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Preface

Millions of application developers and database administrators around the world use
software provided by Oracle Corporation to build complex systems that manage vast
quantities of data. At the heart of much of Oracle’s software is PL/SQL—a programming
language that provides procedural extensions to Oracle’s version of SQL (Structured
Query Language) and serves as the programming language within the Oracle Developer
toolset (most notably Forms Developer and Reports Developer).

PL/SQL figures prominently as an enabling technology in almost every new product
released by Oracle Corporation. Software professionals use PL/SQL to perform many
kinds of programming functions, including:

« Implementing crucial business rules in the Oracle Server with PL/SQL-based stored
procedures and database triggers

o Generating and managing XML documents entirely within the database
« Linking web pages to an Oracle database

o Implementing and automating database administration tasks—from establishing
row-level security to managing rollback segments within PL/SQL programs

PL/SQL was modeled after Ada,' a programming language designed for the US De-
partment of Defense. Ada is a high-level language that emphasizes data abstraction,
information hiding, and other key elements of modern design strategies. As a result of
this very smart design decision by Oracle, PL/SQL is a powerful language that incor-
porates many of the most advanced elements of procedural languages, including:

« A full range of datatypes from number to string, and including complex data struc-
tures such as records (which are similar to rows in a relational table), collections

1. The language was named “Ada” in honor of Ada Lovelace, a mathematician who is regarded by many to have
been the world’s first computer programmer.
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(which are Oracle’s version of arrays), and XMLType (for managing XML docu-
ments in Oracle and through PL/SQL)

« An explicit and highly readable block structure that makes it easy to enhance and
maintain PL/SQL applications

 Conditional, iterative, and sequential control statements, including a CASE state-
ment and three different kinds of loops

 Exception handlers for use in event-based error handling

o Named, reusable code elements such as functions, procedures, triggers, object types
(akin to object-oriented classes), and packages (collections of related programs and
variables)

PL/SQL s integrated tightly into Oracle’s SQLlanguage: you can execute SQL statements
directly from your procedural program without having to rely on any kind of inter-
mediate application programming interface (API) such as Java Database Connectivity
(JDBC) or Open Database Connectivity (ODBC). Conversely, you can also call your
own PL/SQL functions from within a SQL statement.

Oracle developers who want to be successful in the 21st century must learn to use
PL/SQL to full advantage. This is a two-step process. First, you must become familiar
with and learn how to use the language’s ever-expanding set of features; and second,
after gaining competence in the individual features, you must learn how to put these
constructs together to build complex applications.

For these reasons and more, Oracle developers need a solid, comprehensive resource
for the base PL/SQL language. You need to know the basic building blocks of PL/SQL,
but you also need to learn by example so that you can avoid some of the trial and error.
As with any programming language, PL/SQL has a right way and many wrong ways (or
at least “not as right” ways) to handle just about any task. It is my hope that this book
will help you learn how to use the PL/SQL language in the most effective and efficient
way possible.

Objectives of This Book

What, specifically, will this book help you do?

Take full advantage of PL/SQL

Oracle’s reference manuals may describe all the features of the PL/SQL language,
but they don’t tell you how to apply the technology. In fact, in some cases, you'll be
lucky to even understand how to use a given feature after you've made your way
through the railroad diagrams. Books and training courses tend to cover the same
standard topics in the same limited way. In this book, I'll venture beyond the basics
to the far reaches of the language, finding the nonstandard ways that a particular
feature can be tweaked to achieve a desired result.
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Use PL/SQL to solve your problems

You don’t spend your days and nights writing PL/SQL modules so that you can rise
to a higher plane of existence. You use PL/SQL to solve problems for your company
or your customers. In this book, I try hard to help you tackle real-world problems,
the kinds of issues developers face on a daily basis (at least those problems that can
be solved with mere software). To do this, I've packed the book with examples—
not just small code fragments, but substantial application components that you can
apply immediately to your own situations. There is a good deal of code in the book
itself, and much more on the accompanying website. In a number of cases, I use
the code examples to guide you through the analytical process needed to come up
with a solution. In this way you’ll see, in the most concrete terms, how to apply PL/
SQL features and undocumented applications of those features to a particular sit-
uation.

Write efficient, maintainable code
PL/SQL and the rest of the Oracle products offer the potential for incredible de-
velopment productivity. If you aren't careful, however, this capability will simply
let you dig yourself into a deeper, darker hole than you've ever found yourself in
before. I would consider this book a failure if it only helped programmers write
more code in less time; I want to help you develop the skills and techniques to build
applications that readily adapt to change and that are easily understood and main-
tained. I want to teach you to use comprehensive strategies and code architectures
that allow you to apply PL/SQL in powerful, general ways to the problems you face.

Structure of This Book

Both the authors and O’Reilly Media are committed to providing comprehensive, useful
coverage of PL/SQL over the life of the language. This sixth edition of Oracle PL/SQL
Programming describes the features and capabilities of PL/SQL up through Oracle Da-
tabase 12¢ Release 1. I assume for this edition that Oracle Database 12c¢ is the baseline
PL/SQL version. However, where appropriate, I reference specific features introduced
(or only available) in other, earlier versions. For a list of the main characteristics of the
various releases, see the section “About PL/SQL Versions” on page 11 in Chapter 1.

PL/SQL has improved dramatically since the release of version 1.0 in the Oracle 6 da-
tabase so many years ago. Oracle PL/SQL Programming has also undergone a series of
major transformations to keep up with PL/SQL and provide ever-improving coverage
of its features.

The biggest change in the sixth edition is its comprehensive coverage of all new PL/SQL
features in Oracle Database 12¢ Release 1. The major features are summarized in Chap-
ter 1, along with references to the chapters where these features are discussed in detail.
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Iam very happy with the results and hope that you will be too. There is more information
than ever before, but I think we managed to present it without losing the sense of humor
and conversational tone that readers have told me for years make the book readable,
understandable, and highly useful.

One comment regarding the “voice” behind the text. You may notice that in some parts
of this book we use the word we, and in others I. One characteristic of this book (and
one for which readers have expressed appreciation) is the personal voice that’s insepa-
rable from the text. Consequently, even with the addition of coauthors to the book (and,
in the third, fourth, and fifth editions, significant contributions from several other peo-
ple), we've decided to maintain the use of I when an author speaks in his own voice.

Rather than leave you guessing as to which lead author is represented by the I in a given
chapter, we thought we'd offer this quick guide for the curious; you'll find additional
discussion of our contributors in the Acknowledgments.

Preface  Steven 15 Steven
1 Steven 16 Steven
2 Bill and Steven 17 Steven
3 Steven and Bill 18 Steven
4 Steven, Chip, and Jonathan 19 Darryl and Steven
5 Steven and Bill 20 Steven
6 Steven 21 Steven and Adrian
7 Chip, Jonathan, and Steven 22 Bill and Steven
8 Chip, Jonathan, and Steven 23 Arup
9 Chip, Jonathan, and Steven 24 Bill, Steven, and Chip
10 Chip, Jonathan, and Steven 25 Ron
N Steven 26 Bill and Steven
12 Steven and Bill 27 Bill and Steven
13 Chip and Jonathan 28 Bill and Steven
14 Steven
About the Contents

The sixth edition of Oracle PL/SQL Programming is divided into six parts:

Part I
I start from the very beginning in Chapter 1: where did PL/SQL come from? What
is it good for? I offer a very quick review of some of the main features of the
PL/SQL language. Chapter 2 is designed to help you get PL/SQL programs up and
running as quickly as possible: it contains clear, straightforward instructions for
executing PL/SQL code in SQL*Plus and a few other common environments.
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Chapter 3 reviews fundamentals of the PL/SQL language: what makes a PL/SQL
statement, an introduction to the block structure, how to write comments in PL/
SQL, and so on.

PartII
Chapter 4 through Chapter 6 explore conditional (IF and CASE) and sequential
(GOTO and NULL) control statements, loops and the CONTINUE statement, and
exception handling in the PL/SQL language. This section of the book will teach you
to construct blocks of code that correlate to the complex requirements of your
applications.

Part 11

Just about every program you write will manipulate data, and much of that data
will be local to (defined in) your PL/SQL procedure or function. Chapter 7 through
Chapter 13 concentrate on the various types of program data you can define in PL/
SQL, such as numbers, strings, dates, timestamps, records, and collections. You will
learn about the new datatypes introduced in Oracle Database 11g (SIMPLE_IN-
TEGER, SIMPLE_FLOAT, and SIMPLE_DOUBLE), as well as the many binary,
date, and timestamp types introduced in other recent releases. These chapters also
cover the various built-in functions provided by Oracle that allow you to manipulate
and modify data.

Part 1V
Chapter 14 through Chapter 16 address one of the central elements of PL/SQL code
construction: the connection to the underlying database, which takes place through
the SQL language. These chapters show you how to define transactions that update,
insert, merge, and delete tables in the database; how to query information from the
database for processing in a PL/SQL program; and how to execute SQL statements
dynamically, using native dynamic SQL (NDS).

Part V

This is where it all comes together. You know about declaring and working with
variables, and youre an expert in error handling and loop construction. Now, in
Chapter 17 through Chapter 22, you'll learn about the building blocks of applica-
tions, which include procedures, functions, packages, and triggers, and how to
move information into and out of PL/SQL programs. Chapter 20 discusses man-
aging your PL/SQL code base, including testing and debugging programs and
managing dependencies; it also provides an overview of the edition-based redefi-
nition capability introduced in Oracle Database 11g Release 2. Chapter 21 focuses
on how you can use a variety of tools and techniques to get the best performance
out of your PL/SQL programs. Chapter 22 covers I/O techniques for PL/SQL, from
DBMS_OUTPUT (writing output to the screen) and UTL_FILE (reading and writ-
ing files) to UTL_MAIL (sending mail) and UTL_HTTP (retrieving data from a
web page).
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Part VI

A language as mature and rich as PL/SQL is full of features that you may not use
on a day-to-day basis, but that may make the crucial difference between success
and failure. Chapter 23 explores the security-related challenges we face as we build
PL/SQL programs. Chapter 24 contains an exploration of the PL/SQL architecture,
including PL/SQLS use of memory. Chapter 25 provides guidance for PL/SQL de-
velopers who need to address issues of globalization and localization. Chapter 26
offers a guide to the object-oriented features of Oracle (object types and object
views).

Appendix A through Appendix C summarize the details of regular expression syntax
and number and date formats.

The chapters on invoking Java and C code from PL/SQL applications, which were part
of the hardcopy fourth edition, have been moved to the book’s website.

If you are new to PL/SQL, reading this book from beginning to end should improve
your PL/SQL skills and deepen your understanding of the language. If you're already a
proficient PL/SQL programmer, you'll probably want to dip into the appropriate sec-
tions to extract particular techniques for immediate application. Whether you use this
book as a teaching guide or as a reference, I hope it will help you use PL/SQL effectively.

What This Book Does Not Cover

As long as this book is, it doesn’'t contain everything. The Oracle environment is huge
and complex, and in this book we’ve focused our attention on the core PL/SQL language
itself. The following topics are therefore outside the scope of this book and are not
covered, except in an occasional and peripheral fashion:

The SQL language
I assume that you already have a working knowledge of the SQL language, and that
you know how to write SELECTs, UPDATEs, INSERTs, MERGEs, and DELETEs.

Administration of Oracle databases
While database administrators (DBAs) can use this book to learn how to write the
PL/SQL needed to build and maintain databases, this book does not explore all the
nuances of the Data Definition Language (DDL) of Oracle’s SQL.

Application and database tuning
I don't cover detailed tuning issues in this book, although Chapter 21 does discuss
the many tools and techniques that will help you to optimize the performance of
your PL/SQL programs.

Oracle tool-specific technologies independent of PL/SQL
This book does not attempt to show you how to build applications in a tool like
Oracle’s Forms Developer, even though the implementation language is PL/SQL. I
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have chosen to focus on core language capabilities, centered on what you can do
with PL/SQL from within the database. However, almost everything covered in this
book is applicable to PL/SQL inside Forms Developer and Reports Developer.

Conventions Used in This Book

The following conventions are used in this book:

Italic
Used for file and directory names and for emphasis when introducing a new term.
In the text, it is also used to indicate a user-replaceable element.

Constant width
Used for code examples.

Constant width bold
Indicates user input in examples showing an interaction. Also, in some code ex-
amples, highlights the statements being discussed.

Constant width italic
In some code examples, indicates an element (e.g., a parameter) that you supply.

UPPERCASE
In code examples, generally indicates PL/SQL keywords or certain identifiers used
by Oracle Corporation as built-in function and package names.

lowercase
In code examples, generally indicates user-defined items such as variables, param-
eters, etc.

Punctuation
In code examples, enter exactly as shown.

Indentation
In code examples, helps to show structure but is not required.

In code examples, a double hyphen begins a single-line comment that extends to
the end of a line.

/* and */
In code examples, these characters delimit a multiline comment that can extend
from one line to another.

In code examples and related discussions, a dot qualifies a reference by separating
an object name from a component name. For example, dot notation is used to select
fields in a record and to specify declarations within a package.
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[]

In syntax descriptions, square brackets enclose optional items.

{1
In syntax descriptions, curly brackets enclose a set of items from which you must
choose only one.

In syntax descriptions, a vertical bar separates the items enclosed in curly brackets,
as in {TRUE | FALSE}.

In syntax descriptions, ellipses indicate repeating elements. An ellipsis also shows
that statements or clauses irrelevant to the discussion were left out.

Indicates a tip, suggestion, or general note. For example, I'll tell you
if a certain setting is version specific.

Indicates a warning or caution. For example, I'll tell you if a cer-
tain setting has some kind of negative impact on the system.

Which Platform or Version?

In general, all the discussions and examples in this book apply regardless of the machine
and/or operating system you are using. In those cases in which a feature is in any way
version-dependent—for example, if you can use it only in Oracle Database 11¢ (or in a
specific release, such as Oracle Database 11g Release 2)—1I note that in the text.

There are many versions of PL/SQL, and you may find that you need to use multiple
versions in your development work. Chapter 1 describes the various versions of PL/SQL
and what you should know about them; see “About PL/SQL Versions” on page 11.

About the Code

All of the code referenced in this book is available from http://oreil.ly/oracle-plsql-
sixth. You will also find the contents of some of the chapters from earlier editions that
we removed or condensed in the different editions of the book. These may be especially
helpful to readers who are running older versions of Oracle.
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Information about all of Steven’s books and accompanying resources can be found at
http://www.stevenfeuerstein.com. You might also want to visit PL/SQL Obsession (Ste-
ven Feuerstein’s PL/SQL portal) at ,, where you will find training materials, code down-
loads, and more.

To find a particlar example on the booK’s website, look for the filename cited in the text.
For many examples, you will find filenames in the following form provided as a com-
ment at the beginning of the example shown in the book, as illustrated here:

/* File on web: fullname.pkg */

If the code snippet in which you are interested does not have a “File on web” comment,
then you should check the corresponding chapter code file.

A chapter code file contains all the code fragments and examples that do not merit their
own file, but may prove useful to you for copy-and-paste operations. These files also
contain the DDL statements to create tables and other objects on which the code may

depend.
Each chapter code file is named chNN_code.sql, where NN is the number of the chapter.

Finally, the hr_schema_install.sql script will create the standard Oracle Human Resour-
ces demonstration tables, such as employees and departments. These tables are used in
examples throughout the book.

Using Code Examples

Supplemental material (code examples, exercises, etc.) is available for download at
http://oreil ly/oracle-plsql-sixth.

This book is here to help you get your job done. In general, if example code is offered
with this book, you may use it in your programs and documentation. You do not need
to contact us for permission unless you're reproducing a significant portion of the code.
For example, writing a program that uses several chunks of code from this book does
not require permission. Selling or distributing a CD-ROM of examples from O’Reilly
books does require permission. Answering a question by citing this book and quoting
example code does not require permission. Incorporating a significant amount of ex-
ample code from this book into your product’s documentation does require permission.

We appreciate, but do not require, attribution. An attribution usually includes the title,
author, publisher, and ISBN. For example: “Oracle PL/SQL Programming, Sixth Edi-
tion by Steven Feuerstein and Bill Pribyl (O'Reilly). Copyright 2014 Steven Feuerstein
and Bill Pribyl, 978-1-4493-2445-2”

If you feel your use of code examples falls outside fair use or the permission given above,
feel free to contact us at permissions@oreilly.com.
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Safari® Books Online

Safari Books Online (www.safaribooksonline.com) is an on-

Safa rl demand digital library that delivers expert content in both

BooksOntine book and video form from the world’s leading authors in
technology and business.

Technology professionals, software developers, web designers, and business and crea-
tive professionals use Safari Books Online as their primary resource for research, prob-
lem solving, learning, and certification training.

Safari Books Online offers a range of product mixes and pricing programs for organi-
zations, government agencies, and individuals. Subscribers have access to thousands of
books, training videos, and prepublication manuscripts in one fully searchable database
from publishers like O'Reilly Media, Prentice Hall Professional, Addison-Wesley Pro-
fessional, Microsoft Press, Sams, Que, Peachpit Press, Focal Press, Cisco Press, John
Wiley & Sons, Syngress, Morgan Kaufmann, IBM Redbooks, Packt, Adobe Press, FT
Press, Apress, Manning, New Riders, McGraw-Hill, Jones & Bartlett, Course Technol-
ogy, and dozens more. For more information about Safari Books Online, please visit us
online.

How to Contact Us

Please address comments and questions concerning this book to the publisher:

O’Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at http://oreil.ly/oracle-plsql-sixth.

To comment or ask technical questions about this book, send email to bookques
tions@oreilly.com.

For more information about our books, courses, conferences, and news, see our website
at http://www.oreilly.com.

Find us on Facebook: http://facebook.com/oreilly
Follow us on Twitter: http://twitter.com/oreillymedia

Watch us on YouTube: http://www.youtube.com/oreillymedia
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and debugging. He loves working with SQL and PL/SQL, and is well known for his
books and articles on those topics. In his off hours, Jonathan enjoys a rather low-tech
approach to life. He serves actively in his local church, where you’ll often find him
engaged in scripture with a class of high school and sometimes college-age students, or
even speaking from the pulpit. He is also an avid mountain biker, riding even in the
dead of winter on very cool, studded bicycle tires imported from Finland. In his Oracle
work, he is currently working his way through an exploration of Oracle SQLs built-in
statistic functions.

Ron Hardman is founder of SettleOurEstate.com, an estate management solution built
on Oracle Apex and the Oracle Cloud Database. He also consults around the world on
Oracle Text and Oracle globalization technologies, and has been working with Oracle
both as an employee and as a customer for more than 17 years. Ron enjoys writing about
more than technology, releasing in 2010 his first historical fiction book, titled Shadow
Fox: Sons of Liberty, which he cowrote with his daughter.

Darryl Hurley has been working with Oracle technology for more than 20 years, fo-
cusing on PL/SQL and DBA work. He lives in Richmond, British Columbia, with his
lovely wife, Vanessa, and beautiful daughter, Bianca.

Arup Nanda has been an Oracle DBA since 1993, touching all aspects of the job—
modeling, performance troubleshooting, PL/SQL coding, backups, disaster recovery,
and more. He works as the principal database architect at a major corporation, has
written about 500 articles, coauthored five books, and presented about 300 sessions at
various conferences. He offers training sessions, engages in special projects like audits
and DR, and writes about Oracle technology on his blog, arup.blogspot.com. He was
Oracle Magazine’s 2003 DBA of the Year and 2012 Architect of the Year. He is an OCP,
an OTN ACE Director, and a member of the OakTable Network. He lives in Connecticut
with his wife, Anu, and son, Anish.

With such a big book, we needed lots of reviewers, especially because we asked them to
test each code snippet and program in the book to keep to an absolute minimum the
number of errors that made it into the printed version. I am deeply grateful to the
following men and women of the Oracle PL/SQL world, who took time away from the
rest of their lives to help make Oracle PL/SQL Programming the best book that it could
be.

For this sixth edition, I first thank Valentin Nikotin, one of the best technical reviewers
I've ever had for this book. He not only checked the Oracle Database 12¢ content for
accuracy, but also helped me remove ambiguities and correct mistakes in several other
key chapters that had not changed for this new edition. My other technical reviewers
also had a big impact on the quality of this book. Many thanks, Patrick Barel and Arup
Nanda!
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Next, I offer my deep appreciation to Bryn Llewellyn, Oracle’s PL/SQL Product Manager,
and other members of the PL/SQL development team, most notably Charles Wetherell.
Bryn provided crucial information and feedback on Oracle Database 12¢’s new features
and answered endless questions about various PL/SQL features with bottomless pa-
tience. There is no doubt that my understanding of PL/SQL and the accuracy with which
I present it owe a great debt to Bryn.

From a non-Oracle perspective, grateful thoughts go to Joel Finkel, my favorite jack-of-
all-trades, who makes up for the narrow specialization that simultaneously benefits and
constrains my capabilities when it comes to computers and software.

Of course, that’s just the technical content. Once I feel that we've got our treatment of
PL/SQL “right,” it’s time for the remarkable crew at O’Reilly Media—led by my editor,
Ann Spencer—to transform our many chapters and code examples into a book worthy
of the O’Reilly imprint. Many thanks to Julie Steele, editor of the fifth edition; Nicole
Shelby, production editor for this edition; Rob Romano, who created the excellent fig-
ures; and the rest of the crew. This was the first time that Ann edited my book. For all
previous editions (that is, from 1994 to 2007), I had the great honor and pleasure of
working with Debby Russell. Thanks, Debby, for your many years of commitment to
making the entire O’Reilly Media Oracle series a big success!

And here are the many people we thanked (and continue to be grateful to) for their
contributions to the first five editions of this book: Sohaib Abassi, Steve Adams, Don
Bales, Cailein Barclay, Patrick Barel, John Beresniewicz, Tom Berthoff, Sunil Bhargava,
Jennifer Blair, Dick Bolz, Bryan Boulton, Per Brondum, Boris Burshteyn, Eric Camplin,
Joe Celko, Gary Cernosek, Barry Chase, Geoff Chester, Ivan Chong, Dan Clamage, Gray
Clossman, Avery Cohen, Robert A. G. Cook, John Cordell, Steve Cosner, Tony Craw-
ford, Daniel Cronk, Ervan Darnell, Lex de Haan, Thomas Dunbar, Bill Dwight, Steve
Ehrlich, Larry Elkins, Bruce Epstein, Joel Finkel, R. James Forsythe, Mike Gangler, Bev-
erly Gibson, Steve Gillis, Eric Givler, Rick Greenwald, Radhakrishna Hari, Gerard
Hartgers, Donald Herkimer, Steve Hilker, Bill Hinman, Gabriel Hoffman, Chandrase-
kharan Iyer, Ken Jacobs, Hakan Jakobsson, Giovanni Jaramillo, Dwayne King, Marcel
Kratochvil, Thomas Kurian, Tom Kyte, Ben Lindsey, Peter Linsley, Vadim Loevski, Leo
Lok, Debra Luik, James Mallory, Raj Mattamal, Andrew Mcllwrick, Nimish Mehta, Ari
Mozes, Steve Muench, Jeff Muller, Kannan Muthukkaruppan, Dan Norris, Alex Nuijten,
James Padfield, Rakesh Patel, Karen Peiser, Fred Polizo, Dave Posner, Patrick Pribyl,
Nancy Priest, Shirish Puranik, Chris Racicot, Sri Rajan, Mark Richter, Chris Rimmer,
Alex Romankevich, Bert Scalzo, Pete Schaffer, Drew Smith, Scott Sowers, JT Thomas,
David Thompson, Edward Van Hatten, Peter Vasterd, Andre Vergison, Mark Vilrokx,
Zona Walcott, Bill Watkins, Charles Wetherell, Edward Wiles, Daniel Wong, Solomon
Yakobson, Ming Hui Yang, and Tony Ziemba.

My wife, Veva Silva, has supported me every step of the way through my career in the
world of software, and I thank her deeply. My boys, Christopher Tavares Silva and Eli
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Silva Feuerstein, have tolerated very well the diversion of my attention from them to
PL/SQL (and when they were teenagers, positively delighted in this diversion). And
finally I thank Chris and his lovely, smart, and creative wife, Lauren, for providing me
with my first grandchild, Loey Lucille Silva.
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PART |
Programming in PL/SQL

This first part of this book introduces PL/SQL, explains how to create and run PL/SQL
code, and presents language fundamentals. Chapter 1 asks the fundamental questions:
where did PL/SQL come from? What is it good for? What are the main features of the
PL/SQL language? Chapter 2 is designed to get you and up and running PL/SQL pro-
grams as quickly as possible; it contains clear, straightforward instructions for executing
PL/SQL code in SQL*Plus and a few other common environments. Chapter 3 answers
basic questions about the language structure and keywords: what makes up a PL/SQL
statement? What is the PL/SQL block structure all about? How do I write comments in
PL/SQL?
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CHAPTER 1
Introduction to PL/SQL

PL/SQL stands for “Procedural Language extensions to the Structured Query Lan-
guage” SQL is the now-ubiquitous language for both querying and updating—never
mind the name—of relational databases. Oracle Corporation introduced PL/SQL to
overcome some limitations in SQL and to provide a more complete programming sol-
ution for those who sought to build mission-critical applications to run against the
Oracle database. This chapter introduces PL/SQL, its origins, and its various versions.
It offers a quick summary of PL/SQL in the latest Oracle release, Oracle Database 12c.
Finally, it provides a guide to additional resources for PL/SQL developers and some
words of advice.

What Is PL/SQL?

Oracle’s PL/SQL language has several defining characteristics:

It is a highly structured, readable, and accessible language
If you are new to programming, PL/SQL is a great place to start. You will find that
it is an easy language to learn and is rich with keywords and structure that clearly
express the intent of your code. If you are experienced in other programming lan-
guages, you will very easily adapt to the new syntax.

It is a standard and portable language for Oracle development
If you write a PL/SQL procedure or function to execute from within the Oracle
database sitting on your laptop, you can move that same procedure to a database
on your corporate network and execute it there without any changes (assuming
compatibility of Oracle versions, of course!). “Write once, run everywhere” was the
mantra of PL/SQL long before Java appeared. For PL/SQL, though, “everywhere”
means “everywhere there is an Oracle database.”
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It is an embedded language
PL/SQL was not designed to be used as a standalone language, but instead to be
invoked from within a host environment. So, for example, you can run PL/SQL
programs from within the database (through, say, the SQL*Plus interface). Alter-
natively, you can define and execute PL/SQL programs from within an Oracle De-
veloper form or report (this approach is called client-side PL/SQL). You cannot,
however, create a PL/SQL executable that runs all by itself.

It is a high-performance, highly integrated database language

These days, you have a number of choices when it comes to writing software to run
against the Oracle database. You can use Java and JDBC; you can use Visual Basic
and ODBC; you can go with Delphi, C++, and so on. You will find, however, that
it is easier to write highly efficient code to access the Oracle database in PL/SQL
than it is in any other language. In particular, Oracle offers certain PL/SQL-specific
enhancements, such as the FORALL statement, that can improve database perfor-
mance by an order of magnitude or more.

The Origins of PL/SQL

Oracle Corporation has a history of leading the software industry in providing declar-
ative, nonprocedural approaches to designing both databases and applications. The
Oracle Server technology is among the most advanced, powerful, and stable relational
databases in the world. Its application development tools, such as Oracle Forms, offer
high levels of productivity by relying heavily on a “paint your screen” approach in which
extensive default capabilities allow developers to avoid heavy customized programming
efforts.

The Early Years of PL/SQL

In Oracle’s early years, the declarative approach of SQL, combined with its ground-
breaking relational technology, was enough to satisfy developers. But as the industry
matured, expectations rose, and requirements became more stringent. Developers
needed to get “under the skin” of the products. They needed to build complicated for-
mulas, exceptions, and rules into their forms and database scripts.

In 1988, Oracle Corporation released Oracle version 6, a major advance in its relational
database technology. A key component of that version was the so-called procedural
option, or PL/SQL. At roughly the same time, Oracle released its long-awaited upgrade
to SQL*Forms version 2.3 (the original name for the product now known as Oracle
Forms or Forms Developer). SQL*Forms v3 incorporated the PL/SQL engine for the
first time on the tools side, allowing developers to code their procedural logic in a
natural, straightforward manner.

4 | Chapter 1: Introduction to PL/SQL
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This first release of PL/SQL was very limited in its capabilities. On the server side, you
could use PL/SQL only to build “batch processing” scripts of procedural and SQL state-
ments. You could not construct a modular application or store business rules in the
server. On the client side, SQL*Forms v3.0 did allow you to create procedures and
functions, although support for functions was not documented and therefore they were
not used by many developers for years. In addition, this release of PL/SQL did not
implement array support and could not interact with the operating system (for input
or output). It was a far cry from a full-fledged programming language.

But for all its limitations, PL/SQL was warmly, even enthusiastically, received in the
developer community. The hunger for the ability to code a simple IF statement inside
SQL*Forms was strong. The need to perform multi-SQL statement batch processing
was overwhelming.

What few developers realized at the time was that the original motivation and driving
vision behind PL/SQL extended beyond the desire for programmatic control within
products like SQL*Forms. Very early in the life cycle of Oracle’s database and tools,
Oracle Corporation had recognized two key weaknesses in their architecture: lack of
portability and problems with execution authority.

Improved Application Portability

The concern about portability might seem odd to those of us familiar with Oracle Cor-
poration’s marketing and technical strategies. One of the hallmarks of the Oracle solu-
tion from the early 1980s was its portability. At the time that PL/SQL came along, the
C-based database ran on many different operating systems and hardware platforms.
SQL*Plus and SQL*Forms adapted easily to a variety of terminal configurations. Yet for
all that coverage, there were still many applications that needed the more sophisticated
and granular control offered by such host languages as COBOL, C, and FORTRAN. As
soon as a developer stepped outside the port-neutral Oracle tools, the resulting appli-
cation would no longer be portable.

The PL/SQL language was (and is) intended to widen the range of application require-
ments that can be handled entirely in operating system-independent programming
tools. Today, Java and other programming languages offer similar portability. Yet
PL/SQL stands out as an early pioneer in this field and, of course, it continues to allow
developers to write highly portable application code.

Improved Execution Authority and Transaction Integrity

An even more fundamental issue than portability was execution authority. The database
and the SQL language let you tightly control access to, and changes in, any particular
database table. For example, with the GRANT command, you can make sure that only
certain roles and users can perform an UPDATE on a given table. This GRANT com-
mand, on the other hand, cannot ensure that a user will make the correct sequence of
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changes to one or more tables that are commonly needed with most business transac-
tions.

The PL/SQL language provides tight control and management over logical transactions.
One way PL/SQL does this is with the implementation of execution authority. Instead
of granting to a role or user the authority to update a table, you grant privileges only to
execute a procedure, which controls and provides access to the underlying data struc-
tures. The procedure is owned by a different Oracle database schema (the “definer” of
the program), which, in turn, is granted the actual update privileges on those tables
needed to perform the transaction. The procedure therefore becomes the “gatekeeper”
for the transaction. The only way that a program (whether it’s an Oracle Forms appli-
cation or a Pro*C executable) can execute the transfer is through the procedure. In this
way, the overall application transaction integrity is guaranteed.

Starting with Oracle8i Database, Oracle added considerable flexibility to the execution
authority model of PL/SQL by offering the AUTHID clause. With AUTHID, you can
continue to run your programs under the definer rights model described earlier, or you
can choose AUTHID CURRENT_USER (invoker rights), in which case the programs
run under the authority of the invoking (current) schema. Invoker rights is just one
example of how PL/SQL has matured and become more flexible over the years.

Humble Beginnings, Steady Improvement

As powerful as SQL is, it simply does not offer the flexibility and power developers need
to create full-blown applications. Oracle’s PL/SQL language ensures that we can stay
entirely within the operating system-independent Oracle environment and still write
highly efficient applications that meet our users’ requirements.

PL/SQL has come a long way from its humble beginnings. With PL/SQL 1.0, it was not
uncommon for developers to have to tell their managers, “You can't do that with PL/
SQL” Today, that statement has moved from fact to excuse. If you are ever confronted
with a requirement and find yourself saying, “There’s no way to do that,” please don’t
repeat it to your manager. Instead, dig deeper into the language, or explore the range
of PL/SQL packages offered by Oracle. It is extremely likely that PL/SQL today will, in
fact, allow you to do pretty much whatever you need to do.

Over the years, Oracle Corporation has demonstrated its commitment to PL/SQL, its
flagship proprietary programming language. With every new release of the database,
Oracle has also made steady, fundamental improvements to the PL/SQL language itself.
It has added a great variety of supplied (or built-in) packages that extend the PL/SQL
language in numerous ways and directions. It has introduced object-oriented capabil-
ities, implemented a variety of array-like data structures, enhanced the compiler to both
optimize our code and provide warnings about possible quality and performance issues,
and in general improved the breadth and depth of the language.

6 | Chapter1:Introduction to PL/SQL
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The next section presents some examples of PL/SQL programs that will familiarize you
with the basics of PL/SQL programming.

So This Is PL/SQL

If you are completely new to programming or to working with PL/SQL (or even SQL,
for that matter), learning PL/SQL may seem an intimidating prospect. If this is the case,
don’t fret! Tam confident that you will find it easier than you think. There are two reasons
for my optimism:

o Computer languages in general are not that hard to learn, at least compared to a
second or third human language. The reason? It’s simply that computers are not
particularly smart (they “think”—perform operations—rapidly, but not at all crea-
tively). We must rely on a very rigid syntax in order to tell a computer what we want
it to do. So the resulting language is also rigid (no exceptions!) and therefore easier
for us to pick up.

o PL/SQL truly is an easy language, compared to other programming languages. It
relies on a highly structured “block” design with different sections, all identified
with explicit, self-documenting keywords.

Let’s look at a few examples that demonstrate some key elements of both PL/SQL struc-
ture and functionality.

Integration with SQL

One of the most important aspects of PL/SQL is its tight integration with SQL. You don’t
need to rely on any intermediate software “glue” such as ODBC (Open Database Con-
nectivity) or JDBC (Java Database Connectivity) to run SQL statements in your PL/SQL
programs. Instead, you just insert the UPDATE or SELECT into your code, as shown
here:

1 DECLARE

2 1_book_count INTEGER;

3

4 BEGIN

5 SELECT COUNT(*)

6 INTO 1_book_count

7 FROM books

8 WHERE author LIKE '%FEUERSTEIN, STEVEN%';
9

10 DBMS_OUTPUT.PUT_LINE (

11 'Steven has written (or co-written) ' ||
12 1_book_count ||

13 ' books.");

14

15 -- Oh, and I changed my name, so...

SoThisIsPL/SQL | 7
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16 UPDATE books

17 SET author = REPLACE (author, 'STEVEN', 'STEPHEN')
18 WHERE author LIKE '%FEUERSTEIN, STEVEN%';
19 END;

Let’s take a more detailed look at this code in the following table.

Line(s) Description

1-3  Thisis the declaration section of this so-called “anonymous” PL/SQL block, in which | declare an integer variable to
hold the number of books that | have authored or coauthored. (I'll say much more about the PL/SQL block structure in

Chapter 3.)

4 The BEGIN keyword indicates the beginning of my execution section—the code that will be run when | pass this block
to SQL*Plus.

5-8 I run a query to determine the total number of books | have authored or coauthored. Line 6 is of special interest: the

INTO clause shown here is actually not part of the SQL statement but instead serves as the bridge from the database
to local PL/SQL variables.

10-13  luse the DBMS_OUTPUT.PUT_LINE built-in procedure (i.e., a procedure in the DBMS_OUTPUT package supplied by
Oracle) to display the number of books.

15 This single-line comment explains the purpose of the UPDATE.

16-18  I'have decided to change the spelling of my first name to “Stephen’, so | issue an update against the books table. | take
advantage of the built-in REPLACE function to locate all instances of “STEVEN” and replace them with “STEPHEN".

Control and Conditional Logic

PL/SQL offers a full range of statements that allow us to very tightly control which lines
of our programs execute. These statements include:

IF and CASE statements
These implement conditional logic; for example, “If the page count of a book is
greater than 1,000, then..”

A full complement of looping or iterative controls
These include the FOR loop, the WHILE loop, and the simple loop.

The GOTO statement
Yes, PL/SQL even offers a GOTO that allows you to branch unconditionally from
one part of your program to another. That doesn’t mean, however, that you should
actually use it.

Here is a procedure (a reusable block of code that can be called by name) that demon-
strates some of these features:

1 PROCEDURE pay_out_balance (

2 account_id_1in IN accounts.id%TYPE)
3 IS

4 1_balance_remaining NUMBER;

5 BEGIN

6 LOOP

8 | Chapter 1: Introduction to PL/SQL
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O o

10
11
12
13
14
15
16

1_balance_remaining := account_balance (account_1id_in);

IF 1_balance_remaining < 1000
THEN
EXIT;
ELSE
apply_balance (account_id_in, 1_balance_remaining);
END IF;
END LOOP;
END pay_out_balance;

Let’s take a more detailed look at this code in the following table.

Line(s)
1-2

Description

This is the header of a procedure that pays out the balance of an account to cover outstanding bills. Line 2 is the
parameter list of the procedure, in this case consisting of a single incoming value (the identification number of the
account).

This is the declaration section of the procedure. Notice that instead of using a DECLARE keyword, as in the previous
example, | use the keyword IS (or AS) to separate the header from the declarations.

Here is an example of a simple loop. This loop relies on an EXIT statement (see line 11) to terminate the loop; FOR and
WHILE loops specify the termination condition differently.

Here, | call to the account_balance function to retrieve the balance for this account. This is an example of a call to a
reusable program within another reusable program. Line 13 demonstrates the calling of another procedure within this
procedure.

Here is an IF statement that can be interpreted as follows: if the account balance has fallen below $1,000, stop allocating
funds to cover bills. Otherwise, apply the balance to the next charge.

When Things Go Wrong

The PL/SQL language offers a powerful mechanism for both raising and handling er-
rors. In the following procedure, I obtain the name and balance of an account from its
ID. I then check to see if the balance is too low. If it is, I explicitly raise an exception,
which stops my program from continuing:

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

PROCEDURE check_account (
account_id_1in IN accounts.id%TYPE)
IS
1_balance_remaining NUMBER;
1_balance_below_minimum  EXCEPTION;
1_account_name accounts.name%TYPE;
BEGIN

SELECT name
INTO 1_account_name
FROM accounts

WHERE id = account_1id_in;

1_balance_remaining := account_balance (account_1id_in);

DBMS_OUTPUT.PUT_LINE (
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

[

'Balance for || 1_account_name ||
"= ' || 1_balance_remaining);

IF 1_balance_remaining < 1000
THEN

RAISE 1_balance_below_minimum;
END IF;

EXCEPTION
WHEN NO_DATA_FOUND
THEN
-- No account found for this ID
log_error (...);
RAISE;
WHEN 1_balance_below_minimum
THEN
log_error (...);
RAISE VALUE_ERROR;
END;

Let’s take a more detailed look at the error-handling aspects of this code in the following

table.

Line(s)

19-22

%

25-28

30-33

Description

| declare my own exception, called |_balance_below_minimum. Oracle provides a set of predefined exceptions, such
as DUP_VAL_ON_INDEX, but | need something specific to my application, so | must define it myself in this case.

This query retrieves the name for the account. If there is no account for this ID, the database raises the predefined
NO_DATA_FOUND exception, causing the program to stop.

If the balance is too low, | explicitly raise my own exception because | have encountered a serious problem with this
account.

The EXCEPTION keyword denotes the end of the executable section and the beginning of the exception section in which
errors are handled.

This is the error-handling section for the situation in which the account is not found. If NO_DATA_FOUND was the
exception raised, it is trapped here, and the error is logged with the log_error procedure. | then re-raise the same
exception, so the outer block will be aware that there was no match for that account ID.

This is the error-handling section for the situation in which the account balance has gotten too low (my application-
specific exception). If |_balance_below_minimum is raised, it's trapped here, and the error is logged. | then raise the
system-defined VALUE_ERROR exception to notify the outer block of the problem.

Chapter 6 takes you on an extensive tour of PL/SQLSs error-handling mechanisms.

There is, of course, much more that can be said about PL/SQL—which is why you have
hundreds more pages of material to study in this book! These initial examples should,
however, give you a feel for the kind of code you will write with PL/SQL, some of its
most important syntactical elements, and the ease with which one can write—and read
—PL/SQL code.

0 |
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About PL/SQL Versions

Each version of the Oracle database comes with its own corresponding version of PL/
SQL. As you use more up-to-date versions of PL/SQL, an increasing array of function-
ality will be available to you. One of our biggest challenges as PL/SQL programmers is
simply keeping up. We need to constantly educate ourselves about the new features in
each version—figuring out how to use them and how to apply them to our applications,
and determining which new techniques are so useful that we should modify existing
applications to take advantage of them.

Table 1-1 summarizes the major elements in each of the versions (past and present) of
PL/SQL in the database. (Note that in early versions of the database, PL/SQL version
numbers differed from database release numbers, but since Oracle8 Database, they have
been identical.) The table offers a very high-level glimpse of the new features available
in each version. Following the table, you will find more detailed descriptions of “what’s
new” in PL/SQL in the latest Oracle version, Oracle Database 12c.

The Oracle Developer product suite also comes with its own ver-
sion of PL/SQL, and it generally lags behind the version available in
the Oracle database itself. This chapter (and the book as a whole)
concentrates on server-side PL/SQL programming.

Table 1-1. Oracle Database and corresponding PL/SQL versions

Oracle PL/SQL version highlights
Database

release

6.0 The initial version of PL/SQL (1.0) was used primarily as a scripting language in SQL*Plus (it was not yet possible
to create named, reusable, and callable programs) and also as a programming language in SQL*Forms 3.

7.0 This major upgrade (2.0) to PL/SQL 1.0 added support for stored procedures, functions, packages, programmer-
defined records, PL/SQL tables (now known as collections), and many package extensions.

7.1 This PL/SQL version (2.1) supported programmer-defined subtypes, enabled the use of stored functions inside
SQL statements, and offered dynamic SQL with the DBMS_SQL package. With PL/SQL 2.1, you could execute SQL
DDL statements from within PL/SQL programs.

73 This PL/SQL version (2.3) provided enhanced functionality of collections, offered improved remote dependency
management, added file 1/0 capabilities to PL/SQL with the UTL_FILE package, and completed the implementation
of cursor variables.

8.0 The new version number (8.0) for PL/SQL reflected Oracle’s effort to synchronize version numbers across related
products. PL/SQL 8.0 is the version of PL/SQL that supported enhancements of Oracle8 Database, including large
objects (LOBs), object-oriented design and development, collections (VARRAYs and nested tables), and the Oracle/
Advanced Queuing facility (Oracle/AQ).

8.1 The first of Oracle’s i series; the corresponding release of PL/SQL offered a truly impressive set of added functionality,
including a new version of dynamic SQL, support for Java in the database, the invoker rights model, the execution
authority option, autonomous transactions, and high-performance “bulk” DML and queries.
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Oracle PL/SQL version highlights

Database
release

9.1 Oracle9i Database Release 1 came fairly quickly on the heels of its predecessor. The first release of this version
included support for inheritance in object types, table functions and cursor expressions (allowing for parallelization
of PL/SQL function execution), multilevel collections, and the CASE statement and CASE expression.

9.2 Oracle9i Database Release 2 put a major emphasis on XML (Extensible Markup Language) but also had some treats
for PL/SQL developers, including associative arrays that can be indexed by VARCHAR2 strings in addition to integers,
record-based DML (allowing you to perform an insert using a record, for example), and many improvements to
UTL_FILE (which allows you to read/write files from within a PL/SQL program).

10.1 Oracle Database 10g Release 1 was unveiled in 2004 and focused on support for grid computing, with an emphasis
onimproved/automated database management. From the standpoint of PL/SQL, the mostimportant new features,
an optimized compiler and compile-time warnings, were transparently available to developers.

10.2 Oracle Database 10g Release 2, released in 2005, offered a small number of new features for PL/SQL developers,
most notably support for preprocessor syntax that allows you to conditionally compile portions of your program,
depending on Boolean expressions you define.

1.1 Oracle Database 11g Release 1 arrived in 2007. The most important feature for PL/SQL developers was the function
result cache, but there are also some other goodies like compound triggers, the CONTINUE statement, and native
compilation that produces machine code.

1.2 Oracle Database 11g Release 2 became available in the fall of 2009; the most important new feature overall is the
edition-based redefinition capability, which allows administrators to “hot patch” applications while they are being
executed by users.

121 Oracle Database 12¢ Release 1 became available in June 2013; it offers several enhancements for managing access
to and privileges on program units and views; brings the SQL and PL/SQL languages more into sync, particularly
regarding maximum VARCHAR2 lengths and dynamic SQL binding; supports the definition of simple functions
within SQL statements; and adds the UTL_CALL_STACK package, for fine-grained access to the execution call
stack, error stack, and error backtrace.

Oracle Database 12c New PL/SQL Features

Oracle Database 12¢ offers a number of new features that improve the performance and
usability of PL/SQL. It also rounds out some rough edges of the language. Here is a
summary of the most important changes for PL/SQL developers.

More PL/SQL-only datatypes cross PL/SQL-to-SQL interface

Prior to 12.1, you could not bind PL/SQL-specific datatypes (for example, an associative
array) in a dynamic SQL statement. Now it is possible to bind values with PL/SQL-only
datatypes in anonymous blocks, PL/SQL function calls in SQL queries, CALL state-
ments, and the TABLE operator in SQL queries.

