937, 940-942 
d r m n t r i n q d . * ' *K. 948-950 
DrlvarHanaqar.gatConnactlanr. i , 

1016 HI |K 

D V I H (digital versatile discs), 5 

dynamic b ind ing 664-666 

editor, text , 12 
• X M , trai l ing, 132-133 
KmhaddadMatn cla»s. 7f i1-765 
empty ho rdes , S i d S|7 
encapsulation, 20 
andaMlthi I , 570-573 
enlianced for loop, 4 2 0 - 4 2 1 , 

478-179 

K notat ion, 49 
enter key, 88 

entity relationship diagrams, 1079 
•num constants, 535 
enumerated data types, 535-543 

swuclii i iK un , 542-543 
EOPIxcaptlon class, 701 

• q u a l a f ) , M 4 - I 4 6 . 5 I 3 - 5 1 6 . W 2 
Error class, 722 
error messages 

cannot resolve symbol , 76 
default error message, retncvinK. 

705-708 
errors 

common, to avoid. 99-100.181 -182. 
259. 110 t i l . J94-195.4X5, 
" 0 . 6 10, 687. 746 ,836 , 
900 901 ,976 , 1007, 1101 

compiler. 297. 298 
exception handler used lor 

recovering f rom, 711-714 
logical, 17 

o i f -by-one.414, 420 
syntax, 12 

using t ra i l ing * l a * to catch, 132 
escape sequences. 36 -37 
event-driven programming, 758 
event listener, handling. 771-778 

events 
act ion, 772 
in applets, 9 2 6 - 9 3 0 

defined, 771 

f i r ing, 771 

handl ing. 771- 'TO 

i tem, 811 

listener, 758, 771-778 

mouse. 957-9*7 
object, 771 
source, 771 

Fxcel spreadsheet. 606 
Excaption class, description of , 

700-701 

exception handler 

defined. 700 
recovering f rom errors using, 

711-714 
exceptions 

catch clause, using one, 718-721 

catch clauses, using mul t ip le, 
708-716 

checked. 722-723 

classes. 700 -701 
creating vour o w n classes for, 

725-728 

default error message, retrieving, 

705-708 

default handler. 700 
defined, 237,699,700 
BorExcaptlon class, 701 

Error class, 722 
Excaptton class. 700-701 

r i laKotroundBvcaptioft class. 701 
f i n a l l y clause. 716-717 
handl ing. 699 

handl ing mul t ip le, 708-716 
11 laqalArquBMtttxcaptioaj 

Jas*. 7 ! 

InpsitHlaaatchExcaption class, 720 

lOBxcaption class. 2 17, 239. 2 4 1 , 

245, 110 .701 .720 

KalforaadURLBxeaptlon class. 975 
methods and th row ing , 310 

BtuabarroriutExcaptlon class, 
715 -716 ,719 -720 

polymorphism and. " O H 

RunttaaZacaptlon class, 7 0 1 , 
722, 724 

stack trace. 718-719 
t h r o w i n g 310. 723-729 

throw clause, 237.245 
t r y statement. 7 0 1 - 7 0 5 . 7 1 5 - 7 1 6 

unchecked. 722-723 
executable files. 12 
a x l a t a f ) . 249 -2 *2 
BXIT_ON_CLO9B constant. 760-761 
explicit import statement. 386 

expressions 

ini t ia l isat ion. 211-212 . 215-218 
regular, 601 

ra tu rn t ta iemeni . 298 

test, 211-212 

update, 211-212 , 215 . 217-218 
extending classes f rom JF ina l class, 

818-810 

extending the JFraaia class, 761-763 

f a c t o r i a l ) j . 
fetch/decode/execute cycle, 3-4 
Fibonacci series, 996-998 
fields 

instance. 3 4 7 - 3 5 1 . 384-385 . 

497-498 

interface. 680 
U n g t h , 420. 448, 459-460 
obiect. 323 
static. 498-500 
text, 756. 765 
text, read-only, 844-845 

file chooser dialog box, 877-878 
See J / * O j n l achooaa r class 

r i l « class, 234 

a x U U < ) , 249-252 
U la lnputSt raa f t class, 7 3 2 - " 14 

r iUKntr i ibndExcapt lon class, 701 

r i l aou tpu t l t r aaa i class, 730-732 , 

files 
appending data to . 2 4 0 - 2 4 1 , 735 
arrays and. 442-443 
binary, 1 3 4 , 7 2 9 - 7 3 5 
buffers and . 235 
closing, 234 
(.omnia .cparatcd t-alui fo IMC. 

sot 
delecting end of. 245-246 

exceptions. 237 

existence checking for. 249-252 

f l l a s t r i u r class. 234. 240-241 
input/output, 234-252 

location of. specifying. 241 
names, 14 
opening, 2 14 

pointer, 738-741 

Printwtitar class, 234-240 
r in doni access, 735-745 
reading, 234 
reading data f rom, 241-242 . 

732-734 

reading hues from, using ncxtl.ineO, 

242-245 

reading primit ive values f rom, 

246-248 
read pet i t ion of, 243 

http://M4-I46.5I3-516.W2
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file* {continued) 
Scanner class, 2 14. 24 1-248 
sequential access to, 735 
tourcc, 12 
text. 234 
throwa clause, 237, 245 
writing data io, 234-240, 730-732 

f i l aN r l t a r claw, 234. 240-241 
r l lUrci) ,937,944-->4.> 
t l l l0va l<) , ' '< - \ ' '40- '<44 

(UlPolygoc<), 938, 946-948 

( U U a c t O . 9 3 7 
UnaU»<) ,546 

f lnal key word, 69-70 
finally block, 717 
f i na l l y clause, 716-717 
(lags, I IK. 168-172 
flash memory, S 
f loat dam type, 45,47 
floating-point data types, 47-49 
floating-point literals, 48-49 
Float.partaMoatO. '»'• 
f loa t wrappar class. 96,60? 
floppy disk drives, 5 
FlowLayout manager. 788-791 
fonts, 892-893 

MtFont().H8'».'US 
foreground color, 778-782 
foreign key. 1078 
for loops 

ArrayMat class and, 4JI -4 
count-controlled, 211,218-220 
counter variable, 212 
defined. 211 

enhanced. 420-421, 478-479 
header, 211 
initialization expression, 211-212, 

215-111 
pretest, 214 

test expression, 211-212 
update expression. 211-212.11 <. 

217-218 

user-controlled, 216-217 
formal parameters. 285 
formatting 

pattern. 175 
string argument*. 172-173 
Syatam.out.prlntf l) , 162-173 
text formatting tags, 9I6-91S 

I O U I K . W . 
r r u t class. 9 i i 
frames, 751 

See also j r r a m class 
functional decomposition, 306 

garbage collection, 544-546 

( lna l i ia<) ,546 

generalization and speciali/arion, 
619-620 

9- t i i , 477-478 
gatActlonCoiound(), 783-786 
qatAra.O. 341-344 
gatAudloCUp(),972 
9«tchara(), 577. 578-580, 586 
9*tCoda»aeath972 
9#tColor( ) , ' ' ' " 

gatColuuvCountll, 1064 
9atColuan0iaplaySiiat), 1064 
qatCoUmnVaaaf), 1064 
gatColunnTypaNaaao. 1064 
gatContantP*nal<|, 782 

o*tt>«layO.*"A 

qatDocuaantlaaaf), 972 
QatOoublao, 1027 
qat ln t i l . 1027 
gatLan^thil. 338-341 
qatSalactattf l la<) , 878 
oatSalactadlndax)|, 848, 858, 