ACCESSIBLE_BY clause

You can now include an ACCESSIBLE_BY clause in your package specification, spec-
ifying which program units may invoke subprograms in the package. This feature allows
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you to “expose” subprograms in helper packages that are intended to be consumed only
by specific program units. This feature offers a kind of “whitelisting” for packages.

Implicit statement results

Before Oracle Database 12¢,a PL/SQL stored subprogram returned result sets from SQL
queries explicitly, through an OUT REF CURSOR parameter or RETURN clause. The
client program would then have to bind to those parameters explicitly to receive the
result sets. Now, a PL/SQL stored subprogram can return query results to its client
implicitly, using the PL/SQL package DBMS_SQL instead of OUT REF CURSOR pa-
rameters. This functionality will make it easy to migrate applications that rely on the
implicit return of query results from stored subprograms (supported by languages like
Transact SQL) from third-party databases to Oracle Database.

BEQUEATH CURRENT_USER views

Before Oracle Database 12c, a view always behaved like a definer rights unit (AUTHID
DEFINER), even if it was referenced inside an invoker rights unit (AUTHID CUR-
RENT_USER). Now, a view can be either BEQUEATH DEFINER (the default), which
behaves like a definer rights unit, or BEQUEATH CURRENT_USER, which behaves
somewhat like an invoker rights unit.

Grant roles to program units

Prior to Oracle Database 12¢, an invoker rights unit always ran with the privileges of its
invoker. If its invoker had higher privileges than its owner, then the invoker rights unit
might perform operations unintended by, or forbidden to, its owner.

As of 12.1, you can grant roles to individual PL/SQL packages and standalone subpro-
grams. Instead of a definer rights unit, you can create an invoker rights unit and then
grantroles to it. The invoker rights unit then runs with the privileges of both the invoker
and the roles, but without any additional privileges possessed by the definer’s schema.

An invoker rights unit can now run with the privileges of its invoker only if its owner
has either the INHERIT PRIVILEGES privilege on the invoker or the INHERIT ANY
PRIVILEGES privilege.

The INHERIT PRIVILEGES privilege is granted to all schemas on
install/upgrade.
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New conditional compilation directives

In 12.1, Oracle has added two new predefined inquiry directives,
$$PLSQL_UNIT_OWNER and $$PLSQL_UNIT _TYPE, which return the owner and
type of the current PL/SQL program unit.

Optimizing function execution in SQL

Oracle now offers two ways of improving PL/SQL function performance in SQL state-
ments: you can actually define the function itself inside the SQL statement using the
WITH clause, or you can add the UDF pragma to the program unit, which tells the
compiler that the function will be used primarily in SQL statements.

Using %ROWTYPE with invisible columns

Oracle Database 12¢ makes it possible to define invisible columns. From within PL/SQL,
the %ROWTYPE attribute is aware of these types of columns and how to work with
them.

FETCH FIRST clause and BULK COLLECT

In 12.1, you can use the optional FETCH FIRST clause to limit the number of rows that
aquery returns, significantly reducing the SQL complexity of common “Top N” queries.
FETCH FIRST will be of most benefit in the simplification of migration from third-
party databases to Oracle Database. This clause can also, however, improve the perfor-
mance of some SELECT BULK COLLECT INTO statements.

The UTL_CALL_STACK package

Prior to 12.1, the DBMS_UTILITY package offered three functions (FOR-
MAT_CALL_STACK, FORMAT_ERROR_STACK, and FORMAT_ERROR_BACK-
TRACE) to provide information about the execution call stack, error stack, and error
backtrace, respectively. In 12.1, a single package, UTL_CALL_STACK, provides that
same information, plus much more fine-grained access to the contents of these for-
matted strings.

Resources for PL/SQL Developers

O’Reilly published the first edition of this book back in 1995. At that time, Oracle
PL/SQL Programming made quite a splash. It was the first independent (i.e., not ema-
nating from Oracle) book on PL/SQL, and it fulfilled a clear and intensely felt need of
developers around the world. Since that time, resources—books, development envi-
ronments, utilities, and websites—for PL/SQL programmers have proliferated. (Of
course, this book is still by far the most important and valuable of these resources!)
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The following sections describe very briefly many of these resources. By taking full
advantage of these resources, many of which are available either for free or at a relatively
low cost, you will greatly improve your development experience (and resulting code).

The O'Reilly PL/SQL Series

Over the years, the Oracle PL/SQL series from O’Reilly has grown to include quite a
long list of books. Here we’ve summarized the books currently in print. Please check
out the Oracle area of the O’'Reilly website for much more complete information.

Oracle PL/SQL Programming, by Steven Feuerstein with Bill Pribyl
The 1,300-page tome you are reading now. The desk-side companion of a great
many professional PL/SQL programmers, this book is designed to cover every fea-
ture in the core PL/SQL language. The current version covers through Oracle Da-
tabase 11¢ Release 2.

Learning Oracle PL/SQL, by Bill Pribyl with Steven Feuerstein
A comparatively gentle introduction to the language, ideal for new programmers
and those who know a language other than PL/SQL.

Oracle PL/SQL Best Practices, by Steven Feuerstein
A relatively short book that describes dozens of best practices that will help you
produce high-quality PL/SQL code. Having this book is kind of like having a “les-
sons learned” document written by an in-house PL/SQL expert. The second edition
features completely rewritten content that teaches best practices by following the
challenges of a development team writing code for the make-believe company My
Flimsy Excuse.

Oracle PL/SQL Developer’s Workbook, by Steven Feuerstein with Andrew Odewahn
Contains a series of questions and answers intended to help PL/SQL programmers
develop and test their understanding of the language. This book covers PL/SQL
features through Oracle8i Database, but of course most of those exercises apply to
later versions of the database as well.

Oracle Built-in Packages, by Steven Feuerstein, Charles Dye, and John Beresniewicz
A reference guide to the prebuilt packages that Oracle supplies with the core data-
base server. The use of these packages can often simplify the difficult and tame the
impossible. This book covers features through Oracle8 Database, but the in-depth
explanations of and examples for the included packages are still very helpful in later
releases.

Oracle PL/SQL for DBAs , by Arup Nanda and Steven Feuerstein
The PL/SQL language becomes more important to Oracle DBAs with each new
version of the database. There are two main reasons for this. First, large amounts
of DBA functionality are made available through a PL/SQL package API. To use
this functionality, you must also write and run PL/SQL programs. Second, it is
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critical that DBAs have a working knowledge of PL/SQL so that they can identify
problems in the code built by developers. This book offers a wealth of material that
will help DBAs get up to speed quickly so they can fully leverage PL/SQL to get
their jobs done.

Oracle PL/SQL Language Pocket Reference, by Steven Feuerstein, Bill Pribyl, and Chip
Dawes
A small but very useful quick-reference book that might actually fit in your coat
pocket. It summarizes the syntax of the core PL/SQL language through Oracle Da-
tabase 11g.

Oracle PL/SQL Built-ins Pocket Reference, by Steven Feuerstein, John Beresniewicz,
and Chip Dawes
Another helpful and concise guide summarizing built-in functions and packages
through Oracle8 Database.

PL/SQL on the Internet

There are also many online resources for PL/SQL programmers. This list focuses pri-
marily on those resources for which the coauthors provide or manage content.

Steven Feuerstein’s PL/SQL Obsession
PL/SQL Obsession is Steven’s online portal for PL/SQL resources, including all of
his training presentations and supporting code, freeware utilities (some listed here),
video recordings, and more.

PL/SQL Challenge
The PL/SQL Challenge is a website that promotes “active learning” — rather than
passively reading a book or web page, you take quizzes on PL/SQL, SQL, logic,
Database Design, and Oracle Application Express, thereby testing your knowledge.

PL/SQL Channel
The PL/SQL Channel offers a library of over 27 hours of video training on the
Oracle PL/SQL language, all recorded by Steven Feuerstein.

Oracle Technology Network
The Oracle Technology Network (OTN) “provides services and resources that de-
velopers need to build, test, and deploy applications” based on Oracle technology.
Boasting membership in the millions, OTN is a great place to download Oracle
software, documentation, and lots of sample code. PL/SQL also has its own page
on the OTN website.

Quest Error Manager
The Quest Error Manager (QEM) is a framework that will help you standardize the
management of errors in a PL/SQL-based application. With QEM, you can register,
raise, and report on errors through an API that makes it easy for all developers to
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perform error management in the same way, with a minimum amount of effort.
Error information is logged into the instance (general information about the error)
and context (application-specific name/value pairs) tables.

oracle-developer.net
Maintained by Adrian Billington (Who wrote the section in Chapter 21 on pipelined
table functions), this site isa resource for Oracle database developers which contains
an outstanding collection of articles, tutorials, and utilities. Adrian offers in-depth
treatments of new features in each release of Oracle Database, full of examples,
performance analysis scripts, and more.

ORACLE-BASE
ORACLE-BASE is another fantastic resource for Oracle technologists built and
maintained by a single Oracle expert: Tim Hall. Tim is an Oracle ACE Director,
OakTable Network member, and was chosen as Oracle ACE of the Year 2006 by
Oracle Magazine Editor’s Choice Awards. He has been invovled in DBA, design,
and development work with Oracle databases since 1994. See http://oracle-
base.com.

Some Words of Advice

Since 1995, when the first edition of this book was published, I have had the opportunity
to train, assist, and work with tens of thousands of PL/SQL developers. In the process,
I have learned an awful lot and have also gained some insights into the way we all do
our work in the world of PL/SQL. I hope that you will not find it too tiresome if I share
some advice with you on how you can work more effectively with this powerful pro-
gramming language.

Don’t Be in Such a Hurry!

We are almost always working under tight deadlines, or playing catch-up from one
setback or another. We have no time to waste, and lots of code to write. So let’s get right
to it—right?

Wrong. If we dive too quickly into the depths of code construction, slavishly converting
requirements to hundreds, thousands, or even tens of thousands of lines of code, we
will end up with a total mess that is almost impossible to debug and maintain. Don't
respond to looming deadlines with panic; you are more likely to meet those deadlines
if you do some careful planning.

I'strongly encourage you to resist these time pressures and make sure to do the following
before you start a new application, or even a specific program in an application:
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Construct test cases and test scripts before you write your code
You should determine how you want to verify a successful implementation before
you write a single line of a program. If you do this, you are more likely to get the
interface of your programs correct, as it will help you thoroughly identify what it
is your program needs to do.

Establish clear rules for how developers will write the SQL statements in the application
In general, I recommend that individual developers not write a whole lot of SQL.
Instead, those single-row queries and inserts and updates should be “hidden” be-
hind prebuilt and thoroughly tested procedures and functions (this is called data
encapsulation). These programs can be optimized, tested, and maintained much
more effectively than SQL statements (many of them redundant) scattered through-
out your code.

Establish clear rules for how developers will handle exceptions in the application

All developers on a team should raise, handle, and log errors in the same way. The
best way to do this is to create a single error-handling package that hides all the
details of how an error log is kept, determines how exceptions are raised and
propagated up through nested blocks, and avoids hardcoding of application-
specific exceptions. Make sure that all developers use this package and that they do
not write their own complicated, time-consuming, and error-prone error-handling
code.

Use top-down design (a.k.a. stepwise refinement) to limit the complexity of the require-
ments you must deal with at any given time
If you use this approach, you will find that the executable sections of your modules
are shorter and easier to understand, which makes your code easier to maintain
and enhance over time. Using local or nested modules plays a key role in following
this design principle.

These are just a few of the important things to keep in mind before you start writing all
that code. Just remember: in the world of software development, haste not only makes
waste, but virtually guarantees a generous offering of bugs and lost weekends.

Don’t Be Afraid to Ask for Help

Chances are, if you are a software professional, you are a fairly smart individual. You
studied hard, you honed your skills, and now you make a darn good living writing code.
You can solve almost any problem you are handed, and that makes you proud. Un-
fortunately, your success can also make you egotistical, arrogant, and reluctant to seek
out help when you are stumped. This dynamic is one of the most dangerous and de-
structive aspects of software development.

Software is written by human beings; it is important, therefore, to recognize that human
psychology plays a key role in software development. The following is an example.
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Joe, the senior developer in a team of six, has a problem with his program. He studies
it for hours, with increasing frustration, but he cannot figure out the source of the bug.
He wouldn't think of asking any of his peers to help because they all have less experience
than he does. Finally, though, he is at his wits’ end and “gives up.” Sighing, he picks up
his phone and touches an extension: “Sandra, could you come over here and take alook
at my program? I've got a problem I simply cannot figure out” Sandra stops by and,
with the quickest glance at Joe’s program, points out what should have been obvious to
him long ago. Hurray! The program is fixed, and Joe expresses gratitude, but in fact he
is secretly embarrassed.

Thoughts like “Why didn’t I see that?” and “If I'd only spent another five minutes doing
my own debugging I would have found it” run though Joe’s mind. This is understand-
able, but also very thick-headed. The bottom line is that we are often unable to identify
our own problems because we are too close to our own code. Sometimes, all we need is
a fresh perspective, the relatively objective view of someone with nothing at stake. It has
nothing to do with seniority, expertise, or competence.

We strongly suggest that you establish the following guidelines in your organization:

Reward admissions of ignorance
Hiding what you don’t know about an application or its code is very dangerous.
Develop a culture that welcomes questions and requests for help.

Ask for help
If you cannot figure out the source of a bug in 30 minutes, immediately ask for help.
You might even set up a “buddy system,” so that everyone is assigned a person who
is expected to be asked for assistance. Don't let yourself (or others in your group)
spend hours banging your head against the wall in a fruitless search for answers.

Set up a formal peer code review process
Don't let any code go to QA or production without being read and critiqued (in a
positive, constructive manner) by one or more other developers in your group.

Take a Creative, Even Radical Approach

We all tend to fall into ruts, in almost every aspect of our lives. People are creatures of
habit: you learn to write code in one way; you assume certain limitations about a prod-
uct; you turn aside possible solutions without serious examination because you just
know it cannot be done. Developers become downright prejudiced about their own
programs, and often not in positive ways. They are often overheard saying things like:

o “It can’t run any faster than that; it’s a pig”

o “Ican’t make it work the way the user wants; that'll have to wait for the next version.”
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o “If I were using X or Y or Z product, it would be a breeze. But with this stuff,
everything is a struggle”

But the reality is that your program can almost always run a little faster. And the screen
can, in fact, function just the way the user wants it to. And although each product has
its limitations, strengths, and weaknesses, you should never have to wait for the next
version. Isn’t it so much more satisfying to be able to tell your therapist that you tackled
the problem head-on, accepted no excuses, and crafted a solution?

How do you do this? Break out of the confines of your hardened views and take a fresh
look at the world (or maybe just your cubicle). Reassess the programming habits you've
developed. Be creative—step away from the traditional methods, from the often limited
and mechanical approaches constantly reinforced in our places of business.

Try something new: experiment with what may seem to be a radical departure from the
norm. You will be surprised at how much you will learn and grow as a programmer and
problem solver. Over the years, I have surprised myself over and over with what is really
achievable when I stop saying, “You can’t do that!” and instead simply nod quietly and
murmur, “Now, if I do it this way..”
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CHAPTER 2
Creating and Running PL/SQL Code

Even if they never give a second thought to tasks such as system design or unit testing,
all PL/SQL programmers must be familiar with some basic operational tasks:

 Navigating the database
o Creating and editing PL/SQL source code

» Compiling the PL/SQL source code, and correcting any code errors (and, optionally,
warnings) noted by the compiler

 Executing the compiled program from some environment

» Examining the results of program execution (screen output, changes to tables, etc.)

Unlike standalone languages such as C, PL/SQL is hosted inside an Oracle execution
environment (it is an embedded language), so there are some unexpected nuances to all
of these tasks: some are pleasant surprises; others, consternations. This chapter will
show you how to accomplish these tasks at the most basic level (using SQL*Plus), with
a brief tour of the nuances sprinkled in. It concludes with some drive-by examples of
making calls to PL/SQL from inside several common programming environments such
as PHP and C. For more detailed information about compilation and other more ad-
vanced tasks, see Chapter 20.

Navigating the Database

Everybody who chooses to write PL/SQL programs does so to work with the contents
of an Oracle database. It is, therefore, no surprise that you will need to know how to
“get around” the Oracle database where your code is going to run. You will want to
examine the data structures (tables, columns, sequences, user-defined types, etc.) in the
database, as well as the signatures of any existing stored programs you will be invoking.
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You will probably also need to know something about the actual contents (columns,
constraints, etc.) of the tables.

There are two distinct approaches you can take to database navigation:

1. UseanIDE (integrated development environment, a fancy name for a fancy editor)
like Toad, SQL Developer, PL/SQL Developer, or SQL Navigator. They all offer
visual browsers that support point-and-click navigation.

2. Runscripts in a command-line environment like SQL*Plus, which queries the con-
tents of data dictionary views like ALL_OBJECTS or USER_OBJECTS (demon-
strated later in this chapter).

I strongly recommend that you use a graphical IDE. If you have been around Oracle
long enough, you might be addicted to and fairly productive with your scripts. For the
rest of us, a graphical interface is much easier to work with and understand—and much
more productive—than scripts.

Chapter 20 also offers examples of using several data dictionary views for working with
your PL/SQL code base.

Creating and Editing Source Code

These days, programmers have many, many choices for code editors, from the simplest
text editor to the most exotic development environments. And they do make very dif-
ferent choices. One of the authors of this book, Steven Feuerstein, is rather addicted to
the Toad IDE. He is a very typical user, familiar with perhaps only 10% of all the func-
tionality and buttons, but relying heavily on those features. Bill Pribyl, on the other
hand, describes himself as “something of an oddball in that I like to use a fairly plain
text editor to write PL/SQL programs. My one concession is that it automatically indents
code as I type, and it displays keywords, comments, literals, and variables in different
colors”

The most sophisticated editors will do much more than indentation and keyword col-
oring; they also offer graphical debuggers, perform keyword completion, preview sub-
programs of packages as you type their names, display subprogram parameters, and
highlight the specific row and column where the compiler reported an error. Some
editors also have “hyperlinking” features that allow you to quickly browse to the dec-
laration of a variable or subprogram. But the need for most of these features is common
across many compiled languages.

What is unique about PL/SQL is the fact that the source code for stored programs must
be loaded into the database before it can be compiled and executed. This in-database
copy can usually be retrieved by a programmer who has sufficient permissions. We can
immediately recognize a host of code management issues, including:
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« How and where does a programmer find the “original” copy of a stored program?
o Does it live on disk or does it just live in the database?
o How and how often do we perform backups?

o How do we manage multi-developer access to the code? That is, do we use a software
version control system?

These questions should be answered before you begin development of an application,
preferably by making choices about which software tools will do this work for you.
While there is no single set of tools or processes that work best for all development
teams, I can tell you that I always store the “original” source code in files—1I strongly
suggest that you not use the RDBMS as your code repository.

In the next section I will demonstrate how you can use SQL*Plus to accomplish many
basic tasks for PL/SQL development. These same tasks can be completed in your IDE.

SQL*Plus

The granddaddy of Oracle frontends, Oracle’s SQL*Plus provides a command-line in-
terpreter for both SQL and PL/SQL. That is, it accepts statements from the user, sends
them off to the Oracle server, and displays the results.

Often maligned for its user interface, SQL*Plus is one of my favorite Oracle tools. I
actually like the lack of fancy gizmos and menus. Ironically, when I started using Oracle
(circa 1986), this product’s predecessor was boldly named UFI— User-Friendly Inter-
face. Two decades later, even the latest version of SQL*Plus is still unlikely to win any
user friendliness awards, but at least it doesn’t crash very often.

Oracle has, over the years, offered different versions of SQL*Plus, including:

As a console program
This is a program that runs from a shell or command prompt (an environment that
is sometimes called a console).!

As a pseudo-GUI program
This form of SQL*Plus is available only on Microsoft Windows. I call it a “pseudo-
GUT” because it looks pretty much like the console program but with bitmapped
fonts; few other features distinguish it from the console program. Beware: Oracle
has been threatening to desupport this product for years, and it hasn't really been
updated since Oracle8i Database.

1. Oracle calls this the “command-line interface” version of SQL*Plus, but I find that somewhat confusing,
because two of the three styles provide a command-line interface.
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Via iSQL*Plus
This program executes from a web browser connected to a middle-tier machine
running Oracle’s HTTP server and iSQL*Plus server.

Starting with Oracle Database 11g, Oracle ships only the console program (sqlplus.exe).

Figure 2-1 is a screenshot of a SQL*Plus console-style session.

» Jcygdrive/c/Documents and Settings/ bill/ My Documents/ books/opp4

$ sqlplus bob/swordfish
sQL*Plus: Release 10.1.0.3.0 - Production on wed May 18 10:04:26 2005
Copyright (c) 1982, 2004, oracle. ATl rights reserved.

Connected to: .
Personal oracle Database 10g Release 10.1.0.3.0 - Production
Wwith the Partitioning, OLAP and Data Mining options

BOB@bpl0grl > set linesize 95 pagesize 1000
BOB@bp1l0grl > column author mat a30 word_wrap
BOB@bpl0grl > column title format a45 word_wra
BOB@bpl0grl > select ishn, author, title from Eooks
2 where lower(author) Tlike '%feuerstein%' AND Tlower(author) Tike '%pribyl%’;

AUTHOR

Feuerstein, Steven, with Bill oracle PL/SQL Programming, Third Ed.
Pribyl

Bill Pribyl with Steven Learning oracle PL/SQL
Feuerstein

Feuerstein, steven, Bill oracle PL/sqQL Language Pocket Reference,
Pribyl, chip Dawes Third Ed.

Figure 2-1. SQL*Plus in a console session

Usually, I prefer the console program because:

o It tends to draw the screen faster, which can be significant for queries with lots of
output.

o It has a more complete command-line history (on Microsoft Windows platforms,
at least).

o It has a much easier way of changing visual characteristics such as font, color, and
scroll buffer size.

o It is available virtually everywhere that Oracle server or client tools are installed.

Starting Up SQL*Plus

To start the console version of SQL*Plus, you can simply type “sqlplus” at the operating
system prompt (designated by “OS>”):

0S> sqlplus
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This works for both Unix-based and Microsoft operating systems. SQL*Plus should
display a startup banner and then prompt you for a username and password:

SQL*Plus: Release 11.1.0.6.0 - Production on Fri Nov 7 10:28:26 2008
Copyright (c) 1982, 2007, Oracle. All rights reserved.

Enter user-name: bob
Enter password: swordfish

Connected to:
Oracle Database 11g Enterprise Edition Release 11.1.0.6.0 - 64bit

SQL>

Seeing the “SQL>” prompt is your cue that your installation is set up properly. (The
password won't echo on the screen.)

You can also launch SQL*Plus with the username and password on the command line:
0S> sqlplus bob/swordfish

I do not recommend this, because some operating systems provide a way for other users
to see your command-line arguments, which would allow them to read your password.
On multiuser systems, you can instead use the /NOLOG option to start SQL*Plus
without connecting to the database, and then supply the username and password via
the CONNECT command:

0S> sqlplus /nolog
SQL*Plus: Release 11.1.0.6.0 - Production on Fri Nov 7 10:28:26 2008

Copyright (c) 1982, 2007, Oracle. All rights reserved.
SQL> CONNECT bob/swordfish
SQL> Connected.

If the computer youre running SQL*Plus on also has a properly configured Oracle
Net*installation, and you have been authorized by the database administrator to connect
to remote databases (that is, database servers running on other computers), you can
connect to these other databases from SQL*Plus. Doing so requires knowing an Oracle
Net connect identifier (also known as a service name) that you must supply along with
your username and password. A connect identifier could look like this:

hghr.WORLD

To use this identifier, you can append it to your username and password, separated by
an at sign (@):

2. Oracle Net is the current name for the product previously known as Net8 and SQL*Net.
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SQL> CONNECT bob/swordfish@hghr.WORLD
SQL> Connected.

When starting the pseudo-GUI version of SQL*Plus, supplying your credentials is
straightforward, although it calls the connect identifier a host string (see Figure 2-2). If
you want to connect to a database server running on the local machine, just leave the
Host String field blank.

User Name: ||JIJ|J
Password: I
Host String: Ihp1 0gr1

0K I Cancel

Figure 2-2. The GUI login screen of SQL*Plus

Once you have SQL*Plus running, you can do all kinds of things. Here are some of the
most common:

¢ Run a SQL statement.

« Compile and store a PL/SQL program in the database.
e Runa PL/SQL program.

o Issue a SQL*Plus-specific command.

o Run a script that contains a mix of the preceding.

We'll take a look at these in the following sections.

Running a SQL Statement

The default terminator in SQL*Plus for SQL statements is the semicolon, but you can
change that terminator character.

In the console version of SQL*Plus, the query:

SELECT isbn, author, title FROM books;
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produces output similar to that shown in Figure 2-1.

Running a PL/SQL Program

So, here we go (drumroll, please). Let’s type a short PL/SQL program into SQL*Plus:

SQL> BEGIN
2 DBMS_OUTPUT.PUT_LINE( 'Hey look, ma!');
3 END;
4/

PL/SQL procedure successfully completed.
SQL>

Oops. Although it has successfully completed, this particular program was supposed to
invoke PL/SQLs built-in program that echoes back some text. SQL*Plus’s somewhat
annoying behavior is to suppress such output by default. To get it to display properly,
you must use a SQL*Plus command to turn on SERVEROUTPUT:

SQL> SET SERVEROUTPUT ON

SQL> BEGIN
2 DBMS_OUTPUT.PUT_LINE('Hey look, Ma!');
3 END;

4 /
Hey look, Ma!

PL/SQL procedure successfully completed.
SQL>

I generally put the SERVEROUTPUT command in my startup file (see “Loading your
own custom environment automatically on startup” on page 35), causing it to be enabled
until one of the following occurs:

+ You disconnect, log off, or otherwise end your session.
 You explicitly set SERVEROUTPUT to OFF.

o The Oracle database discards session state either at your request or because of a
compilation error (see “Recompiling Invalid Program Units” on page 773).

3. Well, I cheated a bit in that figure because I used some column formatting commands. If this were a book
about SQL*Plus or how to display database data, I would expound on the many ways SQL*Plus lets you
control the appearance of the output by setting various formatting and display preferences. You can take my
word for it, though: there are more options than you can shake a stick at.
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o In Oracle versions through Oracle9i Database Release 2, you issue a new CON-
NECT statement; in subsequent versions, SQL*Plus automatically reruns your
startup file after each CONNECT.

When you enter SQL or PL/SQL statements into the console or pseudo-GUI SQL*Plus,
the program assigns a number to each line after the first. There are two benefits to the
line numbers: first, they help you designate which line to edit with the built-in line editor
(which you might actually use one day); and second, if the database detects an error in
your code, it will usually report the error accompanied by a line number. You'll have
plenty of opportunities to see that behavior in action.

To tell SQL*Plus that youre done entering a PL/SQL statement, you must usually include
a trailing slash (see line 4 in the previous example). Although mostly harmless, the slash
has several important characteristics:

o Themeaningofthe slash is “execute the most recently entered statement,” regardless
of whether the statement is SQL or PL/SQL.

o The slash is a command unique to SQL*Plus; it is not part of the PL/SQL language,
nor is it part of SQL.

o It must appear on a line by itself; no other commands can be included on the line.

 Inmostversions of SQL*Plus prior to Oracle9i Database, if you accidentally precede
the slash with any spaces, it doesn’t work! Beginning with Oracle9i Database,
SQL*Plus conveniently overlooks leading whitespace. Trailing space doesn’t matter
in any version.

As a convenience feature, SQL*Plus offers PL/SQL users an EXECUTE command,
which saves typing the BEGIN, END, and trailing slash. So, the following is equivalent
to the short program I ran earlier:

SQL> EXECUTE DBMS_OUTPUT.PUT_LINE('Hey look, Ma!')

A trailing semicolon is optional, but I prefer to omit it. As with most SQL*Plus com-
mands, EXECUTE can be abbreviated and is case insensitive, so most interactive use
gets reduced to:

SQL> EXEC dbms_output.put_line('Hey look, Ma!')
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Running a Script

Almost any statement that works interactively in SQL*Plus can be stored in a file for
repeated execution. The easiest way to run such a script is to use the SQL*Plus @ com-
mand.* For example, this runs all the commands in the file abc.pkg:

SQL> @abc.pkg
The file must live in my current directory (or on SQLPATH somewhere).
If you prefer words to at signs, you can use the equivalent START command:
SQL> START abc.pkg
and you will get identical results. Either way, this command causes SQL*Plus to do the
following:
1. Open the file named abc.pkg.

2. Sequentially attempt to execute all of the SQL, PL/SQL, and SQL*Plus statements
in the file.

3. When complete, close the file and return you to the SQL*Plus prompt (unless the
file invokes the EXIT statement, which will cause SQL*Plus to quit).
For example:

SQL> @abc.pkg
Package created.
Package body created.

SQL>

The default behavior is to display only the output from the individual statements on the
screen; if you want to see the original source from the file, use the SQL*Plus command
SET ECHO ON.

In my example, I've used a filename extension of .pkg. If T leave off the extension, this
is what happens:

SQL> @abc
SP2-0310: unable to open file "abc.sql"

Asyou can see, the default file extension is sql. By the way, the “SP2-0310” is the Oracle-
supplied error number, and “SP2” means that it is unique to SQL*Plus. (For more details

4. START, @, and @@ commands are available in the nonbrowser versions of SQL*Plus. In iSQL*Plus, you can
use the “Browse” and “Load Script” buttons for a similar result.
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about SQL*Plus error messages, refer to Oracle’s SQL*Plus User’s Guide and Refer-
ence.)

What Is the “Current Directory”?

Any time you launch SQL*Plus from an operating system command prompt, SQL*Plus
treats the operating system’s then-current directory as its own current directory. In other
words, if I were to start up using:

C:\BOB\FILES> sqlplus

then any file operations inside SQL*Plus (such as opening or running a script) would
default to the directory C:\BOB\FILES.

If you use a shortcut or menu option to launch SQL*Plus, the current directory is the
directory the operating system associates with the launch mechanism. So how would
you change the current directory once youre inside SQL*Plus? It depends on the ver-
sion. In the console program, you can't do it. You have to exit, change directories in the
operating system, and restart SQL*Plus. In the GUI version, though, completing a
File->Open or File>Save menu command will have the side effect of changing the
current directory.

If your script file is in another directory, you can precede the filename with the path:®
SQL> @/files/src/release/1.0/abc.pkg

The idea of running scripts in other directories raises an interesting question. What if
abc.pkgislocated in this other directory and, in turn, calls other scripts? It might contain
the lines:

REM Filename: abc.pkg

@abc.pks
@abc.pkb

(Any line beginning with REM is a comment or “remark” that SQL*Plus ignores.) Ex-
ecuting the abc.pkg script is supposed to run abc.pks and abc.pkb. But because I have
not included path information, where will SQL*Plus look for these other files? Let’s see:

C:\BOB\FILES> sqlplus

SQL> @/files/src/release/1.0/abc.pkg
SP2-0310: unable to open file "abc.pks"
SP2-0310: unable to open file "abc.pkb"

It looks only in the directory where I started.

5. You can use forward slashes as directory delimiters on both Unix/Linux and Microsoft operating systems.
This allows your scripts to port more easily between operating systems.
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To address this problem, Oracle created the @@ command. This double at sign means
during this call, “pretend I have changed the current directory to be that of the currently
executing file” So, the preferred way of writing the calls in the abc.pkg script is:

REM Filename: abc.pkg
@@abc.pks
@@abc.pkb

Now I get:

C:\BOB\FILES> sqlplus
SQL> @/files/src/release/1.0/abc.pkg
Package created.

Package body created.

...just as I was hoping.

Other SQL*Plus Tasks

There are dozens of commands specific to SQL*Plus, but I have space to mention only
a few more that are particularly important or particularly confusing. For a thorough
treatment of this venerable product, get a copy of Jonathan Gennick’s book Oracle
SQL*Plus: The Definitive Guide, or for quick reference, his Oracle SQL*Plus Pocket
Reference.

Setting your preferences

You can change the behavior of SQL*Plus, as you can with many command-line envi-
ronments, by changing the value of some of its built-in variables and settings. You have
already seen one example, the SET SERVEROUTPUT statement. There are many var-
iations on the SQL*Plus SET command, such as SET SUFFIX (changes the default file
extension) and SET LINESIZE # (sets the maximum number of characters in each dis-
played line before wrapping). To see all the SET values applicable to your current session,
use the command:

SQL> SHOW ALL

SQL*Plus can also create and manipulate its own in-memory variables, and it sets aside
a few special variables that will affect its behavior. Actually, there are two separate types
of variables in SQL*Plus: DEFINEs and bind variables. To assign a value to a DEFINE
variable, you can use the DEFINE command:

SQL> DEFINE x = "the answer is 42"

To view the value of x, specify:
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SQL> DEFINE x
DEFINE X = "the answer is 42" (CHAR)

You would refer to such a variable using an ampersand (&). SQL*Plus does a simple
substitution before sending the statement to the Oracle database, so you will need single-
quote marks around the variable when you want to use it as a literal string:

SELECT '&x' FROM DUAL;

For bind variables, you first declare the variable. You can then use it in PL/SQL, and
display it using the SQL*Plus PRINT command:

SQL> VARIABLE x VARCHAR2(10)
SQL> BEGIN

2 :x := '"hullo';

3 END;

4 /

PL/SQL procedure successfully completed.

SQL> PRINT :x

This can get a little bit confusing because there are now two different “x” variables, one
that has been defined and one that has been declared:

SQL> SELECT :x, '&x' FROM DUAL;
old 1: SELECT :x, '&x' FROM DUAL
new 1: SELECT :x, 'the answer is 42' FROM DUAL

X 'THEANSWERIS42'

hullo the answer is 42

Just remember that DEFINESs are always character strings expanded by SQL*Plus, and
declared variables are used as true bind variables in SQL and PL/SQL.

Saving output to a file

Frequently, you will want to save output from a SQL*Plus session to a file—perhaps
because you are generating a report, or because you want a record of your actions, or
because you are dynamically generating commands to execute later. An easy way to do
this in SQL*Plus is to use its SPOOL command:

SQL> SPOOL report
SQL> @run_report

...output scrolls past and gets written to the file report.lst...
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SQL> SPOOL OFF

The first command, SPOOL report, tells SQL*Plus to save everything from that point
forward into the file report.ist. The file extension of . Ist is the default, but you can override
it by supplying your own extension in the SPOOL command:

SQL> SPOOL report.txt

SPOOL OFF tells SQL*Plus to stop saving the output and to close the file.

Exiting SQL*Plus
To exit SQL*Plus and return to the operating system, use the EXIT command:
SQL> EXIT

If you happen to be spooling when you exit, SQL*Plus will stop spooling and close the
spool file.

What happens if you modify some table data during your session but then exit before
ending the transaction with an explicit transaction control statement? By default, exiting
SQL*Plus forces a COMMIT, unless your sessions end with a SQL error and you have
issued the SQL*Plus WHENEVER SQLERROR EXIT ROLLBACK command (see the
section “Error Handling in SQL*Plus” on page 36).

To disconnect from the database but remain connected to SQL*Plus, use the command
DISCONNECT, which will look something like this in action:

SQL> DISCONNECT

Disconnected from Personal Oracle Database 10g Release 10.1.0.3.0 - Production
With the Partitioning, OLAP and Data Mining options

SQL>

You don't have to use DISCONNECT to change connections—you can just issue a
CONNECT instead, and SQL*Plus will drop the first connection before connecting you
to the new one. However, there is a good reason why you might want to disconnect
before reconnecting: if you happen to be using operating system authentication,’ the
script might reconnect itself automatically... maybe to the wrong account. I've seen it
happen.

Editing a statement

SQL*Plus keeps the most recently issued statement in a buffer, and you can edit this
statement using either the built-in line editor or an external editor of your choosing. To
start with, I'll show how to set and use an external editor.

6. Operating system authentication is a way that you can bypass the username/password prompt when you log
into SQL*Plus.
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Use the EDIT command to have SQL*Plus save the current command buffer to a file,
temporarily pause SQL*Plus, and invoke the editor:

SQL> EDIT

By default, the file will be saved with the name afiedt.buf, but you can change that with
the SET EDITFILE command. Or, if you want to edit an existing file, just supply its
name as an argument to EDIT:

SQL> EDIT abc.pkg

Once you've saved the file and exited the editor, the SQL*Plus session will read the
contents of the newly edited file into its buffer, and then resume.

The default external editors that Oracle assumes are:

o ed for Unix, Linux, and relatives
 Notepad for Microsoft Windows variants
Although the selection of default editors is actually hardcoded into the sqlplus executable

file, you can easily change the current editor by assigning your own value to the
SQL*Plus _EDITOR variable. Here’s an example that I frequently use:

SQL> DEFINE _EDITOR = /bin/vi

where /bin/vi is the full path to an editor that's popular among a handful of strange
people. I reccommend using the editor’s full pathname here, for security reasons.

If you really want to use the SQL*Plus built-in line editor (and it can be really handy),
the essential commands you need to know are:

L
Lists the most recent statement.
n
Makes the nth line of the statement the current line.
DEL
Deletes the current line.
C /old/new/
In the current line, changes the first occurrence of old to new. The delimiter (here
a forward slash) can be any arbitrary character.
n text
Makes text the current text of line n.
I

Inserts a line below the current line. To insert a new line prior to line 1, use a line
zero command (e.g., 0 text).
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Loading your own custom environment automatically on startup

To customize your SQL*Plus environment and have it assign your preferences from one
session to the next, you will want to edit one or both of its autostartup scripts. The way
SQL*Plus behaves on startup is:

1. It searches for the file $ORACLE_HOME/sqlplus/admin/glogin.sql and, if found,
executes any commands it contains. This “global” login script applies to everyone
who executes SQL*Plus from that Oracle home, no matter which directory they
start in.

2. Next, it runs the file login.sql in the current directory, if it exists.”

The startup script can contain the same kinds of statements as any other SQL*Plus script:
SET commands, SQL statements, column formatting commands, and the like.

Neither file is required to be present. If both files are present, glogin.sql executes, fol-
lowed by login.sql; in the case of conflicting preferences or variables, the last setting
wins.

Here are a few of my favorite login.sql settings:

REM Number of lines of SELECT statement output before reprinting headers
SET PAGESIZE 999

REM Width of displayed page, expressed in characters
SET LINESIZE 132

REM Enable display of DBMS_OUTPUT messages. Use 1000000 rather than
REM "UNLIMITED" for databases earlier than Oracle Database 10g Release 2
SET SERVEROUTPUT ON SIZE UNLIMITED FORMAT WRAPPED

REM Change default to "vi improved" editor
DEFINE _EDITOR = /fusr/local/bin/vim

REM Format misc columns commonly retrieved from data dictionary
COLUMN segment_name FORMAT A30 WORD_WRAP
COLUMN object_name FORMAT A30 WORD_WRAP

REM Set the prompt (works in SQL*Plus
REM in Oracle9i Database or later)
SET SQLPROMPT "_USER'@'_CONNECT_IDENTIFIER > "

7. If it doesn’t exist, and you have set the environment variable SQLPATH to one or more colon-delimited
directories, SQL*Plus will search through those directories one at a time and execute the first login.sql that it
finds. As a rule, I don’t use SQLPATH because I am easily confused by this sort of skulking about.
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Error Handling in SQL*Plus

The way SQL*Plus communicates success depends on the class of command you are
running. With most SQL*Plus-specific commands, you can calibrate success by the
absence of an error message. Successful SQL and PL/SQL commands, on the other hand,
usually result in some kind of positive textual feedback.

If SQL*Plus encounters an error in a SQL or PL/SQL statement, it will, by default, report
the error and continue processing. This behavior is desirable when you’re working in-
teractively. But when you're executing a script, there are many cases in which you’ll want
an error to cause SQL*Plus to terminate. Use the following command to make that
happen:

SQL> WHENEVER SQLERROR EXIT SQL.SQLCODE

Thereafter in the current session, SQL*Plus terminates if the database server returns
any error messages in response to a SQL or PL/SQL statement. The SQL.SQLCODE
part means that, when SQL*Plus terminates, it sets its return code to a nonzero value,
which you can detect in the calling environment.® Otherwise, SQL*Plus always ends
with a 0 return code, which may falsely imply that the script succeeded.

Another form of this command is:
SQL> WHENEVER SQLERROR EXIT SQL.SQLCODE ROLLBACK

which means that you also want SQL*Plus to roll back any uncommitted changes prior
to exiting.

Why You Will Love and Hate SQL*Plus

In addition to the features you just read about, the following are some particular features
of SQL*Plus that you will come to know and love:

« With SQL*Plus, you can run “batch” programs, supplying application-specific ar-
guments on the sqlplus command line and referring to them in the script using &1
(first argument), &2 (second argument), etc.

o SQL*Plus provides complete and up-to-date support for all SQL and PL/SQL state-
ments. This can be important when you're using features unique to Oracle. Third-
party environments may not provide 100% coverage; for example, some have been
slow to add support for Oracle’s object types, which were introduced a number of
years ago.

8. Using, for example, $? in the Unix shell or %ERRORLEVEL% in Microsoft Windows.
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o SQL*Plus runs on all of the same hardware and operating system platforms on
which the Oracle server runs.

But as with any tool, there are going to be some irritations too:

o Inconsole versions of SQL*Plus, the statement buffer is limited to the most recently
used statement; SQL*Plus offers no further command history.

o With SQL*Plus, there are no modern command-interpreter features such as auto-
matic completion of keywords or hints about which database objects are available
while you are typing in a statement.

o Online help consists of minimal documentation of the SQL*Plus command set.
(Use HELP command to get help on a specific command.)

o There is no ability to change the current directory once you've started SQL*Plus.
This can be annoying when opening or saving scripts if you don't like typing full
pathnames. If you discover that youre in an inconvenient directory, you have to
quit SQL*Plus, change directories, and restart SQL*Plus.

o Unless I break down and use what I consider the dangerous SQLPATH feature,
SQL*Plus looks only in the startup directory for login.sql; it would be better if it
would fall back to look in my home directory for the startup script.

> %

The bottom line is that SQL*Plus is something of a “real programmer’s” tool that is
neither warm nor fuzzy. But it is ubiquitous, doesn’t crash, and is likely to be supported
as long as there is an Oracle Corporation.

Performing Essential PL/SQL Tasks

Let’s turn to the highlights of creating, running, deleting, and otherwise managing PL/
SQL programs, using SQL*Plus as the frontend. Don’t expect to be overwhelmed with
detail here; treat this section as a glimpse of topics that will be covered in much greater
detail in the chapters ahead.

Creating a Stored Program

To build a new stored PL/SQL program, you use one of SQL's CREATE statements. For
example, if you want to create a stored function that counts words in a string, you can
do so using a CREATE FUNCTION statement:

CREATE FUNCTION wordcount (str IN VARCHAR2)
RETURN PLS_INTEGER

AS
declare local variables here

BEGIN
implement algorithm here
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END;
/

As with the simple BEGIN-END blocks shown earlier, running this statement from
SQL*Plus requires a trailing slash on a line by itself.

Assuming that the DBA has granted you Oracle’s CREATE PROCEDURE privilege
(which also gives you the privilege of creating functions), this statement causes Oracle
to compile and store this stored function in your schema. If your code compiles, you'll
probably see a success message such as:

Function created.

If another database object, such as a table or package, named wordcount already exists
in your Oracle schema, CREATE FUNCTION will fail with the error message
ORA-00955: name is already used by an existing object. That is one reason that Oracle
provides the OR REPLACE option, which you will want to use probably 99% of the
time:

CREATE OR REPLACE FUNCTION wordcount (str IN VARCHAR2)

RETURN PLS_INTEGER
AS same as before

The OR REPLACE option avoids the side effects of dropping and recreating the pro-
gram; in other words, it preserves any object privileges you have granted to other users
or roles. Fortunately, it replaces only objects of the same type, and it won’t automatically
drop a table named wordcount just because you decided to create a function by that
name.

As with anonymous blocks used more than once, programmers generally store these
statements in files in the operating system. I could create a file wordcount.fun for this
function and use the SQL*Plus @ command to run it:

SQL> @wordcount.fun

Function created.

As mentioned earlier, SQL*Plus does not, by default, echo the contents of scripts. You
can SET ECHO ON to see the source code scroll past on the screen, including the line
numbers that the database assigns; this setting can be helpful when youre trouble-
shooting. Let’s introduce an error into the program by commenting out a variable dec-
laration (line 4):

/* File on web: wordcount.fun */
SQL> SET ECHO ON
SQL> @wordcount.fun
SQL> CREATE OR REPLACE FUNCTION wordcount (str IN VARCHAR2)
2 RETURN PLS_INTEGER
3 AS
4 [* words PLS_INTEGER := 0; ***Commented out for intentional error¥*** */
5 len PLS_INTEGER := NVL(LENGTH(str),0);
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6 inside_a_word BOOLEAN;

7 BEGIN

8 FOR 1 IN 1..len + 1

9 LOOP

10 IF ASCII(SUBSTR(str, i, 1)) < 33 OR i1 > len
11 THEN

12 IF inside_a_word

13 THEN

14 words := words + 1;

15 inside_a_word := FALSE;
16 END IF;

17 ELSE

18 inside_a_word := TRUE;

19 END IF;

20 END LOOP;

21 RETURN words;

22 END;

23/

Warning: Function created with compilation errors.