863-867 
aats«lactadlta«<), 863-867 
g«U«l«CtadValua( ),848. KSK 
qatSoureai), 783, 786-787 
f a t S t r l n q n . 1027 
fatTabLallaattO, 1064 
getters, U4 
tatTaxtO.776, 890 

f t tV«l lM() , 8 9 5 - f M 
qatNldtho, 138-341 
»at)H).V58 

«MI|).*5I 
Gosling, jame*. 8 
graphical user interface (GUI) 

appearance. 898-900 
components, 755-756 
components, adding to a window, 

765-770 
creating windows, 758-787 
creation of, 756-757 
debugging. H11-835 
defined. 755 
differences between applets and, 

923 
event-driven programming, 758 
layout managers. 787-803 
mainO, 763-765 

Graphica class 
drawArc<», 937. 944--*4f-
drawClrcUai i .996 
dtawlinai | , 937 , 940 
dra«0val( 1.937. 942 -44 
drawfolyqon(l.938,946 
drawRactl | , 937. 940-942 
drawatrinsK >, 938, 948-950 
f . l l A r c n . 937. 944--M*. 
f lUOval l l . 937. 940-944 

f i l lPo lyqor i >. 938, 946-948 
f l l lRaet(>,937 
9«tColo*:( >, 937 
obiects. v t 6 - x . o 
•atColoci), 937 
aatront(),*M8 

greatest common divisor (GO) ) , 
finding. «W8-9^ 

Green Team, S 

GridLayout manager. 78H, 798-801 
GUI. See graphical user interface 

H 
harJ drive*, 4-5 
hardware 

central processing Unit <CPU)» •!-*• 
7ftl*»M 

component* of, I 
defined, 2 
input device*, 5 
memory ( 4 

output device*, 5 
sesondars storage, 4-5 

lush code, 662 

hcMcn 
da**, 28 

loop, 1*8,211 
method, 2*40,237,245, 275-276 
wfclL* loop, I MX 

Iwawvvi'iKhi component*, 7*7 
hexadecimal numbers, 6< 
HlDl_OT_cu>si constant, 761 
hiding, data, 20, 144- 143 
hierarchical method call*, 281-282 
hierarchies., class, 661.84 U844 
Hot|a\a t H 
111 M L Stc Hypertext Markup 

I Jnttujur 
hypertext, det<ned. VI » 

Hypertext Markup language 
(HTML), S» 79 

break*, creating VI8-V21 
defined, V I J 
document body, v i s 
document head* 914 

document structure Utfs, VI4-V16 
limitation* of, VI1 
links, i iuciti i iK,921-922 
text forinaifinit tags, VI6-VIK 

Hypertext Markup language 
(HTMI M a p 

<a h r « - 4 . ->,V2I-V22 
< A p p U t x / « p p U t > , V24 
<b></b* tV18 
<bodyx/body>, VI5 
<br /> , V18-V2I 
< c « n t « x / c « n t # r > , 916-VI7 
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< h u d > < / h w d > ^ l 4 
< h l x / h l > through <h6></h6>, 

<hr />t 919-920 
<ht*lx/ht*l>. 9H 
< i>« / i> , 918 
<P f>9919 
< t U i « x / t i t l # > » 914 

I 
H>Ki (niCe^ated development 

environments;, I 5 
identifiers, 9, 11,42-43 
i f - a l M - i l statement* 

compared to nested decision 

itaicturc, 133-1 W 
dmnpt io i i of, 12M-IJ4 
(railing t i n clause, 132-133 

L I - t l M \Mtcinnus, I 1*1-121 
i t srjtrmcius 

bracciwed with, 118 
character*, comparing. 118-11 ̂  
description <>(. 109-119 
fltp, 118 
flowcharting, 11(1-111 

multiple irarementft, 117-1 IK 
iiented, 122 - l i * ' 
programmingKyi*and, 116 I I I 
relational operator* to form 

conditions, 111-112 
tllagalArguMntSxcftption class, 724 
Im*giIcon class, Xf>H 870 

constructor, If I 
images, displaying, Hf*N-874 
immutable obiects, 2*W, *2K 
implementing an interface, 676-680, 

772 
Import statement 

explicit, J86 
Scanner class am), S^ SS 
wildcard, 1K7 

increment opcutm i " l , 1VJ-IM6 
postfix versus prefix modes, IM6 

indentation, 82 
ind«xOf(), 574,586 
indirect recursion, S*#2 
infinite loops, 200-201 
inheritance 

baie class, 620 
chain* of, 655-660 
defined, 619 
derived class, 620 
don not work in reverse, f> (1 
•xtflnd JFranw ctavs, 761- /6* 
generalization and specialization, 

o I ** 620 

"is a" relationship, 620-628, 
666-667 

subclavsesand,620 
superclass, 620 
superclass constructor*, 629^-631, 

632-639 
superclass methods, overriding. 

£40-443 
U M l diagrams, 628-629 

initialization 
array, 415-416 
ai ra\ t two-dimensional, 45HU-459 
variable, 52-JJ 

inner class, 771 
input 

device*, 5 
dialog*, displacing, *#) 
file, 234-252 
keyboard* 84-91 
validation, 204-207 

InputMiMAtchExc^ption class, 720 
UMr t< ) , 587-588 
inserting 

teins in A r n y L U t , 477,481-182 
l ink i , 921-922 

IH4UT statement 
JDBC, 1046-1047 

SQL, 1044-1046 
instance 

class, 711 147-051 

fields, 147-351, IB4-J85,447-491 
methods, 134, U7-J51.4*7-498 
variables. IS I 

in«tanc#of operator, 
lnt data type, 19, 4s\ 46-»7 
tnt«4«r.p*r i«I f t t ( ) , 96 
integers 

datatype*. 4V 46-47 
division, *^ 
literals, 42, 47 

mixed, 67-68 
Int*q«rvr*pp*r class, 96, 601 
integrated development environments 

lll>Ksi, 15 
interfaces 

Sec also graphical user interface 
defined, 6 
fields, 680 
implementing, 676-680, 772 
key word, 675 
multiple, I 
polymorphism and, 681-686 
serializing, 745 
UMl diagram, 680^X1 

Internet Explorer. 79, **J1 
l0Bxc«ption class. 237, 239, 241, 

245, 110,701,720 
"is a* relationship, 620-628, 

666-667 

iftDiqttf ),562 

i s U t t s r n , 5 6 2 , 

.»L*tt*rOrtUqit<), 562 
i tLov«rCiMi 1,562 
U1tunnift90.968 
i»S*Uct«d(K 809-810, SI I-KI4 
i»Sp*e#Ch*rf | f M2 
i*Upp#rC*»«| l, 562 

i«whit«ispjc«n. 562 
item event, 811 
item listener, HI I 
iterations, loop, 199-200 

i 
jAppl.t clan. 923 

applet*, t-% *M1 •»! 1,'*22-V35 
application*. 
compiler. 12-13 
defined, 7 
edition*. 14 
hivloiy of, N 
part* of a simple program, 27-11 
portability, I * 
M'UIMfV. ** 

7 edition. 484, 71¥-721 
virtual machine, 12-11, W4. 66$, 

701,702 
Java.applat. IK" 
java.awt. 387,7<s 

clat* hierarchy, 841-844 
Java. atrt. avMt, 772. 776, H74, *$7, 

951, WJ 
Java command. 14-1 J, 21, 47 t . 8 I I 
lava Database ( nnnecmuv. S.v 

JI)B( 
lava Oil. 1016 
Java Development Kit (JDK), M 

javadoc. diKUincntatioii and, 7V-8 I , 
12 

|.iv.» Enterprise Fdmon IFF), 14 
.Java file extension. 12. 28 
Java Foundation ( 1 M M (JFC), 

75<;. ?*t* 
java. lo. 387, 701.742, 878 
Java.Ian* 387 
Java Micro Edition (ME), 14 

Java.nat, J87.975 
lavaScnpt, 7 
Javj.MCv.nty. 387 
Java.aql. 387. 1018 

|.n.i Mandaid Fdition.(SF) 14 
Java.tart, 387 
java.at i l .387,595 
Java Virtual Machine (JVM), 12-13, 

544.66*. 701. 702 
javai.airing. 387. 758 

class hierarchy. 843-844 
Javax.awing.avant, 847 

file:///Mtcinnus
http://Javj.MCv.nty
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JButton class, 765 
addAct lonLi* t«n«r( j , 7 T"\ 

780 -7 *4 ,785 
constructor, 769,870 
displaying images, 870-874 
«*tAct ionCoMind<), 786 
• • t l c o n i 1,869 

JButton component, action event* 
and, 771 

JCMckBox class 
conn rue tor, 810-81 I 
d o C l t c k n , 814-815 
events, responding to , 8 I I 
i iS«LMt«d( 1.811-814 

JCh«MoK>Umult#m class, 881 

JColorChoo*«r class, 879 

JCoaboBox class 
constructor, 862 
defined, 862 
editable, 867-868 
events, responding to , Hu \ 
g* tS9 l * c t«d Ind i xO . 861-867 
q« tS* lac t *d I t «a in , 861-867 
retrieving selected i tem, 861-867 
» t 8 d i t a b l « < ) , 867-868 

JCoopontnt class, 8 8 ^ 

|1)ll< (Java Database ( onnectivitv). 
1014-1015 

D I L R f statement, JDIIC, 10(1-1056 
tNtfGAT statement, 1046-1047 
UPDATE statement, 1049- |0<2 

JDK (Java Development K i t ) , 14 

|H i lava Foundation t U u a ) , 755,756 

JPilBChooMr cla** 
constructor, 87; 
defined, 877 
q#tS#L*c t *dFU* | ) , 171 

*hovOptnDitlog( J, 877-878 

*hov3av«oia lo^{ j , 878 

Jpnuw class 

content pane* and panel*, 766-770, 

aKlT_0N_CL03B Constant, 760 -761 
q*tCont*ntPiin*( ) t 782 
HIDH_ON_CLOSE Constant, 761 

inheritance to extend, 761-763 

instance, 760 

p j i n t o , overr iding, 9 1 8 , 9 5 0 

npaintn* 950-951 
MtD«f *u l tC lo««Op#r i t ton ( ) , 760 
M t u y o u t f | .788 
A f t t s i i f f i ) , 760 
MtT l tUo .760 
Mtvu ib la i 1.761 

j Lab« l class, 765 
constructor, St*** 
displaying images, 868-874 
MtZeon | )»869 

JLl f l t claw 
adding i tem* t o , 857 
a d d L i s t S * l t c t l o a L l » « f » r l ) , 847 
border, placing around. 852 
constructor. 846 
defined, 846 

events, responding to , 847 
9«tS«i #ct«JI ru iM( K 848, 858 
q«tS«L*ct«dV*l i»t I, 848 , 858 
mult iple interval selection mode, 

858-862 
mult iple selection lists, 857-862 
retrieving selected i tem, 848-851 
scroll bat; adding t o , 852-857 
selection modes, 846-847 
* * t B o r d * m » 8 5 2 

A # t U s t D * t * n , 8 5 7 

M t v i i t b U R M C w n t t ) » 8 5 2 - 8 5 3 
single interval selection mode, 

857-8SH 
JHanuflar class, 881 
JM«fmclass,88l 
JKanu i tM class, 881 
JOptlonpaM c la t t , 7 

dialog hose* diseased using, 
92^9H 

*howInf>utDi* lo f ( ) , *H 

ihowtUAiA^DiAloqi >, 92-93 
JF*ft«l class 

content pane* and panels, 766-770 
extending ela**e* f r o m , 818 
nesting, 79 * 

p* intCo»poMnt| |, 9*1-**^6 

i«t*ord«r0,814, 815, 852 
JE«dio8utton clavs 

constructor, HIM 
d o c i i c k < ) , 8 1 0 

event*, responding t o , 805-809 

grouping, 805 

i * S « l i c t « d ( ) , 809-810 
radio but ton*, creating. 7«6, 

M l * Nil) 
JRjdioButtonM»nuIt«»clas*, 881 
JScrol lp*n# c la** , 857 , 89tV89] 

constructor, 853 

J31id«r class 

constructor, 894 

defined. 893 
events, responding to , 895 
q«tVihi«( | , 895-898 

tick mark spacing, 8 9 4 - 8 9 * 
JTttal* class. 1067-1077 
J T « t A r « class 

constructor, 8 8 9 - 8 9 0 

defined, 889 

« * t n x t o , 8 9 0 
w r o l l bars, 890 -891 
« t L i n * K r j p ( ) , 891 

M t f M t ( ) , 890 

««tUr«pStyU|k>rd{ J, 891 
J T « x t n « l d class, 765 

constructor, ">9 

9 * t T « x t i ) , 7 7 6 
read-only te*c f , c l d * . 844-845 
M t E d i t a b l * < ) , 844-845 

J V M , Set Java Vir tual Machine 

K 
keyboard 

buffer, 90 
input from, 84-91 
mnemonic*, 874-876 

K«yBv«nt class, 874-875 
kr\* 

foreign. 1071 

primary, 1021-1022 

k e y w o r d s , * . 10,42 
lUprr, 6.12-6 18, 64N 

Latel class. 9 1 | 

labels, 756. 

Stcjho JLab#i class 

displaving image* m. 86H-874 

languages, programming 
common elements. 9 | S 
description of, 6 - 9 

l M t I i * d « o i o , 5 7 4 , 575-577, NS<> 

late binding, 66 s! 

layout managers 

adding, to a container, 78H 

l o r d * r U y o u t t 788 , 791-798 
defined. 787^788 

rlowLayout, 788-791 

GridL*yout, 788. 798-80J 

leading wli i te*pace, «H2 
leading zeros. 170-171 
lefMi ist i fv ing numbers, 171-172 
l m g t h u , 73* 74. **K6 
> n g t h f ie ld, arras; 420, 448. 

459-460 
lexicographical comparison, 147 
lifetime, 296 

lightweight components, 757 
L I K E operator, 1038-10 W 
line border*, HI ft, 817 
line* 

blank, 28 
drawing, 9 1 ? t 9 4 0 

program, 11 

reading, from files using n*xtL in*( | , 
242-245 

wrapping, 89 ] 

l inks, inserting, 921-922 
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I inux , 5 

listener 

action/event, 758 , 771-778 
i tem, 811 

moose, 957 
mouse mot ion , 957 

lists 

See also j : n t class 
defined, 756, 846 

L i * t s * l * c t i o n L l » t # n a r interface, K47 
LiatS«l«ctionMod«i class, 847 
l i teral* 

character, 50-51 

floatingpoint, 48-4** 

how to use, 19-44 
integer, 42, 4 ^ 

str ing, 10 ,42 

local variable*, 76, 295-297 

logical errors, 17 

logical operators 

M ( A N D ) , M S , 136M38, 
HI 19-1040 

associativity of, I 4 U H 2 

boolaan expressions using* 1 16 
I ( N O I ) , 1 IS, 141 

numeric ranges with> 142-141 

| | (OR), 135, I 19-140, 
1039 HMO 

p u u d e r k e o t , 141 142 
Ion* data type, 4 5 , 4 6 
Long.p*r»#Lonq|), 96 
Long wrapper class, 96 , Ml 1 
look and feci (appearance), 898-900 
hx»p<),972 
loops 