This message tells us that the function was created, but that there were compilation
errors that render it inoperable. We've succeeded in storing the source code in the da-
tabase; now we need to tease the details of the error out of the database. The quickest
way to see the full text of the error message is to use the SQL*Plus SHOW ERRORS
command, abbreviated as SHO ERR:

SQL> SHO ERR
Errors for FUNCTION WORDCOUNT:
LINE/COL ERROR

14/13 PLS-00201: identifier 'WORDS' must be declared
14/13 PL/SQL: Statement ignored
21/4 PL/SQL: Statement ignored
21/11 PLS-00201: identifier 'WORDS' must be declared

The compiler has detected both occurrences of the variable, reporting the exact line and
column numbers. To see more detail about any server-based error, you can look it up
by its identifier—PLS-00201 in this case—in Oracle’s Database Error Messages docu-
ment.

Behind the scenes, SHOW ERRORS is really just querying Oracle’s USER_ERRORS
view in the data dictionary. You can query that view yourself, but you generally don't
need to (see the following sidebar).

Show Other Errors

Many Oracle programmers know only one form of the SQL*Plus command:

SQL> SHOW ERRORS
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and they incorrectly believe that they must query the USER_ERRORS view directly to
see anything but the error messages from the most recent compile. However, you can
append to SHOW ERRORS an object category and a name, and it will display the latest
errors for any object:

SQL> SHOW ERRORS category [schema.]object

For example, to view the latest errors for the wordcount function, specify:
SQL> SHOW ERRORS FUNCTION wordcount

Use caution when interpreting the output:
No errors.

This message actually means one of three things: (1) the object did compile successfully;
(2) you gave it the wrong category (for example, function instead of procedure); or (3)
no object by that name exists.

The complete list of categories this command recognizes varies by version, but includes
the following:

DIMENSION
FUNCTION
JAVA SOURCE
JAVA CLASS
PACKAGE
PACKAGE BODY
PROCEDURE
TRIGGER
TYPE

TYPE BODY
VIEW

It's common practice to append a SHOW ERRORS command after every scripted CRE-
ATE statement that builds a stored PL/SQL program. So, a “good practices” template
for building stored programs in SQL*Plus might begin with this form:

CREATE OR REPLACE program-type

AS

your code
END;
/

SHOW ERRORS

(I don’t usually include SET ECHO ON in scripts, but rather type it at the command
line when needed.)

When your program contains an error that the compiler can detect, CREATE will still
cause the Oracle database to store the program in the database, though in an invalid
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state. If, however, you mistype part of the CREATE syntax, the database won’t be able
to figure out what you are trying to do and won't store the code in the database.

Executing a Stored Program

We've already looked at two different ways to invoke a stored program: wrap it in a
simple PL/SQL block or use the SQL*Plus EXECUTE command. You can also use stored
programs inside other stored programs. For example, you can invoke a function such
as wordcount in any location where you could use an integer expression. Here is a short
illustration of how I might test the wordcount function with a strange input (CHR(9)
is an ASCII “tab” character):

BEGIN

DBMS_OUTPUT.PUT_LINE('There are ' || wordcount(CHR(9)) || ' words in a tab');
END;
/

I have embedded wordcount as part of an expression and supplied it as an argument to
DBMS_OUTPUT.PUT_LINE. Here, PL/SQL automatically casts the integer to a string
so it can concatenate it with two other literal expressions. The result is:

There are 0 words in a tab

You can also invoke many PL/SQL functions inside SQL statements. Here are several
examples of how you can use the wordcount function:

o Applythe function in a select list to compute the number of words in a table column:
SELECT isbn, wordcount(description) FROM books;
o Use the ANSI-compliant CALL statement, binding the function output to a
SQL*Plus variable, and display the result:

VARIABLE words NUMBER
CALL wordcount('some text') INTO :words;
PRINT :words

« Same as above, but execute the function from a remote database as defined in the
database link test.newyork.ora.com.
CALL wordcount@test.newyork.ora.com('some text') INTO :words;
o Execute the function, owned by schema bob, while logged in to any schema that
has appropriate authorization:
SELECT bob.wordcount(description) FROM books WHERE id = 10007;

Showing Stored Programs

Sooner or later you will want to get a list of the stored programs you own, and you may
also need to view the most recent version of program source that Oracle has saved in

Performing Essential PL/SQL Tasks | 41

www.it-ebooks.info


http://www.it-ebooks.info/

its data dictionary. This is one task that you will find far easier if you use some kind of
GUI-based navigation assistant, but if you lack such a tool, it’s not too hard to write a
few SQL statements that will pull the desired information out of the data dictionary.

For example, to see a complete list of your programs (and tables, indexes, etc.), query
the USER_OBJECTS view, as in:

SELECT * FROM USER_OBJECTS;

This view shows name, type, creation time, latest compile times, status (valid or invalid),
and other useful information.

If all you need is the summary of a PL/SQL program’s callable interface in SQL*Plus,
the easiest command to use is DESCRIBE:

SQL> DESCRIBE wordcount
FUNCTION wordcount RETURNS BINARY_INTEGER
Argument Name Type In/Out Default?

STR VARCHAR2 IN

DESCRIBE also works on tables, views, object types, procedures, and packages. To see
the complete source code of your stored programs, query USER_SOURCE or TRIG-
GER_SOURCE. (Querying from these data dictionary views is discussed in further
detail in Chapter 20.)

Managing Grants and Synonyms for Stored Programs

When you first create a PL/SQL program, normally no one but you or the DBA can
execute it. To give another user the authority to execute your program, issue a GRANT
statement:

GRANT EXECUTE ON wordcount TO scott;
To remove the privilege, use REVOKE:
REVOKE EXECUTE ON wordcount FROM scott;
You could also grant the EXECUTE privilege to a role:
GRANT EXECUTE ON wordcount TO all_mis;
Or, ifappropriate, you could allow any user on the current database to run the program:
GRANT EXECUTE ON wordcount TO PUBLIC;

If you grant a privilege to an individual like Scott, and to a role of which that user is a
member (say, all_mis), and also grant it to PUBLIC, the database remembers all three
grants until they are revoked. Any one of the grants is sufficient to permit the individual
to run the program, so if you ever decide you don’t want Scott to run it, you must revoke
the privilege from Scott, and revoke it from PUBLIC, and finally revoke it from the
all_mis role (or revoke that role from Scott).
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To view a list of privileges you have granted to other users and roles, you can query the
USER_TAB_PRIVS_MADE data dictionary view. Somewhat counterintuitively,
PL/SQL program names appear in the table_name column:

SQL> SELECT table_name, grantee, privilege
2 FROM USER_TAB_PRIVS_MADE
3  WHERE table_name = 'WORDCOUNT';

TABLE_NAME GRANTEE PRIVILEGE
WORDCOUNT PUBLIC EXECUTE
WORDCOUNT SCOTT EXECUTE
WORDCOUNT ALL_MIS EXECUTE

When Scott does have the EXECUTE privilege on wordcount, he will probably want to
create a synonym for the program to avoid having to prefix it with the name of the
schema that owns it:

SQL> CONNECT scott/tiger
Connected.
SQL>CREATE OR REPLACE SYNONYM wordcount FOR bob.wordcount;

Now he can execute the program in his programs by referring only to the synonym:
IF wordcount(localvariable) > 100 THEN...

This is a good thing, because if the owner of the function changes, only the synonym
(and not any stored program) needs modification.

It’s possible to create a synonym for a procedure, function, package, or user-defined
type. Synonyms for procedures, functions, or packages can hide not only the schema
but also the actual database; you can create a synonym for remote programs as easily as
local programs. However, synonyms can only hide schema and database identifiers; you
cannot use a synonym in place of a packaged subprogram.

Removing a synonym is easy:

DROP SYNONYM wordcount;

Dropping a Stored Program

If you really, truly don’t need a particular stored program anymore, you can drop it using
SQLs DROP statement:

DROP FUNCTION wordcount;

You can drop a package, which can be composed of up to two elements (a specification
and body), in its entirety:

DROP PACKAGE pkgname;

Or you can drop only the body without invalidating the corresponding specification:
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DROP PACKAGE BODY pkgname;

Any time you drop a program that other programs call, the callers will be marked IN-
VALID.

Hiding the Source Code of a Stored Program

When you create a PL/SQL program as previously described, the source code will be
available in clear text in the data dictionary, and any DBA can view or even alter it. To
protect trade secrets or to prevent tampering with your code, you might want some way
to obfuscate your PL/SQL source code before delivering it.

Oracle provides a command-line utility called wrap that converts many CREATE state-
ments into a combination of plain text and hex. It's not true encryption, but it does go
a long way toward hiding your code. Here are a few extracts from a wrapped file:

FUNCTION wordcount wrapped
0

abcd

abcd ...snip...

1WORDS:

10:

1LEN:

INVL:

1LENGTH:

1INSIDE_A_WORD:

1BOOLEAN: ...snip...

a5 b 81 bo a3 abd 1c 81

b0 91 51 a0 7e 51 a0 b4

2e 63 37 :4 ab 51 a5 b a5

b 7e 51 b4 2e :2 a0 7e b4
2e 52 10 :3 a® 7e 51 b4 2e
d :2 a0 d b7 19 3c b7 :2 a0
d b7 :2 19 3c b7 a0 47 :2 a0

If you need true encryption—for example, to deliver information such as a password
that really needs to be secure—you should not rely on this facility.’

To learn more about the wrap utility, see Chapter 20.

Editing Environments for PL/SQL

As I mentioned earlier, you can use a “lowest common denominator” editing and exe-
cution environment like SQL*Plus, or you can use an integrated development environ-

9. Oracle does provide a way of incorporating true encryption into your own applications using the built-in
package DBMS_CRYPTO (or DBMS_OBFUSCATION_TOOLKIT) in releases before Oracle Database 10g;
see Chapter 23 for information on DBMS_CRYPTO.
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ment that offers extensive graphical interfaces to improve your productivity. This sec-
tion lists some of the most popular IDE tools. I do not recommend any particular tool;
you should carefully define your list of requirements and priorities for such a tool and
then see which of them best meets your needs.

Product Description

Toad Offered by Quest Software, Toad is far and away the most popular PL/SQL IDE. Its free and commercial versions
are used by hundreds of thousands of developers.

SQL Navigator ~ Also offered by Quest Software, SQL Navigator is used by tens of thousands of developers who love the
product’s interface and productivity features.

PL/SQL PL/SQL Developer, sold by Allround Automations, is a favorite of many PL/SQL developers. It is built around
Developer a plug-in architecture, so third parties can offer extensions to the base product.

SQL Developer  After years of little or no support for PL/SQL editing, Oracle Corporation created SQL Developer as a “fork” of
the foundation JDeveloper tool. SQL Developer is free and increasingly robust.

There are many other PL/SQL IDEs out there, but those just listed are some of the best
and most popular.

Calling PL/SQL from Other Languages

Sooner or later, you will probably want to call PL/SQL from C, Java, Perl, PHP, or any
number of other places. This seems like a reasonable request, but if you've ever done
cross-language work before, you may be all too familiar with some of the intricacies of
mating up language-specific datatypes—especially composite datatypes like arrays, re-
cords, and objects—not to mention differing parameter semantics or vendor extensions
to “standard” application programming interfaces (APIs) like Microsoft's Open Data-
base Connectivity (ODBC).

I will show a few very brief examples of calling PL/SQL from the outside world. Let’s
say that I've written a PL/SQL function that accepts an ISBN expressed as a string and
returns the corresponding book title:

/* File on web: booktitle.fun */
FUNCTION booktitle (isbn_in IN VARCHAR2)
RETURN VARCHAR2
IS
1_title books.title%TYPE;
CURSOR icur IS SELECT title FROM books WHERE isbn = isbn_in;
BEGIN
OPEN icur;
FETCH icur INTO 1_title;
CLOSE icur;
RETURN 1_title;
END;

In SQL*Plus, I could call this in several different ways. The shortest way would be as
follows:
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SQL> EXEC DBMS_OUTPUT.PUT_LINE(booktitle('0-596-00180-0"))
Learning Oracle PL/SQL

PL/SQL procedure successfully completed.

Next, I'll show you how I might call this function from the following environments:

o C, using Oracle’s precompiler (Pro*C)
* Java, using JDBC

o Perl, using Perl DBI and DBD::Oracle
o PHP

o PL/SQL Server Pages

These examples are very contrived—for example, the username and password are hard-
coded, and the programs simply display the output to stdout. Moreover, 'm not even
going to pretend to describe every line of code. Still, these examples will give you an
idea of some of the patterns you may encounter in different languages.

C: Using Oracle’s Precompiler (Pro*()

Oracle supplies at least two different C-language interfaces to Oracle: one called OCI
(Oracle Call Interface), which is largely the domain of rocket scientists, and the other
called Pro*C. OCI provides hundreds of functions from which you must code low-level
operations such as open, parse, bind, define, execute, fetch... and that’s just for a single
query. Because the simplest OCI program that does anything interesting is about 200
lines long, I thought I'd show a Pro*C example instead. Pro*C is a precompiler tech-
nology that allows you to construct source files containing a mix of C, SQL, and PL/
SQL. You run the following through Oracle’s proc program, and out will come C code:

/* File on web: callbooktitle.pc */
#include <stdio.h>
#include <string.h>

EXEC SQL BEGIN DECLARE SECTION;
VARCHAR uid[20];
VARCHAR pwd[20];
VARCHAR isbn[15];
VARCHAR btitle[400];
EXEC SQL END DECLARE SECTION;

EXEC SQL INCLUDE SQLCA.H;
int sqlerror();
int main()

{
/* VARCHARs actually become a struct of a char array and a length */
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strcpy((char *)uid.arr,"scott");
uid.len = (short) strlen((char *)uid.arr);
strcpy((char *)pwd.arr,"tiger");
pwd.len = (short) strlen((char *)pwd.arr);

/* this 1s a cross between an exception and a goto */
EXEC SQL WHENEVER SQLERROR DO sqlerror();

/* connect and then execute the function */
EXEC SQL CONNECT :uid IDENTIFIED BY :pwd;
EXEC SQL EXECUTE
BEGIN
:btitle := booktitle('0-596-00180-0"');
END;
END-EXEC;

/* show me the money */
printf("%s\n", btitle.arr);

/* disconnect from ORACLE */
EXEC SQL COMMIT WORK RELEASE;

exit(0);

}

sqlerror()

{
EXEC SQL WHENEVER SQLERROR CONTINUE;
printf("\n% .70s \n", sqlca.sqlerrm.sqlerrmc);
EXEC SQL ROLLBACK WORK RELEASE;
exit(1);

}

Asyou can see, Pro*Cis not an approach for which language purists will be pining away.
And trust me, you don’'t want to mess with the C code that this generates. Nevertheless,
many companies find that Pro*C (or Pro*Cobol, or any of several other languages Oracle
supports) serves as a reasonable middle ground between, say, Visual Basic (too slow and
clunky) and OCI (too hard).

Oracle’s own documentation offers the best source of information regarding Pro*C.

Java: Using JDBC

As with C, Oracle provides a number of different approaches to connecting to the da-
tabase. The embedded SQL approach, known as SQLJ, is similar to Oracle’s other pre-
compiler technology, although a bit more debugger-friendly. A more popular and Java-
centric approach is known as JDBC (which doesn’t really stand for anything), although
the usual interpretation is “Java Database Connectivity:”

/* File on web: Book.java */
import java.sql.*;
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public class Book

{

public static void main(String[] args) throws SQLException

{

// initialize the driver and try to make a connection

DriverManager.registerDriver (new oracle.jdbc.driver.OracleDriver ());
Connection conn =
DriverManager.getConnection("jdbc:oracle:thin:@localhost:1521:092",
"scott", "tiger");

// prepareCall uses ANSI92 "call" syntax
CallableStatement cstmt = conn.prepareCall("{? = call booktitle(?)}");

// get those bind variables and parameters set up
cstmt.registerOutParameter(1, Types.VARCHAR);
cstmt.setString(2, "0-596-00180-0");

// now we can do it, get it, close it, and print it
cstmt.executeUpdate();
String bookTitle = cstmt.getString(1);
conn.close();
System.out.println(bookTitle);
}

}

This particular example uses the thin driver, which provides great compatibility and
ease of installation (all the network protocol smarts exist in a Java library), at some
expense of communications performance. An alternative approach would be to use
what’s known as the OCI driver. Don’'t worry: there’s no rocket science programming
required to use it, despite the name!

Perl: Using Perl DBI and DBD::Oracle

Much beloved by the system administration community, Perl is something of the mother
of all open source languages. Now in version 5.10, it does just about everything and
seems to run everywhere. And with nifty autoconfiguration tools such as CPAN (Com-
prehensive Perl Archive Network), it’s a cinch to install community-supplied modules
such as the DataBase Interface (DBI) and the corresponding Oracle driver, DBD::Oracle:

/* File on web: callbooktitle.pl */
#!/usr/bin/perl

use strict;
use DBI qw(:sql_types);

# either make the connection or die
my $dbh = DBI->connect(
'dbi:Oracle:092',
'scott’,
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"tiger',

{
RaiseError => 1,
AutoCommit => 0
}
) || die "Database connection not made: $DBI::errstr";

my $retval;

# make parse call to Oracle, get statement handle

eval {
my $func = Sdbh->prepare(q{
BEGIN
:retval := booktitle(isbn_in => :bind1);
END;
b;

# bind the parameters and execute
$func->bind_param(":bind1", "0-596-00180-0");
$func->bind_param_inout(":retval", \Sretval, SQL_VARCHAR);
$func->execute;

};

if( se ) {
warn "Execution of stored procedure failed: SDBI::errstr\n";
Sdbh->rollback;

} else {
print "Stored procedure returned: Sretval\n";

}

# don't forget to disconnect
$dbh->disconnect;

Perl is one of those languages in which it is shamelessly easy to write code that is im-
possible to read. It's not a particularly fast or small language, either, but there are com-
piled versions that at least address the speed problem.

For more information about Perl and Oracle, see Programming the Perl DBI by Alligator
Descartes and Tim Bunce. There are also many excellent books on the Perl language,
not to mention the online information at perl.com (an O’Reilly site), perl.org, and
cpan.org.

PHP: Using Oracle Extensions

If you are the kind of person who might use the free and wildly popular web server
known as Apache, you might also enjoy using the free and wildly popular programming
language known as PHP. Commonly employed to build dynamic web pages, PHP can
also be used to build GUI applications or to run command-line programs. As you might
expect, Oracle is one of many database environments that work with PHP; Oracle Cor-
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poration has, in fact, partnered with Zend in order to provide a “blessed” distribution
of the Oracle database with PHP.!?

This example uses the family of PHP functions known as OCI8. Don't let the “8” in the
name fool you—it should work with everything from Oracle7 to Oracle Database 11g:

/*

File on web: callbooktitle.php */

<?PHP

7>

// Initiate the connection to the 092 database
Sconn = OCILogon ("scott", "tiger", "092");

// Make parse call to Oracle, get statement identity
$stmt = OCIParse(Sconn,
"begin :res := booktitle('0-596-00180-0'); end;");

// Show any errors

if (!$stmt) {
Serr = OCIError();
echo "Oops, you broke it: ".$err["message"];
exit;

}

// Bind 200 characters of the variable Sresult to placeholder
0CIBindByName(S$stmt, "res", &Sresult, 200);

// Execute
OCIExecute($stmt);

// Stuff the value into the variable
OCIResult(S$Sstmt,S$result);

// Display on stdout
echo "$result\n";

// Relax
0CILogoff(S$conn);

When executed at the command line, it looks something like this:

$ php callbooktitle.php
Learning Oracle PL/SQL

ires

By the way, these Oracle OCI functions are not available in PHP by default, but it
shouldn’t be too difficult for your system administrator to rebuild PHP with the Oracle
extensions.

10. Note that if you want support for PHP, you will need to get it from the user community or from a firm like
Zend. Oracle Corporation does not take support calls for PHP.
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You can find more information about PHP at php.net or in one of O’Reilly’s many books
on the subject. For PHP tips specific to Oracle, visit the Oracle Technology Network.

PL/SQL Server Pages

Although the PL/SQL Server Pages (PSP) environment is proprietary to Oracle, I
thought I would mention it because it’s a quick way to get a web page up and running.
PSP is another precompiler technologys; it lets you embed PL/SQL into HTML pages.
The <%= %> construct here means “process this as PL/SQL and return the result to the

page:”

/* File on web: favorite_plsql_book.psp */
<%@ page language="PL/SQL" %>
<%@ plsql procedure="favorite_plsql_book" %>
<HTML>
<HEAD>
<TITLE>My favorite book about PL/SQL</TITLE>
</HEAD>
<BODY>
<%= booktitle( '0-596-00180-0') %>
</BODY>
</HTML>

When properly installed on a web server connected to an Oracle database, this page
displays as in Figure 2-3.

[# My Favorite Book about PL{SQL - Mozilla DE®E
v File Edit View Go Bookmarks Tools Window Help
v Back ¥ Forward v Reload Stop |<§ http://jerome/pls/opp4/favorite_plsgl_boc v|[g_Search]

Learning Oracle PL/SQL

Figure 2-3. Output from a PL/SQL Server Page
I'm rather fond of PL/SQL Server Pages as a good way to put together data-driven
websites fairly quickly.

For more information about PL/SQL Server Pages, see Learning Oracle PL/SQL, which
is by the authors of the book youre reading now.

And Where Else?

You've seen how to use PL/SQL in SQL*Plus and in a number of other common envi-
ronments and programming languages. There are still more places and ways that you
can use PL/SQL:
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o Embedded in COBOL or FORTRAN and processed with Oracle’s precompiler
o Called from Visual Basic, using some flavor of ODBC
o Called from the Ada programming language, via a technology called SQL*Module

 Executed automatically, as triggers on events in the Oracle database such as table
updates

o Scheduled to execute on a recurring basis inside the Oracle database, via the
DBMS_SCHEDULER supplied package

o Inthe TimesTen database, an in-memory database acquired by Oracle Corporation,
whose contents can be manipulated with PL/SQL code, just like the relational da-
tabase

I am not able, (un)fortunately, to address all these topics in this book.
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CHAPTER 3
Language Fundamentals

Every language—whether human or computer—has a syntax, a vocabulary, and a char-
acter set. In order to communicate within that language, you have to learn the rules that
govern its usage. Many of us are wary of learning a new computer language. Change is
often scary, but in general programming languages are very simple, and PL/SQL is no
exception. The difficulty of conversing in languages based on bytes is not with the lan-
guage itself, but with the compiler or computer with which we are having the discussion.
Compilers are, for the most part, rather dull-witted. They are not creative, sentient
beings. They are not capable of original thought. Their vocabulary is severely limited.
Compilers just happen to think their dull thoughts very, very rapidly—and very inflex-
ibly.

If T hear someone ask “gottabuck?” I can readily interpret that sentence and decide how
to respond. On the other hand, if I instruct PL/SQL to “gimme the next half-dozen
records,” I will not get very far in my application. To use the PL/SQL language, you must
dot your i’s and cross your #s—syntactically speaking. So, this chapter covers the fun-
damental language rules that will help you converse with the PL/SQL compiler—the
PL/SQL block structure, character set, lexical units, and PRAGMA keyword.

PL/SQL Block Structure

In PL/SQL, as in most other procedural languages, the smallest meaningful grouping
of code is known as a block. A block is a unit of code that provides execution and scoping
boundaries for variable declarations and exception handling. PL/SQL allows you to
create anonymous blocks (blocks of code that have no name) and named blocks, which
may be packages, procedures, functions, triggers, or object types.

A PL/SQL block has up to four different sections, only one of which is mandatory:
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Header
Used only for named blocks. The header determines the way the named block or
program must be called. Optional.

Declaration section
Identifies variables, cursors, and subblocks that are referenced in the execution and
exception sections. Optional.

Execution section
Contains statements the PL/SQL runtime engine will execute at runtime. Manda-
tory.

Exception section
Handles exceptions to normal processing (warnings and error conditions). Op-
tional.

Figure 3-1 shows the structure of the PL/SQL block for a procedure.

Header
.|

IS

Declaration Section
"~

BEGIN

Execution Section

EXCEPTION

Exception Section
~

END;

Figure 3-1. The PL/SQL block structure

Figure 3-2 shows a procedure containing all four sections of the elements of a block.
This particular block begins with the keyword PROCEDURE, and, like all blocks, ends
with the keyword END.
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PROCEDURE get_happy (ename_in IN VARCHAR2) e— Header

IS
1 hiredate DATE; o— Declaration
BEGIN
1 hiredate := SYSDATE - 2; ,
INSERT INTO employee — Drecution

(emp_name, hiredate)
VALUES (ename_in, 1 hiredate);

EXCEPTION
WHEN DUP_VAL_IN_INDEX
THEN .
DBMS_OUTPUT.PUT LINE f— bxception

('Cannot insert.');
END;

Figure 3-2. A procedure containing all four sections

Anonymous Blocks

When someone wishes to remain anonymous, that person goes unnamed. It’s the same
with the anonymous block in PL/SQL, which is shown in Figure 3-3: it lacks a header
section altogether, beginning instead with either DECLARE or BEGIN. That means that
it cannot be called by any other block—it doesn’t have a handle for reference. Instead,
anonymous blocks serve as containers that execute PL/SQL statements, usually includ-
ing calls to procedures and functions. Because an anonymous block can have its own
declaration and exception sections, developers often nest anonymous blocks to provide
a scope for identifiers and exception handling within a larger program.

BEGIN o— Execution Only
DBMS_OUTPUT.PUT LINE ('Hello world');
END;

Figure 3-3. An anonymous block without declaration and exception sections

The general syntax of an anonymous PL/SQL block is as follows:

[ DECLARE ... declaration statements ... ]
BEGIN ... one or more executable statements ...
[ EXCEPTION

. exception handler statements ... ]
END;
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The square brackets indicate an optional part of the syntax. You must have BEGIN and
END statements, and you must have at least one executable statement. Here are a few
examples:

o A bare minimum anonymous block:

BEGIN
DBMS_OUTPUT.PUT_LINE(SYSDATE);
END;

o A functionally similar block, adding a declaration section:

DECLARE
1_right_now VARCHAR2(9);
BEGIN
1_right_now := SYSDATE;
DBMS_OUTPUT.PUT_LINE (l_right_now);
END;

o The same block, but including an exception handler:

DECLARE

1_right_now VARCHAR2(9);
BEGIN

1_right_now := SYSDATE;

DBMS_OUTPUT.PUT_LINE (l_right_now);
EXCEPTION

WHEN VALUE_ERROR

THEN

DBMS_OUTPUT.PUT_LINE('I bet 1_right_now is too small '
|| 'for the default date format!');

END;

Anonymous blocks execute a series of statements and then terminate, thus acting like
procedures. In fact, all anonymous blocks are anonymous procedures. They are used in
various environments where PL/SQL code is either executed directly or enclosed in
some program in that environment. Common examples include:

Database triggers
As discussed in Chapter 19, database triggers execute anonymous blocks when cer-
tain events occur.

Ad hoc commands or script files
In SQL*Plus or similar execution environments, anonymous blocks run from hand-
entered blocks or from scripts that call stored programs. Also, the SQL*Plus EXE-
CUTE command translates its argument into an anonymous block by enclosing it
between BEGIN and END statements.

Compiled 3GL (third generation language) program
In Pro*C or OCI, anonymous blocks can be the means by which you can embed
calls to stored programs.

56 | Chapter3:Language Fundamentals

www.it-ebooks.info


http://www.it-ebooks.info/

In each case, the enclosing object—whether it’s a trigger, a command-line environment,
or a compiled program—provides the context and possibly a means of naming the
program.

Named Blocks

While anonymous PL/SQL blocks are indispensable, the majority of code you write will
be in named blocks. You've seen a few short examples of stored procedures in this book
already (as in Figure 3-1), so you probably know that the difference is in the header. A
procedure header looks like this:

PROCEDURE [schema.]name [ ( parameter [, parameter ... ] ) ]
[AUTHID {DEFINER | CURRENT_USER}]

A function header has similar syntax, but includes the RETURN keyword:

FUNCTION [schema.]lname [ ( parameter [, parameter ... ] ) ]
RETURN return_datatype
[AUTHID {DEFINER | CURRENT_USER}]
[DETERMINISTIC]
[PARALLEL ENABLE ...]
[PIPELINED [USING...] | AGGREGATE USING...]

Because Oracle allows you to invoke some functions from within SQL statements, the
function header includes more optional components than the procedure header, cor-
responding to the functionality and performance dimensions of the SQL runtime en-
vironment.

For a more complete discussion of procedures and functions, see Chapter 17.

Nested Blocks

PL/SQL shares with Ada and Pascal the additional definition of being a block-structured
language—that is, blocks may “nest” within other blocks. In contrast, the C language
has blocks, but standard C isn’t strictly block-structured, because its subprograms can-
not be nested.

Here’s a PL/SQL example showing a procedure containing an anonymous, nested block:

PROCEDURE calc_totals
IS

year_total NUMBER;
BEGIN

year_total := 0;

/* Beginning of nested block */
DECLARE

month_total NUMBER;
BEGIN

month_total := year_total / 12;
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END set_month_total;
/* End of nested block */

END;

The /* and */ delimiters indicate comments (see “Comments” on page 75). You can nest
anonymous blocks within anonymous blocks to more than one level, as shown in
Figure 3-4.

DECLARE
CURSOR emp_cur IS ...;
BEGIN
DECLARE
total sales NUMBER;

BEGIN
DECLARE
1 hiredate DATE;
BEGIN

END;

END;
END;

Figure 3-4. Anonymous blocks nested three levels deep

Other terms you may hear for nested block are enclosed block, child block, or subblock;
the outer PL/SQL block may be called the enclosing block or the parent block.

In general, the advantage of nesting a block is that it gives you a way to control both
scope and visibility in your code.

Scope

In any programming language, the term scope refers to the way of identifying which
“thing” is referred to by a given identifier. If you have more than one occurrence of an
identifier, the language’s scoping rules define which one will be used. Carefully con-
trolling identifier scope not only will increase your control over runtime behavior but
also will reduce the likelihood of a programmer accidentally modifying the wrong vari-
able.

In PL/SQL, variables, exceptions, modules, and a few other structures are local to the
block that declares them. When the block stops executing, you can no longer reference
any of these structures. For example, in the earlier calc_totals procedure, I can reference
elements from the outer block, like the year_total variable, anywhere in the procedure;
however, elements declared within an inner block are not available to the outer block.
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Every PL/SQL variable has a scope: the region of a program unit (block, subprogram,
or package) in which that variable can be referenced. Consider the following package
definition:

PACKAGE scope_demo
IS
g_global NUMBER;

PROCEDURE set_global (number_in IN NUMBER);
END scope_demo;

PACKAGE BODY scope_demo
IS
PROCEDURE set_global (number_in IN NUMBER)
IS
1_salary NUMBER := 10000;
1_count  PLS_INTEGER;
BEGIN

<<local_block>>
DECLARE
1_1inner NUMBER;
BEGIN
SELECT COUNT (*)
INTO 1_count
FROM employees
WHERE department_id = 1_inner AND salary > 1_salary;
END local_block;

g_global := number_in;
END set_global;
END scope_demo;

The scope_demo.g_global variable can be referenced from any block in any schema that
has EXECUTE authority on scope_demo.

The |_salary variable can be referenced only inside the set_global procedure.

The 1_inner variable can be referenced only inside the local or nested block; note that I
have used the label “local_block” to give a name to that nested block.

Qualify All References to Variables and Columns in SQL Statements

None of the variables or column references in the last code example were qualified with
the scope name. Here is another version of the same package body, but this time with
qualified references (in bold):

PACKAGE BODY scope_demo
IS
PROCEDURE set_global (number_in IN NUMBER)
IS
1_salary NUMBER := 10000;
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1_count  PLS_INTEGER;
BEGIN

<<local_block>>
DECLARE
1_inner  PLS_INTEGER;
BEGIN
SELECT COUNT (*)
INTO set_global.l_count
FROM employees e
WHERE e.department_id = local_block.l_inner
AND e.salary > set_global.l_salary;
END local_block;

scope_demo.g_global := set_global.number_in;
END set_global;
END scope_demo;

With these changes, every single reference to a column and variable is qualified by the
table alias, the package name, the procedure name, or the nested block label name.

So now you know that you can do this—but why bother? There are several very good
reasons:

o To improve readability of your code

« To avoid bugs that can arise when the names of variables are the same as the names
of columns

o To take full advantage of the fine-grained dependency tracking made available in
Oracle Database 11¢

Let’s take a closer look at the first two of these reasons. I'll describe the third in Chap-
ter 20.

Improve readability

Just about every SQL statement embedded in PL/SQL programs contains references to
both columns and variables. In small, simple SQL statements, it is relatively easy to
distinguish between these different references. In most applications, however, you will
find verylong, extremely complex SQL statements that contain dozens or even hundreds
of references to columns and variables.

If you do not qualify these references, it is much harder to distinguish at a glance between
variables and columns. With these qualifiers, the code self-documents quite clearly the
source of those references.

“Wait a minute,” I can hear you say. “We use clearly defined naming conventions to
distinguish between columns and variables. All our local variables start with 1_" so we
know immediately if the identifier is a local variable”
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That is a really good idea; we should all have (and follow) established conventions so
that the names of our identifiers reveal additional information about them (e.g., is it a
parameter or a variable? What is its datatype?).

Yet while helpful, naming conventions are not sufficient to guarantee that over time the
PL/SQL compiler will always interpret your identifiers as you intended.

Avoid bugs through qualifiers

If you do not qualify references to all PL/SQL variables in your embedded SQL state-
ments, code that works correctly today might in the future suddenly not work anymore.
And it could be very difficult to figure out what went wrong.

Consider again this embedded SQL statement that does not qualify its references:

SELECT COUNT (*)
INTO 1_count
FROM employees
WHERE department_id = 1_inner AND salary > 1_salary;

Today, |_salary unambiguously refers to thel_salary variable declared in the set_global
procedure. I test my program—it works! And then it goes into production and everyone

is happy.

Two years go by, and then the users ask our DBA to add a column to the employees
table to record something described as “limited salary” The DBA decides to name this
column “_salary”.

Can you see the problem?

Within an embedded SQL statement, the Oracle database always attempts to resolve
unqualified identifier references first as columns in one of the specified tables. If it
cannot find a match, it then tries to resolve the reference as an in-scope PL/SQL variable.
With the column | salary added to the employees table, my unqualified reference to
1_salary in the SELECT statement is no longer resolved to the PL/SQL variable. Instead,
the database resolves it as the column in the table. The consequence?

My scope_demo package still compiles without any errors, but the WHERE clause of
that query is not going to behave as I expect. The database will not use the value of the
1_salary variable, but will instead compare the salary column’s value in a row of the
employees table to the value of the 1_salary column in that same row.

This could be a very tricky bug to track down and fix!

Rather than rely solely on naming conventions to avoid “collisions” between identifiers,
you should also qualify references to all column names and variables in those embedded
SQL statements. Then your code will be much less likely to behave erratically in the
future as your underlying tables evolve.
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Visibility
Once a variable is in scope, another important property is its visibility—that is, whether

you can refer to it using only its name, or whether you need to attach a prefix in front
of it.

Visible identifiers
First, I'd like to make an observation about the trivial case:

DECLARE
first_day DATE;
last_day DATE;
BEGIN
first_day := SYSDATE;
last_day := ADD_MONTHS (first_day, 6);
END;
Because both the first_day and last_day variables are declared in the same block where
they are used, I can conveniently refer to them using only their “unqualified” identifiers,
which are also known as visible identifiers. A visible identifier might actually reference
any of the following:

o An identifier declared in the current block
o An identifier declared in a block that encloses the current block

« A standalone database object (table, view, sequence, etc.) or PL/SQL object (pro-
cedure, function, type) that you own

« A standalone database object or PL/SQL object on which you have the appropriate
privilege and that is the target of an Oracle synonym that you can see

o Aloop index variable (visible and in-scope only inside the loop body)

PL/SQL also allows the possibility of referring to in-scope items that are not directly
visible, as the next section describes.

Qualified identifiers

A common example of an identifier that isn’t visible is anything declared in a package
specification, such as a variable, datatype, procedure, or function. To refer to one of
these elements outside of that package, you merely need to prefix it with a dotted quali-
fier, similar to the way you would qualify a column name with the name of its table. For
example:

price_util.compute_means
A program named compute_means inside the price_util package

math.pi
A constant named pi, declared and initialized in the math package
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(Although the descriptions indicate what kinds of globals these are, you can’t necessarily
tell by looking—definitely an argument in favor of good naming conventions!)

You can use an additional qualifier to indicate the owner of the object. For example:
scott.price_util.compute_means

could refer to the compute_means procedure in the price_util package owned by the
Oracle user account scott.

Qualifying identifier names with module names

When necessary, PL/SQL offers many ways to qualify an identifier so that a reference
to the identifier can be resolved. Using packages, for example, you can create variables
with global scope. Suppose that I create a package called company_pkg and declare a
variable named last_company_id in that package’s specification, as follows:

PACKAGE company_pkg
IS
last_company_id NUMBER;

END company_pkg;

Then, I canreference that variable outside of the package, aslong as I prefix the identifier
name with the package name:

IF new_company_1id = company_pkg.last_company_1id THEN

By default, a value assigned to one of these package-level variables persists for the du-
ration of the current database session; it doesn’t go out of scope until the session dis-
connects.

I can also qualify the name of an identifier with the module in which it is defined:

PROCEDURE calc_totals

IS
salary NUMBER;
BEGIN
DECLARE
salary NUMBER;
BEGIN
salary := calc_totals.salary;
END;
END;

The first declaration of salary creates an identifier whose scope is the entire procedure.
In the nested block, however, I declare another identifier with the same name. So when
I reference the variable salary inside the inner block, it will always be resolved first
against the declaration in the inner block, where that variable is visible without any
qualification. If I wish to make reference to the procedure-wide salary variable inside
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the inner block, I must qualify that variable name with the name of the procedure
(cal_totals.salary).

This technique of qualifying an identifier also works in other contexts. Consider what
will happen when you run a procedure such as this (order_id is the primary key of the
orders table):

PROCEDURE remove_order (order_id IN NUMBER)
IS
BEGIN
DELETE orders WHERE order_id = order_id; -- Oops!
END;

This code will delete everything in the orders table regardless of the order_id that you
pass in. The reason: SQLs name resolution matches first on column names rather than
on PL/SQL identifiers. The WHERE clause “order_id = order_id” is always true, so poof
goes your data. One way to fix it would be:

PROCEDURE remove_order (order_id IN NUMBER)
IS
BEGIN
DELETE orders WHERE order_id = remove_order.order_id;
END;

This forces the parser to do the right thing. (It will even work if you happen to have a
packaged function called remove_order.order_id.)

PL/SQL goes to a lot of trouble and has established many rules for determining how to
resolve such naming conflicts. While it is good to be aware of such issues, you are usually
much better off never having to rely on these guidelines. Code defensively! If you don't
want to qualify every variable to keep it unique, you will need to use careful naming
conventions to avoid these kinds of name collisions.

Nested programs

To conclude the discussion of nesting, scope, and visibility, PL/SQL also offers a par-
ticularly important feature known as a nested program. A nested program is a procedure
or function that appears completely inside the declaration section of the enclosing block.
Significantly, the nested program can reference any variables and parameters previously
declared in the outer block, as demonstrated in this example:

PROCEDURE calc_totals (fudge_factor_in IN NUMBER)
IS
subtotal NUMBER := 0;

/* Beginning of nested block (in this case a procedure). Notice

| we're completely inside the declaration section of calc_totals.
*/

PROCEDURE compute_running_total (increment_in IN PLS_INTEGER)

IS
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BEGIN
/* subtotal, declared above, is both in scope and visible */
subtotal := subtotal + increment_in * fudge_factor_in;

END;

/* End of nested block */
BEGIN

FOR month_idx IN 1..12

LOOP

compute_running_total (month_idx);

END LOOP;

DBMS_OUTPUT.PUT_LINE('Fudged total for year: ' || subtotal);
END;

Nested programs can make your program more readable and maintainable, and also
allow you to reuse logic that appears in multiple places in the block. For more infor-
mation about this topic, see Chapter 17.

The PL/SQL Character Set

A PL/SQL program consists of a sequence of statements, each made up of one or more
lines of text. The precise characters available to you will depend on what database char-
acter set you're using. For example, Table 3-1 illustrates the available characters in the
US7ASCII character set.

Table 3-1. Characters available to PL/SQL in the US7ASCII character set

Type Characters

Letters A-7,a-z
Digits 0-9
Symbols ~1@#S% () _—+=|" <>, 1/A

Whitespace Tab, space, newline, carriage return

Every keyword, operator, and token in PL/SQL is made from various combinations of
characters in this character set. Now you just have to figure out how to put them all
together!

And now for some real PL/SQL trivia. Oracle’s documentation—as well as earlier edi-
tions of this book—lists the ampersand, curly braces, and square brackets as part of the
default character set:

&{}[]

While all characters are allowed in literal strings, Oracle does not seem to use these
particular five characters anywhere in the visible portions of PL/SQL. Moreover, there
is no direct way to use these characters in programmer-defined identifiers.

Regardless of your memory for such trivia, you’ll definitely want to remember that PL/
SQL is a case-insensitive language. That is, it doesn’t matter how you type keywords and
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identifiers; uppercase letters are treated the same way as lowercase letters unless sur-
rounded by delimiters that make them a literal string. By convention, the authors of this
book prefer uppercase for built-in language keywords (and certain identifiers used by
Oracle as built-in function and package names), and lowercase for programmer-defined
identifiers.

A number of these characters—both singly and in combination with other characters
—have a special significance in PL/SQL. Table 3-2 lists these special symbols.

Table 3-2. Simple and compound symbols in PL/SQL

Symbol Description

; Semicolon: terminates declarations and statements

% Percent sign: attribute indicator (cursor attributes like %ISOPEN and indirect declaration attributes
like %ROWTYPE); also used as a wildcard symbol with the LIKE condition
Single underscore: single-character wildcard symbol in LIKE condition
@ At sign: remote location indicator

Colon: host variable indicator, such as :block.item in Oracle Forms
** Double asterisk: exponentiation operator
<>orl=orA=or~= Ways to denote the “not equal” relational operator

| Double vertical bar: concatenation operator

<<and >> Label delimiters

<=and >= Less than or equal to and greater than or equal to relational operators
= Assignment operator

=> Association operator for positional notation

Double dot: range operator
- Double dash: single-line comment indicator

/*and */ Beginning and ending multiline comment block delimiters

Characters are grouped together into lexical units, also called atomics of the language
because they are the smallest individual components. A lexical unit in PL/SQL is any of
the following:

o Identifier

o Literal

o Delimiter

« Comment

These are described in the following sections.
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Identifiers

An identifier is a name for a PL/SQL object, including any of the following:

« Constant or variable

o Exception

o Cursor

o Program name: procedure, function, package, object type, trigger, etc.
o Reserved word

o Label

Default properties of PL/SQL identifiers are summarized as follows:

 Up to 30 characters in length
o Must start with a letter
o Can include $ (dollar sign), _ (underscore), and # (hash sign)

 Cannot contain any “whitespace” characters

If the only difference between two identifiers is the case of one or more letters, PL/SQL
normally treats those two identifiers as the same.' For example, the following identifiers
are all considered by PL/SQL to be the same:

lots_of_SMONEYS
LOTS_of_S$MONEYS
Lots_of_$Money$

The following strings are valid names of identifiers:

company_1id#
primary_acct_responsibility
First_Name

FirstName

address_linel

S$123456

The following identifiers are all illegal in PL/SQL:

1st_year -- Doesn't start with a letter

procedure-name -- Contains invalid character -
minimum_%_due -- Contains invalid character %
maximum_value_exploded_for_detail -- Too long

company ID -- Has embedded whitespace

1. The compiler accomplishes this internally by converting program text into uppercase during an early phase
of compilation.
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Identifiers are the handles for objects in your program and one of your chief means of
communicating with other programmers. For this reason, many organizations adopt
naming conventions. If your project doesn’t require naming conventions, you will still
want to choose variable names carefully... even if you are the only person who will ever
see the code!

Although rarely done in practice, you can actually break some of these rules by sur-
rounding identifiers with double quotation marks. I don't recommend programming
like this, but you may one day have to deal with some “clever” code such as:

SQL> DECLARE
2 "pi" CONSTANT NUMBER := 3.141592654;

3 "PI" CONSTANT NUMBER := 3.14159265358979323846;
4 "2 pi" CONSTANT NUMBER := 2 * "pi";

5 BEGIN

6 DBMS_OUTPUT.PUT_LINE('pi: ' || "pi");

7 DBMS_OUTPUT.PUT_LINE('PI: ' || pi);

8 DBMS_OUTPUT.PUT_LINE('2 pi: ' || "2 pi");

9 END;

10 /

pi: 3.141592654
PI: 3.14159265358979323846
2 pi: 6.283185308

Notice that line 7 refers to pi without quotation marks. Because the compiler accom-
plishes its case-independence by defaulting identifiers and keywords to uppercase, the
variable that line 7 refers to is the one declared on line 3 as “PI”.

You may need to use the double-quote trick in SQL statements to refer to database
objects that exist with mixed-case names. I've seen this happen when a programmer
used Microsoft Access to create Oracle tables.