body, 198 

b r » k statement in , 2 f I 
choice of , 233 

conditional, 211 
cont inue statement i n , 233 

control variable, 200 
count control led, 1I I, 218 220 

defined, 197 
do -wh iU , 208-210 

enhanced fo r , 4 2 0 - 4 2 1 , 478-479 
for , 2 1 1 - 2 2 0 

header, 198,211 
infinite, 200-201 

iterations, 199-200 

nested, 225-2 t \ 

posttest, 208 
pretest, 200, 214 
running totals and, 220-223 

sentinel value* and, 223-22S 

user-controlled, 210, 216-2 17 

w h i U , 197-210 

lowercase, converting character* to, M I 

nuchine language, 6-7 

Mac OS, S 

nun 
body of , 30 

in GUI c law, 763-765 
header, 10 

t u i r o n * d u n i s x c # p t i o n class, 975 

markup language, 914 

Hath class 

*PX named constant, 70 

.pow,f>2 

• * q r t , 6 2 

mathematical functions, S y l , 
1041-1043 

KAX_VALUE constant, 604 
memory 

flash, ! 
random access, **, 12 

secondary, 4 -5 

stor ing characters i n , *2 

menus 

bar, 880 

components of , 880-881 

constructing, 881-888 

defined, 880 
items, 880 
sub, 881 

M I * * 9 * O , 9 8 7 

message dialog*, displas mg, **1 4* I 

metadata, R M u l t f o t , 1063-1066 

methods 

See also specific mtthihh 
absti act. 668-675 
accessor, 344 

arguments, passing, 28 V 29 I, 
504-507 

binding, (77 

body, 275 
call ing, 7 1 , 276-280 

defined, 20, 273 

defining a vo id , 275-276 

detail section, 80 

divide and -conquer approach, 

273-274 
documentation comments, 282, 

292 -291 

headers, 2 9 - 3 0 . 2 3 7 , 245, 

275-276 

hierarchical calls, 281-212 
how to use, 273-274 , 301-304 
instance, 334. J47 -351 ,497 -498 

Jjvtdoc comments w i t h , 282 

local variables, 76 ,295 -297 

modif iers, 276 
mutator, 144 

name, 276 

object references/argument* to 
methods passing, 289-292 , 
504-507 

overloading, 376-384 

overr id ing, 640-645 
parameter variables and, IS !, 

285-286 

passing arrays to , 426-430,463-465 

private, 132 
problem solving w i th , 306-311 
public, 276 , n : 

returning a boolean value, 104 

returning arrays f rom, 443-445 
returning objects f rom, 507 509 

r«urn statement, 298 
return type and, 298 

signature of, IT 
static, 276, 501-503 

summary* section, 80 
tvnchion /ed, *94 

throw exceptions, 110 

value-returning, 273 , 274, 275, 
297-101 

variable-length argument lists and, 

474-476 
vo id , 2 7 1 , 274-276 

Microsof t , 7 , 9 3 1 , 1015 
min imum field w id th , 166-16H 
minus sign (negation), 55 
MXN_VALUK constant, 604 

mnemonics, K74-H76 
modifiers, method, 276 
modulus operator, ss\ s*r, 

mouse 
adaptci classes, **61-966 
events, 957-967 

listener, 957 

motion listener, 957 
MouMAdapttr class, 961-966 
voua*Clici t#d{J, 957 
jM>u»*DrAqq*d<), 9 ( X 

•oua#8Mftr*d<), 957 
MfJumfEvunt class, 957-958 
mnu»*Rxit#d< 1,957 
Hoca#Li»t«n*r interface, methods, 4 * 7 
Hou*«KotionAdapt*r class, 965 
Hou*«Hot ionLi»t*r*r interface, 

methods, 958 
Mut«Kov«d( | ,958 

K u u r r a i M d U . ^ 4 

aou**fUl«*s«d( K 957 
mul t i catch, 720-721 
multi- l ine comments, 78 -79 
mult ipl icat ion operator, 55 
multithreaded appl icat ion, 594 
mutator method, W4 
MySQL , 1015 
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Mined constants, 6*-70 
n tmf f 

claw, 29, 44 

identifier 42-43 
method, 276 
variable* 43 

narrowing conversion, 66 
navigation methods. lo<< ; 
Navigator, 8 
negation operator, 55 
nested i f statements 

description of, 122-12* 
flowcharting, 122 
multiple. 126-12** 

nested loop*, 225-2JJ 
Netscape Navigator, 8 
n-w key word, 84,407, 410,415, 

446. 4SH, H » , SX6.777 

B M t t y t t O i M , 2M 
nmctDoubl«u.H6, 246, 2*4 

n#x t r loa t ( r .86 , 246, 254 
naxt tn t f ) , 86. HtK 254 
n*x t ln t | in t n), 2S4 
n«xtUn«0,86, 242-245 
MxtLonqO, M , 244, 254 
u x t t h o r t l | , 8 6 , 246 
MXtTokan(K 597 
no i r g constructor, IS \ , 6 18-639 
NOT (I) operator. I 15, 141 
null references, avoiding, *2*-?12 
nu l l statements, 117 
Numb«rror»ttlIxcaptlon class, 

715-716, 719-720 
number*, converting strings to, 

95 98 
numeric data, data type* for, 45 
numeric data tvpo, wrapper classes 

for, 60.1-605 
numeric ranges, checking with logical 

operators, 142-143 

Oak, 8 
Ob)net class 

description of, 

•quaU(J,662 
to8t r inq{) ,662 

ObJactlnputStraam claw, 742 
object-oriented design 

class collaboration, 546-550 
classes finding, 388-391 
class responsibilities, identifying, 

191-394 

CRC cards. 549-550 
problem domain, IKS 

objtct-oncnted programming (OOP) 
attributes in, 20 

data l« J rig in, 20, 144 145 
defined, 19-21 
encapsulation in. 20 
methods in , 20 

0bJactOutputStraaa class, 742 
objects 

aggregation, 519-529 
anonymous, 765* 777 
as arguments/references, passing, 

289-2*2. 364-366, 504-507 
Arr«yLi*t, creating and using, 

477-478 
arrays of, 437-441, 448-451 
comparing string, 143-149 
constructors, 352-356, 518-519 
wnp\ constructors, S IS * 1 * 
copying, 516-518 
created from classes, 70-71 
creating, with D * c w i r o r M t , 

174-180 
creating string, "2 -71 
default constructor. t U - l \ ^ 
defined, I2J 
deserialization, 742 
examples ot. M4 
fields. 12 1 
graphic, 916-V50 

immutable, 290, <2JC 

out, I1 M 
primitive variables versus, 

127-330 
returning, from a method. 

M I • M s 

returning reference to. *04- W)6 
serialization, 741-745 
state, 50* 
timer, 967-971 

off-by-one errors, 414,420 
one-dinienstonal arrass. 4*4 
( M H1 Siv nb v-wt oi rattd 

programming 
operands. 52 
operating systems, 5 
operators 

- (asAignment), *2 
* • (assignment}, 64 

- • (assignment), 64 
* • (assignment). 64 
/ • (assignments. 64 
%• (assignment], 64 
binary, 55 

cast, 66-67,286 
combined/compound assignment. 

63-64 
conditional, 150-152 
-(decrement), 193-196 
defined. * , 11 
<> idumondl, 484 

++ (increment). 1*3-1*6 
in«t*rtc*of, 667 
l i r a . 1038-10 W 

ternary, 55,150 
unary, 55 

operators, arithmetic 
+ (addition), 55 
associativity of, 58 
/(division), 55, 56 
% (modulus), 55, 56 

* (multiplication), 55 
-(negation), 55 
precedeisce of operations, 

57-w 
• (string concatenation), 

40-41 

- (subtraction), 55 
operators, :**giLlil 

a* (AND), I 15, 136-118, 

1039*1040 
associativity of, 141-142 
booUan expressions using. I t6 
I (NOT), US , 141 
numeric ranges with, 142-143 

I I (OR), 135.139-140, 
I0W 1040 

precedence of, 141-142 
operators, relational 

« (equal to l , 111-112*430-431, 
1034 

Mgreatei than). I l l 112. 1014 
>- (greater than or equal to), 

111-112, 1034 
< (lessAan), 111-112,1034 
<• (less than or equal to), 

111-112.1034 
<> (not equal to), 10 W 
I- (not equal to). I l l 112 

Optical devices, 5 
Oracle/Sun Microsystems. 14, 1015 
M M * I Y clause, 1040-1041 
ordinal value, 517 
OR (| |) operator, 135,139-140. 