Reserved Words

Of course, you don’t get to (or have to) define all the identifiers in your programs. The
PL/SQL language recognizes certain identifiers (such as BEGIN, IF, and THEN) as hav-
ing special meaning.

PL/SQL provides two kinds of built-in identifiers:

» Reserved words
o Identifiers from the STANDARD package

In both cases you should not—and, in many cases, cannot—redefine the identifier for
your program’s own use.
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Reserved words

The PL/SQL compiler reserves certain identifiers for its use only. In other words, you
cannot declare a variable with the name of that identifier. These are called reserved
words. For example, one very important reserved word is END, which terminates blocks,
IF statements, and loops. If you try to declare a variable named end:

DECLARE
end VARCHAR2(10) := 'blip'; /* Will not work; "end" is reserved. */
BEGIN
DBMS_OUTPUT.PUT_LINE (end);
END;
/

you will receive this error message from the compiler:

PLS-00103: Encountered the symbol "END" when expecting one of the following:..

Identifiers from STANDARD package

In addition to avoiding identifiers that duplicate keywords, you should also avoid using
identifiers that, in effect, override names that Oracle Corporation has defined in a special
built-in package named STANDARD. STANDARD is one of two default packages in
PL/SQL; Oracle defines in this package many of the basic building blocks of the PL/SQL
language, including datatypes like PLS_INTEGER, exceptionslike DUP_VAL_ON_IN-
DEX, and functions like UPPER, REPLACE, and TO_DATE.

It may come as a surprise to many developers, but the identifiers defined in STANDARD
(and DBMS_STANDARD, the other default package) are not reserved words. You can
declare your own variables with the same names, and your code will compile. You will,
however, create lots of confusion if you do this.

The STANDARD package is explored in detail in Chapter 24.

How to avoid using reserved words

Finding a valid name for your identifier should be the least of your problems, as there
are thousands and thousands of permutations of the legal characters. The question is:
how will you know if you inadvertently use a reserved word in your own program? First
of all, the compiler will let you know if you try to use a name for an identifier that is
actually reserved. If your curiosity compels you to investigate further, you could build
aqueryagainst the VSRESERVED_WORDS view, and then try to compile a dynamically
constructed PL/SQL block that uses the reserved word as an identifier. I did precisely
that; you will find the script in the reserved_words.sql file on the booK’s website. The
output from running this script is in reserved.txt.

The results are very interesting. Here’s the overall summary:

Reserved Word Analysis Summary
Total count in VSRESERVED_WORDS = 1733
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Total number of reserved words = 118
Total number of non-reserved words = 1615

In other words, the vast majority of words that Oracle includes in this view are not truly
reserved; that is, you can use them as the names of your own identifiers.

Generally, I recommend that you avoid using any words that Oracle Corporation uses
as part of its own technology. Better yet, use naming conventions that employ consistent
prefixes and suffixes, virtually guaranteeing that you will not encounter a true PL/SQL
reserved word.

Whitespace and Keywords

Identifiers must be separated by at least one space or by a delimiter, but you can format
your text by adding additional spaces, line breaks (newlines and/or carriage returns),
and tabs wherever you can put a space, without changing the meaning of your code.

The two statements shown here are therefore equivalent:

IF too_many_orders
THEN

warn_user;
ELSIF no_orders_entered
THEN

prompt_for_orders;
END IF;

IF too_many_orders THEN warn_user;
ELSIF no_orders_entered THEN prompt_for_orders;
END IF;

You may not, however, place a space or carriage return or tab within a lexical unit, such
as the “not equals” symbol (!=). This statement results in a compile error:

IF max_salary ! = min_salary THEN -- yields PLS-00103 compile error

because the code contains a space between the ! and the =.

Literals
A literal is a value that is not represented by an identifier; it is simply a value. Here is a
smattering of literals you could see in a PL/SQL program:

Number
415, 21.6, 3.141592654f, 7D, NULL

String
“This is my sentence; ‘01-OCT-1986’, q'hello!’, NULL

Time interval
INTERVAL 25-6 YEAR TO MONTH, INTERVAL ‘-18 MONTH, NULL
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Boolean
TRUE, FALSE, NULL

The trailing fin number literal 3.141592654f designates a 32-bit floating-point number
as defined by the IEEE 754 standard, which Oracle partially supports beginning with
Oracle Database 10g Release 1. Similarly, 7D is the number 7 as represented in a 64-bit
float.

The string qhello!” bears some explanation. The ! is a user-defined delimiter, also in-
troduced in Oracle Database 10g; the leading q and the surrounding single quotes tell
the compiler that the ! is the delimiter, and the string represented is simply the word
hello.

The INTERVAL datatype allows you to manage amounts of time between dates or
timestamps. The first example ("25-6’) represents “25 years and 6 months after”; the
second ('-18’) represents “18 months before”

Even though the database allows you to specify intervals using a literal format, you
cannot do so with DATE datatypes; notice that ‘01-OCT-1986’ is listed as a string rather
than as an Oracle DATE. Yes, PL/SQL or SQL can implicitly convert ‘01-OCT-198’ to
and from Oracle’s internal date format,? but you will normally use built-in functions to
perform explicit conversions. For example:

TO_DATE('01-0CT-1986"', 'DD-MON-YYYY')
TO_TIMESTAMP_TZ('01-0CT-1986 00:00:00 -6','DD-MON-YYYY HH24:MI:SS TZH')

Both expressions return October 1, 1986, with zero hours, zero minutes, and zero sec-
onds; the first in the DATE datatype, and the second in the TIMESTAMP WITH TIME
ZONE datatype. The second expression also includes time zone information; the —6
represents the number of hours’ difference from GMT (UCT).

Unlike identifiers, string literals in PL/SQL are case sensitive. As you would probably
expect, the following two literals are different:

'Steven'
'steven’

So the following condition evaluates to FALSE:

IF 'Steven' = 'steven'

NULLs

The absence of a value is represented in the Oracle database by the keyword NULL. As
shown in the previous section, variables of almost all PL/SQL datatypes can exist in a
null state (the exception to this rule is any associative array type, instances of which are

2. Aslong as the database or session has its NLS_DATE_FORMAT parameter set to DD-MON-YYYY.
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never null). Although it can be challenging for a programmer to handle NULL variables
properly regardless of their datatype, strings that are null require special consideration.

In Oracle SQL and PL/SQL, a null string is usually indistinguishable from a literal of
zero characters, represented literally as “ (two consecutive single quotes with no char-
acters between them). For example, the following expression will evaluate to TRUE in
both SQL and PL/SQL:

"' IS NULL

Assigning a zero-length string to a VARCHAR2(n) variable in PL/SQL also yields a
NULL result:

DECLARE
str VARCHAR2(1) := '';
BEGIN
IF str IS NULL  -- will be TRUE

This behavior is consistent with the database’s treatment of VARCHARR table columns.

Lets look at CHAR data, though—it’s a little quirky. If you create a CHAR(n) variable
in PL/SQL and assign a zero-length string to it, the database blank-pads the empty vari-
able with space characters, making it not null:

DECLARE

flag CHAR(2) := ''; -- try to assign zero-length string to CHAR(2)
BEGIN

IF flag = ' ' -- will be TRUE

IF flag IS NULL ... -- will be FALSE

Strangely, PL/SQL is the only place you will see such behavior. In the database, when
you insert a zero-length string into a CHAR(n) table column, the database does not
blank-pad the contents of the column, but leaves it NULL instead!

These examples illustrate Oracle’s partial adherence to the 92 and 99 versions of the
ANSI SQL standard, which mandate a difference between a zero-length string and a
NULL string. Oracle admits this difference, and says it may fully adopt the standard in
the future. It’s been issuing that warning for about 15 years, though, and it hasn't hap-
pened yet.

While NULL tends to behave as if its default datatype is VARCHAR?2, the database will
try to implicitly cast NULL to whatever type is needed for the current operation. Oc-
casionally, you may need to make the cast explicit, using syntax such as TO_NUM-
BER(NULL) or CAST(NULL AS NUMBER).

Embedding Single Quotes Inside a Literal String

An unavoidably ugly aspect of working with string literals occurs when you need to put
the delimiter itself inside the string. Until Oracle Database 10g was released, you would
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write two single quotes next to each other if you wanted the string to contain a single
quote in that position. The following table offers some examples.

Literal (default delimiter) Actual value
'There''s no business like show business.' There's no business like show business.
'"Hound of the Baskervilles"' "Hound of the Baskervilles"

[N 1

""'hello""" 'hello’

Trraa [

The examples show, for instance, that it takes six single quotes to designate a literal
containing two consecutive single quotes. In an attempt to simplify this type of con-
struct, Oracle Database 10g introduced user-defined delimiters. Start the literal with “q”
to mark your delimiter, and surround your delimited expression with single quotes. The

following table shows this feature in action.

Literal (delimiters highlighted) Actual value

q' ( There's no business like show business.) ' There's no business like show busi
ness.

q' { "Hound of the Baskervilles" } ' "Hound of the Baskervilles"

' [ "1 '

q' !"hello' ! ' "hello'

N "

As the examples show, you can use plain delimiters such as ! or |, or you can use “mated”
delimiters such as left and right parentheses, curly braces, and square brackets.

One final note: as you would expect, a double-quote character does not have any special
significance inside a string literal. It is treated the same as a letter or number.

Numeric Literals

Numeric literals can be integers or real numbers (a number that contains a fractional
component). Note that PL/SQL considers the number 154.00 to be a real number of
type NUMBER, even though the fractional component is zero and the number is actually
an integer. Internally, integers and reals have a different representation, and there is
some small overhead involved in converting between the two.

You can also use scientific notation to specify a numeric literal. Use the letter E (upper-
or lowercase) to multiply a number by 10 to the nth power (e.g., 3.05E19, 12e-5).

Beginning with Oracle Database 10g, a real can be either an Oracle NUMBER type or
an IEEE 754 standard floating-point type. Floating-point literals are either BINARY (32-
bit; designated with a trailing F) or BINARY DOUBLE (64-bit; designated with a D).
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In certain expressions you may use the named constants in the following table, as pre-
scribed by the IEEE standard.

Description Binary float (32-bit) Binary double (64-bit)

“Not a number” (NaN); result of divide by 0  BINARY_FLOAT_NAN BINARY_DOUBLE_NAN

or invalid operation

Poﬂﬁvemﬁnny BINARY_FLOAT_INFINITY BINARY_DOUBLE_INFINITY

Absolute maximum number that can be BINARY_FLOAT_MAX_NORMAL BINARY_DOUBLE_MAX_NORMAL
represented

Smallest normal number; underflow BINARY_FLOAT_MIN_NORMAL BINARY_DOUBLE_MIN_NORMAL
threshold

Mammum|msﬁWenumbﬂthaiskﬁthan BINARY_FLOAT_MAX_SUBNORMAL BINARY_DOUBLE_MAX_SUBNOR
the underflow threshold MAL

Absolute minimum positive numberthatcan BINARY_FLOAT_MIN_SUBNORMAL BINARY_DOUBLE_MIN_SUBNOR
be represented MAL

Boolean Literals

PL/SQL provides two literals to represent Boolean values: TRUE and FALSE. These
values are not strings; you should not put quotes around them. Use Boolean literals to
assign values to Boolean variables, as in:

DECLARE

enough_money BOOLEAN; -- Declare a Boolean variable
BEGIN

enough_money := FALSE; -- Assign it a value
END;

You do not, on the other hand, need to refer to the literal value when checking the value
of a Boolean expression. Instead, just let that expression speak for itself, as shown in the
conditional clause of the following IF statement:

DECLARE

enough_money BOOLEAN;
BEGIN

IF enough_money

THEN

A Boolean expression, variable, or constant may also evaluate to NULL, which is neither
TRUE nor FALSE. For more information, see Chapter 4, particularly the sidebar “Three-
Valued Logic” on page 84.

The Semicolon Delimiter

A PL/SQL program is made up of a series of declarations and statements. These are
defined logically, as opposed to physically. In other words, they are not terminated with
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the physical end of a line of code; instead, they are terminated with a semicolon (;). In
fact, a single statement is often spread over several lines to make it more readable. The
following IF statement takes up four lines and is indented to reinforce the logic behind
the statement:

IF salary < min_salary (2003)

THEN

salary := salary + salary * .25;
END IF;

There are two semicolons in this IF statement. The first semicolon indicates the end of
the single executable statement within the IF-END IF construct. The second semicolon
terminates the IF statement itself. This same statement could also be placed on a single
physical line and have exactly the same result:

IF salary < min_salary (2003) THEN salary := salary + salary*.25; END IF;

The semicolons are still needed to terminate each logical, executable statement, even if
they are nested inside one another. Unless you're trying to create unreadable code, I
suggest that you not combine the different components of the IF statement on a single
line. I also recommend that you place no more than one statement or declaration on
each line.

Comments

Inline documentation, otherwise known as comments, is an important element of a good
program. While this book offers many suggestions on how to make your program self-
documenting through good naming practices and modularization, such techniques are
seldom enough by themselves to communicate a thorough understanding of a complex
program.

PL/SQL offers two different styles for comments: single-line and multiline block com-
ments.

Single-Line Comment Syntax

The single-line comment is initiated with two hyphens (--), which cannot be separated
by a space or any other characters. All text after the double hyphen to the end of the
physical line is considered commentary and is ignored by the compiler. If the double
hyphen appears at the beginning of the line, the whole line is a comment.

Remember: the double hyphen comments out the remainder of a physical line, not a
logical PL/SQL statement. In the following IF statement, I use a single-line comment to
clarity the logic of the Boolean expression:

IF salary < min_salary (2003) -- Function returns min salary for year.
THEN
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salary := salary + salary*.25;
END IF;

Multiline Comment Syntax

While single-line comments are useful for documenting brief bits of code or ignoring
a line that you do not want executed at the moment, the multiline comment is superior
for including longer blocks of commentary.

Multiline comments start with a slash-asterisk (/*) and end with an asterisk-slash (*/).
PL/SQL considers all characters found between these two sequences of symbols to be
part of the comment, and the compiler ignores them.

The following example of a multiline comment shows a header section for a procedure.
I use the vertical bars in the left margin so that, as the eye moves down the left edge of
the program, it can easily pick out the chunks of comments:

PROCEDURE calc_revenue (company_id IN NUMBER) IS
/*

| Program: calc_revenue

| Author: Steven Feuerstein

| Change history:

| 10-JUN-2009 Incorporate new formulas

| 23-SEP-2008 - Program created

[*/

BEGIN

END;

You can also use multiline comments to block out lines of code for testing purposes. In
the following example, the additional clauses in the EXIT statement are ignored so that
testing can concentrate on the a_delimiter function:

EXIT WHEN a_delimiter (next_char)
/*
OR
(was_a_delimiter AND NOT a_delimiter (next_char))
*/

K

The PRAGMA Keyword

A programming notion that is truly derived from Greek is pragma, which means “deed”
or, by implication, an “action” In various programming languages, a pragma is generally
a line of source code prescribing an action you want the compiler to take. It’s like an
option that you give the compiler; it can result in different runtime behavior for the
program, but it doesn't get translated directly into bytecode.

PL/SQL has a PRAGMA keyword with the following syntax:
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PRAGMA instruction_to_compiler;

The PL/SQL compiler will accept such directives anywhere in the declaration section,
but most of them have certain additional requirements regarding placement.

PL/SQL offers several pragmas:

AUTONOMOUS_TRANSACTION
Tells the PL/SQL runtime engine to commit or roll back any changes made to the
database inside the current block without affecting the main or outer transaction.
See Chapter 14 for more information.

EXCEPTION_INIT
Tells the compiler to associate a particular error number with an identifier you have
declared as an exception in your program. Must follow the declaration of the ex-
ception. See Chapter 6 for more information.

RESTRICT_REFERENCES
Tells the compiler the purity level (freedom from side effects) of a packaged pro-
gram. See Chapter 17 for more information.

SERIALLY_REUSABLE
Tells the PL/SQL runtime engine that package-level data should not persist between
references to that data. See Chapter 18 for more information.

The following block demonstrates the use of the EXCEPTION_INIT pragma to name
a built-in exception that would otherwise have only a number:
DECLARE
no_such_sequence EXCEPTION;

PRAGMA EXCEPTION_INIT (no_such_sequence, -2289);
BEGIN

EXCEPTION
WHEN no_such_sequence
THEN

q$error_manager.raise_error ('Sequence not defined');
END;

Labels

A PL/SQL label is a way to name a particular part of your program. Syntactically, a label
has the format:

<<identifier>>

where identifier is a valid PL/SQL identifier (up to 30 characters in length and starting
with aletter, as discussed in the section “Identifiers” on page 67). There is no terminator.
Labels appear directly in front of the thing they’re labeling, which must be an executable
statement—even if it is merely the NULL statement:
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BEGIN

<<the_spot>>
NULL;

Because anonymous blocks are themselves executable statements, a label can “name”
an anonymous block for the duration of its execution. For example:
<<insert_but_ignore_dups>>
BEGIN
INSERT INTO catalog
VALUES (...);
EXCEPTION
WHEN DUP_VAL_ON_INDEX
THEN
NULL;
END insert_but_1ignore_dups;

One reason you might label a block is to improve the readability of your code. When
you give something a name, you self-document that code. You also clarify your own
thinking about what that code is supposed to do, sometimes ferreting out errors in the
process.

Another reason to use a block label is to allow you to qualify references to elements
from an enclosing block that have duplicate names in the current, nested block. Here’s
a schematic example:

<<outerblock>>

DECLARE

counter INTEGER := 0;
BEGIN

DECLARE
counter INTEGER := 1;
BEGIN

IF counter = outerblock.counter
THEN

END IF;
END;
END;

Without the block label, there would be no way to distinguish between the two counter
variables. Again, though, a better solution would probably have been to use distinct
variable names.

A third function of labels is to serve as the target of a GOTO statement. See the discussion
of GOTO in Chapter 4.

Although few programs I've seen or worked on require the use of labels, there is one
final use of this feature that is more significant than the previous three combined: a label
can serve as a target for the EXIT statement in a nested loop. Here’s some example code:
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BEGIN
<<outer_loop>>
LOOP
LOOP
EXIT outer_loop;
END LOOP;
some_statement;
END LOOP;
END;

Without the <<outer_loop>>label, the EXIT statement would have exited only the inner
loop and would have executed some_statement. But I didn’t want it to do that. So, in this
case, the label provides functionality that PL/SQL does not offer in any other straight-
forward way.
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PART I
PL/SQL Program Structure

This part of the book presents the basic PL/SQL programming elements and statement
constructs. Chapter 4 through Chapter 6 describe conditional (IF and CASE) and se-
quential control statements (e.g., GOTO and NULL), loops and the CONTINUE state-
ment introduced for loops in Oracle Database 11g, and exception handling in the
PL/SQL language. When you complete this section of the book, you will know how to
construct blocks of code that correlate to the complex requirements in your applications.
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CHAPTER 4
Conditional and Sequential Control

This chapter describes two types of PL/SQL control statements: conditional control
statements and sequential control statements. Almost every piece of code you write will
require conditional control, which is the ability to direct the flow of execution through
your program based on a condition. You do this with IF-THEN-ELSE and CASE state-
ments. There are also CASE expressions; while not the same as CASE statements, they
can sometimes be used to eliminate the need for an IF or CASE statement altogether.
Far less often, you will need to tell PL/SQL to transfer control unconditionally via the
GOTO statement, or explicitly to do nothing via the NULL statement.

IF Statements

The IF statement allows you to implement conditional branching logic in your pro-
grams. With it, you'll be able to implement requirements such as:

o If the salary is between $10,000 and $20,000, apply a bonus of $1,500.

« If the collection contains more than 100 elements, truncate it.

The IF statement comes in three flavors, as shown in the following table.

IF type Characteristics

IF THEN END This is the simplest form of the IF statement. The condition between IF and THEN determines whether the
IF; set of statements between THEN and END IF should be executed. If the condition evaluates to FALSE or NULL,
the code is not executed.

IF THEN This combination implements an either/or logic: based on the condition between the IF and THEN keywords,
ELSE END execute the code either between THEN and ELSE or between ELSE and END IF. One of these two sections of
IF; executable statements is performed.
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IF type Characteristics

IF THEN EL  Thislastand most complex form of the IF statement selects a condition that is TRUE from a series of mutually

SIF ELSE exclusive conditions and then executes the set of statements associated with that condition. If you're writing

END IF; IF statements like this using any release from Oracle9i Database Release 1 onward, you should consider using
searched CASE statements instead.

The IF-THEN Combination

The general format of the IF-THEN syntax is as follows:

IF condition
THEN

. Ssequence of executable statements ...
END IF;

The condition is a Boolean variable, constant, or expression that evaluates to TRUE,
FALSE, or NULL. If condition evaluates to TRUE, the executable statements found after
the THEN keyword and before the matching END IF statement are executed. If condi-
tion evaluates to FALSE or NULL, those statements are not executed.

Three-Valued Logic

Boolean expressions can return three possible results. When all values in a Boolean
expression are known, the result is either TRUE or FALSE. For example, there is no
doubt when determining the truth or falsity of an expression such as:

(2 < 3) AND (5 < 10)

Sometimes, however, you don’t know all values in an expression. That’s because data-
bases allow for values to be NULL, or missing. What, then, can be the result from an
expression involving NULLs? For example:

2 < NULL

Because you don’t know what the missing value is, the only answer you can give is “I
don’t know”” This is the essence of so-called three-valued logic—you can have not only
TRUE and FALSE as a possible result, but also NULL.

To learn more about three-valued logic, I recommend Lex de Haan and Jonathan Gen-
nick’s Oracle Magazine article “Nulls: Nothing to Worry About.” You might find C. J.
Date’s book Database in Depth: Relational Theory for the Practitioner helpful as well. T'll
also have more to say about three-valued logic as you go through this chapter.

The following IF condition compares two different numeric values. Remember that if
one of these two values is NULL, then the entire expression returns NULL. In the fol-
lowing example, the bonus is not given when salary is NULL:
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IF salary > 40000
THEN

give_bonus (employee_id,500);
END IF;

There are exceptions to the rule that a NULL in a Boolean expression leads to a NULL
result. Some operators and functions are specifically designed to deal with NULLs in a
way that leads to TRUE and FALSE (and not NULL) results. For example, you can use
IS NULL to test for the presence of a NULL:

IF salary > 40000 OR salary IS NULL
THEN

give_bonus (employee_id,500);
END IF;

In this example, “salary IS NULL” evaluates to TRUE in the event that salary has no
value, and otherwise to FALSE. Employees whose salaries are missing will now get bo-
nuses too. (As indeed they probably should, considering their employer was so incon-
siderate as to lose track of their pay in the first place.)

Using operators such as IS NULL and IS NOT NULL or functions
such as COALESCE and NVL2 are good ways to detect and deal with
potentially NULL values. For every variable that you reference in
every Boolean expression that you write, be sure to think carefully
about the consequences if that variable is NULL.

It's not necessary to put the IF, THEN, and END IF keywords on their own lines. In fact,
line breaks don’t matter at all for any type of IF statement. You could just as easily write:

IF salary > 40000 THEN give_bonus (employee_1d,500); END IF;

Putting everything on one line is perfectly fine for simple IF statements such as the one
shown here. However, when writing IF statements of any complexity at all, you’ll find
that readability is much greater when you format the statement such that each keyword
begins a new line. For example, the following code would be very difficult to follow if
it were all crammed on a single line. Actually, it’s difficult to follow as it appears on three
lines:

IF salary > 40000 THEN INSERT INTO employee_bonus (eb_employee_id, eb_bonus_amt)
VALUES (employee_id, 500); UPDATE emp_employee SET emp_bonus_given=1 WHERE emp_
employee_1id=employee_1id; END IF;

Ugh! Whod want to spend time figuring that out? It's much more readable when for-
matted nicely:

IF salary > 40000
THEN
INSERT INTO employee_bonus
(eb_employee_id, eb_bonus_amt)
VALUES (employee_id, 500);
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UPDATE emp_employee

SET emp_bonus_given=1

WHERE emp_employee_1id=employee_1id;
END IF;

This readability issue becomes even more important when using the ELSE and ELSIF
keywords, and when nesting one IF statement inside another. Take full advantage of
indents and formatting to make the logic of your IF statements easily decipherable.
Future maintenance programmers will thank you.

The IF-THEN-ELSE Combination

Use the IF-THEN-ELSE format when you want to choose between two mutually ex-
clusive actions. The format of this either/or version of the IF statement is as follows:

IF condition

THEN

. TRUE sequence of executable statements ...
ELSE

. FALSE/NULL sequence of executable statements ...
END IF;

The condition is a Boolean variable, constant, or expression. If condition evaluates to
TRUE, the executable statements found after the THEN keyword and before the ELSE
keyword are executed (the “TRUE sequence of executable statements”). If condition
evaluates to FALSE or NULL, the executable statements that come after the ELSE key-
word and before the matching END IF keywords are executed (the “FALSE/NULL se-
quence of executable statements”).

The important thing to remember is that one of the two sequences of statements will
always execute, because IF-THEN-ELSE is an either/or construct. Once the appropriate
set of statements has been executed, control passes to the statement immediately fol-
lowing the END IF keyword.

Following is an example of the IF-THEN-ELSE construct that builds upon the IF-THEN
example shown in the previous section:
IF salary <= 40000
THEN
give_bonus (employee_id, 0);
ELSE
give_bonus (employee_id, 500);
END IF;

In this example, employees with a salary greater than $40,000 will get a bonus of $500,
while all other employees will get no bonus at all. Or will they? What happens if salary,
for whatever reason, happens to be NULL for a given employee? In that case, the state-
ments following the ELSE will be executed, and the employee in question will get the
bonus that is supposed to go only to highly paid employees. That’s not good (well, it was
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good in the last section, but not now)! If the salary could be NULL, you can protect
yourself against this problem using the NVL function:

IF NVL(salary,0) <= 40000
THEN

give_bonus (employee_id, 0);
ELSE

give_bonus (employee_id, 500);
END IF;

The NVL function will return zero any time salary is NULL, ensuring that any employees
with a NULL salary also get a zero bonus (those poor employees).

Using Boolean Flags

Often, it’s convenient to use Boolean variables as flags so that you don’t need to evaluate
the same Boolean expression more than once. When doing so, remember that the result
of a Boolean expression can be assigned directly to a Boolean variable. For example,
rather than writing:

IF :customer.order_total > max_allowable_order

THEN

order_exceeds_balance := TRUE;
ELSE

order_exceeds_balance := FALSE;
END IF;

you can instead (assuming neither variable could be NULL) write the following, much
simpler expression:

order_exceeds_balance
:= :customer.order_total > max_allowable_order;

Now, whenever you need to test whether an order’s total exceeds the maximum, you can
write the following easily understandable IF statement:

IF order_exceeds_balance
THEN

If you have not had much experience with Boolean variables, it may take you a little
while to learn how to integrate them smoothly into your code. It is worth the effort,
though. The result is cleaner, more readable code.

The IF-THEN-ELSIF Combination

This last form of the IF statement comes in handy when you have to implement logic
that has many alternatives; i.e., when it’s not an either/or situation. The IF-ELSIF for-
mulation provides a way to handle multiple conditions within a single IF statement. In
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general, you should use ELSIF with mutually exclusive alternatives (i.e., when only one
condition can be TRUE for any execution of the IF statement). The general format for
this variation of IF is:

IF condition-1
THEN

statements-1
ELSIF condition-N
THEN

statements-N
[ELSE

else_statements]
END IF;

Be very careful to use ELSIF, not ELSEIE. The inadvertent use of
ELSEIF is a fairly common syntax error. ELSE IF (two words) doesn’t
work either.

Logically speaking, the IF-THEN-ELSIF construct is one way to implement CASE
statement functionality in PL/SQL. Of course, if you are using Oracle9i Database on-
ward, you are probably better off actually using a CASE statement (discussed later in
this chapter).

Each ELSIF clause must have a THEN after its condition. Only the ELSE keyword does
not need the THEN keyword. The ELSE clause in the IF-ELSIF is the “otherwise” of the
statement. If none of the conditions evaluate to TRUE, the statements in the ELSE clause
are executed. The ELSE clause is optional, though; you can code an IF-ELSIF that has
only IF and ELSIF clauses. In such a case, if none of the conditions are TRUE, no state-
ments inside the IF block are executed.

Following is an implementation of the complete bonus logic described at the beginning
of this chapter using the IF-THEN-ELSIF combination:

IF salary BETWEEN 10000 AND 20000
THEN

give_bonus(employee_id, 1500);
ELSIF salary BETWEEN 20000 AND 40000
THEN

give_bonus(employee_id, 1000);
ELSIF salary > 40000
THEN

give_bonus(employee_id, 500);
ELSE

give_bonus(employee_id, 0);
END IF;
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Avoiding IF Syntax Gotchas

Keep in mind these points about IF statement syntax:

Always match up an IF with an END IF
In all three variations of the IF statement, you must close off the executable state-
ments associated with the conditional structure with an END IF keyword.

You must have a space between the keywords END and IF
If you type ENDIF instead of END IF, the compiler will get confused and give you
the following hard-to-understand error message:

ORA-06550: line 14, column 4:

PLS-00103: Encountered the symbol ";" when expecting one of the following:

The ELSIF keyword should not have an embedded E
If you type ELSEIF in place of ELSIF, the compiler will get confused and will not
recognize the ELSEIF as part of the IF statement. Instead, the compiler will interpret
ELSEIF as a variable or a procedure name.

Place a semicolon (;) only after the END IF keywords
The keywords THEN, ELSE, and ELSIF should not have a semicolon after them.
They are not standalone executable statements, and, unlike END IF, do not com-
plete a statement. If you include a semicolon after these keywords, the compiler will
issue messages indicating that it is looking for a statement of some kind before the
semicolon.

The conditions in the IF-ELSIF are always evaluated in the order of first condition to
last condition. If two conditions evaluate to TRUE, the statements for the first such
condition are executed. With respect to the current example, a salary of $20,000 will
result in a bonus of $1,500 even though that $20,000 salary also satisfies the condition
for a $1,000 bonus (BETWEEN is inclusive). Once a condition evaluates to TRUE, the
remaining conditions are not evaluated at all.

The CASE statement represents a better solution to the bonus problem than the IF-
THEN-ELSIF solution shown in this section. See “CASE Statements and Expressions”
on page 93.

Even though overlapping conditions are allowed in an IF-THEN-ELSIF statement, it’s
best to avoid them when possible. In my example, the original spec is a bit ambiguous
about how to handle boundary cases such as $20,000. Assuming that the intent is to
give the highest bonuses to the lowest-paid employees (which seems like a reasonable
approach to me), I would dispense with the BETWEEN operator and use the following
less-than/greater-than logic. Note that I've also dispensed with the ELSE clause just to
illustrate that it is optional:
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IF salary >= 10000 AND salary <= 20000
THEN
give_bonus(employee_id, 1500);
ELSIF salary > 20000 AND salary <= 40000
THEN
give_bonus(employee_id, 1000);
ELSIF salary > 40000
THEN
give_bonus(employee_id, 400);
END IF;

By taking steps to avoid overlapping conditions in an IF-THEN-ELSIF, I am eliminating
a possible (probable?) source of confusion for programmers who come after me. I also
eliminate the possibility of inadvertent bugs being introduced as a result of someone’s
reordering the ELSIF clauses. Note, though, that if salary is NULL, then no code will be
executed, because there is no ELSE section.

The language does not require that ELSIF conditions be mutually exclusive. Always be
aware of the possibility that two or more conditions might apply to a given value, and
that consequently the order of those ELSIF conditions might be important.

Nested IF Statements

You can nest any IF statement within any other IF statement. The following IF statement
shows several layers of nesting:

IF conditioni
THEN
IF condition2
THEN
statements2
ELSE
IF condition3
THEN
statements3
ELSIF condition4
THEN
statements4
END IF;
END IF;
END IF;

Nested IF statements are often necessary to implement complex logic rules, but you
should use them carefully. Nested IF statements, like nested loops, can be very difficult
to understand and debug. If you find that you need to nest more than three levels deep
in your conditional logic, you should review that logic and see if there is a simpler way
to code the same requirement. If not, then consider creating one or more local modules
to hide the innermost IF statements.
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A key advantage of the nested IF structure is that it defers evaluation of inner conditions.
The conditions of an inner IF statement are evaluated only if the condition for the outer
IF statement that encloses them evaluates to TRUE. Therefore, one obvious reason to
nest IF statements is to evaluate one condition only when another condition is TRUE.
For example, in my code to award bonuses, I might write the following:
IF award_bonus(employee_1id) THEN
IF print_check (employee_1id) THEN
DBMS_OUTPUT.PUT_LINE('Check issued for ' || employee_1id);
END IF;
END IF;

This is reasonable, because I want to print a message for each bonus check issued, but
I don’t want to print a bonus check for a zero amount in cases where no bonus was given.

Short-Circuit Evaluation

PL/SQL uses short-circuit evaluation, which means that PL/SQL need not evaluate all
of the expression in an IF statement. For example, when evaluating the expression in
the following IF statement, PL/SQL stops evaluation and immediately executes the ELSE
branch if the first operand is either FALSE or NULL:

IF conditionl AND condition2
THEN

ELSé‘.

END.iE;
PL/SQL can stop evaluation of the expression when conditionl is FALSE or NULL,
because the THEN branch is executed only when the result of the expression is TRUE,

and that requires both operands to be TRUE. As soon as one operand is found to be
other than TRUE, there is no longer any chance for the THEN branch to be taken.

I found something interesting while researching PL/SQLs short-
circuit behavior. The behavior that you get depends on the expres-
sion’s context. Consider the following statement:

my_boolean := condition1 AND condition2

Unlike the case with an IF statement, when conditionl is NULL, this
expression will not short-circuit. Why not? Because the result could
be either NULL or FALSE, depending on condition2. For an IF state-
ment, NULL and FALSE both lead to the ELSE branch, so a short
circuit can occur. But for an assignment, the ultimate value must be
known, and short-circuiting in this case can (and will) occur only
when conditionl is FALSE.
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Similar to the case with AND, if the first operand of an OR operation in an IF statement
is TRUE, PL/SQL immediately executes the THEN branch:

IF conditionl OR condition2
THEN

ELSE

END IF;
This short-circuiting behavior can be useful when one of your conditions is particularly
expensive in terms of CPU or memory utilization. In such a case, be sure to place that
condition at the end of the set of conditions:

IF low_CPU_condition AND high_CPU_condition
THEN

END IF;
The low_CPU_condition is evaluated first, and if the result is enough to determine the
end result of the AND operation (i.e., the result is FALSE), the more expensive condition

will not be evaluated, and your application’s performance is the better for that evalua-
tion’s not happening.

However, if you are depending on that second condition being eval-
uated, perhaps because you want the side effects from a stored func-
tion that the condition invokes, then you have a problem and you
need to reconsider your design. I don’t believe it’s good to depend
on side effects in this manner.

You can achieve the effect of short-circuit evaluation in a much more explicit manner
using a nested IF statement:

IF low_CPU_condition

THEN

IF high_CPU_condition
THEN

END.iE;
END IF;
Now, high_ CPU_condition is evaluated only if low_CPU_condition evaluates to TRUE.

This is the same effect as short-circuit evaluation, but it's more obvious at a glance what’s
going on. It’s also more obvious that my intent is to evaluate low_CPU_condition first.

Short-circuiting also applies to CASE statements and CASE expressions. These are de-
scribed in the next section.
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CASE Statements and Expressions

The CASE statement allows you to select one sequence of statements to execute out of
many possible sequences. They have been part of the SQL standard since 1992, although
Oracle SQL didn’'t support CASE until the release of Oracle8i Database, and PL/SQL
didn’t support CASE until Oracle9i Database Release 1. From this release onward, the
following types of CASE statements are supported:

Simple CASE statement
Associates each of one or more sequences of PL/SQL statements with a value.
Chooses which sequence of statements to execute based on an expression that re-
turns one of those values.

Searched CASE statement
Chooses which of one or more sequences of PL/SQL statements to execute by eval-
uating a list of Boolean conditions. The sequence of statements associated with the
first condition that evaluates to TRUE is executed.

NULL or UNKNOWN?

Earlier I stated that the result from a Boolean expression can be TRUE, FALSE, or NULL.
In PL/SQL that is quite true, but in the larger realm of relational theory it's considered
incorrect to speak of a NULL result from a Boolean expression. Relational theory says
that a comparison to NULL, such as:

2 < NULL

yields the Boolean value UNKNOWN. And UNKNOWN is not the same as NULL. That
PL/SQL refers to UNKNOWN as NULL is not something you should lose sleep over. I
want you to be aware, though, that UNKNOWN is the true third value in three-valued
logic. And now I hope you’ll never be caught (as I have been a few times!) using the
wrong term when discussing three-valued logic with experts on relational theory.

In addition to CASE statements, PL/SQL also supports CASE expressions. A CASE ex-
pression is very similar in form to a CASE statement and allows you to choose which
of one or more expressions to evaluate. The result of a CASE expression is a single value,
whereas the result of a CASE statement is the execution of a sequence of PL/SQL state-
ments.

Simple CASE Statements

A simple CASE statement allows you to choose which of several sequences of PL/SQL
statements to execute based on the results of a single expression. Simple CASE state-
ments take the following form:
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CASE expression
WHEN resulti THEN
statements1
WHEN result2 THEN
statements2

ELSE
statements_else
END CASE;

The ELSE portion of the statement is optional. When evaluating such a CASE statement,
PL/SQL first evaluates expression. It then compares the result of expression with re-
sultl. If the two results match, statementsl is executed. Otherwise, result2 is checked,
and so forth.

Following is an example of a simple CASE statement that uses the employee type as a
basis for selecting the proper bonus algorithm:

CASE employee_type

WHEN 'S' THEN
award_salary_bonus(employee_1id);

WHEN 'H' THEN
award_hourly_bonus(employee_1id);

WHEN 'C' THEN
award_commissioned_bonus(employee_id);

ELSE
RAISE invalid_employee_type;

END CASE;

This CASE statement has an explicit ELSE clause; however, the ELSE is optional. When
you do not explicitly specify an ELSE clause of your own, PL/SQL implicitly uses the
following:

ELSE
RAISE CASE_NOT_FOUND;

In other words, if you don't specify an ELSE clause, and none of the results in the WHEN
clauses match the result of the CASE expression, PL/SQL raisesa CASE_NOT_FOUND
error. This behavior is different from what 'm used to with IF statements. When an IF
statement lacks an ELSE clause, nothing happens when the condition is not met. With
CASE, the analogous situation leads to an error.

By now you're probably wondering how, or even whether, the bonus logic shown earlier
in this chapter can be implemented using a simple CASE statement. At first glance, it
doesn’'t appear possible. However, a bit of creative thought yields the following solution:

CASE TRUE
WHEN salary >= 10000 AND salary <=20000
THEN
give_bonus(employee_id, 1500);
WHEN salary > 20000 AND salary <= 40000
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THEN

give_bonus(employee_id, 1000);
WHEN salary > 40000
THEN

give_bonus(employee_id, 500);
ELSE

give_bonus(employee_id, 0);
END CASE;

The key point to note here is that the expression and result elements shown in the earlier
syntax diagram can be either scalar values or expressions that evaluate to scalar values.

Ifyoulook back to the earlier IF-THEN-ELSIF statement implementing this same bonus
logic, you’ll see that I specified an ELSE clause for the CASE implementation, whereas
I didn’t specify an ELSE for the IF-THEN-ELSIF solution. The reason for the addition
of the ELSE is simple: if no bonus conditions are met, the IF statement does nothing,
effectively resulting in a zero bonus. A CASE statement, however, will raise an error if
no conditions are met—hence the need to code explicitly for the zero bonus case.

To avoid CASE_NOT_FOUND errors, be sure that it's impossible for
one of your conditions not to be met.

While my previous CASE TRUE statement may look like a clever hack, its really an
explicit implementation of the searched CASE statement, which I talk about in the next
section.

Searched CASE Statements

A searched CASE statement evaluates a list of Boolean expressions and, when it finds
an expression that evaluates to TRUE, executes a sequence of statements associated with
that expression. Essentially, a searched CASE statement is the equivalent of the CASE
TRUE statement shown in the previous section.

Searched CASE statements have the following form:

CASE

WHEN expressioni THEN
statements1

WHEN expression2 THEN
statements2

ELSE
statements_else

END CASE;
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A searched CASE statement is a perfect fit for the problem of implementing the bonus
logic. For example:

CASE

WHEN salary >= 10000 AND salary <=20000 THEN
give_bonus(employee_id, 1500);

WHEN salary > 20000 AND salary <= 40000 THEN
give_bonus(employee_id, 1000);

WHEN salary > 40000 THEN
give_bonus(employee_id, 500);

ELSE
give_bonus(employee_id, 0);

END CASE;

As with simple CASE statements, the following rules apply:

« Execution ends once a sequence of statements has been executed. If more than one
expression evaluates to TRUE, only the statements associated with the first such
expression are executed.

o The ELSE clause is optional. If no ELSE is specified, and no expressions evaluate to
TRUE, then a CASE_NOT_FOUND exception is raised.

o WHEN clauses are evaluated in order, from top to bottom.

Following is an implementation of my bonus logic that takes advantage of the fact that
WHEN clauses are evaluated in the order in which I write them. The individual ex-
pressions are simpler, but is the intent of the statement as easily grasped?

CASE
WHEN salary > 40000 THEN
give_bonus(employee_id, 500);
WHEN salary > 20000 THEN
give_bonus(employee_id, 1000);
WHEN salary >= 10000 THEN
give_bonus(employee_1id, 1500);
ELSE
give_bonus(employee_id, 0);
END CASE;

If a given employee’s salary is $20,000, then the first expression and second expression
will evaluate to FALSE. The third expression will evaluate to TRUE, and that employee
will be awarded a bonus of $1,500. If an employee’s salary is $21,000, then the second
expression will evaluate to TRUE, and the employee will be awarded a bonus of $1,000.
Execution of the CASE statement will cease with the first WHEN condition that eval-
uates to TRUE, so a salary of $21,000 will never reach the third condition.

It’s arguable whether you should take this approach to writing CASE statements. You
should certainly be aware that it's possible to write such a statement, and you should
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watch for such order-dependent logic in programs that you are called upon to modify
or debug.

Order-dependent logic can be a subtle source of bugs when you decide to reorder the
WHEN clauses in a CASE statement. Consider the following searched CASE statement
in which, assuming a salary of $20,000, both WHEN expressions evaluate to TRUE:

CASE

WHEN salary BETWEEN 10000 AND 20000 THEN
give_bonus(employee_id, 1500);

WHEN salary BETWEEN 20000 AND 40000 THEN
give_bonus(employee_id, 1000);

Imagine the results ifa future programmer unthinkingly decides to make the code neater
by reordering the WHEN clauses in descending order by salary. Don't scoff at this pos-
sibility! We programmers frequently fiddle with perfectly fine, working code to satisty
some inner sense of order. Following is the CASE statement rewritten with the WHEN
clauses in descending order:

CASE

WHEN salary BETWEEN 20000 AND 40000 THEN
give_bonus(employee_id, 1000);

WHEN salary BETWEEN 10000 AND 20000 THEN
give_bonus(employee_id, 1500);

Looks good, doesn't it? Unfortunately, because of the slight overlap between the two
WHEN clauses, I've introduced a subtle bug into the code. Now an employee with a
salary of $20,000 gets a bonus of $1,000 rather than the intended $1,500. There may be
cases where overlap between WHEN clauses is desirable, but avoid it when feasible.
Always remember that order matters, and resist the urge to fiddle with working code.
If it ain’t broke, don’t fix it.

Since WHEN clauses are evaluated in order, you may be able to
squeeze some extra efficiency out of your code by listing the most
likely WHEN clauses first. In addition, if you have WHEN clauses
with “expensive” expressions (e.g., requiring lots of CPU and mem-
ory), you may want to list those last in order to minimize the chan-
ces that they will be evaluated. See “Nested IF Statements” on page 90
for an example of this issue.

Use searched CASE statements when you want to use Boolean expressions as a basis for
identifying a set of statements to execute. Use simple CASE statements when you can
base that decision on the result of a single expression.
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Nested CASE Statements

CASE statements can be nested just as IF statements can. For example, this rather dif-
ficult to follow implementation of my bonus logic uses a nested CASE statement:

CASE
WHEN salary >= 10000 THEN
CASE
WHEN salary <= 20000 THEN
give_bonus(employee_1id, 1500);
WHEN salary > 40000 THEN
give_bonus(employee_id, 500);
WHEN salary > 20000 THEN
give_bonus(employee_1id, 1000);
END CASE;
WHEN salary < 10000 THEN
give_bonus(employee_1d,0);
END CASE;

Any type of statement may be used within a CASE statement, so I could replace the
inner CASE statement with an IF statement. Likewise, any type of statement, including
CASE statements, may be nested within an IF statement.

CASE Expressions

CASE expressions do for expressions what CASE statements do for statements. Simple
CASE expressions let you choose an expression to evaluate based on a scalar value that
you provide as input. Searched CASE expressions evaluate a list of expressions to find
the first one that evaluates to TRUE, and then return the results of an associated ex-
pression.

CASE expressions take the following two forms:

Simple_Case_Expression :=
CASE expression
WHEN resulti THEN
result_expressionl
WHEN result2 THEN
result_expression2
ELSE
result_expression_else
END;
Searched_Case_Expression :=
CASE
WHEN expressioni THEN
result_expressionl
WHEN expression2 THEN
result_expression2

ELSE
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result_expression_else
END;

A CASE expression returns a single value, the result of whichever result_expression is
chosen. Each WHEN clause must be associated with exactly one expression (no state-
ments). Do not use semicolons or END CASE to mark the end of the CASE expression.
CASE expressions are terminated by a simple END.

Following is an example of a simple CASE expression being used with the DBMS_OUT-
PUT package to output the value of a Boolean variable. (Recall that the PUT_LINE
program is not overloaded to handle Boolean types.) In this example, the CASE ex-
pression converts the Boolean value into a character string, which PUT_LINE can then
handle:

DECLARE
boolean_true BOOLEAN := TRUE;
boolean_false BOOLEAN := FALSE;
boolean_null BOOLEAN;
FUNCTION boolean_to_varchar2 (flag IN BOOLEAN) RETURN VARCHAR2 IS

BEGIN
RETURN
CASE flag
WHEN TRUE THEN 'True'
WHEN FALSE THEN 'False'
ELSE 'NULL'
END;
END;
BEGIN

DBMS_OUTPUT.PUT_LINE(boolean_to_varchar2(boolean_true));

DBMS_OUTPUT.PUT_LINE(boolean_to_varchar2(boolean_false));

DBMS_OUTPUT.PUT_LINE(boolean_to_varchar2(boolean_null));
END;

A searched CASE expression can be used to implement my bonus logic, returning the
proper bonus value for any given salary:

DECLARE
salary NUMBER := 20000;
employee_id NUMBER := 36325;
PROCEDURE give_bonus (emp_id IN NUMBER, bonus_amt IN NUMBER) IS
BEGIN
DBMS_OUTPUT.PUT_LINE(emp_id);
DBMS_OUTPUT.PUT_LINE(bonus_amt);
END;
BEGIN
give_bonus(employee_id,
CASE
WHEN salary >= 10000 AND salary <= 20000 THEN 1500
WHEN salary > 20000 AND salary <= 40000 THEN 1000
WHEN salary > 40000 THEN 500
ELSE O
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END);
END;

You can use a CASE expression anywhere you can use any other type of expression or
value. The following example uses a CASE expression to compute a bonus amount,
multiplies that amount by 10, and assigns the result to a variable that is displayed via
DBMS_OUTPUT:

DECLARE
salary NUMBER := 20000;
employee_id NUMBER := 36325;
bonus_amount NUMBER;
BEGIN
bonus_amount :=
CASE
WHEN salary >= 10000 AND salary <= 20000 THEN 1500
WHEN salary > 20000 AND salary <= 40000 THEN 1000
WHEN salary > 40000 THEN 500
ELSE 0
END * 10;
DBMS_OUTPUT.PUT_LINE(bonus_amount);
END;

Unlike with the CASE statement, no error is raised in the event that no WHEN clause

is selected in a CASE expression. Instead, when no WHEN conditions are met, a CASE
expression will return NULL.

The GOTO Statement

The GOTO statement performs unconditional branching to another executable state-
ment in the same execution section of a PL/SQL block. As with other constructs in the
language, if you use GOTO appropriately and with care, your programs will be stronger
for it.

The general format for a GOTO statement is:
GOTO label_name;

where label_name is the name of a label identifying the target statement. This GOTO
label is defined in the program as follows:

<<label_name>>

You must surround the label name with double enclosing angle brackets (<< >>). When
PL/SQL encounters a GOTO statement, it immediately shifts control to the first exe-
cutable statement following the label. Following is a complete code block containing
both a GOTO and a label:

BEGIN
GOTO second_output;
DBMS_OUTPUT.PUT_LINE('This line will never execute.');
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<<second_output>>
DBMS_OUTPUT.PUT_LINE( 'We are here!');
END;

There are several restrictions on the GOTO statement:

o At least one executable statement must follow a label.
o The target label must be in the same scope as the GOTO statement.
o The target label must be in the same part of the PL/SQL block as the GOTO.

Contrary to popular opinion (including mine), the GOTO statement can come in handy.
There are cases where a GOTO statement can simplify the logic in your program. On
the other hand, because PL/SQL provides so many different control constructs and

modularization techniques, you can almost always find a better way to do something
than with a GOTO.

The NULL Statement

Usually when you write a statement in a program, you want it to do something. There
are cases, however, when you want to tell PL/SQL to do absolutely nothing, and that is
where the NULL statement comes in handy. The NULL statement has the following
format:

NULL;

Well, you wouldn’t want a do-nothing statement to be complicated, would you? The
NULL statement is simply the reserved word NULL followed by a semicolon (;) to
indicate that this is a statement and not a NULL value. The NULL statement does noth-
ing except pass control to the next executable statement.

Why would you want to use the NULL statement? There are several reasons, described
in the following sections.

Improving Program Readability

Sometimes, it’s helpful to avoid any ambiguity inherent in an IF statement that doesn’t
cover all possible cases. For example, when you write an IF statement, you do not have
to include an ELSE clause. To produce a report based on a selection, you can code:

IF :report_mgr.selection = 'DETAIL'

THEN

exec_detail_report;
END IF;

What should the program be doing if the report selection is not ‘DETAIL? One might
assume that the program is supposed to do nothing. But because this is not explicitly
stated in the code, you are left to wonder if perhaps there was an oversight. If, on the
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other hand, you include an explicit ELSE clause that does nothing, you state very clearly,
“Don’t worry, I thought about this possibility and I really want nothing to happen”:

IF :report_mgr.selection = 'DETAIL'

THEN
exec_detail_report;
ELSE
NULL; -- Do nothing
END IF;

My example here was of an IF statement, but the same principle applies when you’re
writing CASE statements and CASE expressions. Similarly, if you want to temporarily
remove all the code from a function or procedure, and yet still invoke that function or
procedure, you can use NULL as a placeholder. Otherwise, you cannot compile a func-
tion or procedure without having any lines of code within it.

Using NULL After a Label

In some cases, you can pair NULL with GOTO to avoid having to execute additional
statements. Most of you will never have to use the GOTO statement; there are very few
occasions where it is truly needed. If you ever do use GOTO, however, you should
remember that when you GOTO a label, at least one executable statement must follow
that label. In the following example, I use a GOTO statement to quickly move to the
end of my program if the state of my data indicates that no further processing is required:

PROCEDURE process_data (data_in IN orders%ROWTYPE,
data_action IN VARCHAR2)
IS
status INTEGER;
BEGIN
-- First in series of validations.
IF data_in.ship_date IS NOT NULL
THEN
status := validate_shipdate (data_in.ship_date);
IF status != O THEN GOTO end_of_procedure; END IF;
END IF;

-- Second in series of validations.
IF data_in.order_date IS NOT NULL
THEN
status := validate_orderdate (data_in.order_date);
IF status != 0 THEN GOTO end_of_procedure; END IF;
END IF;

. more validations ...
<<end_of_procedure>>

NULL;
END;

102 | Chapter4: Conditional and Sequential Control

www.it-ebooks.info


http://www.it-ebooks.info/

With this approach, if I encounter an error in any single section, I use the GOTO to
bypass all remaining validation checks. Because I do not have to do anything at the
termination of the procedure, I place a NULL statement after the label because at least
one executable statement is required there. Even though NULL does nothing, it is still
an executable statement.
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CHAPTER 5
Iterative Processing with Loops

This chapter explores the iterative control structures of PL/SQL, otherwise known as
loops, which let you execute the same code repeatedly. It also describes the CONTINUE
statement, introduced for loops in Oracle Database 11g. PL/SQL provides three different
kinds of loop constructs:

o The simple or infinite loop
o The FOR loop (numeric and cursor)
o The WHILE loop

Each type of loop is designed for a specific purpose with its own nuances, rules for use,
and guidelines for high-quality construction. As I explain each loop, I'll provide a table
describing the following properties of the loop.

Property Description

How the loop is terminated A loop executes code repetitively. How do you make the loop stop executing its body?

When the test for termination takes  Does the test for termination take place at the beginning or end of the loop? What are
place the consequences?

Reason to use this loop What are the special factors you should consider to determine if this loop is right for your
situation?

Loop Basics

Why are there three different kinds of loops? To provide you with the flexibility you
need to write the most straightforward code to handle any particular situation. Most
situations that require a loop could be written with any of the three loop constructs. If
you do not pick the construct that is best suited for that particular requirement, however,
you could end up having to write many additional lines of code. The resulting module
will also be harder to understand and maintain.
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Examples of Different Loops

To give you a feel for the way the different loops solve their problems in different ways,
consider the following three procedures. In each case, the procedure makes a call to
display_total_sales for a particular year, for each year number between the start and end
argument values.

The simple loop
It’s called simple for a reason: it starts simply with the LOOP keyword and ends
with the END LOOP statement. The loop will terminate if you execute an EXIT,
EXIT WHEN, or RETURN within the body of the loop (or if an exception is raised):

/* File on web: loop_examples.sql */
PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
,end_year_in IN PLS_INTEGER
)
IS
1_current_year PLS_INTEGER := start_year_in;
BEGIN
LOOP
EXIT WHEN 1_current_year > end_year_in;
display_total_sales (l_current_year);
1_current_year := 1_current_year + 1;
END LOOP;
END display_multiple_years;

The FOR loop
Oracle offers a numeric and a cursor FOR loop. With the numeric FOR loop, you
specify the start and end integer value and PL/SQL does the rest of the work for
you, iterating through each intermediate value and then terminating the loop:

/* File on web: loop_examples.sql */

PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
,end_year_in IN PLS_INTEGER

)
IS
BEGIN
FOR 1_current_year IN start_year_in .. end_year_in
LOOP
display_total_sales (l_current_year);
END LOOP;

END display_multiple_years;

The cursor FOR loop has the same basic structure, but in this case you supply an
explicit cursor or SELECT statement in place of the low-high integer range:

/* File on web: loop_examples.sql */

PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER
,end_year_in IN PLS_INTEGER
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)
IS

BEGIN
FOR sales_rec IN (
SELECT *
FROM sales_data
WHERE year BETWEEN start_year_in AND end_year_in)
LOOP
display_total_sales (sales_rec.year);
END LOOP;
END display_multiple_years;

The WHILE loop
The WHILE loop is very similar to the simple loop; a critical difference is that it
checks the termination condition up front. It may not even execute its body a single
time:
/* File on web: loop_examples.sql */
PROCEDURE display_multiple_years (
start_year_in IN PLS_INTEGER

,end_year_in IN PLS_INTEGER

)
IS
1_current_year PLS_INTEGER := start_year_in;
BEGIN
WHILE (1_current_year <= end_year_in)
LOOP
display_total_sales (l_current_year);
1_current_year := 1_current_year + 1;
END LOOP;
END display_multiple_years;

In this section, the FOR loop clearly requires the smallest amount of code. Yet I could
use it in this case only because I knew that I would run the body of the loop a specific
number of times. In many other situations, the number of times a loop must execute
varies, so the FOR loop cannot be used.

Structure of PL/SQL Loops

While there are differences among the three loop constructs, every loop has two parts:

Loop boundary
This is composed of the reserved words that initiate the loop, the condition that
causes the loop to terminate, and the END LOOP statement that ends the loop.

Loop body
This is the sequence of executable statements inside the loop boundary that execute
on each iteration of the loop.

Figure 5-1 shows the boundary and body of a WHILE loop.
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WHILE need more data ° Termination Condition
LOoOP
read next_record (record id); *— Loop Boundary
need more data :=
record id IS NOT NULL;
END LOOP;

o loopBody

Figure 5-1. The boundary and body of the WHILE loop

In general, think of a loop much as you would a procedure or a function. The body of
the loop is a black box, and the condition that causes loop termination is the interface
to that black box. Code outside the loop should not have to know about the inner
workings of the loop. Keep this in mind as you go through the different kinds of loops
and examples in the rest of the chapter.

The Simple Loop

The structure of the simple loop is the most basic of all the loop constructs. It consists
of the LOOP keyword, the body of executable code, and the END LOOP keywords, as
shown here:

LooP

executable statement(s)

END LOOP;
The loop boundary consists solely of the LOOP and END LOOP reserved words. The
body must consist of at least one executable statement. The following table summarizes
the properties of the simple loop.

Property Description

How theloopisterminated  The simple loop is terminated when an EXIT statement is executed in the body of the loop. If this
statement is not executed, the simple loop becomes a true infinite loop.

When the test for The test takes place inside the body of the loop, and then only if an EXIT or EXIT WHEN statement
termination takes place is executed. Therefore, the body—or part of the body—of the simple loop always executes at least
once.

Reason to use this loop Use the simple loop when:

« You are not sure how many times you want the loop to execute.
« You want the loop to run at least once.

This loop is useful when you want to guarantee that the body (or at least part of the
body) will execute at least one time. Because there is no condition associated with the
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loop boundary that determines whether or not it should execute, the body of the loop
will always execute the first time.

The simple loop will terminate only when an EXIT (or its close cousin, EXIT WHEN)
statement is executed in its body, or when an exception is raised (and goes unhandled)
within the body of the loop.

Terminating a Simple Loop: EXIT and EXIT WHEN

Unless you want your loop to run forever, you can put an EXIT or EXIT WHEN state-
ment within the body of the loop. The syntax for these statements is as follows:

EXIT;
EXIT WHEN condition;

where condition is a Boolean expression.

The following example demonstrates how the EXIT forces the loop to immediately halt
execution and pass control to the next statement after the END LOOP statement. The
account_balance procedure returns the amount of money remaining in the account
specified by the account ID. If there is less than $1,000 left, the EXIT statement is exe-
cuted and the loop is terminated. Otherwise, the program applies the balance to the
outstanding orders for that account:

LOOP
balance_remaining := account_balance (account_id);
IF balance_remaining < 1000
THEN
EXIT;
ELSE
apply_balance (account_id, balance_remaining);
END IF;
END LOOP;

You can use an EXIT statement only within a LOOP.

PL/SQL also offers the EXIT WHEN statement, which supports conditional termination
of the loop. Essentially, the EXIT WHEN combines an IF-THEN statement with the
EXIT statement. Using the same example, the EXIT WHEN changes the loop to:

LOOP
/* Calculate the balance */
balance_remaining := account_balance (account_id);

/* Embed the IF logic into the EXIT statement */
EXIT WHEN balance_remaining < 1000;

/* Apply balance if still executing the loop */
apply_balance (account_1id, balance_remaining);
END LOOP;
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Notice that the second form doesn’t require an IF statement to determine when it should
exit. Instead, that conditional logic is embedded inside the EXIT WHEN statement.

So when should you use EXIT WHEN, and when is the stripped-down EXIT more
appropriate?

o EXIT WHEN is best used when there is a single conditional expression that deter-
mines whether or not aloop should terminate. The previous example demonstrates
this scenario clearly.

« In situations with multiple conditions for exiting or when you need to set a “return
value” coming out of the loop based on different conditions, you are probably better
off using an IF or CASE statement, with EXIT statements in one or more of the
clauses.

The following example demonstrates a preferred use of EXIT. It is taken from a function
that determines if two files are equal (i.e., contain the same content):

IF (end_of_filel AND end_of_file2)
THEN
retval := TRUE;
EXIT;
ELSIF (checkline != againstline)
THEN
retval := FALSE;
EXIT;
ELSIF (end_of_filel OR end_of_file2)
THEN
retval := FALSE;
EXIT;
END IF;
END LOOP;

Emulating a REPEAT UNTIL Loop

PL/SQL does not provide a REPEAT UNTIL loop in which the condition is tested after
the body of the loop is executed and thus guarantees that the loop always executes at
least once. You can, however, emulate a REPEAT UNTIL with a simple loop, as follows:

LooP
. body of loop ...
EXIT WHEN boolean_condition;
END LOOP;

where boolean_condition is a Boolean variable or an expression that evaluates to a
Boolean value of TRUE or FALSE (or NULL).
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The Intentionally Infinite Loop

Some programs, such as system monitoring tools, are not designed to be executed on
demand but should always be running. In such cases, you may actually want to use an
infinite loop:

LOOP
data_gathering_procedure;
END LOOP;

Here, data_gathering_procedure goes out and, as you'd guess, gathers data about the
system. As anyone who has accidentally run such an infinite loop can attest, it’s likely
that the loop will consume large portions of the CPU. The solution for this, in addition
to ensuring that your data gathering is performed as efficiently as possible, is to pause
between iterations:

LOOP
data_gathering_procedure;
DBMS_LOCK.sleep(10); -- do nothing for 10 seconds
END LOOP;

During the sleep period, the program uses virtually no cycles.

Terminating an Intentionally Infinite Loop

As a practical matter, there will be times when you really do want to terminate inten-
tionally infiniteloops. If you’re just working on an anonymous block in SQL*Plus, typing
the terminal interrupt sequence (usually Ctrl-C) will probably do the job. But real pro-
grams generally run as stored procedures, and even killing the process that submitted
the program (such as SQL*Plus) won't stop the background task. Aha, you say, what
about ALTER SYSTEM KILL SESSION? Nice idea, but in some versions of the Oracle
database this command doesn’t actually kill sessions that are stuck in a loop (go figure).

So how can you put an executing program to sleep—permanently?

You may have to resort to operating system—level tools such as kill in Unix/Linux and
orakill.exe in Microsoft Windows. These commands require you to discover the system
process ID of the Oracle “shadow task,” which is not hard if you have privileges to read
the V$SESSION and V$PROCESS views. But even if the inelegance isn't an issue for
you, your conscience could bother you for another reason: if youre running in shared
server mode, you will probably end up killing other sessions as well. The best solution
that I've come up with is to insert into the loop a kind of “command interpreter” that
uses the database’s built-in interprocess communication, known as a database pipe:

DECLARE
pipename CONSTANT VARCHAR2(12) := 'signaler';
result INTEGER;
pipebuf VARCHAR2(64);

BEGIN
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/* create private pipe with a known name */
result := DBMS_PIPE.create_pipe(pipename);

LOOP
data_gathering_procedure;
DBMS_LOCK.sleep(10);

/* see if there 1s a message on the pipe */

IF DBMS_PIPE.receive_message(pipename, 0) = 0

THEN
/* interpret the message and act accordingly */
DBMS_PIPE.unpack_message(pipebuf);
EXIT WHEN pipebuf = 'stop';

END IF;

END LOOP;
END;

The DBMS_PIPE calls should have little impact on the overall CPU load.

A simple companion program can then kill the looping program by sending a “stop”
message down the pipe:

DECLARE

pipename  VARCHAR2 (12) := 'signaler';

result INTEGER := DBMS_PIPE.create_pipe (pipename);
BEGIN

DBMS_PIPE.pack_message ('stop');
result := DBMS_PIPE.send_message (pipename);
END;

You can also send other commands down the pipe—for example, a command to increase
or decrease the sleep interval. By the way, this example uses a private pipe, so the STOP
message needs to be sent by the same user account that is running the infinite loop. Also
note that the database’s namespace for private pipes is global across all sessions that the
current user is running. So, if you want to have more than one program running the
infinite loop, you need some extra logic to (1) create pipe names that are unique across
sessions, and (2) determine the correct pipe name(s) through which you want to send
the STOP command.

The WHILE Loop

The WHILE loop is a conditional loop that continues to execute as long as the Boolean
condition defined in the loop boundary evaluates to TRUE. Because the WHILE loop
execution depends on a condition and is not fixed, you should use a WHILE loop if you
don’t know in advance the number of times a loop must execute.

Here is the general syntax for the WHILE loop:

WHILE condition
LOOP
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executable statement(s)
END LOOP;

where condition is a Boolean variable or an expression that evaluates to a Boolean value
of TRUE, FALSE, or NULL. Each time an iteration of the loop’s body is executed, the
condition is checked. If it evaluates to TRUE, then the body is executed. If it evaluates
to FALSE or NULL, then the loop terminates, and control passes to the next executable
statement following the END LOOP statement.

The following table summarizes the properties of the WHILE loop.

Property Description

How the loop is The WHILE loop terminates when the Boolean expression in its boundary evaluates to FALSE or NULL.
terminated
When the test for The test for termination of a WHILE loop takes place in the loop boundary. This evaluation occurs

termination takes place  prior to the first and each subsequent execution of the body. The WHILE loop, therefore, is not
guaranteed to execute its loop even a single time.

Reason to use thisloop  Use the WHILE loop when:

« You are not sure how many times you must execute the loop body.
« You will want to conditionally terminate the loop.
« You don't have to execute the body at least one time.

The WHILE loop’s condition is tested at the beginning of the loop’s iteration, before the
body of the loop is executed. There are two consequences to this preexecution test:

o All the information needed to evaluate the condition must be set before the loop is
executed for the first time.

o Itis possible that the WHILE loop will not execute even a single time.

Here is an example of a WHILE loop from the datemgr.pkg file available on the book’s
website. It shows a boundary condition consisting of a complex Boolean expression.
The WHILE loop may stop either because I have run out of date masks to attempt a
conversion, or because I have successfully performed a conversion (and date_converted
is now TRUE):

/* File on web: datemgr.pkg */
WHILE mask_index <= mask_count AND NOT date_converted
LOOP
BEGIN
/* Try to convert string using mask in table row */
retval := TO_DATE (value_in, fmts (mask_index));
date_converted := TRUE;
EXCEPTION
WHEN OTHERS
THEN
mask_index:= mask_index+ 1;
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END;
END LOOP;

The Numeric FOR Loop

There are two kinds of PL/SQL FOR loops: the numeric FOR loop and the cursor FOR
loop. The numeric FOR loop is the traditional and familiar “counted” loop. The number
of iterations of the FOR loop is known when the loop starts; it is specified in the range
scheme found between the FOR and LOOP keywords in the boundary.

The range scheme implicitly declares the loop index (if it has not already been declared),
specifies the start and end points of the range, and optionally dictates the order in which
the loop index proceeds (from lowest to highest or highest to lowest).

Here is the general syntax of the numeric FOR loop:

FOR loop index IN [REVERSE] lowest number .. highest number
LOOP

executable statement(s)
END LOOP;

You must have at least one executable statement between the LOOP and END LOOP
keywords.

The following table summarizes the properties of the numeric FOR loop.

Property Description

How the loop is The numeric FOR loop terminates unconditionally when the number of times specified in its range

terminated scheme has been satisfied. You can also terminate the loop with an EXIT statement, but this is not
recommended.

When the test for After each execution of the loop body, PL/SQL increments (or decrements if REVERSE is specified) the

termination takes place  loop index and then checks its value. When it exceeds the upper bound of the range scheme, the loop
terminates. If the lower bound is greater than the upper bound of the range scheme, the loop never
executes its body.

Reason to use this loop  Use the numeric FOR loop when you want to execute a body of code a fixed number of times and do
not want to halt that looping prematurely.

Rules for Numeric FOR Loops

Follow these rules when you use numeric FOR loops:

Do not declare the loop index. PL/SQL automatically and implicitly declares it as
a local variable with datatype INTEGER. The scope of this index is the loop itself;
you cannot reference the loop index outside the loop.

 Expressions used in the range scheme (both for lowest and highest bounds) are
evaluated once, when the loop starts. The range is not reevaluated during the exe-

114 | Chapter 5: Iterative Processing with Loops

www.it-ebooks.info


http://www.it-ebooks.info/

cution of the loop. If you make changes within the loop to the variables that you
used to determine the FOR loop range, those changes will have no effect.

Never change the values of either the loop index or the range boundary from within
the loop. This is an extremely bad programming practice. PL/SQL will either pro-
duce a compile error or ignore your instructions; in either case, you'll have prob-
lems.

Use the REVERSE keyword to force the loop to decrement from the upper bound
to the lower bound. You must still make sure that the first value in the range spec-
ification (the lowest number in lowest number .. highest number) is less than the
second value. Do not reverse the order in which you specify these values when you
use the REVERSE keyword.

Examples of Numeric FOR Loops

These examples demonstrate some variations of the numeric FOR loop syntax:

o The loop executes 10 times; loop_counter starts at 1 and ends at 10:

FOR loop_counter IN 1 .. 10
LOOP

. executable statements ...
END LOOP;

o The loop executes 10 times; loop_counter starts at 10 and ends at 1:

FOR loop_counter IN REVERSE 1 .. 10
LOOP

. executable statements ...
END LOOP;

o Here is a loop that doesn’t execute even once. I specified REVERSE, so the loop
index, loop_counter, will start at the highest value and end with the lowest. I then
mistakenly concluded that I should switch the order in which I list the highest and
lowest bounds:
FOR loop_counter IN REVERSE 10 .. 1
LOoP
/* This loop body will never execute even once! */

. executable statements ...
END LOOP;

Even when you specify a REVERSE direction, you must still list the lowest bound
before the highest bound. If the first number is greater than the second number,
the body of the loop will not execute at all. If the lowest and highest bounds have
the same value, the loop will execute just once.

The loop executes for a range determined by the values in the variable and expres-
sion:
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FOR calc_index IN start_period_number ..
LEAST (end_period_number, current_period)
LOOP
. executable statements ...
END LOOP;

In this example, the number of times the loop will execute is determined at runtime.
The boundary values are evaluated once, before the loop executes, and then applied
for the duration of loop execution.

Handling Nontrivial Increments

PL/SQL does not provide a “step” syntax whereby you can specify a particular loop index
increment. In all variations of the PL/SQL numeric FOR loop, the loop index is always
incremented or decremented by one.

If you have a loop body that you want executed for a nontrivial increment (something
other than one), you will have to write some cute code. For example, what if you want
your loop to execute only for even numbers between 1 and 100? You can make use of
the numeric MOD function, as follows:
FOR loop_index IN 1 .. 100
LooP
IF MOD (loop_1index, 2) = 0
THEN
/* We have an even number, so perform calculation */
calc_values (loop_index);

END IF;
END LOOP;

Or you can use simple multiplication inside a loop with half the iterations:

FOR even_number IN 1 .. 50
LooP

calc_values (even_number*2);
END LOOP;

In both cases, the calc_values procedure executes only for even numbers. In the first
example, the FOR loop executes 100 times; in the second example, it executes only 50
times.

Whichever approach you decide to take, be sure to document this kind of technique
clearly. You are, in essence, manipulating the numeric FOR loop to do something for
which it is not designed. Comments would be very helpful for the maintenance pro-
grammer who has to understand why you would code something like that.
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The Cursor FOR Loop

A cursor FOR loop is a loop that is associated with (and actually defined by) an explicit
cursor or a SELECT statement incorporated directly within the loop boundary. Use the
cursor FOR loop only if you need to fetch and process each and every record from a
cursor, which is often the case with cursors.

The cursor FOR loop is one of my favorite PL/SQL features. It leverages fully the tight
and effective integration of the procedural constructs with the power of the SQL data-
base language. It reduces the volume of code you need to write to fetch data from a
cursor. It greatly lessens the chance of introducing loop errors in your programming—
and loops are one of the more error-prone parts of a program. Does this loop sound
too good to be true? Well, it ism’t—it’s all true!

Here is the basic syntax of a cursor FOR loop:

FOR record IN { cursor_name | (explicit SELECT statement) }
LOOP

executable statement(s)
END LOOP;

where record is a record declared implicitly by PL/SQL with the %ROWTYPE attribute
against the cursor specified by cursor_name.

Don’t declare a record explicitly with the same name as the loop
index record. It is not needed (PL/SQL declares one for its use with-
in the loop implicitly) and can lead to logic errors. For tips on ac-
cessing information about a cursor FOR loop’s record outside or after
loop execution, see “Obtaining Information About FOR Loop Exe-
cution” on page 126.

You can also embed a SELECT statement directly in the cursor FOR loop, as shown in
this example:

FOR book_rec IN (SELECT * FROM books)

LOOP

show_usage (book_rec);
END LOOP;

You should, however, avoid this formulation because it results in the embedding of

SELECT statements in “unexpected” places in your code, making it more difficult to
maintain and enhance your logic.

The following table summarizes the properties of the cursor FOR loop where record is
a record declared implicitly by PL/SQL with the %ROWTYPE attribute against the
cursor specified by cursor_name.
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Property Description

How the loop is terminated  The cursor FOR loop terminates unconditionally when all of the records in the associated cursor
have been fetched. You can also terminate the loop with an EXIT statement, but this is not

recommended.
When the test for After each execution of the loop body, PL/SQL performs another fetch. If the %NOTFOUND attribute
termination takes place of the cursor evaluates to TRUE, then the loop terminates. If the cursor returns no rows, then the

loop never executes its body.

Reason to use this loop Use the cursor FOR loop when you want to fetch and process every record in a cursor.

You should use a cursor FOR loop whenever you need to unconditionally fetch all rows
from a cursor (i.e., there are no EXITs or EXIT WHENS inside the loop that cause early
termination). Let’s take a look at how you can use the cursor FOR loop to streamline
your code and reduce opportunities for error.

Example of Cursor FOR Loops

Suppose I need to update the bills for all pets staying in my pet hotel, the Share-a-Din-
Din Inn. The following example contains an anonymous block that uses a cursor, oc-
cupancy_cur, to select the room number and pet ID number for all occupants of the
Inn. The procedure update_bill adds any new changes to that pet’s room charges:

1  DECLARE

2 CURSOR occupancy_cur IS

3 SELECT pet_id, room_number

4 FROM occupancy WHERE occupied_dt = TRUNC (SYSDATE);
5 occupancy_rec occupancy_cur%ROWTYPE;

6  BEGIN

7 OPEN occupancy_cur;

8 LOOP

9 FETCH occupancy_cur INTO occupancy_rec;

10 EXIT WHEN occupancy_cur%NOTFOUND;

11 update_bill

12 (occupancy_rec.pet_id, occupancy_rec.room_number);
13 END LOOP;

14 CLOSE occupancy_cur;

15 END;

This code leaves nothing to the imagination. In addition to defining the cursor (line 2),
you must explicitly declare the record for the cursor (line 5), open the cursor (line 7),
start up an infinite loop (line 8), fetch a row from the cursor set into the record (line 9),
check for an end-of-data condition with the % NOTFOUND cursor attribute (line 10),
and finally perform the update (line 11). When you are all done, you have to remember
to close the cursor (line 14).

If I convert this PL/SQL block to use a cursor FOR loop, then I have:

DECLARE
CURSOR occupancy_cur IS
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SELECT pet_1id, room_number
FROM occupancy WHERE occupied_dt = TRUNC (SYSDATE);
BEGIN
FOR occupancy_rec IN occupancy_cur
LOOP
update_bill (occupancy_rec.pet_id, occupancy_rec.room_number);
END LOOP;
END;

Here you see the beautiful simplicity of the cursor FOR loop! Gone is the declaration
of the record. Gone are the OPEN, FETCH, and CLOSE statements. Gone is the need
to check the %XNOTFOUND attribute. Gone are the worries of getting everything right.
Instead, you say to PL/SQL, in effect:

You and I both know that I want each row, and I want to dump that row into a record
that matches the cursor. Take care of that for me, will you?

And PL/SQL does take care of it, just the way any modern programming language
should.

As with all other cursors, you can pass parameters to the cursor in a cursor FOR loop.
If any of the columns in the select list of the cursor is an expression, remember that you
must specify an alias for that expression in the select list. Within the loop, the only way
to access a particular value in the cursor record is with the dot notation (re-
cord_name.column_name, as in occupancy_rec.room_number), so you need a column
name associated with the expression.

For more information about working with cursors in PL/SQL, check out Chapter 15.

Loop Labels

You can give a name to a loop by using a label. (I introduced labels in Chapter 3.) A loop
label in PL/SQL has the following format:

<<label_name>>

where label_name is the name of the label, and that loop label appears immediately
before the LOOP statement:
<<all_emps>>

FOR emp_rec IN emp_cur
LOOP

END LOOP;
The label can also appear optionally after the END LOOP reserved words, as the fol-
lowing example demonstrates:

<<year_loop>>
WHILE year_number <= 1995
LOOP
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<<month_loop>>
FOR month_number IN 1 .. 12
LOOP

END LOOP month_loop;
year_number := year_number + 1;

END LOOP year_loop;

The loop label is potentially useful in several ways:

o When you have written a loop with a large body (say, one that starts at line 50, ends
on line 725, and has 16 nested loops inside it), use a loop label to tie the end of the
loop back explicitly to its start. This visual tag will make it easier for a developer to
maintain and debug the program. Without the loop label, it can be very difficult to
keep track of which LOOP goes with which END LOOP.

 You can use the loop label to qualify the name of the loop indexing variable (either
arecord or anumber). Again, this can be helpful for readability. Here is an example:
<<year_loop>>
FOR year_number IN 1800..1995
LOOP
<<month_loop>>
FOR month_number IN 1 .. 12
LOOP
IF year_loop.year_number = 1900 THEN ... END IF;
END LOOP month_loop;
END LOOP year_loop;

« When you have nested loops, you can use the label both to improve readability and
to increase control over the execution of your loops. You can, in fact, stop the
execution of a specific named outer loop by adding a loop label after the EXIT
keyword in the EXIT statement of a loop, as follows:

EXIT loop_label;
EXIT loop_label WHEN condition;

While it is possible to use loop labels in this fashion, I recommend that you avoid
it. Itleads to very unstructured logic (quite similar to GOTOs) that is hard to debug.
If you feel that you need to insert code like this, you should consider restructuring
your loop, and possibly switching from a FOR loop to a simple or WHILE loop.

The CONTINUE Statement

Oracle Database 11g offers a new feature for loops: the CONTINUE statement. Use this
statement to exit the current iteration of a loop, and immediately continue on to the
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next iteration of that loop. This statement comes in two forms, just like EXIT: the un-
conditional CONTINUE and the conditional CONTINUE WHEN.

Here is a simple example of using CONTINUE WHEN to skip over loop body execution
for even numbers:

BEGIN
FOR 1_index IN 1 .. 10
LOOP
CONTINUE WHEN MOD (1_index, 2) = 0;
DBMS_OUTPUT.PUT_LINE ('Loop index = ' || TO_CHAR (1l_index));
END LOOP;
END;
/

The output is:

Loop index =
Loop index =
Loop index =
Loop index =
Loop index =

O NV W

Of course, you can achieve the same effect with an IF statement, but CONTINUE may
offer amore elegant and straightforward way to express the logic you need to implement.

CONTINUE is likely to come in handy mostly when you need to perform “surgery” on
existing code, make some very targeted changes, and then immediately exit the loop
body to avoid side effects.

You can also use CONTINUE to terminate an inner loop and proceed immediately to
the next iteration of an outer loop’s body. To do this, you will need to give names to your
loops using labels. Here is an example:

BEGIN
<<outer>>
FOR outer_index IN 1 .. 5
LOOP
DBMS_OUTPUT.PUT_LINE (
'Outer index = ' || TO_CHAR (outer_index));

<<inner>>
FOR inner_index IN 1 .. 5
LOOP
DBMS_OUTPUT.PUT_LINE (
" Inner index = ' || TO_CHAR (inner_index));
CONTINUE outer;
END LOOP inner;
END LOOP outer;
END;
/

The output is:
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Outer index = 1
Inner index = 1
Outer index = 2
Inner index = 1
Outer index = 3
Inner index = 1
Outer index = 4
Inner index = 1
Outer index = 5
Inner index = 1

Is CONTINUE as Bad as GOTO?

When I first learned about the CONTINUE statement, my instinctive reaction was that
it represented another form of unstructured transfer of control, similar to GOTO, and
should therefore be avoided whenever possible (I'd been doing just fine without it for
years!). Charles Wetherell, a senior member of the PL/SQL development team, set me
straight as follows:

>

From a long time ago (the era of Dijkstra’s “goto” letter), exit and continue were dis-
cussed and understood to be structured transfers of control. Indeed, exit was directly
recognized in one of Knuth’s major programming language papers as a way to leave
politely from a computation that you needed to abandon.

Bohm and Jacopini proved that any program that uses any arbitrary synchronous con-
trol element (think of loop or goto) could be rewritten using only while loops, if state-
ments, and Boolean variables in a completely structured way. Furthermore, the trans-
formation between the bad unstructured version and the good structured version of a
program could be automated. That’s the good news. The bad news is that the new “good”
program might be exponentially larger than the old program because of the need to
introduce many Booleans and the need to copy code into multiple if statement arms.
In practice, real programs do not experience this exponential explosion. But one often
sees “cut and paste” code copied to simulate the effects of continue and exit. “Cut and
paste” causes maintenance headaches because if a change is needed, the programmer
must remember to make a change in every copy of the pasted code.

The continue statement is valuable because it makes code shorter, makes code easier to
read, and reduces the need for Boolean variables whose exact meaning can be hard to
decipher. The most common use is a loop where the exact processing that each item
needs depends on detailed structural tests of the item. The skeleton of aloop might look
like this; notice that it contains an exit to decide when enough items have been pro-
cessed. Also notice that the last continue (after condition5) is not strictly necessary. But
by putting a continue after each action, it is easy to add more actions in any order
without breaking any other actions.

LOOP
EXIT WHEN exit_condition_met;
CONTINUE WHEN conditioni;
CONTINUE WHEN condition2;
setup_steps_here;
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IF condition4 THEN
action4_executed;
CONTINUE;

END IF;

IF condition5 THEN
action5_executed;
CONTINUE; -- Not strictly required.
END IF;
END LOOP;

Without continue, I would have to implement the loop body like this:

LOOP
EXIT WHEN exit_condition_met;

IF conditionl
THEN
NULL ;
ELSIF condition2
THEN
NULL;
ELSE
setup_steps_here;

IF condition4 THEN
action4_executed;
ELSIF condition5 THEN
action5_executed;
END IF;
END IF;
END LOOP;

Even with this simple example, continue avoids numerous elsif clauses, reduces nesting,
and shows clearly which Boolean tests (and associated processing) are on the same level.
In particular, the nesting depth is much less when continue is used. PL/SQL program-
mers can definitely write better code once they understand and use continue correctly.

Tips for Iterative Processing

Loops are very powerful and useful constructs, but they are structures that you should
use with care. Performance issues within a program often are traced back to loops, and
any problem within aloop is magnified by its repeated execution. The logic determining
when to stop a loop can be very complex. This section offers some tips on how to write
loops that are clean, easy to understand, and easy to maintain.

Use Understandable Names for Loop Indexes

Software programmers should not have to make Sherlock Holmes-like deductions
about the meaning of the start and end range values of the innermost FOR loops in

Tips for Iterative Processing | 123

www.it-ebooks.info


http://www.it-ebooks.info/

order to understand their purpose. Use names that self-document the purposes of vari-
ables and loops. That way, other people will understand your code, and you will re-
member what your own code does when you review it three months later.

How would you like to try to understand—much less maintain—code that looks like
this?

FOR 1 IN start_id .. end_id
LOOP
FORjINT..7
LOOP
FOR k IN 1 .. 24
LOOP
build_schedule (i, j, k);
END LOOP;
END LOOP;
END LOOP;

It is hard to imagine that someone would write code based on such generic integer
variable names (right out of Algebra 101), yet it happens all the time. The habits we pick
up in our earliest days of programming have an incredible half-life. Unless you are
constantly vigilant, you will find yourself writing the most abominable code. In the
preceding case, the solution is simple—use variable names for the loop indexes that are
meaningful and therefore self-documenting:

FOR focus_account IN start_id .. end_id
LOOP
FOR day_1in_week IN 1 .. 7
LOOP
FOR month_1in_biyear IN 1 .. 24
LOOP
build_schedule (focus_account, day_1in_week, month_in_biyear);
END LOOP;
END LOOP;
END LOOP;

Now that I have provided descriptive names for those index variables, I discover that
the innermost loop actually spanned two sets of 12 months (12 x 2 = 24).

The Proper Way to Say Goodbye

One important and fundamental principle in structured programming is “one way in,
one way out’; that is, a program should have a single point of entry and a single point
of exit. A single point of entry is not an issue with PL/SQL: no matter what kind of loop
you are using, there is always only one entry point into the loop—the first executable
statement following the LOOP keyword. It is quite possible, however, to construct loops
that have multiple exit paths. Avoid this practice. Having multiple ways of terminating
a loop results in code that is much harder to debug and maintain.

In particular, you should follow these guidelines for loop termination:
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o Do not use EXIT or EXIT WHEN statements within FOR and WHILE loops. You
should use a FOR loop only when you want to iterate through all the values (integer
or record) specified in the range. An EXIT inside a FOR loop disrupts this process
and subverts the intent of that structure. A WHILE loop, on the other hand, specifies
its termination condition in the WHILE statement itself.

» Do not use the RETURN or GOTO statements within a loop—again, these cause
the premature, unstructured termination of the loop. It can be tempting to use these
constructs because in the short run they appear to reduce the amount of time spent
writing code. In the long run, however, you (or the person left to clean up your
mess) will spend more time trying to understand, enhance, and fix your code over
time.

Let’s look at an example of loop termination issues with the cursor FOR loop. As you
have seen, the cursor FOR loop offers many advantages when you want to loop through
all of the records returned by a cursor. This type of loop is not appropriate, however,
when you need to apply conditions to each fetched record to determine if you should
halt execution of the loop. Suppose that you need to scan through each record from a
cursor and stop when a total accumulation of a column (like the number of pets) exceeds
a maximum, as shown in the following code. Although you can do this with a cursor
FOR loop by issuing an EXIT statement inside the loop, it’s an inappropriate use of this
construct:

1 DECLARE

2 CURSOR occupancy_cur IS

3 SELECT pet_1id, room_number

4 FROM occupancy WHERE occupied_dt = TRUNC (SYSDATE);
5 pet_count INTEGER := 0;

6 BEGIN

7 FOR occupancy_rec IN occupancy_cur

8 LOOP

9 update_bill

10 (occupancy_rec.pet_1id, occupancy_rec.room_number);
11 pet_count := pet_count + 1;

12 EXIT WHEN pet_count >= pets_global.max_pets;

13 END LOOP;

14 END;

The FOR loop explicitly states: “I am going to execute the body of this loop # times”
(where n is a number in a numeric FOR loop, or the number of records in a cursor FOR
loop). An EXIT inside the FOR loop (line 12) short-circuits this logic. The result is code
that’s difficult to follow and debug.

If you need to terminate a loop based on information fetched by the cursor FOR loop,
you should use a WHILE loop or a simple loop in its place. Then the structure of the
code will more clearly state your intentions.
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Obtaining Information About FOR Loop Execution

FOR loops are handy and concise constructs. They handle lots of the “administrative
work” in a program; this is especially true of cursor FOR loops. There is, however, a
tradeoff: by letting the database do so much of the work for you, you have limited access
to information about the end results of the loop after it has been terminated.

Suppose that I want to know how many records I processed in a cursor FOR loop and
then execute some logic based on that value. It would be awfully convenient to write
code like this:

BEGIN
FOR book_rec IN books_cur (author_in => 'FEUERSTEIN,STEVEN')
LOOP
. process data ...
END LOOP;
IF books_cur%ROWCOUNT > 10 THEN ...

but if I try it, I get the runtime error ORA-01001: invalid cursor. This makes sense,
because the cursor is implicitly opened and closed by the database. So how can you get
this information from a loop that is closed? You need to declare a variable in the block
housing that FOR loop, and then set its value inside the FOR loop so that you can obtain
the necessary information about the FOR loop after it has closed. This technique is
shown here:

DECLARE
book_count PLS_INTEGER := 0;

BEGIN
FOR book_rec IN books_cur (author_in => 'FEUERSTEIN,STEVEN')
LOOP

. process data ...
book_count := books_cur%ROWCOUNT;
END LOOP;
IF book_count > 10 THEN ...

SQL Statement as Loop

You actually can think of a SQL statement like SELECT as a loop. After all, such a
statement specifies an action to be taken on a set of data; the SQL engine then “loops
through” the data set and applies the action. In some cases, you will have a choice be-
tween using a PL/SQL loop and a SQL statement to do the same or similar work. Let’s
look at an example and then draw some conclusions about how you can decide which
approach to take.

I need to write a program to move the information for pets who have checked out of
the pet hotel from the occupancy table to the occupancy_history table. As a seasoned
PL/SQL developer, I immediately settle on a cursor FOR loop. For each record fetched
(implicitly) from the cursor (representing a pet who has checked out), the body of the

126 | Chapter 5: Iterative Processing with Loops

www.it-ebooks.info


http://www.it-ebooks.info/

loop first inserts a record into the occupancy_history table and then deletes the record
from the occupancy table:

DECLARE
CURSOR checked_out_cur IS
SELECT pet_id, name, checkout_date
FROM occupancy WHERE checkout_date IS NOT NULL;
BEGIN
FOR checked_out_rec IN checked_out_cur
LOOP
INSERT INTO occupancy_history (pet_id, name, checkout_date)
VALUES (checked_out_rec.pet_id, checked_out_rec.name,
checked_out_rec.checkout_date);
DELETE FROM occupancy WHERE pet_id = checked_out_rec.pet_id;
END LOOP;
END;

This code does the trick. But was it necessary to do it this way? I can express precisely
the same logic and get the same result with nothing more than an INSERT-SELECT
FROM followed by a DELETE, as shown here:

BEGIN
INSERT INTO occupancy_history (pet_id, NAME, checkout_date)
SELECT pet_id, NAME, checkout_date
FROM occupancy WHERE checkout_date IS NOT NULL;
DELETE FROM occupancy WHERE checkout_date IS NOT NULL;
END;

What are the advantages to this approach? I have written less code, and my code will
run more efficiently because I have reduced the number of context switches (moving
back and forth between the PL/SQL and SQL execution engines). I execute just a single
INSERT and a single DELETE.