1039-4040 
out object, 33-34 
output 

devices, s. |J 
file. 114 2s2 

ovals, drawing, *37, *42-*44 
overloading 

merhod\ and constructors, 
376- 184, S M 

overriding versus, 645-648 
overriding 

Overloading versus, 645-648 
p * i n t o , * 3 8 , * 5 0 
preventing, 648 
superclass methods. 640-645 
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package acceu, 6 W M S 

package*, i»por t statement and, 
386-387 

p j m t o , overr id ing, 938, * 5 o 
paintCo*pon«nt I ) , 95 W> ft 
Panftl class. 911 

[Mil i ' ls 

See also JPan*l class 

description of, 766-770 

d raw ing on , 9 5 1 - 9 5 * 
ne*ting, 795-798 

parameter variable* (parameter*}, 

I p * r » , 292*291 

data type compatibi l i ty, 285-286 
init ial izing local variables w i t h , 

296-297 

lilt, 216 
other name* for, 285 

scope, 286 

in U M I diagrams, H 5 - 3 4 6 
vararg, 4 7 4 - * 7 6 

parcnthe*e*, 1 1 , 5 9 , 1 5 1 , 2 7 6 
paise methods. 9ft, ftO.t 

partial ly filled array*, -441 442 

Pascal, 7 

passed by value, 288-289 
password-protected database, 1018 

peer cla**e*( 757 
percentages, calculating, f 9 - 6 2 

Perl, 7 
IMU\7 

PI constant, 70 

pixel, 760 
p l . y ( ) , 9 7 l , 9 7 2 
plug-ins, 911 

polygons, drawing, 9 IK. 946 
polymorphism 

defined, 664 

description of, 6 ' 

dynamic binding, 664-666 
exceptions and, 708 

interface*, 681-686 
portabil i ty, I », 931-935 
postfix mode, 194-196 
posiiesi loops, 201 
precedence, operator, 57 -59 , 

141-142 
precision, 165-166 
preferred swe. HH6 
prefix mode, 194-196 
pretc*t loop*, 200 ,214 
pr imary keys, 1021-1022 
pr iming read, 205, 225 
primit ive data types, 4 4 - 5 2 

conversion between, 65 -68 

versus object*, 327-310 

primit ive type variable*, 71 
primit ive value* f rom file*, reading. 

246-248 
primit ive variables YCTMI* object*, 

327-330 

p r l n t t l , 35 -37 
patterns with nested loop*, 228-233 

P r i t t N r l U r cla** and, 235 , 236 
p r t n t t < ) , 162-173 
p r t n t m o , 33 -37 

F r i t t l k i U r cla** and, 235-236 

Pr in tWr i t#r class 
p r i f t t O , 215 , 216 

p r i n t l n o , 235-236 
wri t ing data to f i le* using, 214-240 

prLvt ta acceu specifier, 1 12 
problem domain , IKK 
problem solving 

extending classes from j r * n * l 

c law, 818-830 

methods and, 106-311 

recursion and, *88 -992 

procedural programming, 19*20 

procedure, 19 
stored. 1100-1101 

programmer-defined name*. 9, 11 
programmers, role of , 2 
programming 

common element*, 9-1 < 

defensive, ^41 
event-driven, 751 

language*, 6 - 9 

object-oriented. l**~2l 

p roceu, 16-19 

style, 8 2 - 8 1 , 116,202 

program* 

compi l ing running, 14-15 

defined, 6-7 

design with count control led loop*, 

2 1 1 , 2 1 8 - : 
design w i th w M U loop, 202-203 

part* o f simple, 27-11 
p r o t t c t t d access specifier, 649-655 
protected member*, 6 4 ^ - 6 * 4 
pseudocode, 19 

pub l ic access specifier, 28 , 2 9 , 1 3 2 
pub l ic modifier, 276 
punctuat ion, 9, 11 
Python, 7 

(juotation mark* , 11 , 3 7 , 4 0 , 41 

Md i) IM I I I I I I I menu irem, ^ •• • vs 

See also J»adioauttonitof iuIt«« 

radio buttons 

See also J lUd io i u t t on cla** 

description of , 756, 804-810 
lagged array*, 465 
R A M {random-access memory), 4 , 12 

R*ndoaAccft*aFLl« class 
constructor, 736 

file pointer, 738-741 

format, 736-737 
leading and wr i t ing w i t h , 737-
M « k O , 738-719 

random acceu file*, 7 3 5 - 7 4 * 

random-access memory ( R A M ) , 4 , 12 

Random class 

how to u*e, 253-258 

MXtDoubl#( t , 254 

M x t r l o * t < ) , 254 
Mxtxnti. t, 254 
iw«tlnt(lnt n|, 2 U 
rv«xLU>ng< |, 2*4 

random number* 

applications, 251 

generating, 253 258 
range, numeric. 142-14 \ 
r u t M u ( | . 9 9 3 - 994 
raw binary format, 7 in 
m*dft<H)lii.iht I. 713 
r*»dByt*< | , 733 
m a d e h a r n , 713 

r**dDc>ubl#(h 733 

r t a d r l o f t t o * 733 
leading 

data f rom fi le*, 241-242 , 712-734 
lines f rom files using M X t L l n « ( ) , 

242-245 
primitive value* from file*, 246-24H 
ftMdMAccMtril* class and, 

737 -731 
strings, 734-735 

ra*d inq( ) • 7 U 
r tadLonql ) , 733 

« » d O b ) t c t ( ( , 742 

read only text f ie ld*, 844-845 

read posit ion, 241 

rt*dShortO,733 
HAdOTTd. 733 

toctanql# cla**, wr i t i ng example, 

330-346 
rectangle*, drawing, 917 , 940-942 

recursion 
base case and, 989 
b i M r y S « r c h < >, 999-1002 
concentric circle*, d raw ing , 

994-996 

defined, 98^ -988 

depth, 987 

direct, 9*2 

l a c t o r l i l O . 989-992 
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recursion [continued) 
Fibonacci scries. W6-S98 
greatest common divisor, f ind ing. 

498-944 

indirect, 992 

methods, 987-988 

problem solving w i th . 988-992 

recursive cave. 989 

summing arrav elements w i t h . 
993-9M 

Towers of Hanoi . 1002-1007 
r«cursiv«BlnarySaarch<). 999-1002 
recursive case, 9H9 
reference copy. 424, 516 
reference variables, 72, 174-175 

objects an i l , 3 2 8 - 3 2 * 
reassigning a n . n . 421 424 

t h i i , 532-514 

uninit ial ized. 154 
referential integrity, 1079 
r»gionJUtchM| j , 5 7 1 , 573 
registering event listeners. 773 
regular expression, 601 
relational database. 1077-1094 
relational operators 

— (equal co|, 111-112,430-431, 
1034 

> (greater than] , l l l - l 12. 1034 
>• (greater than or ei|ual to), 

111-112. 1014 

< (less than), 111-112, 1014 

<• (less t l u n 111 n|ii.il to) , 

111-112, 1034 
<> (not equal to) . 1014 

I " (not equal to) , 111-112 
relationships 

"is a," 620-628 , 666-467 

whole-part , 52 I 
removing items f rom Ar rayL ia t , 

480-48 I 
r . p a l n t n , 950-951 
r a p U M i ) , SKI 582,588 
replacing items in ArrayL la t , 

482-483 
reserved words. 9. 10 
responsibilities, identifying class, 

3 * 1 - 3 * 4 , 5*1-592 

RaauLtSvt object. 1024-1010 

metadata, 1063-1066 

navigation methods. 1063 

scrollable. 1062-1063 
return 

arrays f rom methods. 443-445 
• r e t u r n , 300-301 
boolean value. '04 
obiccts from methods, 507 
statements. 298 
type. 298 

rol lback. 1099 

rows. 1019-1022 
Ruby, 7 

running programs. 14-15 
running totals. 220-223 
RuntlMSxcapUoi) class, 7 0 1 , 

723, 724 

S 
Sc-inntr class 

characters, reading. 88 
c l o » ( 1.242 
import sraiemenr, 87-88 
mix ing calls, 8 8 - * l 
r » x t f t y t « | | . 8 6 , 246 
M i t D o u b U O t 86* 246 
n«x t r i oA t ( ) . 86 ,246 
n « x t l n t < h 8 6 , 246 
r w x t L i M i 1.86, 242-245 
MXtLongl | , 86 , 246 
n « t S h o r t O i 86 ,246 

reading Rlct w i t h , 234, 241-248 
reading keyboard input, H 4 - 9 | 

scientific nota t ion . 4 * 

scope 

coming in to , i 5o 

instance fields. 1K4-385 

leaving. ISO 

parameter variable, 286 

variable, 7 5 - 7 7 , 1 4 * - 1 5 0 

scrollable m i u l t s t t , l*>62-1061 

scroll bar 
addniK t o , 852-857 

jTMtA»4 t c law and, 890 - v 

SDK (Software Development K i t ) , 14 
search algori thm 

binary search, 470-472 

h M.I \ %t ,i J i , recursive. •*****-1002 

sequential search, 4 * 1 - 4 * 1 
secondary memory, 4 - * 
security 

aggregate clashes and, 527-529 
applet, v i I .V2S 

lava. 9 
•Mk<)» 738-739 

selection sort a lgor i thm, 467-470 

SELECT statement, 1022-1023, 

I o 10-1034, 1018 
self-documenting program, 4.1 
semicolon*, 3 0 - 3 1 , 117.276 
sentinel values, 223-225 
separator bar (menus), 881 
sequence structure, 110 
sequential file access, 735 
sequential search algori thm* 4 *1 -453 
Mr ia l lzasbl f t interface, 745 
serialization, 741-745 
S«rvic«0uot<i class, W U J 9 4 

Mt| I* ArrayUit, 482-483 
MttetionCt>Mun4{ J, 786 
» t B o r d « r ( 1,814, 815 ,852 

MtCbarAt i 1,588-589 
Mt te fau l tC lc r t i iOp t t rJ t inn l ) , 760 

M t t e l * y O , 9 
**tfiditabL#<», 844-845, 867-868 
M t r o n t i 1,889,938 
Mt l co i s i ) ,869 
MtLayout f ) ,788 
M t L M q t h u , 332-336 
s« tL in« l l rapO,891 
• « t L l « t D A t a ( K 8 5 7 
Mt i«okAndr t# l ( ».«**** 

n*tVi*tmTzm4BxMt | , 8 8 6 - 8 8 7 

••ts»l«ctir>nMi>d«(), 847 
M L S I « * I K 7 6 0 

setters. 144 
M t t n t ( ) » t 9 0 

MtTltU().760 
MtToo lT ipT#x t< r . 876 
M t v i i i b U t ) , 761 
MtVUibURovCfHaist. i , 852 -8 *3 
M t m d t t K ) . 117 -MH 
M t w r J p S t y l M o r d o . V M 

shadowing. 18*. 533-534 
shallow topv. * > 7 - * 2 9 
i h t p W , di awing. *<*<* drawing 
short-circuit evaluation, I 16 I 17 
short data rype. 4 * , 4 6 
Ihort.pArft f t f fhortf >. M 
Short wrapper class, *+6, 60 ) 
•hovOi* losK).87V 
AhowlnputDlaLoqi), 93 
KhDsm«iMg«DLalof( r , 92-93 
»hos#0p*nDlalo9( | , 877-878 
«hosrt4V«Dijloq(K 878 
signature, 377 
simple Java program, 27-31 
single-line comments, 77-78 
size, array 

declarator, 4 0 8 - 4 0 * 

user specified. 421-423 
slash m-irks, ' s . 
s l iders,^ K9H 

See aha J S l i d t r class 

software 

appl icat ion, 5 
categories, 5 

defined, 2 
engineering. 18-19 

Software Development Kit (SDK), 14 

sorting algori thms, selection sort, 

467-470 
source code, 12 
source fi le, 12 
spaces, displaying, 36 
specialization, 619-620 
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splash screen*, 830-811 

•pl i t<) , 600-602 
spreadsheets, 5 

MLixc#ptmn, 1018 
SQ| (Structured Query Language), 

1015 
data types* 1021 
H U T i statement, S < j l , 1048, 105} 
INSERT statement, 1044-1046 
iii4llictn.ific.il (unctions, 1 0 4 1 - H H 1 
pawing S( j l statements tu DKMS, 

1024-10)4 
relational operators. 1014 
5ELICT statement, 1022-1023 
scored procedures. I 100-1101 
WDATB and M L I T I statements, 

1048-1049 

H « k trace, 718-719 

stale data, avo id ing *4 5 
standard input device, H4 

standard output device, 33 
star seven device |*7), 8 
*Ur t ( ) , 968 
ftUrtltflth(|, 570-571 
state. ob|cct, (OS 

statement*, I I 
•alignment, 19 

static class members, 4**7-503 
statu lields, 4^8 -500 

static methods. 2 7 6 , 5 0 1 - 5 0 ) 

• t i t l e modifier, 276 

Stock class, 510-51J 

f t o p o . ^ X , **72 

storage devices, types of, 4-s" 

stored procedures, 1100-1101 

St r inqSuf f«r class. 5*M 
S t r l n g l u l l d « r class 

app<md<). 586-587 
c h a r A t n , 586 
constructors. s"Hs*-S86 
defined. 584 
d » U t « < ) , 588-589 

d«Ut«Ch«rAtOt 588-589 
qNtch*r*( 1,586 
lnd«xof<l, 5H6 
lnMr t i ) , 587-588 
l**tlnd«xot( | ,586 
Ungthn. 586 
r«pUc«(J,588 

MtChvAtO* 588-58** 
AufcutrtngO. 586 
toStringu* 58** 

String class 
arguments, formatting, 172-173 
arrays of, 445-148 
ch*rAt()*74 
CMpar#ToO> 146-148 
Co*p«r*ToIqnor«C**#(|, 148 

conc«t(),58l 
constructor, 1 s*6 

defined, 70 

•nd»w i th ( ) , 570-573 

«qu«U f ) , 144-146 
q#tchari(), 577, 578-580 
how to use, 70-75 

in<UxOf | ) ,574 

lMtlndMOf ( u 574, 575-577 
l*iWth(),73, 74 
objects, compar ing, 143-14** 

objects, creating, 7 2 - 7 3 
objects of, passed as argument. 