There are, however, disadvantages to the 100% SQL approach. SQL statements are gen-
erally all-or-nothing propositions. In other words, if any one of those individual rows
from occupancy_history fails, then the entire INSERT fails; no records are inserted or
deleted. Also, the WHERE clause had to be coded twice. Although not a significant
factor in this example, it may well be when substantially more complex queries are
involved. The initial cursor FOR loop thus obviated the need to potentially maintain
complex logic in multiple places.

PL/SQL offers more flexibility as well. Suppose, for example, that I want to transfer as
many of the rows as possible, and simply write a message to the error log for any transfers
of individual rows that fail. In this case, I really do need to rely on the cursor FOR loop,
but with the added functionality of an exception section:

BEGIN
FOR checked_out_rec IN checked_out_cur
LOOP
BEGIN
INSERT INTO occupancy_history ...
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DELETE FROM occupancy ...
EXCEPTION
WHEN OTHERS THEN
log_checkout_error (checked_out_rec);
END;
END LOOP;
END;

PL/SQL offers the ability to access and process a single row at a time, and to take action
(and, perhaps, complex procedural logic based on the contents of that specific record).
When that’s what you need, use a blend of PL/SQL and SQL. If, on the other hand, your
requirements allow you to use native SQL, you will find that you can use less code and
that it will run more efficiently.

You can continue past errors in SQL statements in two other ways:
(1) use the LOG ERRORS clause with inserts, updates, and deletes in
Oracle Database 10g Release 2 and later; and (2) use the SAVE EX-
CEPTIONS clause in your FORALL statements. See Chapter 21 for
more details.
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CHAPTER 6
Exception Handlers

Itis a sad fact of life that many programmers rarely take the time to properly bulletproof
their programs. Instead, wishful thinking often reigns. Most of us find it hard enough
—and more than enough work—to simply write the code that implements the positive
aspects of an application: maintaining customers, generating invoices, and so on. It is
devilishly difficult, from both a psychological standpoint and a resources perspective,
to focus on the negative: for example, what happens when the user presses the wrong
key? If the database is unavailable, what should I do?

As aresult, we write applications that assume the best of all possible worlds, hoping that
our programs are bug-free, that users will enter the correct data in the correct fashion,
and that all systems (hardware and software) will always be a “go”

Of course, harsh reality dictates that no matter how hard you try, there will always be
one more bug in your application. And your users will somehow always find just the
right sequence of keystrokes to make a form implode. The challenge is clear: either you
spend the time up front to properly debug and bulletproof your programs, or you fight
an unending series of rear-guard battles, taking frantic calls from your users and putting
out the fires.

You know what you should do. Fortunately, PL/SQL offers a powerful and flexible way
to trap and handle errors. It is entirely feasible within the PL/SQL language to build an
application that fully protects the user and the database from errors.

Exception-Handling Concepts and Terminology

In the PL/SQL language, errors of any kind are treated as exceptions—situations that
should not occur—in your program. An exception can be one of the following:

o An error generated by the system (such as “out of memory” or “duplicate value in
index”)
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o An error caused by a user action

o A warning issued by the application to the user

PL/SQL traps and responds to errors using an architecture of exception handlers. The
exception handler mechanism allows you to cleanly separate your error-processing code
from your executable statements. It also provides an event-driven model, as opposed to
a linear code model, for processing errors. In other words, no matter how a particular
exception is raised, it is handled by the same exception handler in the exception section.

When an error occurs in PL/SQL, whether it’s a system error or an application error, an
exception is raised. The processing in the current PL/SQL blocK’s execution section
halts, and control is transferred to the separate exception section of the current block,
if one exists, to handle the exception. You cannot return to that block after you finish
handling the exception. Instead, control is passed to the enclosing block, if any.

Figure 6-1 illustrates how control is transferred to the exception section when an ex-
ception is raised.

PROCEDURE jimminy

IS
new_value VARCHAR2(35)
BEGIN
new value := old val || '-new';

IF new_value LIKE ‘openf%’

THEN o—— Execution Section

EXCEPTION
WHEN VALUE_ERROR *—— Fxception Section
THEN

END;

Figure 6-1. Exception-handling architecture

There are, in general, two types of exceptions:

System exception
An exception that is defined by Oracle and is usually raised by the PL/SQL runtime
engine when it detects an error condition. Some system exceptions have names,
such as NO_DATA_FOUND, while many others simply have numbers and de-
scriptions.
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Programmer-defined exception
An exception that is defined by the programmer and is therefore specific to the
application at hand. You can associate exception names with specific Oracle errors
using the EXCEPTION_INIT pragma (a compiler directive, requesting a specific
behavior), or you can assign a number and description to that error using
RAISE_APPLICATION_ERROR.

The following terms will be used throughout this chapter:

Exception section
This is the optional section in a PL/SQL block (anonymous block, procedure, func-
tion, trigger, or initialization section of a package) that contains one or more “han-
dlers” for exceptions. The structure of an exception section is very similar to that
of a CASE statement, which I discussed in Chapter 4.

Raising an exception
You stop execution of the current PL/SQL block by notifying the runtime engine
of an error. The database itself can raise exceptions, or your own code can raise an
exception with either the RAISE or RAISE_APPLICATION_ERROR command.

Handle (used as a verb), handler (used as a noun)
You handle an error by “trapping” it within an exception section. You can then write
code in the handler to process that error, which might involve recording the error’s
occurrence in a log, displaying a message to the user, or propagating an exception
out of the current block.

Scope
This refers to the portion of code (whether in a particular block or for an entire
session) in which an exception can be raised. Also, that portion of code for which
an exception section can trap and handle exceptions that are raised.

Propagation
This is the process by which exceptions are passed from one block to its enclosing
block if the exception goes unhandled in that block.

Unhandled exception
An exception is said to go “unhandled” when it propagates without being handled
out of the outermost PL/SQL block. Control then passes back to the host execution
environment, at which point that environment/program determines how to re-
spond to the exception (roll back the transaction, display an error, ignore it, etc.).

Unnamed or anonymous exception
This is an exception that has an error code and a description associated with it, but
does not have a name that can be used in a RAISE statement or in an exception
handler WHEN clause.
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Named exception
This refers to an exception that has been given a name, either by Oracle in one of
its built-in packages or by a developer. You can also associate a name with an error
code through the use of the EXCEPTION_INIT pragma, or leave it defined only
by its number (which can be used to both raise and handle the exception).

Defining Exceptions

Before an exception can be raised or handled, it must be defined. Oracle predefines
thousands of exceptions, mostly by assigning numbers and messages to those excep-
tions. Oracle also assigns names to a relative few of these thousands: the most commonly
encountered exceptions.

These names are assigned in the STANDARD package (one of two default packages in
PL/SQL; DBMS_STANDARD is the other), as well as in other built-in packages such
as UTL_FILE and DBMS_SQL. The code Oracle uses to define exceptions like NO_DA-
TA_FOUND is the same that you will write to define or declare your own exceptions.
You can do this in two different ways, described in the following sections.

Declaring Named Exceptions

The exceptions that PL/SQL has declared in the STANDARD package (and other built-
in packages) cover internal or system-generated errors. Many of the problems a user
will encounter (or cause) in an application, however, are specific to that application.
Your program might need to trap and handle errors such as “negative balance in ac-
count” or “call date cannot be in the past” While different in nature from “division by
zero, these errors are still exceptions to normal processing and should be handled
gracefully by your program.

One of the most useful aspects of the PL/SQL exception-handling model is that it does
not make any structural distinction between internal errors and application-specific
errors. Once an exception is raised, it can and should be handled in the exception sec-
tion, regardless of the type or source of the error.

Of course, to handle an exception, you must have a name for that exception. Because
PL/SQL cannot name these exceptions for you (they are specific to your application),
you must do so yourself by declaring an exception in the declaration section of your
PL/SQL block. You declare an exception by listing the name of the exception you want
to raise in your program followed by the keyword EXCEPTION:

exception_name EXCEPTION;

The following declaration section of the calc_annual_sales procedure contains two
programmer-defined exception declarations:
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PROCEDURE calc_annual_sales
(company_1id_in IN company.company_id%TYPE)
IS
invalid_company_id  EXCEPTION;
negative_balance EXCEPTION;

duplicate_company BOOLEAN;
BEGIN
. body of executable statements ...
EXCEPTION
WHEN NO_DATA_FOUND -- system exception
THEN

WHEN invalid_company_1id
THEN

WHEN negative_balance
THEN

END;

The names for exceptions are similar in format to (and “read” just like) Boolean variable
names, but can be referenced in only two ways:

o In a RAISE statement in the execution section of the program (to raise the excep-
tion), as in:

RAISE invalid_company_id;

o In the WHEN clauses of the exception section (to handle the raised exception), as
in:
WHEN invalid_company_1id THEN

Associating Exception Names with Error Codes

Oracle has given names to just a handful of exceptions. Thousands of other error con-
ditions within the database are defined by nothing more than an error number and a
message. In addition, a developer can raise exceptions using RAISE_APPLICA-
TION_ERROR (covered in “Raising Exceptions” on page 140) that consist of nothing
more than an error number (between —20000 and —20999) and an error message.

Exceptions without names are perfectly legitimate, but they can lead to code that is hard
to read and maintain. Suppose, for example, that I write a program in which I know the
database might raise a date-related error, such as ORA-01843: not a valid month. I could
write an exception handler to trap that error with code that looks like this:

EXCEPTION

WHEN OTHERS THEN
IF SQLCODE = -1843 THEN
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but that is very obscure code, begging for a comment—or some sort of clarity. I can take
advantage of the EXCEPTION_INIT statement to make this code’s meaning transpar-
ent.

SQLCODE is a built-in function that returns the number of the last
error raised; it is discussed in “Handling Exceptions” on page 143.

Using EXCEPTION_INIT

EXCEPTION_INIT is a compile-time command or pragma used to associate a name
with an internal error code. EXCEPTION_INIT instructs the compiler to associate an
identifier, declared as an EXCEPTION, with a specific error number. Once you have
made that association, you can then raise that exception by name and write an explicit
WHEN handler that traps the error.

With EXCEPTION_INIT, I can replace the WHEN clause shown in the previous ex-
ample with something like this:
PROCEDURE my_procedure
IS
invalid_month EXCEPTION;

PRAGMA EXCEPTION_INIT (invalid_month, -1843);
BEGIN

EXCEPTION
WHEN invalid_month THEN

It's more difficult to remember and understand hardcoded error numbers; instead, my
code now explains itself.

The pragma EXCEPTION_INIT must appear in the declaration section of a block, and
the exception named must have already been defined in that same block, an enclosing
block, or a package specification. Here is the syntax in an anonymous block:

DECLARE
exception_name EXCEPTION;
PRAGMA EXCEPTION_INIT (exception_name, integer);

where exception_name is the name of an exception and integer is a literal integer value,

the number of the Oracle error with which you want to associate the named exception.
The error number can be any integer value, with these constraints:

« It cannot be —1403 (one of the two error codes for NO_DATA_FOUND). If for
some reason you want to associate your own named exception with this error, you
need to pass 100 to the EXCEPTION_INIT pragma.
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o It cannot be 0 or any positive number besides 100.

o It cannot be a negative number less than —1000000.

Lets look at another example. In the following program code, I declare and associate an
exception for this error:

ORA-2292 integrity constraint (OWNER.CONSTRAINT) violated
child record found.

This error occurs if I try to delete a parent row while it still has existing child rows. (A
child row is a row with a foreign key reference to the parent table.) The code to declare
the exception and associate it with the error code looks like this:

PROCEDURE delete_company (company_id_in IN NUMBER)
IS
/* Declare the exception. */
still_have_employees EXCEPTION;

/* Associate the exception name with an error number. */

PRAGMA EXCEPTION_INIT (still_have_employees, -2292);
BEGIN

/* Try to delete the company. */

DELETE FROM company

WHERE company_1id = company_id_1in;
EXCEPTION

/* If child records were found, this exception is ratised! */

WHEN still_have_employees

THEN

DBMS_OUTPUT.PUT_LINE
('Please delete employees for company first.');

END;

Recommended uses of EXCEPTION _INIT

You will find this pragma most useful in two circumstances:

« Giving names to otherwise anonymous system exceptions that you commonly ref-
erence in your code—in other words, when Oracle has not predefined a name for
the error and you have only the number with which to work.

o Assigning names to the application-specific errors you raise using RAISE_APPLI-
CATION_ERROR (see “Raising Exceptions” on page 140). This allows you to handle
such errors by name, rather than simply by number.

In both cases, I recommend that you centralize your usage of EXCEPTION_INIT into
packages so that the definitions of exceptions are not scattered throughout your code.
Suppose, for example, that I am doing lots of work with dynamic SQL (described in
Chapter 16). I might then encounter “invalid column name” errors as I construct my
dynamic queries. I don’t want to have to remember what the code is for this error, and
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it would be silly to define my pragmas in 20 different programs. So instead I predefine
my own system exceptions in my own dynamic SQL package:

CREATE OR REPLACE PACKAGE dynsql
IS
invalid_table_name EXCEPTION;
PRAGMA EXCEPTION_INIT (invalid_table_name, -903);
invalid_identifier EXCEPTION;
PRAGMA EXCEPTION_INIT (invalid_1identifier, -904);

and now I can trap for these errors in any program as follows:

WHEN dynsql.invalid_identifier THEN ...

I suggest that you take this same approach when working with the —20,NNN error codes
passed to RAISE_APPLICATION_ERROR (described later in this chapter). Avoid
hardcoding these literals directly into your application; instead, build (or generate) a
package that assigns names to those error numbers. Here is an example of such a pack-
age:

PACKAGE errnums

IS
en_too_young CONSTANT NUMBER := -20001;
exc_too_young EXCEPTION;
PRAGMA EXCEPTION_INIT (exc_too_young, -20001);

en_sal_too_low CONSTANT NUMBER := -20002;

exc_sal_too_low EXCEPTION;

PRAGMA EXCEPTION_INIT (exc_sal_too_low , -20002);
END errnums;

By relying on such a package, I can write code like the following, without embedding
the actual error number in the logic:

PROCEDURE validate_emp (birthdate_in IN DATE)
IS
min_years CONSTANT PLS_INTEGER := 18;
BEGIN
IF ADD_MONTHS (SYSDATE, min_years * 12 * -1) < birthdate_in
THEN
RAISE_APPLICATION_ERROR
(errnums.en_too_young,
'Employee must be at least ' || min_years || ' old.');
END IF;
END;

About Named System Exceptions

Oracle gives names to a relatively small number of system exceptions by including
EXCEPTION_INIT pragma statements in built-in package specifications.
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The most important and commonly used set of named exceptions may be found in the
STANDARD package in PL/SQL. Because this package is one of the two default packages
of PL/SQL, you can reference these exceptions without including the package name as
a prefix. So, for instance, if I want to handle the NO_DATA_FOUND exception in my
code, I can do so with either of these statements:

WHEN NO_DATA_FOUND THEN
WHEN STANDARD.NO_DATA_FOUND THEN

You can also find predefined exceptions in other built-in packages, such as DBMS_LOB,
the package used to manipulate large objects. Here is an example of one such definition
in that package’s specification:

invalid_argval EXCEPTION;

PRAGMA EXCEPTION_INIT(invalid_argval, -21560);

Because DBMS_LOB is not a default package, when I reference this exception, I need
to include the package name:

WHEN DBMS_LOB.1invalid_argval THEN...
Many of the STANDARD-based predefined exceptions are listed in Table 6-1, each with
its Oracle error number, the value returned by a call to SQLCODE (a built-in function

that returns the current error code, described in “Built-in Error Functions” on page 144),

and a brief description. In all but one case (100, the ANSI standard error number for
NO_DATA_FOUND), the SQLCODE value is the same as the Oracle error code.

Table 6-1. Some of the predefined exceptions in PL/SQL

Name of exception/Oracle error/ Description

SQLCODE

CURSOR_ALREADY_OPEN ORA-6511 You tried to OPEN a cursor that was already open. You must CLOSE a cursor before you

SQLCODE = —6511 try to OPEN or re-OPEN it.

DUP_VAL_ON_INDEX ORA-00001 Your INSERT or UPDATE statement attempted to store duplicate values in a column or

SQLCODE = -1 columns in a row that is restricted by a unique index.

INVALID_CURSOR ORA-01001 SQLCODE  You made reference to a cursor that did not exist. This usually happens when you try

=-1001 to FETCH from a cursor or CLOSE a cursor before that cursor is OPENed.

INVALID_NUMBER ORA-01722 PL/SQL executed a SQL statement that cannot convert a character string successfully

SQLCODE = —1722 to a number. This exception is different from the VALUE_ERROR exception because it
is raised only from within a SQL statement.

LOGIN_DENIED ORA-01017 Your program tried to log into the database with an invalid username/password

SQLCODE = —1017 combination. This exception is usually encountered when you embed PL/SQL in a third-

generation programming language (3GL).
NO_DATA_FOUND ORA-01403 SQLCODE  This exception is raised in three different scenarios: (1) you executed a SELECT INTO
=+100 statement (implicit cursor) that returned no rows; (2) you referenced an uninitialized
row in a local associative array; or (3) you read past end-of-file with the UTL_FILE
package.
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Name of exception/Oracle error/ Description

SQLCODE

NOT_LOGGED ON ORA-01012 Your program tried to execute a call to the database (usually with a DML statement)
SQLCODE = —1012 before it had logged into the database.

PROGRAM_ERROR ORA-06501 PL/SQL has encountered an internal problem. The message text usually also tells you
SQLCODE = —6501 to “Contact Oracle Support.”

STORAGE_ERROR ORA-06500 SQLCODE  Your program ran out of memory, or memory was in some way corrupted.
=—6500

TIMEOUT_ON_RESOURCE ORA-00051 A timeout occurred in the database while waiting for a resource.
SQLCODE =51

TOO_MANY_ROWS ORA-01422 A SELECT INTO statement returned more than one row. A SELECT INTO must return only

SQLCODE = —1422 one row; if your SQL statement returns more than one row, you should place the SELECT
statement in an explicit CURSOR declaration and FETCH from that cursor one row at a
time.

TRANSACTION_BACKED_OUT The remote part of a transaction was rolled back, either with an explicit ROLLBACK

ORA-00061 SQLCODE = —61 command or as the result of some other action (such as a failed SQL/DML operation
on the remote database).

VALUE_ERROR ORA-06502 PL/SQL encountered an error having to do with the conversion, truncation, or invalid

SQLCODE = —6502 constraining of numeric and character data. This is a very general and common

exception. If this type of error is encountered in a SQL DML statement within a PL/SQL
block, then the INVALID_NUMBER exception is raised.

ZERO_DIVIDE ORA-01476 Your program tried to divide by zero.
SQLCODE = —1476

Here is an example of how you might use the exceptions table. Suppose that your pro-
gram generates an unhandled exception for error ORA-6511. Looking up this error, you
find that it is associated with the CURSOR_ALREADY_OPEN exception. Locate the
PL/SQL block in which the error occurs and add an exception handler for CUR-
SOR_ALREADY_OPEN, as shown here:

EXCEPTION
WHEN CURSOR_ALREADY_OPEN
THEN
CLOSE my_cursor;
END;

Of course, you would be even better off analyzing your code to determine proactively
which of the predefined exceptions might occur. You could then decide which of those
exceptions you want to handle specifically, which should be covered by the WHEN
OTHERS clause (discussed later in this chapter), and which would best be left unhan-
dled.
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Scope of an Exception

The scope of an exception is that portion of the code that is “covered” by that exception.
An exception covers a block of code if it can be raised in that block. The following table
shows the scope for each of the different kinds of exceptions.

Exception type Description of scope
Named system These exceptions are globally available because they are not declared in or confined to any particular
exceptions block of code. You can raise and handle a named system exception in any block.

Named programmer-  These exceptions can be raised and handled only in the execution and exception sections of the block in
defined exceptions which they are declared (and all nested blocks). If the exception is defined in a package specification,
its scope is every program whose owner has EXECUTE privilege on that package.

Anonymous system  These exceptions can be handled in any PL/SQL exception section via the WHEN OTHERS section. If they
exceptions are assigned a name, then the scope of that name is the same as that of the named programmer-
defined exception.

Anonymous These exceptions are defined only in the call to RAISE_APPLICATION_ERROR, and then are passed back
programmer-defined  to the calling program.
exceptions

Consider the following example of the exception overdue_balance declared in the pro-
cedure check_account. The scope of that exception is the check_account procedure,
and nothing else:

PROCEDURE check_account (company_1id_in IN NUMBER)
IS
overdue_balance EXCEPTION;
BEGIN
. executable statements ...
LOOP

IF ... THEN
RAISE overdue_balance;
END IF;
END LOOP;
EXCEPTION
WHEN overdue_balance THEN ...
END;

I can RAISE the overdue_balance inside the check_account procedure, but I cannot
raise that exception from a program that calls check_account. The following anonymous
block will generate a compile error, as shown here:

DECLARE
company_id NUMBER := 100;
BEGIN
check_account (100);
EXCEPTION
WHEN overdue_balance /* PL/SQL cannot resolve this reference. */
THEN ...
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END;

PLS-00201: identifier "OVERDUE_BALANCE" must be declared

The check_account procedure is a “black box” as far as the anonymous block is con-
cerned. Any identifiers—including exceptions—declared inside check_account are in-
visible outside of that program.

Raising Exceptions
There are three ways that an exception may be raised in your application:

o The database might raise the exception when it detects an error.
 You might raise an exception with the RAISE statement.

o You might raise an exception with the RAISE_APPLICATION_ERROR built-in
procedure.

I've alreadylooked at how the database raises exceptions. Now let’s examine the different
mechanisms you can use to raise exceptions.

The RAISE Statement

Oracle offers the RAISE statement so that you can, at your discretion, raise a named
exception. You can raise an exception of your own or a system exception. The RAISE
statement can take one of three forms:

RAISE exception_name;
RAISE package_name.exception_name;
RAISE;

The first form (without a package name qualifier) can be used to raise an exception you
have defined in the current block (or an outer block containing that block) or to raise
a system exception defined in the STANDARD package. Here are two examples, first
raising a programmer-defined exception:

DECLARE

invalid_id EXCEPTION; -- ALl IDs must start with the letter 'X'.
id_value VARCHAR2(30);

BEGIN
id_value := id_for ('SMITH');
IF SUBSTR (id_value, 1, 1) != 'X'
THEN
RAISE invalid_id;
END IF;
END;

and then raising a system exception:
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BEGIN
IF total_sales = 0

THEN
RAISE ZERO_DIVIDE; -- Defined in STANDARD package
ELSE
RETURN (sales_percentage_calculation (my_sales, total_sales));
END IF;
END;

The second form does require a package name qualifier. If an exception has been de-
clared inside a package (other than STANDARD) and you are raising that exception
outside that package, you must qualify your reference to that exception in your RAISE
statement, as in:

IF days_overdue (isbn_in, borrower_in) > 365

THEN

RAISE overdue_pkg.book_1is_lost;
END IF;

The third form of the RAISE statement does not require an exception name, but can be
used only within a WHEN clause of the exception section. Its syntax is simply:

RAISE;

Use this form when you want to re-raise (or propagate out) the same exception from
within an exception handler, as you see here:

EXCEPTION

WHEN NO_DATA_FOUND

THEN
-- Use common package to record all the "context" information,
-- such as error code, program name, etc.
errlog.putline (company_1id_in);
-- And now propagate NO_DATA_FOUND unhandled to the enclosing block.
RAISE;

This feature is useful when you want to log the fact that an error occurred but then pass
that same error out to the enclosing block. That way, you record where the error occurred
in your application but still stop the enclosing block(s) without losing the error infor-
mation.

Using RAISE_APPLICATION_ERROR

Oracle provides the RAISE_APPLICATION_ERROR procedure (defined in the default
DBMS_STANDARD package) to raise application-specific errors in your application.
The advantage of using RAISE_ APPLICATION_ERROR instead of RAISE (which can
also raise an application-specific, explicitly declared exception) is that you can associate
an error message with the exception.

When this procedure is run, execution of the current PL/SQL block halts immediately,
and any changes made to OUT or IN OUT arguments (if present and without the NO-
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COPY hint) will be reversed. Changes made to global data structures, such as packaged
variables, and to database objects (by executing an INSERT, UPDATE, MERGE, or
DELETE) will not be rolled back. You must execute an explicit ROLLBACK to reverse
the effect of DML operations.

Here’s the header for this procedure (defined in package DBMS_STANDARD):

PROCEDURE RAISE_APPLICATION_ERROR (
num binary_integer,
msg varchar2,
keeperrorstack boolean default FALSE);

where num is the error number and must be a value between —20,999 and —20,000 (just
think: Oracle needs all the rest of those negative integers for its own exceptions!); msg
is the error message and must be no more than 2,000 characters in length (any text
beyond that limit will be ignored); and keeperrorstack indicates whether you want to
add the error to any already on the stack (TRUE) or replace the existing errors (the
default, FALSE).

Oracle sets aside the range of —20999 and —20000 for use by its cus-
tomers, but watch out! Several built-in packages, including
DBMS_OUTPUT and DBMS_DESCRIBE, use error numbers be-
tween —20005 and —20000. See Oracle’s PL/SQL Packages and Types
Reference for documentation of the use of these error numbers.

Let’s take a look at one useful application of this built-in. Suppose that I need to support
error messages in different languages for my user community. I create a separate er-
ror_table to store all these messages, segregated by the string_language value. I then
create a procedure to raise the specified error, grabbing the appropriate error message
from the table based on the language used in the current session:

/* File on web: raise_by_language.sp */
PROCEDURE raise_by_language (code_in IN PLS_INTEGER)
IS
1_message error_table.error_string%TYPE;
BEGIN
SELECT error_string
INTO 1_message
FROM error_table
WHERE error_number = code_in
AND string_language = USERENV ('LANG');

RAISE_APPLICATION_ERROR (code_in, 1_message);
END;
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Handling Exceptions

Once an exception is raised, the current PL/SQL block stops its regular execution and
transfers control to the exception section. The exception is then either handled by an
exception handler in the current PL/SQL block or passed to the enclosing block.

To handle or trap an exception once it is raised, you must write an exception handler
for that exception. In your code, your exception handlers must appear after all the
executable statements in your program, but before the END statement of the block. The
EXCEPTION keyword indicates the start of the exception section and the individual
exception handlers:

DECLARE

. declarations ...
BEGIN

. executable statements ...
[ EXCEPTION

. exception handlers ... ]
END;

The syntax for an exception handler is as follows:

WHEN exception_name [ OR exception_name ... ]
THENexecutable statements

or:

WHEN OTHERS
THEN
executable statements

You can have multiple exception handlers in a single exception section. The exception
handlers are structured much like a conditional CASE statement, as shown in the fol-
lowing table.

Property Description

EXCEPTION WHEN NO_DATA_FOUND THEN If the NO_DATA_FOUND exception is raised, then execute the first set
executable_statements1; of statements.

WHEN payment_overdue THEN exe If the payment is overdue, then execute the second set of statements.
cutable_statements2;

WHEN OTHERS THEN executable_state If any other exception is encountered, then execute the third set of
ments3; END; statements.

An exception is handled if its name matches the name of an exception in a WHEN
clause. Notice that the WHEN clause traps errors only by exception name, not by error
codes. If a match is found, then the executable statements associated with that exception
are run. If the exception that has been raised is not handled or does not match any of
the named exceptions, the executable statements associated with the WHEN OTHERS
clause (if present) will be run. Only one exception handler can catch a particular error.
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After the statements for that handler are executed, control passes immediately out of
the block.

The WHEN OTHERS clause is optional; if it is not present, then any unhandled ex-
ception is immediately propagated back to the enclosing block (if any). The WHEN
OTHERS clause must be the last exception handler in the exception section. If you place
any other WHEN clauses after WHEN OTHERS, you will receive the following com-
pilation error:

PLS-00370: OTHERS handler must be last among the exception handlers of a block

Built-in Error Functions

Before exploring the nuances of error handling, let’s first review the built-in functions
Oracle provides to help you identify, analyze, and respond to errors that occur in your
PL/SQL application:

SQLCODE
SQLCODE returns the error code of the most recently raised exception in your
block. If there is no error, SQLCODE returns 0. SQLCODE also returns 0 when you
call it outside of an exception handler.

The Oracle database maintains a stack of SQLCODE values. Suppose, for example,
that function FUNC raises the VALUE_ERROR exception (—6502). Within the ex-
ception section of FUNC, you call a procedure PROC that raises
DUP_VAL_ON_INDEX (-1). Within the exception section of PROC, SQLCODE
returns —1. When control propagates back up to the exception section of FUNC,
however, SQLCODE will still return —6502. Run the sgqlcode_test.sql file (available
on the book’s website) to see a demonstration of this behavior.

SQLERRM
SQLERRM is a function that returns the error message for a particular error code.
If you do not pass an error code to SQLERRY, it returns the error message asso-
ciated with the value returned by SQLCODE.

If SQLCODE is 0, SQLERRM returns this string:
ORA-0000: normal, successful completion

If SQLCODE is 1 (the generic user-defined exception error code), SQLERRM re-
turns this string:

User-Defined Exception

Here is an example of calling SQLERRM to return the error message for a particular

code:
SQL> BEGIN
2 DBMS_OUTPUT.put_line (SQLERRM (-1403));
3 END;
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4/
ORA-01403: no data found
The maximum-length string that SQLERRM will return is 512 bytes (in some earlier
versions of Oracle, only 255 bytes). Because of this restriction, Oracle Corporation
recommends that you instead call DBMS_UTILITY.FORMAT_ERROR_STACK
to ensure that you see the full error message string (this built-in will not truncate
until 2,000 bytes).

The oracle_error_info.pkg and oracle_error_info.tst files on the book’s website pro-
vide an example of how you can use SQLERRM to validate error codes.

DBMS_UTILITY.FORMAT_ERROR_STACK
This built-in function, like SQLERRM, returns the message associated with the
current error (i.e., the value returned by SQLCODE). It differs from SQLERRM in
two ways:

o It will return up to 1,899 characters of error message, thereby avoiding trun-
cation issues.

 You cannot pass an error code number to this function; it cannot be used to
return the message for an arbitrary error code.

Asarule, you should call this function inside your exception handler logic to obtain
the full error message.

Note that even though the name of the function includes the word stack, it doesn’t
return a stack of errors leading back to the line on which the error was originally
raised. That job falls to DBMS_UTILITY.FORMAT_ERROR_ BACKTRACE.

DBMS_UTILITY. FORMAT_ERROR_BACKTRACE
Introduced in Oracle Database 10g, this function returns a formatted string that
displays a stack of programs and line numbers leading back to the line on which
the error was originally raised.

This function closed a significant gap in PL/SQL functionality. In Oracle9i Database
and earlier releases, once you handled an exception inside your PL/SQL block, you
were unable to determine the line on which the error had occurred (perhaps the
most important piece of information to developers). If you wanted to see this in-
formation, you had to allow the exception to go unhandled, at which point the full
error backtrace would be displayed on the screen or otherwise presented to the user.
This situation is explored in more detail in the following section.

DBMS_UTILITY.FORMAT_CALL_STACK
This function returns a formatted string showing the execution call stack inside
your PL/SQL application. Its usefulness is not restricted to error management; you
will also find it handy for tracing the execution of your code. This function is ex-
plored in more detail in Chapter 20.
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In Oracle Database 12¢, Oracle introduced the UTL_CALL_STACK
package, which also provides you with access to the call stack, error
stack, and backtrace information. This package is explored in Chap-
ter 20.

More on DBMS_UTILITY.FORMAT_ERROR_BACKTRACE

You should call the DBMS_UTILITY.FORMAT_ERROR_BACKTRACE function in
your exception handler. It displays the execution stack at the point where an exception
was raised. Thus, you can call DBMS_UTILITY.FORMAT_ERROR_BACKTRACE
within an exception section at the top level of your stack and still find out where the
error was raised deep within the call stack.

Consider the following scenario: I define a procedure proc3, which calls proc2, which
in turn calls procl. The procl procedure raises an exception:

CREATE OR REPLACE PROCEDURE procl IS
BEGIN
DBMS_OUTPUT.put_line ('running procl');
RAISE NO_DATA_FOUND;
END;
/

CREATE OR REPLACE PROCEDURE proc2 IS
1_str VARCHAR2 (30) := 'calling procl';
BEGIN
DBMS_OUTPUT.put_line (l_str);
procl;
END;
/

CREATE OR REPLACE PROCEDURE proc3 IS
BEGIN
DBMS_OUTPUT.put_line ('calling proc2');
proc2;
EXCEPTION
WHEN OTHERS
THEN
DBMS_OUTPUT.put_line ('Error stack at top level:');
DBMS_OUTPUT.put_line (DBMS_UTILITY.format_error_backtrace);
END;
/

The only program with an exception handler is the outermost program, proc3. I have
placed a call to the backtrace function in proc3’s WHEN OTHERS handler. When I run
this procedure, I see the following results:

SQL> SET SERVEROUTPUT ON

SQL> BEGIN
2 DBMS_OUTPUT.put_line ('Proc3 -> Proc2 -> Procl backtrace');
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Proc3 -> Proc2 -> Procl backtrace
calling proc2

calling proci

running procl

Error stack at top level:
ORA-06512: at "SCOTT.PROC1", line 4
ORA-06512: at "SCOTT.PROC2", 1line 5
ORA-06512: at "SCOTT.PROC3", line 4

As you can see, the backtrace function shows at the top of its stack the line in procl on
which the error was originally raised.

Often, an exception occurs deep within the execution stack. If you want that exception
to propagate all the way to the outermost PL/SQL block, it may have to be re-raised
within each exception handler in the stack of blocks. DBMS_UTILITY.FORMAT_ER-
ROR_BACKTRACE shows the trace of execution back to the last RAISE in one’s session.
As soon as you issue a RAISE of a particular exception or re-raise the current exception,
you restart the stack that the DBMS_UTILITY.FORMAT_ERROR_BACKTRACE
function produces. This means that if you want to take advantage of this function, you
should take one of the following two approaches:

o Call the function in the exception section of the block in which the error was raised.
This way you have (and can log) that critical line number, even if the exception is
re-raised further up in the stack.

« Avoid exception handlers in intermediate programs in your stack, and call the
function in the exception section of the outermost program in your stack.

Just the line number, please

In areal-world application, the error backtrace could be very long. Generally, the person
doing the debugging or support doesn’t really want to have to deal with the entire stack,
and is mostly going to be interested only in that topmost entry. The developer of the
application might even want to display that critical information so that the user can
immediately and accurately report the problem to the support team.

In this case, it is necessary to parse the backtrace string and retrieve just the topmost
entry. I built a utility to do this called the BT package; you can download it from the
book’s website. In this package, I provide a simple, clean interface as follows:

/* File on web: bt.pkg */

PACKAGE bt

IS
TYPE error_rt IS RECORD (
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program_owner all_objects.owner%TYPE
, program_name all_objects.object_name%TYPE
, Line_number PLS_INTEGER
)s

FUNCTION info (backtrace_in IN VARCHAR2)
RETURN error_rt;

PROCEDURE show_1info (backtrace_in IN VARCHAR2);
END bt;

The record type, error_rt, contains a separate field for each element of the backtrace
that I want to retrieve (owner of the program unit, name of the program unit, and line
number within that program). Then, instead of calling and parsing the backtrace func-

tion in each exception section, I can call the bt.info function and report on the specifics
of the error.

Useful applications of SQLERRM

While it is true that you should use DBMS_UTILITY.FORMAT_ERROR_STACK in
place of SQLERRM, that doesn't mean SQLERRM is totally irrelevant. In fact, you can
use it to answer the following questions:

o Isa particular number a valid Oracle error?

o What is the error message corresponding to an error code?

As mentioned earlier in this chapter, SQLERRM will return the error message for an
error code. If, however, you pass SQLERRM a code that is not valid, it does not raise an
exception. Instead, it returns a string in one of the following two forms:

o If the number is negative:
ORA-NNNNN: Message NNNNN not found; product=RDBMS; facility=0RA

o If the number is positive or less than —65535:

-N: non-ORACLE exception

You can use these facts to build functions to neatly return information about whatever
code you are currently working with. Here is the specification of a package with such
programs:

/* File on web: oracle_error_info.pkg */
PACKAGE oracle_error_info
IS
FUNCTION is_app_error (code_in IN INTEGER)
RETURN BOOLEAN;

FUNCTION is_valid_oracle_error (
code_1in IN  INTEGER
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, app_errors_ok_in IN  BOOLEAN DEFAULT TRUE
, user_error_ok_in IN BOOLEAN DEFAULT TRUE

)
RETURN BOOLEAN;

PROCEDURE validate_oracle_error (

code_1in IN INTEGER
, message_out ouT VARCHAR2
, 1s_valid_out ouT BOOLEAN
, app_errors_ok_in IN BOOLEAN DEFAULT TRUE
, user_error_ok_in 1IN BOOLEAN DEFAULT TRUE

);

END oracle_error_info;

You will find the complete implementation on the book’s website.

Combining Multiple Exceptions in a Single Handler

You can, within a single WHEN clause, combine multiple exceptions together with an
OR operator, just as you would combine multiple Boolean expressions:

WHEN invalid_company_id OR negative_balance
THEN

You can also combine application and system exception names in a single handler:

WHEN balance_too_low OR ZERO_DIVIDE OR DBMS_LDAP.INVALID_SESSION
THEN

You cannot, however, use the AND operator because only one exception can be raised
at a time.

Unhandled Exceptions

If an exception is raised in your program, and it is not handled by an exception section
in either the current or enclosing PL/SQL blocks, that exception is unhandled. PL/SQL
returns the error that raised the unhandled exception all the way back to the application
environment from which PL/SQL was run. That environment (a tool like SQL*Plus,
Oracle Forms, or a Java program) then takes an action appropriate to the situation; in
the case of SQL*Plus, a ROLLBACK of any DML changes from within that top-level
blocK’s logic is automatically performed.

One key decision to make about your application architecture is whether you want to
allow unhandled exceptions to occur at all. They are handled differently by different
frontends, and in some cases none too gracefully. If your PL/SQL programs are being
called from a non-PL/SQL environment, you may want to design your outermost blocks
or programs to do the following:

o Trap any exception that might have propagated out to that point.
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o Logtheerrorsothatadeveloper can analyze what might be the cause of the problem.

o Pass back a status code, description, and any other information needed by the host
environment to determine the appropriate action to take.

Propagation of Unhandled Exceptions

The scope rules for exceptions determine the block in which an exception can be raised.
The rules for exception propagation address the way in which an exception is handled
after it is raised.

When an exception is raised, PL/SQL looks for an exception handler in the current
block (anonymous block, procedure, or function) of the exception. If it does not find a
match, then PL/SQL propagates the exception to the enclosing block of that current
block. PL/SQL then attempts to handle the exception by raising it once more in the
enclosing block. It continues to do this in each successive enclosing block until there
are no more blocks in which to raise the exception (see Figure 6-2). When all blocks are
exhausted, PL/SQL returns an unhandled exception to the application environment that
executed the outermost PL/SQL block. An unhandled exception halts the execution of
the host program.

( EXCEPTION
EXCEPTION
(E)_(;EPTION

The World of Unhandled Exceptions...

Figure 6-2. Propagation of an exception through nested blocks

Losing exception information

The architecture of PL/SQL exception handling leads to an odd situation regarding
local, programmer-defined exceptions: you can lose crucial information (what error
occurred?) unless you are careful.

Consider the following situation. I declare an exception as follows:

BEGIN
<<local_block>>
DECLARE
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case_1is_not_made EXCEPTION;
BEGIN

END local_block;

but neglect to include an exception section. The scope of the case_is_not_made excep-
tion is inside local_block’s execution and exception sections. If the exception is not
handled there and instead propagates to the enclosing block, then there is no way to
know that the case_is_not_made exception was raised. You really don’t know which
error was raised, only that some error was raised. That’s because all user-defined ex-
ceptions have an error code of 1 and an error message of “User Defined Exception”—
unless you use the EXCEPTION_INIT pragma to associate a different number with that
declared exception, and use RAISE_APPLICATION_ERROR to associate it with a dif-
ferent error message.

As a consequence, when you are working with locally defined (and raised) exceptions,
you should include exception handlers specifically for those errors by name.

Examples of exception propagation

Let’s look at a few examples of how exceptions propagate through enclosing blocks.
Figure 6-3 shows how the exception raised in the inner block, too_many_faults, is han-
dled by the next enclosing block. The innermost block has an exception section, so PL/
SQL first checks to see if too_many_faults is handled in this section. Because it is not
handled, PL/SQL closes that block and raises the too_many_faults exception in the
enclosing block, Nested Block 1. Control immediately passes to the exception section
of Nested Block 1. (The executable statements after Nested Block 2 are not executed.)
PL/SQL scans the exception handlers and finds that too_many_faults is handled in this
block, so the code for that handler is executed, and control passes back to the main
list_my_faults procedure.
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PROCEDURE list my faults IS

BEGIN
DECLARE Nested Block 1
too_many _faults EXCEPTION;
BEGIN
... executable statements before new block ...
BEGIN Nested Block 2

SELECT SUM (faults) INTO num faults FROM profile ... ;
IF num_faults > 100
THEN
RAISE too many faults;
END IF;
EXCEPTION
WHEN NO_DATA FOUND THEN ... ;
END;

... executable statements after Nested Block 2 ...

EXCEPTION
HEN too_many faults THEN ... ;

END;
END list my faults;

Figure 6-3. Propagation of exception handling to first nested block

Notice thatifthe NO_DATA_FOUND exception had been raised in the innermost block
(Nested Block 2), then the exception section for Nested Block 2 would have handled the
exception. Then control would have passed back to Nested Block 1, and the executable
statements that come after Nested Block 2 would have been executed.

In Figure 6-4, the exception raised in the inner block is handled by the outermost block.
The outermost block is the only one with an exception section, so when Nested Block
2 raises the too_many_faults exception, PL/SQL terminates execution of that block and
raises that exception in the enclosing block, Nested Block 1. Again, this block has no
exception section, so PL/SQL immediately terminates Nested Block 1 and passes control
to the outermost block, the list_my_faults procedure. This procedure does have an ex-
ception section, so PL/SQL scans the exception handlers, finds a match for
too_many_faults, executes the code for that handler, and then returns control to what-
ever program called list_my_faults.
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PROCEDURE list my faults

IS
too_many_faults EXCEPTION;
BEGIN
. Nested Block 1
BEGIN
BEGIN Nested Block 2

SELECT SUM (faults) INTO num faults FROM profile ... ;
IF num_faults > 100
THEN
RAISE too many faults;
END IF;
END;

END;

EXCEPTION
HEN too_many faults THEN ... ;
END list my faults;

Figure 6-4. Exception raised in nested block handled by outermost block

Continuing Past Exceptions

When an exception is raised in a PL/SQL block, normal execution is halted and control
is transferred to the exception section. You can never return to the execution section
once an exception is raised in that block. In some cases, however, the ability to continue
past exceptions is exactly the desired behavior.

Consider the following scenario: I need to write a procedure that performs a series of
DML statements against a variety of tables (delete from one table, update another, insert
into a final table). My first pass at writing this procedure might produce code like the
following:

PROCEDURE change_data IS

BEGIN

DELETE FROM employees WHERE ... ;

UPDATE company SET ... ;

INSERT INTO company_history SELECT * FROM company WHERE ... ;
END;

This procedure certainly contains all the appropriate DML statements. But one of the
requirements for this program is that, although these statements are executed in se-
quence, they are logically independent of each other. In other words, even if the DELETE
fails, I want to go on and perform the UPDATE and INSERT.
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With the current version of change_data, I can’t make sure thatall three DML statements
will at least be attempted. If an exception is raised from the DELETE, for example, the
entire program’s execution will halt, and control will be passed to the exception section,
if there is one. The remaining SQL statements won't be executed.

How can I get the exception to be raised and handled without terminating the program
asawhole? The solution is to place the DELETE within its own PL/SQL block. Consider
this next version of the change_data program:

PROCEDURE change_data IS
BEGIN
BEGIN
DELETE FROM employees WHERE ... ;
EXCEPTION
WHEN OTHERS THEN log_error;
END;

BEGIN

UPDATE company SET ... ;
EXCEPTION

WHEN OTHERS THEN log_error;
END;

BEGIN
INSERT INTO company_history SELECT * FROM company WHERE ... ;
EXCEPTION
WHEN OTHERS THEN log_error;
END;
END;

With this new format, if the DELETE raises an exception, control is immediately passed
to the exception section. But what a difference! Because the DELETE statement is now
in its own block, it can have its own exception section. The WHEN OTHERS clause in
that section smoothly handles the error by logging its occurrence, without re-raising
this or any other error. Control is then passed out of the DELETE’s block and back to
the enclosing change_data procedure. Since there is no longer an “active” exception,
execution continues in this enclosing block to the next statement in the procedure. A
new anonymous block is then entered for the UPDATE statement. If the UPDATE
statement fails, the WHEN OTHERS clause in the UPDATE’s own exception section
traps the problem and returns control to change_data, which blithely moves on to the
INSERT statement (also contained in its very own block).