28*>-2**2 

reading, 734-735 
r*guxDUtch«ft( |, J71, 573 
r*pUci() , 581-582 
returning a S t r ing object from a 

method, 507-50* 
i p U t o , 600-602 
•UrUVlthO, 570-573 
•ukwtringti, 577-578 

substrings, extracting, S77-580 

substrings, searching for, 5 7 0 - 5 7 
toCharArrayo, 578-580 
toLov«rCAM( ), 74 
t « U p p « r G i » O i 7 4 

t r i f t t | . 5 8 1 v 5 8 2 
v.lu«ori), 582-583 
variable declaration, 71 
wr i t i ng , 714 

strings 

arguments, formatt ing, 172-17 I 

concatenation operator, 40-41 
converti t ig. to numbers, V5-98 
defined, 70 

drawing, in graphic*. **J8, W 8 - ^ 0 
literals, 10.42 

tokenmng, 5VS-602 

3 t r i nqTnk*m i« r class 

constructor*, 5^6 

couritTok«rfc#<K 5*»" 

defined, 5*5 

extract ing tokens, 5**6-5*W 
h^*Kor#Tok*n*( | , 597 

mult ip le delimiters, 5 W - 6 0 0 
M>itTok«n(|, 5«#7 

t r imming smng , 600 
strongly typed language, 48 ,65 
Structured t j uc ry | anguage- Sec SQI 
style, programming, 8 2 - 8 3 , 1 1 6 , 202 
subclass, 620 
submenu, 881 
subscripts, 40**, 453 

. l ib-tr ingu. 577-578,586 
substrings 

extracting, 577-580 
searching for, 570-57 

subtraction operator, 55 
Sun Microsystems, 7 , 8 , 14 

SunWorld. 8 
superclass, 620 

constructors, 6 2 9 - 6 3 1 , 6 3 2 - * 3 * 
methods, overr id ing, 640-645 

•up«r key word, 632-638,648 
Ssung class. 755, 756-757 

applets, creating w i t h , 922 -9J0 
class hierarchy, 843-844 
creating windows, 758-787 

switches, 4 
i v i t c h statements 

b rwk , 153-155 

M M , 152-153 
default. 153-155 
description of , 152-160 
enumerated data types* *42 s!41 

svmbols 

\ (backslash), 36 , 38 ,241 

<(brace, left/opening brace), 
2^ -30 , 31 

i (brace, right/closing), 29 , »1 

/ • • * / (comments, documentation), 
I 81 

/ • * / (comments, mult i - l ine), 
78 -79 

/ / (comments, single l ine), 77-78 

currency, 4 1 , 4 8 
- (decrement) , I V i - 1 9 6 

<> (d iamond! , 484 
/ ( forward slash), 18,241 

« (increment), 191-196 
() (parentheses). II , 51*, 151, 276 
% (percent), 5** 
• - (quotations, double), 3 1 , 

4 0 . 4 1 

' • (quotations, single), 51) 
i (semicolons), 3 0 - 3 1 , 117, 276 

/ / (slash, double). 3 1 . 77-78 
s\ mbols, escape sequences 

\ \ (backslash, double), 17, 241 

\ b (backspace), 3 7 

\ t (horizontal tab}, 37 

\n (new line), 36-37 
\ " (quote, double), 37 

V (quote, single), 37 

\ r (return), 37 

symbols, operators 

- (assignment), 52 

• * (assignment!, 64 

- - (assignment), 64 

• • (assignment!, 64 

/ • (assignment), 64 

%* (assignment), 64 

s\ mbols operators (arithmetic) 

* (addit ion), 55 
auociariviry of, 58 

http://iii4llictn.ific.il


1 1 2 4 Index 

symbols operators (arithmetic) 
(continued) 

i (division), 55 , 56 
% (modulus), 55 , 56 
* (mult ipl icat ion), 55 

- (negation), 55 

precedence of operat ion*. 57-59 

+ (string concatenation). 40 -41 
- (sub t rac t ion ) , " 

v\ inhnU, operator* (logical) 

I I | A N I ) ) f I W, M 6 - H 8 , 
1039-1040 

associativity of, 141-142 
boolean expressions Using. 116 

I (NOT). I H , 141 
numeric ranges w i t h , 142-141 

| | (OK). 135, 139-140, 
I 0 W 1040 

precedence of, 141-142 

symbols, operator* (relational) 

— (equal to) , 111-112, 1014 

> (greater cham, 111-112, 1034 
>- (greater than or equal to ) , 

111-112,1034 
- c ( l m t h a n ) , 111-112 ,1034 
< - (less than or equal to) , 

111-112, 1034 
<> (not equal to) . 10)4 
\m (not equal to) . I 11-112 

synchronized methods, 594 

syntax, 9 
syntax errors, 12 

Sy*t«m class 

• x l i m e t h o d , 94 -95 , 761 
out object, 33-34 

Sy*t#m»™cit(). 94-9S, 761 

Syn tam.ou t .p r in t f ( J , 1 6 2 - 1 " * ' 

i ly* i« i i i .c jut .pr int I n n , « H 835 

T 

displaying, 1067-1077 

f#xc#pt ion. 72S 

fparam, 292-293 
I r a t u r n . 100-301 

document structure, 9 I4 -S16 
text formatt ing, 916-918 

telephone numbers, formatting and 
unformatt ing example, 

589-59 ( 

T«mpConv«t«NIn<iow class, 898-900 

event*, handling in applets, 926-*JO 
ternary operators, 55, 150 

T*fttscor#R**d#r claw example, 606-610 
text areas, KK9 H*\ 

Sec also JTaxtAraa class 

text breaks creating, 918-921 

text editor, 12 
t t K t r i a i d class, 931 
text fields 

See alio j T « x t r i « i d 

defined, 756, 765 

read-only, 844-845 
text files, 234 

text formatt ing tags, 916-918 
t h i s reference variable, 532 

cal l ing overloaded constructor 
w i t h , 5 14 

overcoming shadowing w i th , 
533-434 

thread. 9* 

three-dimensional arrays, 466 
th row ing exceptions, 110,723-72** 
t h r o w clause. 117, 245, 724 
throw statement, 723-72** 
tick mark spacing, 894 
T i a t r class 

iddActionListftMri), H I 
constructor, 967 
9 * U » U r ( 1,961 

uf tunninsj i ) . 
objects. 967-971 
• • t M U y i | , 968 
s t u r t ( 1 , 9 6 1 

•topn.wa 
rime sharing, * 

t i t led borders, 816, 81"* 

tofttR*ryftrLng|)« 6411-604 
toCharArrtyi), 578-580 
toMxdtrtnqi \% 601-604 
tokenizing strings, 602 

tokens, $93 

t o L o m r C a i t f ) , 74 , 568 

toOctalStnnfll), 603-404 
tool t ips, 874 , * 

t o S t r l n g O . 4 7 9 - 4 8 0 , 509 -513 , 

5 8 9 , 6 0 3 , 6 6 3 

to<jpp*rc«*ih74, 568 
t o tmio ,9 
Towers o f Hano i . 1002- 1007 
t ra i l ing *L«* clause. 1 12-1 11 
Ira ling whttespjcv, 582 
transactions, 1099-1101 
t r i a l 1 ,581 , 582 
truncated, 5 7 , 6 6 
t ru th tables 

A N D operator. 136 
N O T operator, 141 

OR operator, 139 

try block, 702 

t r y statement 

catch block, 702 
citch clause, 702 
description of, 701-705 

exception handl ing. 715-716 

finally block, 717 
f i M l l y c l a u s e , 716-717 

try block, 702 

two-dimensional i m p 

declaring. 4 54-4 « 

defined, 4 s4 

displas mg elements in , 461 

ini t ia l iz ing, 458-459 

length field in, 459-460 
passing, to methods, 4f> > 4 M 

ragged, 465 

summing columns in , 4 6 2 - 4 6 3 
summing elements i n , 461-462 

summing rows in , 462 

typeface*. 892-8** \ 

U 
UIKan*9«r class, K***# 
unary operators. 55 
unboxing. 64)4 60** 
unchecked exceptions, 722-723 
Unicode, < l - * 2 . U S 1 I*' 
Unicode lexi l o t u u t <l I I : S encoding, 

7 3 4 - 7 1 * 

Unif ied Model ing I anguage ( U M I i 
diagrams 

abstract classes and methods, 674 
access specification. 14* 

aggregation, 527 
tunkAccount class, 178 
Car class, 193 

chains of mhei'itance, 660 
class design. I l l 
const i tu tors , 354 

Cuitovar class. 192 
data type notat ion, 345-146 

inheritance, 628-629 
interfaces. t>s*\ f*H\ 

parameter variable notat ion. 

345*344 
piotccn-d members. 65 * 

8«rvic«0uot« class. 194 
Stock class, 510 

un i fo rm resource identifier (UKI) , 

921.975 

un inmal i ied reference variable, 354 

U N I X , 1 
UPMTI statement 

JDBC. 1049-1052 
SQL, 1048-1049 

upi>ercase. convening characters, to, <62 
URI (uni form resource identif ier). 

921 ,975 
URI class, 975 
USB drives, 5 

user controlled loops, 210 , 216-217 

UTT (Unicode Text Fomut)-8 encoding. 

734-735 
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val idat ion, input, 204-207 
valuaChan<j#d().847 
v a l u a o f u , 5 8 2 - * * 1 
value-returning method, 2 " I , 274. 

275,297-301 
bofllatn value, returning. 104 

v.u. irg parameter. 474-476 
variable length argument lists, 474-476 
variable* 

accumulator*. 221 ,22 t, 411 

a l i gnmen t , S2-5J 

c law t y p e 71-72 , 328 
counter, 212 

declaration, ». I49-1M 
defined, 11-12 
formatter, 174-175 

holding one value at a t ime, V I s4 
how to u*e, l*»-44 

in i t ia l i /a t ion , 2̂—S J 

instance, H i 

l i fet ime, 2 *6 
local, 76, 2 * 5 - 2 * 7 

names, 41 
parameter. 281.2HS-2K6 

primit ive, 327 -MO 
primit ive type, 71 

reference, 72, 174- I7S. 128-12* . 
IS4. 421 424 . U 2 <14 

scope of, 75 -77 , !4-» I JO, 286 

>hadowmg, 18 s, U l - \ 1 4 

t h « , 532-514 

vertex, 946 

Visual basic," ' 

void method*, 2 7 3 . 2 7 4 - 2 7 6 

fcebpjge.su -*12 

Web server, * I 1 - * 1 2 

" • m i clause. 1034-1040. 104V. 
1053,1081 

whila loop 

body of . 198 
braces. 201 

control variable, 200 

defined. 1*7 

do-, 208-210 
header of , 1 

inf inite. 200 -201 

for input val idat ion, 204-207 

i terat ion, l**#-200 

a* pretest loop, 200 

program design w i t h , 202-20J 
programming style. 202 

wluicspjcc. 80 . I 
whole part relationship, 
widening conversion. 66 
wi ldcard import statement. 387 
window decorations. "frO 
windows, creating. 7 S 8 - 7 I 7 
Windows, operating system, s 
word processing. 5 
word Wrapping, 
wrapper classes 

auto boning. 604-605 

•v to, 96,603 
Character, 562 
defined. «6l 
Douhla, * 6 , 603 

r l o a t . **6. 603 
I n t . , . r . V6, 605 

Lonq. * 6 , 601 

HAK_VALUB constants, 604 

HXH_VALUE constants, 604 

numeric data types, 603-605 

parse methods, * 6 . 601 

Short. •*(.. f | I t 

•ubotr inoo, 570-580 

toB ina ryS t r l no i ) , 603-604 

tnHKStrlno.il. 603-604 
toOctalStrin q ( ( , 603-604 

toSt r inq t | , 6 0 3 
unboxing. 604-605 

wrl t« loo lMni | ,731 
stritoBytoO.^ll 
vrltoChorf 1,7)1 
wrlt.Doubl.i l . 711 

• r l u f l o * t ( | , 7 3 1 
wr i t ing 

classes, step-bv-step instructions, 
3 3 0 - 3 4 6 

data to files. > 14-240. 730-732 

F i m f s x c — f n o class and. 737-738 
strings. 734-735 

w r l t o l n t n . 7 3 1 
s t r l t o L o n q O . ^ l l 
w r i t «0b )«c t | |, 742 
s f r l t a S h o t t f l . 711 
str l toUTfl 1,731 

XY coordinate system, * 16 

z 
pj tk l t i i i t numbers w i th Ir.iJiiiK* 

[ O 171 

http://fcebpjge.su
http://tnHKStrlno.il
http://wrlt.Doubl.il




Credits 

Figure 1-7 jGRASP scrcenshots used by permission of James 11. Cross II. 

Figurei 2-10 O 1995, 2011 Oracle and/or its affiliates. All rights reserved. 

Figures 2-2,2-14,2-15,2-16,2-17,2-18,2-19,3-4,3-5, 3-11, 3-12,3-13,3-16, 3-17, 3-18,3-19, 
1-20,3-21,4-5,4-12,4-13,4-14,4-15,4-16,4-20,5-5,5-6,5-17,5-19,6-18,6-28,7-11,8-2,8-5, 
9-1,9-2,9-3,9-4,9-6, 10-3, 10-4, 10-7, 10-12, 11-2,11-3, 11-6, 11-7,11-8,11-9,11-10, 12-1, 
12-2, 12-3, 12-5, 12-6, 12-9, 12-10, 12-11, 12-13,12-14,12-15,12-17, 12-18, 12-20, 12-22, 12-23, 
12-26, 12-27, 12-28, 12-29,12-34, 12-35, 12-36, 12-37,12-39,13-2 through 13-32, 14-14, 14-18, 
14-19, 14-21, 14-23, 14-25,14-26, 14-27, 14-28, 14-29,14-30, 14-31,14-32,15-4,15-6, 16-17, 
16-18, 16-20, 16-21, 16-24,16-25, 16-26 Scrcenshots O 2011 by Oracle Corporation. Reprinted 
with permission. 

Figure 9-8 Used with permission from Microsoft. 

Figures l4-2through 14-13, 14-15, 14-17 Scrccnshots O 201 I bv Microsoft Corporation 
Reprinted with permission. MICROSOFT AND/OR I IS Rl SIM CTIVE SUI'I'I II RS \1 AKE NO 
REPRESENTATIONS ABOUT THE SUITABILITY OF THE INFORM A'l ION ( ON TAINED IN 
II IF DOCUMENTS AND RELATED GRAPI 1ICS PUBLISI I I I ) AS FART Ol I I I I SERVICES 
FOR ANY PURPOSE. ALL SUCH DOCUMENTS AND RELATED CRAIM IK S ARE PROVIDED 
"AS IS" WITI IOUT WARRANTY OF ANY KIND. MICROSOFT AND/OR ITS RESPECTIVE 
SUI'I'I II RSI II RFBY DISCLAIM ALL WARRANTIES AND CONDI I IONS WITH REGARD 
TO THIS INFORMATION, INCLUDING ALL WARRANT! IS AND CONDITIONS OF MER­
CHANTABILITY, WHETHER EXPRESS, IMPLIED OR STATUTORY, FITNESS FOR A PAR IK 
ULAR PURPOSE, TITLE AND NON INFRINGEMENT. IN NO EVENT SHALL MICROSOFT 
AND/OR ITS RESPECTIVE SUPPI II RS BE I I \BI I FOR \NY SPECIAI, INDIRECT OR CON­
SEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF 
USE, DATA OR PROFITS, Wl IE 11 I l k IN AN ACTION OV CONTRACT, NEGLIGENCE OR 
OTIIFR TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITII Tl IF. USE OR 
PERFORMANCE OF INFORMATION AVAILABLE FROM Tl IF SERVICES. 

II IE DOCUMENTS AND RELATED GRAPI1ICS CONTAINED HEREIN COULD INCLUDE 
TECHNICAL INACCURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICAL­
LY ADDED TO THE INFORMATION HEREIN. MICROSOFT AND/OR ITS RESPECTIVE SUP-
Pl II RS \1 Vt \ 1 \ k l IMPROVFMFNES WD/OR c HANGl s IN "El II PRODU MiS> WD/OK 
THE PROGRAM(S) DESCRIBED HEREIN AT ANY TIME. PARTIAL SCREEN SHOTS MAY BE 
VIEWED IN FULL WITHIN THE SOFTWARE VI RSION SPECIFIED, 
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