Figure 6-5 shows this process for two sequential DELETE statements.
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One Exception and Done Exception Moves Processing to Next Statement

BEGIN BEGIN
DELETE DELETE FROM tablei1;
FROM table1; <::E£EEPTION
DELETE WHEN OTHERS THEN NULL;
FROM table2; END;
EXCEPTION
.. BEGIN
END; DELETE FROM table2;
EXCEPTION
<::::;WHEN OTHERS THEN NULL;
END;

Figure 6-5. Sequential DELETEs, using two different approaches to scope

To summarize: an exception raised in the executable section will always be handled in
the current block—if there is a matching handler present. You can create a virtual block
around any statement(s) by prefacing it with a BEGIN and following it with an EX-
CEPTION section and an END statement. In this way you can control the scope of
failure caused by an exception by establishing buffers of anonymous blocks in your
code.

You can also take this strategy a step further and move the code you want to isolate into
separate procedures or functions. Of course, these named PL/SQL blocks may also have
their own exception sections and will offer the same protection from total failure. One
key advantage of using procedures and functions is that you hide all the BEGIN-
EXCEPTION-END statements from the mainline program. The program is then easier
to read, understand, maintain, and reuse in multiple contexts.

There are other ways to continue past a DML exception. You can also use SAVE EX-
CEPTIONS with FORALL and LOG ERRORS in association with DBMS_ERRORLOG
to continue past exceptions raised by DML.

Writing WHEN OTHERS Handling Code

You include the WHEN OTHERS clause in the exception section to trap any otherwise
unhandled exceptions. Because you have not explicitly handled any specific exceptions
here, you will very likely want to take advantage of the built-in error functions, such as
SQLCODE and DBMS_UTILITY.FORMAT_ERROR_STACK, to give you information
about the error that has occurred.

Combined with WHEN OTHERS, SQLCODE provides a way for you to handle different
specific exceptions without having to use the EXCEPTION_INIT pragma. In the next
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example, I trap two parent-child exceptions, —1 and —2292, and then take an action
appropriate to each situation:

PROCEDURE add_company (
id_in IN company.ID%TYPE
, name_in IN company.name%TYPE
, type_id_in IN company.type_id%TYPE
)
IS
BEGIN
INSERT INTO company (ID, name, type_id)
VALUES (id_1in, name_in, type_1id_in);
EXCEPTION
WHEN OTHERS
THEN
/*
|| Anonymous block inside the exception handler lets me declare
|| local variables to hold the error code information.
*/
DECLARE
1_errcode PLS_INTEGER := SQLCODE;
BEGIN
CASE 1_errcode
WHEN -1 THEN
-- Duplicate value for unique index. Either a repeat of the
-- primary key or name. Display problem and re-raise.
DBMS_OUTPUT.put_line
( 'Company ID or name already in use. ID =
TO_CHAR (id_in)
name = '
name_in

)

RAISE;

WHEN -2291 THEN
-- Parent key not found for type. Display problem and re-raise.
DBMS_OUTPUT.put_line (

'Invalid company type ID: ' || TO_CHAR (type_1id_in));

RAISE;

ELSE
RAISE;

END CASE;

END; -- End of anonymous block.
END add_company;

You should use WHEN OTHERS with care, because it can easily “swallow up” errors
and hide them from the outer blocks and the user. Specifically, watch out for WHEN
OTHER handlers that do not re-raise the current exception or raise some other excep-
tioninits place. f WHEN OTHERS does not propagate out an exception, then the outer
blocks of your application will never know that an error occurred.
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Oracle Database 11¢ offers a new warning to help you identify programs that may be
ignoring or swallowing up errors:

PLW-06009: procedure "string" OTHERS handler does not end in RAISE or RAISE_
APPLICATION_ERROR

Here is an example of using this warning:

/* File on web: plw6009.sql */
SQL> ALTER SESSION SET plsql_warnings = 'enable:all’

2

/

SQL> CREATE OR REPLACE PROCEDURE plw6009_demo

2

O 00 ~NO U AW

10
11

AS
BEGIN
DBMS_OUTPUT.put_line ('I am here!');
RAISE NO_DATA_FOUND;
EXCEPTION
WHEN OTHERS
THEN
NULL;
END plw6009_demo;
/

SP2-0804: Procedure created with compilation warnings

SQL> SHOW ERRORS
Errors for PROCEDURE PLW6009_DEMO:

LINE/COL ERROR

PLW-06009: procedure "PLW6009_DEMO" OTHERS handler does not end
in RAISE or RAISE_APPLICATION_ERROR

Building an Effective Error Management Architecture

PL/SQL error raising and handling mechanisms are powerful and flexible, but they have
some drawbacks that can present challenges to any development team that wants to
implement a robust, consistent, informative architecture for error management.

Here are the some of the challenges you will encounter:

o The EXCEPTION is an odd kind of structure in PL/SQL. A variable declared to be
EXCEPTION can only be raised and handled. It has at most two characteristics: an
error code and an error message. You cannot pass an exception as an argument to
a program; you cannot associate other attributes with an exception.

o Itisvery difficult to reuse exception-handling code. Directly related to the previous
challenge is another fact: you cannot pass an exception as an argument; you end
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up cutting and pasting handler code, which is certainly not an optimal way to write
programs.

o There is no formal way to specify which exceptions a program may raise. With Java,
on the other hand, this information becomes part of the specification of the pro-
gram. The consequence is that you must look inside the program implementation
to see what might be raised—or hope for the best.

o Oracle does not provide any way for you to organize and categorize your
application-specific exceptions. It simply sets aside (for the most part) the 1,000
error codes between —20,999 and —20,000. You are left to manage those values.

Let’s figure out how we can best meet most of these challenges.

Decide on Your Error Management Strategy

It is extremely important that you establish a consistent strategy and architecture for
error handling in your application before you write any code. To do that, you must
answer questions like these:

« How and when do I log errors so that they can be reviewed and corrected? Should
I write information to a file, to a database table, and/or to the screen?

« How and when do I report the occurrence of errors back to the user? How much
information should the user see and have to keep track of? How do I transform
often obscure database error messages into text that is understandable to my users?

Linked tightly to these very high-level questions are more concrete issues, such as:

o ShouldIinclude an exception-handling section in every one of my PL/SQL blocks?

o Should I have an exception-handling section only in the top-level or outermost
blocks?

o How should I manage my transactions when errors occur?

Part of the complexity of exception handling is that there is no single right answer to
any of these questions. It depends at least in part on the application architecture and
the way it is used (batch process versus user-driven transactions, for example). However
you answer these questions for your application, I strongly suggest that you “codify” the
strategy and rules for error handling within a standardized package. I address this topic
in “Use Standardized Error Management Programs” on page 163.

Here are some general principles you may want to consider:

o When an error occurs in your code, obtain as much information as possible about
the context in which the error was raised. You are better off with more information
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than you really need, rather than with less. You can then propagate the exception
to outer blocks, picking up more information as you go.

« Avoid hiding errors with handlers that look like WHEN error THEN NULL; (or,
even worse, WHEN OTHERS THEN NULL;). There may be a good reason for you
to write code like this, but make sure it is really what you want and document the
usage so that others will be aware of it.

« Rely on the default error mechanisms of PL/SQL whenever possible. Avoid writing
programs that return status codes to the host environment or calling blocks. The
only time you will want to use status codes is if the host environment cannot grace-
fully handle Oracle errors (in which case, you might want to consider switching
your host environment!).

Standardize Handling of Different Types of Exceptions

An exception is an exception is an exception? Not really. Some exceptions, for example,
indicate that the database is having very severe, low-level problems (such as
ORA-00600). Other exceptions, like NO_DATA_FOUND, happen so routinely that we
don’t even really necessarily think of them as errors, but more as a conditional branching
of logic (“If the row doesn’t exist, then do this...”). Do these distinctions really matter?
I think so, and Bryn Llewellyn, PL/SQL Product Manager as of the writing of this book,
taught me a very useful way to categorize exceptions:

Deliberate
The code architecture itself deliberately relies upon an exception in the way it works.
This means you must (well, should) anticipate and code for this exception. An
example is UTL_FILE.GET_LINE.

Unfortunate
This is an error, but one that is to be expected and may not even indicate that a
problem has occurred. An example is a SELECT INTO statement that raises
NO_DATA_FOUND.

Unexpected
This is a “hard” error indicating a problem in the application. An example is a
SELECT INTO statement that is supposed to return a row for a given primary key,
but instead raises TOO_MANY ROWS.

Let’s take a closer look at the examples given here for each of these exception categories.
Then I will discuss how knowing about these categories can and should be useful to
you.
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Deliberate exceptions

PL/SQL developers can use UTL_FILE.GET_LINE to read the contents of a file, one
line at a time. When GET_LINE reads past the end of a file, it raises NO_DA-
TA_FOUND. That’s just the way it works. So, if I want to read everything from a file
and “do stuff,” my program might look like this:

PROCEDURE read_file_and_do_stuff (
dir_in IN VARCHAR2, file_in IN VARCHAR2
)
IS
1_file UTL_FILE.file_type;
1_line VARCHAR2 (32767);
BEGIN
1_file := UTL_FILE.fopen (dir_in, file_in, 'R', max_linesize => 32767);

LOOP
UTL_FILE.get_line (1_file, 1_line);
do_stuff;
END LOOP;
EXCEPTION
WHEN NO_DATA_FOUND
THEN
UTL_FILE.fclose (1_file);
more_stuff_here;
END;

You may notice something a bit strange about my loop; it has no EXIT statement. Also,
I am running more application logic (more_stuff_here) in the exception section. I can
rewrite my loop as follows:

LOOP
BEGIN
UTL_FILE.get_line (1_file, 1_line);
do_stuff;
EXCEPTION
WHEN NO_DATA_FOUND
THEN
EXIT;
END;
END LOOP;

UTL_FILE.flcose (1_file);
more_stuff_here;

Now I have an EXIT statement in my loop, but that sure is some awkward code.

This is the kind of thing you need to do when you work with code that deliberately raises
an exception as a part of its architecture. You'll find more in the next few sections about
what I think you should do about this.
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Unfortunate and unexpected exceptions

I will cover these together because the two examples (NO_DATA_FOUND and
TOO_MANY_ROWS) are tightly linked. Suppose I need to write a function to return
the full name of an employee (last comma first) for a particular primary key value.

I could write it most simply as follows:

FUNCTION fullname (
employee_1id_in IN employees.employee_id%TYPE

)
RETURN VARCHAR2
IS
retval VARCHAR2 (32767);
BEGIN
SELECT last_name || ',' || first_name

INTO retval
FROM employees
WHERE employee_id = employee_id_in;

RETURN retval;
END fullname;

If I call this program with an employee ID that is not in the table, the database will raise
the NO_DATA_FOUND exception. If I call this program with an employee ID that is
found in more than one row in the table, the database will raise the
TOO_MANY_ROWS exception.

One query, two different exceptions—should I treat them the same way? Perhaps not.
Do these two exceptions truly reflect similar kinds of problems? Let’s see:

NO_DATA_FOUND
With this exception I didn’t find a match. That could be a serious problem, but that’s
not necessarily the case. Perhaps I actually expect that most of the time I will not
get a match, and therefore will simply insert a new employee. It is, shall we say,
unfortunate that the exception was raised, but in this case it is not even an error.

TOO_MANY_ROWS
With this exception I have a serious problem on my hands: something has gone
wrong with my primary key constraint. I can’t think of a circumstance in which this
would be considered OK or simply “unfortunate.” No, it is time to stop the program
and call attention to this very unexpected, “hard” error.

How to benefit from this categorization

I hope you agree that this characterization sounds useful. I suggest that when you are
about to build a new application, you decide as much as possible the standard approach
you (and everyone else on the team) will take for each type of exception. Then, as you
encounter (need to handle or write in anticipation of) an exception, decide into which
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category it falls, and then apply the already decided upon approach. In this way, you
will all write your code in a more consistent and productive manner.

Here are my guidelines for dealing with the three types of exceptions:

Deliberate
You will need to write code in anticipation of these exceptions. The critical best
practice in this case is to avoid putting application logic in the exception section. The
exception section should contain only code needed to deal with the error: logging
the error data, re-raising the exception, etc. Programmers don’t expect application-
specific logic there, which means that it will be much harder to understand and
maintain.

Unfortunate

Ifthere are circumstances under which a user of the code that raises these exceptions
would not interpret the situation as an error, then don’t propagate these exceptions
out unhandled. Instead, return a value or status flag that indicates an exception was
raised. You then leave it up to the user of the program to decide if that program
should terminate with an error. Better yet, why not let the caller of your program
tell it whether or not to raise an exception, and if not, what value should be passed
to indicate that the exception occurred?

Unexpected
Now we are down to the hard stuff. All unexpected errors should be logged, re-
cording as much of the application context as possible to help understand why the
errors occurred. The program should then terminate with an unhandled exception
(usually the same one) that was raised within the program, which can be done with
the RAISE statement, forcing the calling program to stop and deal with the error.

Organize Use of Application-Specific Error Codes

When you use RAISE_APPLICATION_ERROR to raise application-specific errors, it
is entirely up to you to manage the error codes and messages. This can get tricky and
messy (“Gee, which number should I use? Well, I doubt that anyone will be using
—-207741).

To help manage your error codes and provide a consistent interface with which devel-
opers can handle server errors, consider building a table to store all the —20,NNN error
numbers you use, along with their associated exception names and error messages.
Developers can then view these already defined errors via a screen and choose the one
that fits their situation. See the msginfo.sql file on the book’s website for one such example
of a table, along with code that will generate a package containing declarations of each
of the “registered” exceptions.

Another approach you can take is to avoid the —20,NNN range entirely for application-
specific errors. Why not use positive numbers instead? Oracle uses only 1 and 100 on
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the positive side of the integer range. While it is possible that Oracle will, over time, use
other positive numbers, it is very unlikely. That leaves an awful lot of error codes for us
to use.

I took this approach when designing the Quest Error Manager (QEM), a freeware error
management utility. With the Quest Error Manager, you can define your own errors in
a special repository table. You can define an error by name and/or error code. The error
codes can be negative or positive. If the error code is positive, then when you raise that
exception, QEM uses RAISE_APPLICATION_ERROR to raise a generic exception
(usually —20,000). The information about the current application error code is embed-
ded in the error message, which can then be decoded by the receiving program.

You can also see a simpler implementation of this approach in the general error manager
package, errpkg.pkg, which is described in the next section.

Use Standardized Error Management Programs

Robust and consistent error handling is an absolutely crucial element of a properly
constructed application. This consistency is important for two very different audiences:
the user and the developer. If presented with easy-to-understand, well-formatted in-
formation when an error occurs, the user will be able to report that error more effectively
to the support team and will feel more comfortable using the application. If the appli-
cation handles and logs errors in the same way throughout, the support and mainte-
nance programmers will be able to fix and enhance the code much more easily.

Sounds like a sensible approach, doesn’t it? Unfortunately, and especially in develop-
ment teams of more than a handful of people, the end result of exception handling is
usually very different from what I just described. A more common practice is that each
developer strikes out on his own path, following different principles, writing to different
kinds of logs, and so on. Without standardization, debugging and maintenance become
a nightmare. Here’s an example of the kind of code that typically results:

EXCEPTION
WHEN NO_DATA_FOUND
THEN
v_msg := 'No company for id '||TO_CHAR (v_id);

v_err := SQLCODE;

v_prog := 'fixdebt';

INSERT INTO errlog VALUES
(v_err,v_msg,v_prog,SYSDATE,USER);

WHEN OTHERS

THEN
v_err := SQLCODE;
v_msg := SQLERRM;
v_prog := 'fixdebt';

INSERT INTO errlog VALUES
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(v_err,v_msg,v_prog,SYSDATE,USER);
RAISE;

At first glance, this code might seem quite sensible, and in fact explains itself clearly:

If I don’t find a company for this ID, grab the SQLCODE value, set the program name

and message, and write a row to the log table. Then allow the enclosing block to continue

(if's not a very severe error in this case). If any other error occurs, grab the error code and

message, set the program name, write a row to the log table, and then propagate out the

same exception, causing the enclosing block to stop (I don't know how severe the error

is).
So what’s wrong with all that? The mere fact that I can actually explain everything that
is going on is an indication of the problem. I have exposed and hardcoded all the steps
I take to get the job done. The result is that (1) I write a lot of code, and (2) if anything
changes, I have to change a lot of code. Just to give you one example, notice that I am
writing to a database table for my log. This means that the log entry has become a part
of my logical transaction. If I need to roll back that transaction, I lose my error log.

There are several ways to correct this problem—for example, I could write to a file or
use autonomous transactions to save my error log without affecting my main transac-
tion. The problem is that, with the way I have written the preceding code, I have to apply
my correction in potentially hundreds of different programs.

Now consider a rewrite of this same exception section using a standardized package:

EXCEPTION
WHEN NO_DATA_FOUND
THEN
errpkg.record_and_continue (
SQLCODE, 'No company for id ' || TO_CHAR (v_1id));

WHEN OTHERS
THEN
errpkg.record_and_stop;
END;

My error-handling package hides all the implementation details; I simply decide which
of the handler procedures I want to use by viewing the specification of the package. If
I want to record the error and then continue, I call record_and_continue. If I want to
record and then stop, clearly I want to use record_and_stop. How does it record the
error? How does it stop the enclosing block (i.e., how does it propagate the exception)?
I don't know, and I don't care. Whatever it does, it does it according to the standards
defined for my application.

All T know is that I can now spend more time building the interesting elements of my
application, rather than worrying over the tedious, low-level administrivia.

The errpkg.pkg tile available on the book’s website contains a prototype of such a stand-
ardized error-handling package. You will want to review and complete its implemen-
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tation before using it in your application, but it will give you a very clear sense of how
to construct such a utility.

Alternatively, you can take advantage of a much more complete error management
utility (also free): the Quest Error Manager mentioned in the previous section. The most
important concept underlying my approach with QEM is that you trap and log infor-
mation about instances of errors, and not just the Oracle errors themselves. QEM con-
sists of a PL/SQL package and four underlying tables that store information about errors
that occur in an application.

Work with Your Own Exception “Objects”

Oracle’s implementation of the EXCEPTION datatype has some limitations, as de-
scribed earlier. An exception consists of an identifier (a name) with which you can
associate a number and a message. You can raise the exception, and you can handle it.
That’s it. Consider the way that Java approaches this same situation: all errors derive
from a single Exception class. You can extend that class, adding other characteristics
about an exception that you want to keep track of (error stack, context-sensitive data,
etc.). An object instantiated from an Exception class is like any other kind of object in
Java. You certainly can pass it as an argument to a method.

So PL/SQL doesn’t let you do that with its native exceptions. This fact should not stop
you from implementing your own exception “object” You can do so with Oracle object
types or with a relational table of error information.

Regardless of implementation path, the key insight here is to distinguish between an
error definition (error code is —1403, name is “no data found,” cause is “implicit cursor
did not find at least one row”) and a particular instance of that error (I tried to select a
company for this name and did not find any rows). There is, in other words, just one
definition of the NO_DATA_FOUND exception, but there can be many different in-
stances or occurrences of that exception. Oracle does not distinguish between these two
representations of an error, but we certainly should—and we need to.

Here is an example of a simple exception object hierarchy to demonstrate the point.
First, the base object type for all exceptions:

/* File on web: exception.ot */
CREATE TYPE exception_t AS OBJECT (
name VARCHAR2(100),
code INTEGER,
description VARCHAR2(4000),
help_text VARCHAR2(4000),
recommendation VARCHAR2(4000),
error_stack CLOB,
call_stack CLOB,
created_on DATE,
created_by VARCHAR2(100)
)
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NOT FINAL;
/

Next, I extend the base exception type for dynamic SQL errors by adding the sql_string
attribute. When handling errors for dynamic SQL, it is very important to grab the string
that is causing the problem so it can be analyzed later:

CREATE TYPE dynsql_exception_t UNDER exception_t (
sql_string CLOB )
NOT FINAL;

/

Here is another subtype of exception_t, this time specific to a given application entity:
the employee. An exception that is raised for an employee-related error will include the
employee ID and the foreign key to the rule that was violated:

CREATE TYPE employee_exception_t UNDER exception_t (
employee_1id INTEGER,
rule_id INTEGER );

/

The complete specification of an error object hierarchy will include methods on the
exception supertype to display error information or write it to the repository. I leave it
to you to complete the hierarchy defined in the exception.ot file.

If you do not want to work with object types, you can take the approach I developed for
the Quest Error Manager: I define a table of error definitions (Q$ERROR) and another
table of error instances (QSERROR_INSTANCE), which contains information about
specific occurrences of an error. All the context-specific data for an error instance is
stored in the Q$ERROR_CONTEXT table.

Here is an example of the kind of code you would write with the Quest Error Manager
API:

WHEN DUP_VAL_ON_INDEX
THEN
q$error_manager.register_error (
error_name_in => 'DUPLICATE-VALUE'
,err_instance_id_out => 1_err_1instance_1id
);
g$error_manager.add_context (
err_instance_id_1in => 1_err_1instance_1id
,name_in => 'TABLE_NAME', value_in => 'EMPLOYEES'
);
g$error_manager.add_context (
err_instance_id_1in => 1_err_1instance_1id
,name_in => 'KEY_VALUE', value_in => 1_employee_id
);
q$error_manager.raise_error_instance (
err_instance_id_1in => 1_err_1instance_id);
END;
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If the duplicate value error was caused by the unique name constraint, I obtain an error
instance ID or handle for the “DUPLICATE-VALUE” error. (That’s right. I use error
names here, entirely sidestepping issues related to error numbers.) Then I add context
information for this instance (the table name and the primary key value that caused the
problem). Finally, I raise the error instance, causing this block to fail and propagating
the exception upward.

Just as you can pass data from your application into the error repository through the
API, you can also retrieve error information with the get_error_info procedure. Here
is an example:

BEGIN
run_my_application_code;
EXCEPTION
WHEN OTHERS
THEN
DECLARE
1l_error gSerror_manager.error_info_rt;
BEGIN
qSerror_manager.get_error_info (1l_error);
DBMS_OUTPUT.put_line ('');
DBMS_OUTPUT.put_line ('Error in DEPT_SAL Procedure:');
DBMS_OUTPUT.put_line ('Code = ' || l_error.code);
DBMS_OUTPUT.put_line ('Name = ' || l_error.NAME);
DBMS_OUTPUT.put_line ('Text = ' || l_error.text);
DBMS_OUTPUT.put_line ('Error Stack = ' || l_error.error_stack);
END;
END;

These are just two of a number of different approaches to overcoming the limitations
of the EXCEPTION type in PL/SQL. The bottom line is that there is no reason to accept
the default situation, which is that you can only associate a code and message with the
occurrence of an error.

Create Standard Templates for Common Error Handling

You cannot pass an exception to a program, which makes it very difficult to share stan-
dard error-handling sections among different PL/SQL blocks. You may find yourself
writing the same handler logic over and over again, particularly when working with
specific areas of functionality, such as file I/O with UTL_FILE. In these situations, you
should take the time to create templates or starting points for such handlers.

Let’s take a closer look at UTL_FILE (described further in Chapter 22). Prior to Ora-
cle9i Database Release 2, UTL_FILE defined a number of exceptions in its package
specification. However, Oracle neglected to provide error numbers for those exceptions
via the EXCEPTION_INIT pragma. Consequently, if you did not handle a UTL_FILE
exception by name, it would be impossible via SQLCODE to figure out what had gone
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wrong. Given this situation, you would probably want to set up a template for UTL_FILE
programs that looked in part like this:

/* File on web: utlflexc.sql */
DECLARE
1_file_id UTL_FILE.file_type;

PROCEDURE cleanup (file_in IN OUT UTL_FILE.file_type
,err_in IN VARCHAR2 := NULL)
IS
BEGIN
UTL_FILE.fclose (file_in);

IF err_in IS NOT NULL
THEN
DBMS_OUTPUT.put_line ('UTL_FILE error encountered:');
DBMS_OUTPUT.put_line (err_1in);
END IF;
END cleanup;
BEGIN
-- Body of program here

-- Then clean up before exiting...
cleanup (1_file_1id);
EXCEPTION
WHEN UTL_FILE.invalid_path
THEN
cleanup (1_file_1id, 'invalid_path');
RAISE;
WHEN UTL_FILE.invalid_mode
THEN
cleanup (1_file_1id, 'invalid_mode');
RAISE;
END;

The key elements of this template include:

o Areusable cleanup program that ensures that the current file is closed before losing
the handle to the file.

o The translation of the named exception to a string that can be logged or displayed
so that you know precisely which error was raised.

Starting with Oracle9i Database Release 2, UTL_FILE does assign
error codes to each of its exceptions, but you still need to make sure
that files are closed when an error occurs and report on the error as
consistently as possible.
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Let’s take a look at another UTL_FILE-related need for a template. Oracle9i Database
Release 2 introduced the FREMOVE program to delete a file. UTL_FILE offers the
DELETE_FAILED exception, raised when FREMOVE is unable to remove the file. After
trying out this program, I discovered that FREMOVE may;, in fact, raise any of several
exceptions, including:

UTL_FILE.INVALID _OPERATION
The file you asked UTL_FILE to remove does not exist.

UTL_FILE.DELETE_FAILED
You (or the Oracle process) do not have the necessary privileges to remove the file,
or the attempt failed for some other reason.

Thus, whenever you work with UTL_FILE.FREMOVE, you should include an exception
section that distinguishes between these two errors, as in:

BEGIN
UTL_FILE.fremove (dir, filename);
EXCEPTION
WHEN UTL_FILE.delete_failed
THEN
DBMS_OUTPUT.put_line (
'"Error attempting to remove:
- Then take appropriate action...

|| filename || ' from ' || dir);

WHEN UTL_FILE.invalid_operation
THEN
DBMS_OUTPUT.put_line (
'Unable to find and remove: || filename || ' from
- Then take appropriate action...

CLdin);
END;

The fileIO.pkg available on the book’s website offers a more complete implementation
of such a template, in the context of an encapsulation of UTL_FILE.FREMOVE.

Making the Most of PL/SQL Error Management

It will be very difficult to create applications that are easy to use and debug unless you
take a consistent, high-quality approach to dealing with errors.

Oracle PL/SQUs error management capabilities allow you to define, raise, and handle
errors in very flexible ways. Limitations in its approach, however, mean that you will
usually want to supplement the built-in features with your own application-specific
code and tables.

I suggest that you meet this challenge by taking the following steps:
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. Study and understand how error raising and handling work in PL/SQL. It is not all

completely intuitive. A prime example: an exception raised in the declaration sec-
tion will not be handled by the exception section of that block.

. Decide on the overall error management approach you will take in your application.

Where and when do you handle errors? What information do you need to save,
and how will you do that? How are exceptions propagated to the host environment?
How will you handle deliberate, unfortunate, and unexpected errors?

Build a standard framework to be used by all developers; that framework will in-
clude underlying tables, packages, and perhaps object types, along with a well-
defined process for using these elements. Don’t resign yourself to PL/SQLs limita-
tions. Work around them by enhancing the error management model.

. Create templates that everyone on your team can use, making it easier to follow the

standard than to write one’s own error-handling code.
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PARTIII
PL/SQL Program Data

Just about every program you write will manipulate data—and much of that data is local
to (i.e., defined in) your PL/SQL procedure or function. This part of the book concen-
trates on the various types of program data you can define in PL/SQL, such as numbers
(including the datatypes introduced in Oracle Database 11g), strings, dates, timestamps,
records, collections, XML datatypes, and user-defined datatypes. Chapter 7 through
Chapter 13 also cover the various built-in functions provided by Oracle that allow you
to manipulate and modify data.
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CHAPTER 7
Working with Program Data

Almost every PL/SQL block you write will define and manipulate program data. Pro-
gram data consists of data structures that exist only within your PL/SQL session (phys-
ically, within the Program Global Area, or PGA, for your session); they are not stored
in the database. Program data can be:

Variable or constant
The values of variables can change during a program’s execution. The values of
constants are static once they are set at the time of declaration.

Scalar or composite
Scalars are made up of a single value, such as a number or a string. Composite data
consists of multiple values, such as a record, a collection, or an object type instance.

Containerized
Containers may contain information obtained from the database, or data that was
never in the database and might not ever end up there.

Before you can work with program data inside your PL/SQL code, you must declare
data structures, giving them names and datatypes.

This chapter describes how you declare program data. It covers the rules governing the
format of the names you give your data structures. It offers a quick reference to all the
different types of data supported in PL/SQL and explores the concept of datatype con-
version. The chapter finishes with some recommendations for working with program
data. The remaining chapters in this part of the book describe specific types of program
data.

Naming Your Program Data

To work with a variable or a constant, you must first declare it, and when you declare
it, you give it a name. Here are the rules that PL/SQL insists you follow when naming
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your data structures (these are the same rules applied to names of database objects, such
as tables and columns):

« Names can be up to 30 characters in length.
« Names must start with a letter.

o After the first letter, names can be composed of any of the following: letters, nu-
merals, $, #, and _.

o Allnamesare case insensitive (unless those names are placed within double quotes).

Given these rules, the following names are valid:

1_total_count
first_12_years
total_#_of_trees
salary_in_$

These next two names are not only valid but considered identical by PL/SQL because
it is not a case-sensitive language:

ExpertsExchange
ExpertSexChange

The next three names are invalid, for the reasons indicated:

1st_account -- Starts with a number instead of a letter
favorite_ice_cream_flavors_that_dont_contain_nuts -- Too long
email_address@business_loc -- Contains an invalid character (@)

There are some exceptions to these rules (why am I not surprised?). If you embed a
name within double quotes when you declare it, you can bypass all the aforementioned
rules except the maximum length of 30 characters. For example, all of the following
declarations are valid:

DECLARE
"truly_lower_case" INTEGER;
" " DATE; -- Yes, a name consisting of five spaces!
"123_go!" VARCHAR2(10);
BEGIN
"123_go!" := 'Steven';
END;

Note that when you reference these strange names in your execution section, you will
need to do so within double quotes, as shown. Otherwise, your code will not compile.

Why would you use double quotes? There is little reason to do so in PL/SQL programs.
It is a technique programmers sometimes employ when creating database objects be-
cause it preserves case sensitivity (in other words, if I CREATE TABLE “docs”, then the
name of the table is docs and not DOCS), but in general, you should avoid using double
quotes in PL/SQL.
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Another exception to these naming conventions has to do with the names of Java objects,
which can be up to 4,000 characters in length. See the Java chapter included on the book’s
website for more details about this variation and what it means for PL/SQL developers.

Here are two key recommendations for naming your variables, constants, and types:

Ensure that each name accurately reflects its usage and is understandable at a glance
You might even take a moment to write down—in noncomputer terms—what a
variable represents. You can then easily extract an appropriate name from that
statement. For example, if a variable represents the “total number of calls made
about lukewarm coffee;” a good name for that variable might be to-
tal_calls_on_cold_coffee, or tot_cold_calls, if you are allergic to five-word variable
names. Bad names for that variable would be totcoffee or t_#_calls_lwcoff, both of
which are too cryptic to get the point across.

Establish consistent, sensible naming conventions
Such conventions usually involve the use of prefixes and/or suffixes to indicate type
and usage. For example, all local variables should be prefixed with “l_”, while global
variables defined in packages have a “g_” prefix. All record types should have a
suffix of “_rt”, and so on. A comprehensive set of naming conventions is available
for download with the example code for my book Oracle PL/SQL Best Practices.

Overview of PL/SQL Datatypes

Whenever you declare a variable or a constant, you must assign it a datatype. PL/SQL
is, with very few exceptions, a “statically typed programming language” (see the fol-
lowing sidebar for a definition). PL/SQL offers a comprehensive set of predefined scalar
and composite datatypes, and you can create your own user-defined types (also known
as abstract datatypes). Database columns do not support many of the PL/SQL datatypes,
such as Boolean and NATURAL, but within PL/SQL code these datatypes are quite
useful.

Virtually all of these predefined datatypes are defined in the PL/SQL STANDARD
package. Here, for example, are the statements that define the Boolean datatype and two
of the numeric datatypes:

create or replace package STANDARD is
type BOOLEAN is (FALSE, TRUE);

type NUMBER is NUMBER_BASE;
subtype INTEGER is NUMBER(38,);

When it comes to datatypes, PL/SQL supports the usual suspects and a whole lot more.
This section provides a quick overview of the various predefined datatypes. They are
covered in detail in Chapter 8 through Chapter 13, Chapter 15, and Chapter 26; you
will find detailed references to specific chapters in the following sections.
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What Does “Static Typing” Mean?

A programming language uses static typing, also called strong typing, if type checking
is performed at compile time as opposed to at runtime. Some programming languages
that use static typing include PL/SQL, Ada, C, and Pascal. A dynamically typed pro-
gramming language—Ilike JavaScript, Perl, or Ruby—performs most type checking at
runtime. Static typing can find type errors at compile time, which can increase the re-
liability of the program and make it execute faster. An optimizing compiler that knows
the exact datatypes in use can find assembler shortcuts more easily and produce more
highly optimized machine code. Dynamic typing also has some advantages, though: for
example, metaclasses and introspection are easier to implement with dynamic typing.

Character Data

PL/SQL supports both fixed- and variable-length strings as both traditional character
and Unicode character data. CHAR and NCHAR are fixed-length datatypes; VAR-
CHAR2 and NVARCHAR?2 are variable-length datatypes. Here is a declaration of a
variable-length string that can hold up to 2,000 characters:

DECLARE
1_accident_description VARCHAR2(2000);

Chapter 8 explores the rules for character data, provides many examples, and explains
the built-in functions provided to manipulate strings in PL/SQL.

For very large character strings, PL/SQL has the CLOB (character large object) and
NCLOB (National Language Support CLOB) datatypes. For backward compatibility,
PL/SQL also supports the LONG datatype. These datatypes allow you to store and ma-
nipulate very large amounts of data; in Oracle Database 11g, a LOB can hold up to 128
terabytes of information.

There are many rules restricting the use of LONGs. I recommend
that you avoid using LONGs (assuming that you are running Ora-
cle8 Database or later).

Chapter 13 explores the rules for large objects, provides many examples, and explains
the built-in functions and the DBMS_LOB package provided to manipulate large objects
in PL/SQL.
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Numbers

PL/SQL supports an increasing variety of numeric datatypes. NUMBER has long been
the workhorse of the numeric datatypes, and you can use it for decimal fixed- and
floating-point values, and for integers. Following is an example of some typical NUM-
BER declarations:

/* File on web: numbers.sql */
DECLARE
salary NUMBER(9,2); -- fixed-point, seven to the left, two to the right
raise_factor NUMBER; -- decimal floating-point
weeks_to_pay NUMBER(2); -- integer
BEGIN
salary := 1234567.89;
raise_factor 0.05;
weeks_to_pay 52;
END;

Because of its internal decimal nature, NUMBER is particularly useful when you’re
working with monetary amounts, as you won't incur any rounding error as a result of
binary representation. For example, when you store 0.95, you won't come back later to
find only 0.949999968.

Prior to Oracle Database 10g, NUMBER was the only one of PL/SQLs numeric datatypes
to correspond directly to a database datatype. You can see this subtyping by examining
the package STANDARD. This exclusiveness is one reason you’ll find NUMBER so
widely used in PL/SQL programs.

Oracle Database 10g introduced two binary floating-point types: BINARY_FLOAT and
BINARY_DOUBLE. Like NUMBER, these binary datatypes are supported in both PL/
SQL and the database. Unlike NUMBER, these binary datatypes are not decimal in
nature—they have binary precision—so you can expect rounding. The BINA-
RY_FLOAT and BINARY_DOUBLE types support the special values NaN (not a num-
ber) and positive and negative infinity. Given the right type of application, their use can
lead to tremendous performance gains, as arithmetic involving these binary types is
performed in hardware whenever the underlying platform allows.

Oracle Database 11g added two more variations on these floating-point types. SIM-
PLE_FLOAT and SIMPLE_DOUBLE are like BINARY_FLOAT and BINARY_DOU-
BLE, but they do not allow NULL values, nor do they raise an exception when an over-
flow occurs.

PL/SQL also supports several numeric types and subtypes that do not correspond to
database datatypes, but are nevertheless quite useful. Notable here are PLS_INTEGER
and SIMPLE_INTEGER. PLS_INTEGER is an integer type with its arithmetic imple-
mented in hardware. FOR loop counters are implemented as PLS_INTEGERs. SIM-
PLE_INTEGER, introduced in Oracle Database 11g, has the same range of values as
PLS_INTEGER, but it does not allow NULL values, nor does it raise an exception when
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an overflow occurs. SIMPLE_INTEGER, like SIMPLE_FLOAT and SIMPLE_DOU-
BLE, is extremely speedy—especially with natively compiled code. I've measured stun-
ning performance improvements using SIMPLE_INTEGER compared to other nu-
meric datatypes.

Chapter 9 explores the rules for numeric data, provides many examples, and explains
the built-in functions provided to manipulate numbers in PL/SQL.

Dates, Timestamps, and Intervals

Prior to Oracle9i Database, the Oracle world of dates was limited to the DATE datatype,
which stores both a date and a time (down to the nearest second). Oracle9i Database
introduced two sets of new, related datatypes: INTERVALs and TIMESTAMPs. These
datatypes greatly expand the capability of PL/SQL developers to write programs that
manipulate and store dates and times with very high granularity, and also compute and
store intervals of time.

Here is an example of a function that computes the age of a person as an interval with
month granularity:

/* File on web: age.fnc */
FUNCTION age (dob_in IN DATE)
RETURN INTERVAL YEAR TO MONTH
IS
BEGIN
RETURN (SYSDATE - dob_in) YEAR TO MONTH;
END;

Chapter 10 explores the rules for date-related data, provides many examples, and ex-
plains the built-in functions provided to manipulate dates, timestamps, and intervals
in PL/SQL.

Booleans

PL/SQL supports a three-value Boolean datatype. A variable of this type can have one
of only three values: TRUE, FALSE, and NULL.

Booleans help us write very readable code, especially involving complex logical expres-
sions. Here’s an example of a Boolean declaration, along with an assignment of a default
value to that variable:

DECLARE
1_eligible_for_discount BOOLEAN :=
customer_in.balance > min_balance AND
customer_1in.pref_type = 'MOST FAVORED' AND
customer_in.disc_eligibility;

Chapter 13 explores the rules for Boolean data and provides examples of usage.
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Binary Data

Oracle supports several forms of binary data (unstructured data that is not interpreted
or processed by Oracle), including RAW, BLOB, and BFILE. The BFILE datatype stores
unstructured binary data in operating system files outside the database. RAW is a
variable-length datatype like the VARCHAR?2 character datatype, except that Oracle
utilities do not perform character set conversion when transmitting RAW data.

The datatype LONG RAW is still supported for backward compatibility, but PL/SQL
offers only limited support for LONG RAW data. In an Oracle database,a LONG RAW
column can be up to 2 GB long, but PL/SQL will only be able to access the first 32,760
bytes of a LONG RAW. If, for example, you try to fetch a LONG RAW from the database
into your PL/SQL variable that exceeds the 32,760 byte limit, you will encounter an
ORA-06502: PL/SQL: numeric or value error exception. To work with LONG RAWs
longer than PL/SQL:s limit, you need an OCI program; this is a good reason to migrate
your legacy code from LONG RAWs to BLOBs, which have no such limit.

Chapter 13 explores the rules for binary data, provides many examples, and explains
the built-in functions and the DBMS_LOB package provided to manipulate BFILEs and
other binary data in PL/SQL.

ROWIDs

Oracle provides two proprietary datatypes, ROWID and UROWID, used to represent
the address of a row in a table. ROWID represents the unique physical address of a row
in its table; UROWID represents the logical position of a row in an index-organized
table (IOT). ROWID is also a SQL pseudocolumn that can be included in SQL state-
ments.

Chapter 13 explores the rules for working with the ROWID and UROWID datatypes.

REF CURSORs

The REF CURSOR datatype allows developers to declare cursor variables. A cursor
variable can then be used with static or dynamic SQL statements to implement more
flexible programs. There are two forms of REF CURSORSs: the strong REF CURSOR
and the weak REF CURSOR. PL/SQL is a statically typed language, and the weak REF
CURSOR is one of the few dynamically typed constructs supported.

Here is an example of a strong REF CURSOR declaration. I associate the cursor variable
with a specific record structure (using a %ROWTYPE attribute):

DECLARE
TYPE book_data_t IS REF CURSOR RETURN book%ROWTYPE;
book_curs_var book_data_t;
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And here are two weak REF CURSOR declarations in which I do not associate any
particular structure with the resulting variable. The second declaration (the last line)
showcases SYS_REFCURSOR, a predefined weak REF CURSOR type:
DECLARE
TYPE book_data_t IS REF CURSOR;

book_curs_var book_data_t;
book_curs_var_b SYS_REFCURSOR;

Chapter 15 explores REF CURSORs and cursor variables in much more detail.

Internet Datatypes

Beginning with Oracle 9i Database, there is native support for several Internet-related
technologies and types of data, specifically XML (Extensible Markup Language) and
URIs (universal resource identifiers). The Oracle database provides datatypes for han-
dling XML and URI data, as well as a class of URIs called DBUri-REFs that access data
stored within the database itself. The database also includes a set of datatypes used to
store and access both external and internal URIs from within the database.

The XMLType allows you to query and store XML data in the database using functions
like SYS_XMLGEN and the DBMS_XMLGEN package. It also allows you to use native
operators in the SQL language to search XML documents using the XPath language.

The URI-related types, including URIType and HttpURIType, are all part of an object
type inheritance hierarchy and can be used to store URLSs to external web pages and
files, as well as to refer to data within the database.

Chapter 13 explores the rules for working with XMLType and URI types, provides some
examples, and explains the built-in functions and packages provided to manipulate
these datatypes.

“Any” Datatypes

Most of the time, our programming tasks are fairly straightforward and very specific to
the requirement at hand. At other times, however, we write more generic code. For those
situations, the Any datatypes might come in very handy.

The Any types were introduced in Oracle9i Database and are very different from any
other kind of datatype available in an Oracle database. They let you dynamically en-
capsulate and access type descriptions, data instances, and sets of data instances of any
other SQL type. You can use these types (and the methods defined for them, as they are
object types) to do things like determine the type of data stored in a particular nested
table without having access to the actual declaration of that table type!

The Any datatypes include AnyType, AnyData, and AnyDataSet.
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Chapter 13 explores the rules for working with the Any datatypes and provides some
working examples of these dynamic datatypes.

User-Defined Datatypes

You can use Oracle built-in datatypes and other user-defined datatypes to create arbi-
trarily complex types of your own that model closely the structure and behavior of data
in your systems.

Chapter 26 explores this powerful feature in more detail and describes how to take
advantage of the support for object type inheritance in Oracle9i Database through Ora-
cle Database 11g.

Declaring Program Data

With few exceptions, you must declare your variables and constants before you use
them. These declarations are in the declaration section of your PL/SQL program. (See
Chapter 3 for more details on the structure of the PL/SQL block and its declaration
section.)

Your declarations can include variables, constants, TYPEs (such as collection types or
record types), and exceptions. This chapter focuses on the declarations of variables and
constants. (See Chapter 11 for an explanation of TYPE statements for records and
Chapter 12 for collection types. See Chapter 6 to learn how to declare exceptions.)

Declaring a Variable

When you declare a variable, PL/SQL allocates memory for the variable’s value and
names the storage location so that the value can be retrieved and changed. The decla-
ration also specifies the datatype of the variable; this datatype is then used to validate
values assigned to the variable.

The basic syntax for a declaration is:
name datatype [NOT NULL] [ := | DEFAULT default_assignment];

where name is the name of the variable or constant to be declared, and datatype is the
datatype or subtype that determines the type of data that can be assigned to the variable.
You can include a NOT NULL clause, which tells the database to raise an exception if
no value is assigned to this variable. The default_assignment clause tells the database to
initialize the variable with a value; this is optional for all declarations except those of
constants. If you declare a variable NOT NULL, you must assign a value to it in the
declaration line.

The following examples illustrate declarations of variables of different datatypes:
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DECLARE
-- Simple declaration of numeric variable
1_total_count NUMBER;

-- Declaration of number that rounds to nearest hundredth (cent):
1_dollar_amount NUMBER (10,2);

-- A single datetime value, assigned a default value of the database
-- server's system clock. Also, it can never be NULL.
1_right_now DATE NOT NULL DEFAULT SYSDATE;

-- Using the assignment operator for the default value specification
1_favorite_flavor VARCHAR2(100) := 'Anything with chocolate, actually';

-- Two-step declaration process for associative array.
-- First, the type of table:
TYPE list_of_books_t IS TABLE OF book%ROWTYPE INDEX BY BINARY_INTEGER;

-- And now the specific list to be manipulated in this block:
oreilly_oracle_books list_of_books_t;

The DEFAULT syntax (see |_right_now in the previous example) and the assignment
operator syntax (see 1_favorite_flavor in the previous example) are equivalent and can
be used interchangeably. So which should you use? I like to use the assignment operator
(:=) to set default values for constants, and the DEFAULT syntax for variables. In the
case of a constant, the assigned value is not really a default but an initial (and unchang-
ing) value, so the DEFAULT syntax feels misleading to me.

Declaring Constants

There are just two differences between declaring a variable and declaring a constant:
for a constant, you include the CONSTANT keyword, and you must supply a default
value (which isn’t really a default at all, but rather is the only value). So, the syntax for
the declaration of a constant is:

name CONSTANT datatype [NOT NULL] := | DEFAULT default_value;
The value of a constant is set upon declaration and may not change thereafter.
Here are some examples of declarations of constants:

DECLARE
-- The current year number; it's not going to change during my session.
1_curr_year CONSTANT PLS_INTEGER :=
TO_NUMBER (TO_CHAR (SYSDATE, 'YYYY'));

-- Using the DEFAULT keyword
1_author CONSTANT VARCHAR2(100) DEFAULT 'Bill Pribyl';

-- Declare a complex datatype as a constant-
-- this isn't just for scalars!
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1_steven CONSTANT person_ot :=
person_ot ('HUMAN', 'Steven Feuerstein', 175,
TO_DATE ('09-23-1958', 'MM-DD-YYYY') );

Unless otherwise stated, the information provided in the rest of this chapter for variables
also applies to constants.

An unnamed constant is a literal value, such as 2 or ‘Bobby McGee’
A literal does not have a name, although it does have an implied
(undeclared) datatype.

The NOT NULL Clause

If you do assign a default value, you can also specify that the variable must be NOT
NULL. For example, the following declaration initializes the company_name variable
to ‘PCS R US and makes sure that the name can never be set to NULL:

company_name VARCHAR2(60) NOT NULL DEFAULT 'PCS R US';
If your code executes a line like this:
company_name := NULL;

then PL/SQL will raise the VALUE_ERROR exception. In addition, you will receive a
compilation error with this next declaration, because the declaration does not include
an initial or default value:

company_name VARCHAR2(60) NOT NULL; -- must assign a value if declared NOT NULL!

Anchored Declarations

You can and often will declare variables using “hardcoded” or explicit datatypes, as
follows:

1_company_name VARCHAR2(100);

A Dbetter practice for data destined for or obtained from a database table or other
PL/SQL program structure is to anchor your variable declaration to that object. When
youanchor a datatype, you tell PL/SQL to set the datatype of your variable to the datatype
of an already defined data structure: another PL/SQL variable, a predefined TYPE or
SUBTYPE, a database table, or a specific column in a table.

PL/SQL offers two kinds of anchoring:

Scalar anchoring
Use the % TYPE attribute to define your variable based on a table’s column or some
other PL/SQL scalar variable.
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Record anchoring
Use the %ROWTYPE attribute to define your record structure based on a table or
a predefined PL/SQL explicit cursor.

The syntax for an anchored datatype is:

variable_name type_attribute%TYPE [optional_default_value_assignment];
variable_name table_name | cursor_name%ROWTYPE [optional_default_value_assignment];

where variable_name is the name of the variable you are declaring, and type_attribute
is either a previously declared PL/SQL variable name or a table column specification in
the format table.column.

This anchoring reference is resolved at the time the code is compiled; there is no runtime
overhead to anchoring. The anchor also establishes a dependency between the code and
the anchored element (the table, cursor, or package containing the variable referenced).
This means that if those elements are changed, the code in which the anchoring takes
place is marked INVALID. When it is recompiled, the anchor will again be resolved,
thereby keeping the code current with the anchored element.

Figure 7-1 shows how the datatype is drawn from both a database table and a PL/ SQL
variable.

DECLARE
emp_id emp.empno%TYPE; Data Dictionary

‘¥ EMP Table

empno | NUMBER(5)
ename | VARCHAR2(30)
hiredate | DATE

new_emp emp id%TYPE;
BEGIN

Figure 7-1. Anchored declarations with %TYPE

Here is an example of anchoring a variable to a database column:
1_company_id company.company_1d%TYPE;

You can also anchor against PL/SQL variables; this is usually done to avoid redundant
declarations of the same hardcoded datatype. In this case, the best practice is to create
a “reference” variable in a package and then reference that package variable in %TYPE
statements. (You could also create SUBTYPEs in your package; this topic is covered later
in the chapter.) The following example shows just a portion of a package intended to
make it easier to work with Oracle Advanced Queuing (AQ):
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/* File on web: aq.pkg */
PACKAGE aq
IS

/* Standard datatypes for use with Oracle AQ. */

v_msgid RAW (16);
SUBTYPE msgid_type IS v_msgid%TYPE;
V_name VARCHAR2 (49);

SUBTYPE name_type IS v_name%TYPE;
END aq;
AQ message IDsare of type RAW(16). Rather than have to remember that (and hardcode

it into my application again and again), I can simply declare an AQ message ID as
follows:

DECLARE
my_msg_1id aq.msgid_type;
BEGIN

Then, if the database ever changes its datatype for a message ID, I can change the SUB-
TYPE definition in the AQ package, and all declarations will be updated with the next
recompilation.

Anchored declarations provide an excellent illustration of the fact that PL/SQL is not
just a procedural-style programming language, but was designed specifically as an ex-
tension to the Oracle SQL language. Oracle Corporation made a very thorough effort
to tightly integrate the programming constructs of PL/SQL to the underlying SQL da-
tabase.

Anchored declarations offer some important benefits when it comes to writing appli-
cations that adapt easily to change over time.

Anchoring to Cursors and Tables

You've seen an example of anchoring to a database column and to another PL/SQL
variable. Now let’s take a look at the use of the %ROWTYPE anchoring attribute.

Suppose that I want to query a single row of information from the book table. Rather
than declare individual variables for each column in the table (which, of course, I should
do with %TYPE), I can simply rely on % ROWTYPE:

DECLARE
1_book book%ROWTYPE;
BEGIN
SELECT * INTO 1_book
FROM book
WHERE isbn = '1-56592-335-9';
process_book (1_book);
END;
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Suppose now that I only want to retrieve the author and title from the book table. In
this case, I build an explicit cursor and then %ROWTYPE against that cursor:

DECLARE
CURSOR book_cur IS
SELECT author, title FROM book
WHERE 1isbn = '1-56592-335-9';
1_book book_cur%ROWTYPE;
BEGIN
OPEN book_cur;
FETCH book_cur INTO 1_book; END;

Finally, here is an example of an implicit use of the % ROWTYPE declaration: the cursor
FOR loop.

BEGIN
FOR book_rec IN (SELECT * FROM book)
LOOP
process_book (book_rec);
END LOOP;
END;

Now let’s explore some of the benefits of anchored declarations.

Benefits of Anchored Declarations

Most of the declarations you have seen so far—character, numeric, date, Boolean—
specity explicitly the type of data for the variable being declared. In each of these cases,
the declaration contains a direct reference to a datatype and, in most cases, a constraint
on that datatype. You can think of this as a kind of hardcoding in your program. While
this approach to declarations is certainly valid, it can cause problems in the following
situations:

Synchronization with database columns
The PL/SQL variable “represents” database information in the program. If I declare
explicitly and then change the structure of the underlying table, my program may
not work properly.

Normalization of local variables
The PL/SQL variable stores calculated values used throughout the application.
What are the consequences of repeating (hardcoding) the same datatype and con-
straint for each declaration in all of our programs?

Let’s take a look at each of these scenarios in detail.

Synchronization with database columns

Databases hold information that needs to be stored and manipulated. Both SQL and
PL/SQL perform these manipulations. Your PL/SQL programs often read data from a
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database into local program variables, and then write information from those variables
back into the database.

Suppose that I have a company table with a column called NAME and a datatype of
VARCHAR2(60). I can create a local variable to hold this data as follows:

DECLARE
cname VARCHAR2(60);

and then use this variable to represent this database information in my program. Now
consider an application that uses the company entity. There may be a dozen different
screens, procedures, and reports that contain this same PL/SQL declaration, VAR-
CHAR2(60), over and over again. And everything works just fine... until the business
requirements change, or the DBA has a change of heart. With a very small effort, the
definition of the name column in the company table changes to VARCHAR2(100) in
order to accommodate longer company names. Suddenly the database can store names
that will raise VALUE_ERROR exceptions when FETCHed into the cname variable.

My program has now become incompatible with the underlying data structures. All
declarations of cname (and all the variations programmers have employed for this data
throughout the system) must be modified and retested—otherwise, my application is
simply a ticking time bomb, just waiting to fail. My variable, which is a local represen-
tation of database information, is no longer synchronized with that database column.

Normalization of local variables

Another drawback to explicit declarations arises when you’re working with PL/SQL
variables that store and manipulate calculated values not found in the database. Suppose
that I hire some programmers to build an application to manage my company’s finances.
Iam verybottom-line-oriented, so many different programs make use of a total_revenue
variable, declared as follows:

total_revenue NUMBER (10,2);

Yes, I like to track my total revenue down to the last penny. In 2002, when specifications
for the application were first written, the maximum total revenue I ever thought I could
possibly obtain was $99 million, so I used the NUMBER(10,2) declaration. Then, in
2005, business grew beyond my expectations and $99 million was not enough, so we
increased the maximum to NUMBER(14,2). But then we had a big job of finding and
changing all the places where the variables were too small. I searched out any and all
instances of the revenue variables so that I could change the declarations. This was a
time-consuming and error-prone job—I initially missed a couple of the declarations,
and the full regression test had to find them for me. I had spread equivalent declarations
throughout the entire application. I had, in effect, denormalized mylocal data structures,
with the usual consequences on maintenance. If only I had a way to define each of the
local total_revenue variables in relation to a single datatype...
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If only I had used % TYPE!

Anchoring to NOT NULL Datatypes

When you declare a variable, you can also specify the need for the variable to be NOT
NULL. This NOT NULL declaration constraint is transferred to variables declared with
the %TYPE attribute. If T include a NOT NULL in my declaration of a source variable
(one that is referenced afterward in a %TYPE declaration), I must also make sure to
specify a default value for the variables that use that source variable. Suppose that I
declare max_available_date NOT NULL in the following example:
DECLARE
max_available_date DATE NOT NULL :=

ADD_MONTHS (SYSDATE, 3);
last_ship_date max_available_date%TYPE;

The declaration of last_ship_date then fails to compile, with the following message:
PLS_00218: a variable declared NOT NULL must have an initialization assignment.

If you use a NOT NULL variable in a % TYPE declaration, the new variable must have
a default value provided. The same is not true, however, for variables declared with
%TYPE where the source is a database column defined as NOT NULL. A NOT NULL
constraint from a database table is not automatically transferred to a variable.

Programmer-Defined Subtypes

With the SUBTYPE statement, PL/SQL allows you to define your own subtypes or
aliases of predefined datatypes, sometimes referred to as abstract datatypes. In PL/SQL,
a subtype of a datatype is a variation that specifies the same set of rules as the original
datatype, but that might allow only a subset of the datatype’s values.

There are two kinds of subtypes, constrained and unconstrained:

Constrained subtype
A subtype that restricts or constrains the values normally allowed by the datatype
itself. POSITIVE is an example of a constrained subtype of BINARY_ INTEGER.
The package STANDARD, which predefines the datatypes and the functions that
are part of the standard PL/SQL language, declares the subtype POSITIVE as fol-
lows:

SUBTYPE POSITIVE IS BINARY_INTEGER RANGE 1 .. 2147483647;

A variable that is declared POSITIVE can store only integer values greater than
zero.
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Unconstrained subtype
A subtype that does not restrict the values of the original datatype in variables
declared with the subtype. FLOAT is an example of an unconstrained subtype of
NUMBER. Its definition in the STANDARD package is:

SUBTYPE FLOAT IS NUMBER;

To make a subtype available, you first have to declare it in the declaration section of an
anonymous PL/SQL block, procedure, function, or package. You've already seen the
syntax for declaring a subtype used by PL/SQL in the STANDARD package. The general
format of a subtype declaration is:

SUBTYPE subtype_name 1S base_type;

where subtype_name is the name of the new subtype, and base_type is the datatype on
which the subtype is based.

In other words, an unconstrained subtype provides an alias or alternate name for the
original datatype. Here are a few examples:
PACKAGE utility
AS
SUBTYPE big_string IS VARCHAR2(32767);

SUBTYPE big_db_string IS VARCHAR2(4000);
END utility;

Be aware that an anchored subtype does not carry over the NOT NULL constraint to
the variables it defines. Nor does it transfer a default value that was included in the
original declaration of a variable or column specification.

Conversion Between Datatypes

There are many different situations in which you need to convert data from one datatype
to another. You can perform this conversion in two ways:
Implicitly
By allowing the PL/SQL runtime engine to take its “best guess” at performing the
conversion

Explicitly
By calling a PL/SQL function or operator to do the conversion

In this section I will first review how and when PL/SQL performs implicit conversions,
and then focus on the functions and operators available for explicit conversions.

Implicit Data Conversion

Whenever PL/SQL detects thata conversion is necessary, it attempts to change the values
as required to perform the operation. You would probably be surprised to learn how
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often PL/SQL performs conversions on your behalf. Figure 7-2 shows what kinds of
implicit conversions PL/SQL can perform.

To
Eﬁnww BINARY_ |BINARY_ [ BINARY_ | PLS_ [ SIMPLE_

From CHAR _|[VARCHAR2] NCHAR |NVARCHAR2| DATE [INTERVAL | NUMBER [FLOAT — [DOUBLE™ | INTEGER | INTEGER |INTEGER | LONG | RAW | RowiD | CloB | BLOB | NcLOB
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Figure 7-2. Implicit conversions performed by PL/SQL

With implicit conversions you can specify a literal value in place of data with the correct
internal format, and PL/SQL will convert that literal as necessary. In the following ex-
ample, PL/SQL converts the literal string ‘125’ to the numeric value 125 in the process
of assigning a value to the numeric variable:

DECLARE

a_number NUMBER;
BEGIN

a_number := '125';
END;

You can also pass parameters of one datatype into a module and then have PL/SQL
convert that data into another format for use inside the program. In the following pro-
cedure, the second parameter is a date. When I call that procedure, I pass a string value
in the form DD-MON-YY, and PL/SQL converts that string automatically to a date:

PROCEDURE change_hiredate
(emp_1id_1in IN INTEGER, hiredate_in IN DATE)

change_hiredate (1004, '12-DEC-94');
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The implicit conversion from string to date datatype follows the NLS_DATE_FORMAT
specification. The danger here is that if the NLS_ DATE_FORMAT changes, your pro-
gram breaks.

Limitations of implicit conversion

As shown in Figure 7-2, conversions are limited; PL/SQL cannot convert any arbitrary
datatype to any other datatype. Furthermore, some implicit conversions raise excep-
tions. Consider the following assignment:

DECLARE

a_number NUMBER;
BEGIN

a_number := 'abc';
END;

PL/SQL cannot convert ‘abc’ to a number and so will raise the VALUE_ERROR excep-
tion when it executes this code. It is up to you to make sure that if PL/SQL is going to
perform implicit conversions, it is given values it can convert without error.

Drawbacks of implicit conversion

There are several drawbacks to implicit conversion:

« PL/SQL is generally a static typing language. When your program performs an
implicit conversion, you lose some of the benefits of the static typing, such as clarity
and safety of your code.

o Each implicit conversion PL/SQL performs represents a loss, however small, in the
control you have over your program. You do not expressly perform or direct the
performance of the conversion; you simply make an assumption that it will take
place and that it will have the intended effect. There is always a danger in making
this assumption. If Oracle changes the way and circumstances under which it per-
forms conversions or if the data itself no longer conforms to your (or the database’s)
expectations, your code is then affected.

o The implicit conversion that PL/SQL performs depends on the context in which
the code executes. The conversion that PL/SQL performs is not necessarily the one
you might expect.

 Your code is easier to read and understand if you explicitly convert between data-
types where needed. Such conversions provide documentation of variances in da-
tatypes between tables or between code and tables. By removing an assumption and
a hidden action from your code, you remove a potential misunderstanding as well.

I strongly recommend that you avoid allowing either the SQL or PL/SQL languages to
perform implicit conversions on your behalf, especially with datetime conversions. In-
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stead, use conversion functions to guarantee that the right kinds of conversions take
place.

Explicit Datatype Conversion

Oracle provides a comprehensive set of conversion functions and operators to be used
in SQL and PL/SQL; a complete list is shown in Table 7-1. Most of these functions are
described in other chapters (for those, the table indicates the chapter number). For
functions not described elsewhere, brief descriptions are provided later in this chapter.

Table 7-1. The built-in conversion functions

Name Description Chapter
ASCIISTR Converts a string in any character set to an ASClI string in the database character set. 8, 25
CAST Converts one built-in datatype or collection-typed value to another built-in datatype 7,9, 10

or collection-typed value; this very powerful conversion mechanism can be used as a
substitute for traditional functions like TO_DATE.

CHARTOROWID Converts a string to a ROWID. 7
CONVERT Converts a string from one character set to another. 7
FROM_TZ Adds time zone information to a TIMESTAMP value, thus converting it to a TIMESTAMP 10
WITH TIME ZONE value.
HEXTORAW Converts from hexadecimal to raw format. 7
MULTISET Maps a database table to a collection. 12
NUMTODSINTERVAL Converts a number (or numeric expression) to an INTERVAL DAY TO SECOND literal. 10
NUMTOYMINTERVAL Converts a number (or numeric expression) to an INTERVAL YEAR TO MONTH literal. 10
RAWTOHEX, RAWTONHEX Converts from a raw value to hexadecimal. 7
REFTOHEX Converts a REF value into a character string containing the hexadecimal representation 26
of the REF value.
ROWIDTOCHAR, Converts a binary ROWID value to a character string. 7
ROWIDTONCHAR
TABLE Maps a collection to a database table; this is the inverse of MULTISET. 12
THE Maps a single column value in a single row into a virtual database table. 12
TO_BINARY_DOUBLE Converts a number or a string to a BINARY_DOUBLE. 9
TO_BINARY_FLOAT Converts a number or a string to a BINARY_FLOAT. 9
TO_BLOB Converts from a RAW value to a BLOB. 13
TO_CHAR, TO_NCHAR Converts character data between the database character set and the national character 8
(character version) set.
TO_CHAR, TO_NCHAR (date  Converts a date to a string. 10
version)
TO_CHAR, TO_NCHAR Converts a number to a string (VARCHAR2 or NVARCHAR?2, respectively). 9
(number version)
TO_CLOB, TO_NCLOB Converts from a VARCHAR2, NVARCHAR?2, or NCLOB value to a CLOB (or NCLOB). 13
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Name Description Chapter

TO_DATE Converts a string to a date. 10

TO_DSINTERVAL Converts a character string of a CHAR, VARCHAR2, NCHAR, or NVARCHAR? datatype to 10
an INTERVAL DAY TO SECOND type.

T0_LOB Converts from a LONG to a LOB. 13

TO_MULTI_BYTE Where possible, converts single-byte characters in the input string to their multibyte 8
equivalents.

TO_NUMBER Converts a string or a number (such as a BINARY_FLOAT) to a NUMBER. 9

TO_RAW Converts from a BLOB to a RAW. 13

TO_SINGLE_BYTE Converts multibyte characters in the input string to their corresponding single-byte 8
characters.

TO_TIMESTAMP Converts a character string to a value of type TIMESTAMP. 10

TO_TIMESTAMP_TZ Converts a character string to a value of type TO_TIMESTAMP_TZ. 10

TO_YMINTERVAL Converts a character string of a CHAR, VARCHAR2, NCHAR, or NVARCHAR? datatype to 10
an INTERVAL YEAR TO MONTH type.

TRANSLATE ... USING Converts supplied text to the character set specified for conversions between the 8

database character set and the national character set.

UNISTR Takes as its argument a string in any character set and returns it in Unicode in the 8,25
database Unicode character set.

The CHARTOROWID function

The CHARTOROWID function converts a string of either type CHAR or type VAR-
CHAR2 to a value of type ROWID. The specification of the CHARTOROWID function
is:

FUNCTION CHARTOROWID (string_in IN CHAR) RETURN ROWID
FUNCTION CHARTOROWID (string_in IN VARCHAR2) RETURN ROWID

In order for CHARTOROWID to successfully convert the string, it must be an 18-
character string of the format:

00000FFFBBBBBBRRR

where OOOOO is the data object number, FFF is the relative file number of the database
file, BBBBBB is the block number in the file, and RRR is the row number within the
block. All four numbers must be in base-64 format. If the input string does not conform
to the preceding format, PL/SQL raises the VALUE_ERROR exception.

The CAST function

The CAST function is a very handy and flexible conversion mechanism. It converts
from one (and almost any) built-in datatype or collection-typed value to another built-
in datatype or collection-typed value. CAST will be a familiar operator to anyone work-
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ing with object-oriented languages, in which it is often necessary to “cast” an object of
one class into that of another.

With Oracle’s CAST function, you can convert an unnamed expression (a number, a
date, NULL, or even the result set of a subquery) or a named collection (a nested table,
for instance) to a datatype or named collection of a compatible type.

Figure 7-3 shows the supported conversions between built-in datatypes. Note the fol-
lowing:

o You cannot cast LONG, LONG RAW, any of the LOB datatypes, or the Oracle-
supplied types.

o “DATE” in the figure includes DATE, TIMESTAMP, TIMESTAMP WITH TIME-
ZONE, INTERVAL DAY TO SECOND, and INTERVAL YEAR TO MONTH.

« You can cast a named collection type into another named collection type only if the
elements of both collections are of the same type.

o You cannot cast a UROWID to a ROWID if the UROWID contains the value of a
ROWID of an index-organized table.

To DATE,
BINARY_FLOAT, | CHAR, TIMESTAMP, ROWID, NCHAR,
From BINARY_DOUBLE | VARCHAR2 NUMBER INTERVAL RAW UROWID NVARCHAR2
BINARY_FLOAT, ° ° o ®
BINARY_DOUBLE
CHAR, L ® [ ® ° )
VARCHAR2
[ [ ] [ [ J
NUMBER
DATE,
TIMESTAMP, L ] [}
INTERVAL
[ ] ([ ] [
RAW
ROWID, ®
UROWID
NCHAR, ° ° ®
NVARCHAR2

Figure 7-3. Casting built-in datatypes

First let’s take a look at using CAST as a replacement for scalar datatype conversion. You
can use it in a SQL statement:

SELECT employee_1id, cast (hire_date AS VARCHAR2 (30))
FROM employee;
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and you can use it in native PL/SQL syntax:

DECLARE

hd_display VARCHAR2 (30);
BEGIN

hd_display := CAST (SYSDATE AS VARCHAR2);
END;

A much more interesting application of CAST comes into play when you are working
with PL/SQL collections (nested tables and VARRAYSs). For these datatypes, you use
CAST to convert from one type of collection to another. You can also use CAST to
manipulate (from within a SQL statement) a collection that has been defined as a
PL/SQL variable.

Chapter 12 covers these topics in more detail, but the following example should give
you a sense of the syntax and possibilities. First I create two nested table types and a
relational table:

CREATE TYPE names_t AS TABLE OF VARCHAR2 (100);
CREATE TYPE authors_t AS TABLE OF VARCHAR2 (100);

CREATE TABLE favorite_authors (name VARCHAR2(200))

I'would then like to write a program that blends together data from the favorite_ authors
table with the contents of a nested table declared and populated in my program. Con-
sider the following block:

/* File on web: cast.sql */

1 DECLARE

2 scifi_favorites authors_t

3 := authors_t ('Sheri S. Tepper', 'Orson Scott Card', 'Gene Wolfe');
4 BEGIN

5 DBMS_OUTPUT.put_line ('I recommend that you read books by:');
6

7 FOR rec IN (SELECT column_value favs

8 FROM TABLE (CAST (scifi_favorites AS names_t))
9 UNION

10 SELECT NAME

11 FROM favorite_authors)

12 LOOP

13 DBMS_OUTPUT.put_line (rec.favs);

14 END LOOP;

15 END;

On lines 2 and 3, I declare a local nested table and populate it with a few of my favorite
science fiction/fantasy authors. In lines 7 through 11, I use the UNION operator to
merge together the rows from favorite_authors with those of scifi_favorites. To do this,
I cast the PL/SQL nested table (local and not visible to the SQL engine) to a type of
nested table known in the database. Notice that I am able to cast a collection of type
authors_t to a collection of type names_t; this is possible because they are of compatible
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types. Once the cast step is completed, I call the TABLE operator to ask the SQL engine
to treat the nested table as a relational table. Here is the output I see on my screen:

I recommend that you read books by:
Gene Wolfe

Orson Scott Card

Robert Harris

Sheri S. Tepper

Tom Segev

Toni Morrison

The CONVERT function

The CONVERT function converts strings from one character set to another character
set. The specification of the CONVERT function is:

FUNCTION CONVERT
(string_in IN VARCHAR2,
new_char_set VARCHAR2
[, old char_set VARCHAR2])
RETURN VARCHAR2

The third argument, old_char_set, is optional. If this argument is not specified, then the
default character set for the database instance is used.

The CONVERT function does not translate words or phrases from one language to
another. CONVERT simply substitutes the letter or symbol in one character set with
the corresponding letter or symbol in another character set. (Note that a character set
is not the same thing as a human language.)

Two commonly used character sets are WESMSWIN1252 (Microsoft Windows 8-bit
Code Page 1252 character set) and ALI6UTF16 (16-bit Unicode character set).

The HEXTORAW function

The HEXTORAW function converts a hexadecimal string from type CHAR or VAR-
CHAR?2 to type RAW. The specification of the HEXTORAW function is:

FUNCTION HEXTORAW (string_in IN CHAR) RETURN RAW
FUNCTION HEXTORAW (string_in IN VARCHAR2) RETURN RAW

The RAWTOHEX function

The RAWTOHEX function converts a value from type RAW to a hexadecimal string of
type VARCHAR?2. The specification of the RAWTOHEX function is:

FUNCTION RAWTOHEX (binary_value_in IN RAW) RETURN VARCHAR2

RAWTOHEX always returns a variable-length string value, even ifits mirror conversion
function is overloaded to support both types of input.
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The ROWIDTOCHAR function

The ROWIDTOCHAR function converts a binary value of type ROWID to a string of
type VARCHAR?2. The specification of the ROWIDTOCHAR function is:

FUNCTION ROWIDTOCHAR (row_in IN ROWID ) RETURN VARCHAR2
The string returned by this function has the format:
00000F FFBBBBBBRRR

where OOOOO is the data object number, FFF is the relative file number of the database
file, BBBBBB is the block number in the file, and RRR is the row number within the
block. All four numbers are in base-64 format. For example:

AAARY1AAEAAAEG8BAAB
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CHAPTER 8
Strings

Variables with character datatypes store text and are manipulated by character func-
tions. Working with character data can range in difficulty from easy to quite challenging.
In this chapter, I discuss PL/SQLs core string functionality largely in the context of
single-byte character sets—for example, those that are commonly used in Western Eu-
rope and the United States. If you are working with Unicode or with multibyte character
sets, or are dealing with multiple languages, be sure to read about globalization and
localization issues in Chapter 25.

CLOB (character large object) and LONG, while arguably character
types, cannot be used in the same manner as the character types
discussed in this chapter, and are more usefully thought of as large
object types. I discuss large object types in Chapter 13.

String Datatypes

Oracle supports four string datatypes, summarized in the following table. Which type
you should use depends on your answers to the following two questions:
o Are you working with variable-length or fixed-length strings?

» Do you want to use the database character set or the national character set?

Fixed-length Variable-length

Database character set CHAR VARCHAR2
National character set NCHAR NVARCHAR2

You will rarely need or want to use the fixed-length CHAR and NCHAR datatypes in
Oracle-based applications; in fact, I recommend that you never use these types unless
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there is a specific requirement for fixed-length strings. See “Mixing CHAR and VAR-
CHAR?2 Values” on page 229 for a description of problems you may encounter when
mixing fixed- and variable-length string variables. (The NCHAR and NVARCHAR?2
datatypes are discussed in Chapter 25.)

The VARCHAR2 Datatype

VARCHAR? variables store variable-length character strings. When you declare a
variable-length string, you must also specify a maximum length for the string, which
can range from 1 to 32,767 bytes. You may specify the maximum length in terms of
characters or bytes, but either way the length is ultimately defined in bytes. The general
format for a VARCHAR?2 declaration is:

variable_name VARCHAR2 (max_length [CHAR | BYTE]);
where:

variable_name
Is the name of the variable you want to declare

max_length
Is the maximum length of the variable

CHAR
Indicates that max_length is expressed in terms of characters

BYTE
Indicates that max_length represents a number of bytes

When you specify the maximum length of a VARCHAR? string in terms of characters
(using the CHAR qualifier), the actual length in bytes is determined using the largest
number of bytes that the database character set uses to represent a character. For ex-
ample, the Unicode UTF-8 character set uses up to 4 bytes for some characters; thus, if
UTEF-8 is your underlying character set, declaring a VARCHAR?2 variable with a max-
imum length of 100 characters is equivalent to declaring the same variable with a max-
imum length of 300 bytes.

You'll find the CHAR length qualifier most useful when working with
multibyte character sets such as Unicode UTF-8. Read more about
character semantics and character sets in Chapter 25.

If you omit the CHAR or BYTE qualifier when declaring a VARCHAR? variable, then
whether the size is in characters or bytes depends on the NLS_LENGTH_SEMANTICS
initialization parameter. You can determine your current setting by querying NLS_SES-
SION_PARAMETERS.
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Following are some examples of VARCHAR2 declarations:

DECLARE
small_string VARCHAR2(4);
line_of_text VARCHAR2(2000);
feature_name VARCHAR2(100 BYTE); -- 100-byte string
emp_name VARCHAR2(30 CHAR); -- 30-character string

The maximum length allowed for PL/SQL VARCHAR? variables is 32,767 bytes. This
size limit applies regardless of whether you declare a variable’s size in terms of characters
or bytes.

Prior to 12¢, the maximum length of the VARCHAR?2 datatype in SQL was 4,000; in
12¢, this is now increased to match the PL/SQL maximum: 32,767 bytes. Note, however,
that SQL supports this maximum size only if the MAX_SQL_STRING_SIZE initiali-
zation parameter is set to EXTENDED; the default value is STANDARD.

If you need to work with strings in SQL that are greater than 4,000 bytes in length and
you have not yet upgraded to 12¢, consider storing those strings in CLOB columns. See
Chapter 13 for information on CLOBs.

The CHAR Datatype

The CHAR datatype specifies a fixed-length character string. When you declare a fixed-
length string, you also specify a maximum length for the string, which can range from
1 to 32,767 bytes. You can specify the length in terms of bytes or in terms of characters.
For example, the following two declarations create strings of 100 bytes and 100 char-
acters, respectively:

feature_name CHAR(100 BYTE);
feature_name CHAR(100 CHAR);

Theactual number of bytesina 100-character string depends on the underlying database
character set. If you are using a variable-width character set, PL/SQL will allocate
enough bytes to the string to accommodate the specified number of worst-case char-
acters. For example, UTF-8 uses between 1 and 4 bytes per character, so PL/SQL will
assume the worst and allocate 3 bytes x 100 characters, for a total of 300 bytes.

If you leave off the BYTE or CHAR qualifier, the results will depend on the setting of
the NLS_LENGTH_SEMANTICS initialization parameter. When you compile your
program, this setting is saved along with it and may be reused or overwritten during
later recompilation. (Compilation settings are discussed in Chapter 20.) Assuming the
default setting, the following declaration results in a 100-byte string:

feature_name CHAR(100);

Ifyou do not specifyalength for the string, PL/SQL declares a string of one byte. Suppose
you declare a variable as follows:

feature_name CHAR;

String Datatypes | 201

www.it-ebooks.info


http://www.it-ebooks.info/

As soon as you assign a string of more than one character to the variable feature_name,
PL/ SQL will raise the generic VALUE_ERROR exception:

ORA-06502: PL/SQL: numeric or value error: character string buffer too small

Notice that the message does not indicate which variable was involved in the error. If
you get this error after declaring some new variables or constants, check your declara-
tions for a lazy use of CHAR. To avoid mistakes and to prevent future programmers
from wondering about your intent, you should always specity a length when you use
the CHAR datatype. Several examples follow:

yes_or_no CHAR (1) DEFAULT 'Y';

line_of_text CHAR (80 CHAR); -- Always a full 80 characters!
whole_paragraph CHAR (10000 BYTE); -- Think of all those spaces...

Because CHAR is fixed-length, PL/SQL will right-pad any value assigned to a CHAR
variable with spaces to the maximum length specified in the declaration.

Prior to 12¢, the maximum length of the CHAR datatype in SQL was 2,000; in 12, this
is now increased to match the PL/SQL maximum: 32,767 bytes. Note, however, that SQL
supports these maximum sizes only if the MAX_SQL_STRING_SIZE initialization pa-
rameter is set to EXTENDED.

String Subtypes

PL/SQL supports several string subtypes, listed in Table 8-1, that you can use when
declaring character string variables. Many of these subtypes exist for the ostensible
purpose of providing compatibility with the ANSI SQL standard. It’s unlikely that you'll
ever need to use these—I never do—but you should be aware that they exist.

Table 8-1. PL/SQL subtypes and their equivalents

Subtype Equivalent PL/SQL type

CHAR VARYING VARCHAR2
CHARACTER CHAR
CHARACTER VARYING VARCHAR2
NATIONAL CHAR NCHAR
NATIONAL CHAR VARYING NVARCHAR2
NATIONAL CHARACTER NCHAR
NATIONAL CHARACTER VARYING  NVARCHAR2
NCHAR VARYING NVARCHAR2
STRING VARCHAR2
VARCHAR VARCHAR2

Each subtype listed in the table is equivalent to the base PL/SQL type shown in the right
column. For example, the following declarations all have the same effect:
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feature_name VARCHAR2(100);
feature_name CHARACTER VARYING(100);
feature_name CHAR VARYING(100);
feature_name STRING(100);

The VARCHAR subtype deserves special mention. For years now, Oracle Corporation
hasbeen threatening to change the meaning of VARCHAR (to something not equivalent
to VARCHAR?) and warning against its use. I agree with Oracle’s recommendation: if
there is a possibility of VARCHAR’s behavior being changed by Oracle (or the ANSI
committee), it’s senseless to depend on its current behavior. Don’t use VARCHAR; use
VARCHAR?2.

Working with Strings

Working with strings is largely a matter of manipulating them using Oracle’s rich library
of built-in string functions. To that end, I reccommend that you become broadly familiar
with the functions Oracle has to offer. In the subsections that follow, I'll begin by showing
you how to write string constants, and then introduce you to the string manipulation
functions that I have come to find most important in my own work.

Specifying String Constants

One way to get strings into your PL/SQL programs is to issue a SELECT statement that
returns character string values. Another way is to place string constants directly into
your code. You write such constants by enclosing them within single quotes:

'Brighten the corner where you are.'

If you want to embed a single quote within a string constant, you can do so by typing
the single quote twice:

'Aren' 't you glad you''re learning PL/SQL with O''Reilly?'

If your program will be dealing with strings that contain embedded single-quote char-
acters, a more elegant approach is to specify your own string delimiters. Do this using
the g prefix (uppercase Q may also be specified). For example:

q'!Aren't you glad you're learning PL/SQL with O'Reilly?!’
or:
q'{Aren't you glad you're learning PL/SQL with O'Reilly?}'

When you use the g prefix, you still must enclose the entire string within single quotes.
The character immediately following the first quotation mark—an exclamation point
(1) in the first of my two examples—then becomes the delimiter for the string. Thus, the
first of my g-prefixed strings consists of all characters between the two exclamation
points.
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Special rule: if your start delimiter character is one of [, {, <, or (, then
your end delimiter character must be ], }, >, or ), respectively.

Normally, string constants are represented using the database character set. If such a
string constant is assigned to an NCHAR or NVARCHAR? variable, the constant will
be implicitly converted to the national character set (see Chapter 25). The database
performs such conversions when necessary, and you rarely need to worry about them.
Occasionally, however, you may need to explicitly specify a string constant to be rep-
resented in the national character set. You can do so using the n prefix:

n'Pils vom faR: 1¢;'

If you need a string in the national character set, and you also want to specify some
characters by their Unicode code point, you can use the u prefix:

u'Pils vom fa\@ODF: 1\20AC'

00DF is the code point for the German letter {3, while 20AC is the code point for the
Euro symbol. The resulting string constant is the same as for the preceding n-prefixed
example.

Using the assignment operator, you can store the value of a string constant within a
variable:

DECLARE

jonathans_motto VARCHAR2(50);
BEGIN

jonathans_motto := 'Brighten the corner where you are.';
END;

You can also pass string constants to built-in functions. For example, to find out the
number of characters in Jonathan’s motto, you can use the LENGTH function:

BEGIN
DBMS_OUTPUT.PUT_LINE(
LENGTH( 'Brighten the corner where you are.')

);
END;

Run this code, and you'll find that the number of characters is 34.

While this is not strictly a PL/SQL issue, you'll often find that ampersand (&) characters
cause problems if you're executing PL/SQL code via SQL*Plus or SQL Developer. Both
tools use ampersands to prefix substitution variables. When they encounter an amper-
sand, these tools “see” the next word as a variable and prompt you to supply a value:

SQL> BEGIN
2 DBMS_OUTPUT.PUT_LINE ('Generating & saving test data.');
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3 END;
4/
Enter value for saving:
There are several solutions to this problem. One that works well with SQL*Plus and
SQL Developer is to issue the command SET DEFINE OFF to disable the variable sub-
stitution feature. Other solutions can be found in Jonathan Gennick’s book Oracle
SQL*Plus: The Definitive Guide.

Using Nonprintable Characters

The built-in CHR function is especially valuable when you need to make reference to
a nonprintable character in your code. Suppose you have to build a report that displays
the address of a company. A company can have up to four address strings (in addition
to city, state, and zip code). Your boss wants each address string to start on a new line.
You can do that by concatenating all the address lines together into one long text value
and using CHR to insert linefeeds where desired. The location in the standard ASCII
collating sequence for the linefeed character is 10, so you can code:

SELECT name || CHR(10)
|| address1l || CHR(10)
|| address2 || CHR(10)
|| city || ', ' || state || " ' || zipcode
AS company_address
FROM company

Suppose I have inserted the following row into the table:

BEGIN
INSERT INTO company
VALUES ('Harold Henderson',
'22 BUNKER COURT',

NULL,
"WYANDANCH' ,
'MN',
'66557"');
COMMIT;
END;

/
The results will end up looking like:

COMPANY_ADDRESS

Harold Henderson
22 BUNKER COURT

WYANDANCH, MN 66557
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Linefeed is the newline character for Linux and Unix systems. Win-

dows uses the carriage return character together with the newline

CHR(13)||CHR(10). In other environments, you may need to use
4 some other character.

What? You say your boss doesn't want to see any blank lines? No problem. You can
eliminate those with a bit of cleverness involving the NVL2 function:

SELECT name
|| NVL2(address1, CHR(10) || addressi, ''")
|| NVL2(address2, CHR(10) || address2, '')
|| CHR(10) || city || ', ' || state || ' ' || zipcode
AS company_address
FROM company

Now the query returns a single formatted column per company. The NVL2 function
returns the third argument when the first is NULL, and otherwise returns the second
argument. In this example, when address1 is NULL, the empty string (°) is returned,
and likewise for the other address columns. In this way, blank address lines are not
returned, so the address will be scrunched down to:

COMPANY_ADDRESS

Harold Henderson
22 BUNKER COURT
WYANDANCH, MN 66557

The ASCII function, in essence, does the reverse of CHR: it returns the decimal repre-
sentation of a given character in the database character set. For example, execute the
following code to display the decimal code for the letter J:

BEGIN
DBMS_OUTPUT.PUT_LINE(ASCII('3"));
END;

and you’ll find that, in UTF-8 at least, the underlying representation of ] is the value 74.

Watch for an interesting use of CHR in the section “Traditional
Searching, Extracting, and Replacing” on page 210.

Concatenating Strings

There are two mechanisms for concatenating strings: the CONCAT function and the
concatenation operator, represented by two vertical bar characters (||). By far the more
commonly used approach is the concatenation operator. Why, you may be asking your-
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self, are there two mechanisms? Well... there may be issues in translating the vertical
bars in code between ASCII and EBCDIC servers, and some keyboards make typing
the vertical bars a feat of finger agility. If you find it difficult to work with the vertical
bars, use the CONCAT function, which takes two arguments as follows:

CONCAT (stringl, string2)

CONCAT always appends string2 to the end of stringl and returns the result. If either
string is NULL, CONCAT returns the non-NULL argument all by its lonesome. If both
strings are NULL, CONCAT returns NULL. If the input strings are non-CLOB, the
resulting string will be a VARCHAR2. If one or both input strings are CLOBs, then the
resulting datatype will be a CLOB as well. If one string is an NCLOB, the resulting
datatype will be an NCLOB. In general, the return datatype will be the one that preserves
the most information. Here are some examples of uses of CONCAT (where --> means
that the function returns the value shown):

CONCAT ('abc', 'defg') --> 'abcdefg'

CONCAT (NULL, 'def') --> 'def'

CONCAT ('ab', NULL) --> 'ab'
CONCAT (NULL, NULL) --> NULL

Notice that you can concatenate only two strings with the database function. With the
concatenation operator, you can combine several strings. For example:
DECLARE
X VARCHAR2(100);
BEGIN
x := 'abc' || 'def' || 'ghi';
DBMS_OUTPUT.PUT_LINE(X);
END;

The output is:
abcdefghi

To perform the identical concatenation using CONCAT, you would need to nest one
call to CONCAT inside another:

X := CONCAT(CONCAT('abc','def'),'ghi');

You can see that the || operator not only is much easier to use than CONCAT, but also
results in much more readable code.

Dealing with Case

Letter case is often an issue when working with strings. For example, you might want
to compare two strings regardless of case. There are different approaches you can take
to dealing with this problem, depending partly on the database release you are running
and partly on the scope that you want your actions to have.
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Forcing a string to all upper- or lowercase

One way to deal with case issues is to use the built-in UPPER and LOWER functions.
These functions let you force case conversion on a string for a single operation. For
example:

DECLARE
namel VARCHAR2(30) :
name2 VARCHAR2(30) :
BEGIN
IF LOWER(namel) = LOWER(name2) THEN
DBMS_OUTPUT.PUT_LINE('The names are the same.');
END IF;
END;

'Andrew Sears';
'"ANDREW SEARS';

In this example, both strings are passed through LOWER so the comparison ends up
being between ‘andrew sears’ and ‘andrew sears.

Making comparisons case insensitive

Starting with Oracle Database 10g Release 2, you can use the initialization parameters
NLS_COMP and NLS_SORT to render all string comparisons case insensitive. Set the
NLS_COMP parameter to LINGUISTIC, which will tell the database to use NLS_SORT
for string comparisons. Then set NLS_SORT to a case-insensitive setting, like BINA-
RY_CI or XWEST_EUROPEAN_CI. The trailing _ CI specifies case insensitivity. Here’s
a simple, SQL-based example that illustrates the kind of problem you can solve using
NLS_COMP. The problem is to take a list of names and determine which should come
first:

SELECT LEAST ('JONATHAN','Jonathan','jon') FROM dual

On my system the call to LEAST that you see here returns JONATHAN’. That’s because
the uppercase characters sort lower than the lowercase characters. By default,
NLS_COMP is set to BINARY, meaning that string comparisons performed by functions
such as LEAST are based on the underlying character code values.

You might like to see LEAST ignore case and return jjon’ instead of JONATHAN’. To
that end, you can change NLS_COMP to specify that a linguistic sort (sensitive to the
NLS_SORT settings) be performed:

ALTER SESSION SET NLS_COMP=LINGUISTIC

Next, you must change NLS_SORT to specify the sorting rules that you want. The default
NLS_SORT value is often BINARY, but it may be otherwise depending on how your
system is configured. For this example, use the sort BINARY_CI. The _CI suffix specifies
a case-insensitive sort:

ALTER SESSION SET NLS_SORT=BINARY_CI

Now, try that call to LEAST one more time:
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SELECT LEAST ('JONATHAN','Jonathan','jon') FROM dual

This time, the result is jon’ This may seem like a simple exercise, but this result is not
so easy to achieve without the linguistic sorting I've just described.

And it’s not just functions that are affected by linguistic sorting—simple string com-
parisons are affected as well. For example:

BEGIN
IF 'Jonathan' = 'JONATHAN' THEN
DBMS_OUTPUT.PUT_LINE('It is true!');
END IF;
END;

With NLS_COMP and NLS_SORT set as I've described, the expression Jonathan’ =
JONATHAN’ in this example evaluates to TRUE.

NLS_COMP and NLS_SORT settings affect all string manipulations
that you do. The settings “stick” until you change them, or until you
terminate your session.

Oracle also supports accent-insensitive sorting, which you can get by appending _AI
(rather than _CI) to a sort name. To find a complete list of linguistic sort names, refer
to Oracle’s Database Globalization Support Guide. That guide also explains the operation
of NLS_COMP and NLS_SORT in detail. Also refer to Chapter 25 of this book, which
presents more information on the various NLS parameters at your disposal.

Case insensitivity and indexes

When dealing with strings, you often want to do case-insensitive searches and com-
parisons. But when you implement the nifty technique described here, you find that
your application stops using indexes and starts performing poorly. Take care that you
don’t inadvertently negate the use of indexes in your SQL. Let’s look at an example using
the demonstration table hr.employees to illustrate. The employees table has the index
emp_name_ix on columnslast_name, first_name. My code includes the following SQL:

SELECT * FROM employees WHERE last_name = lname

Initially the code is using the emp_name_ix index, but when I set NLS_COMP=LIN-
GUISTIC and NLS_SORT=BINARY_CI to enable case insensitivity I stop using the
index and start doing full table scans instead—oops! One solution is to create a function-
based, case-insensitive index, like this:

CREATE INDEX last_name_ci ON EMPLOYEES (NLSSORT(last_name, 'NLS_SORT=BINARY_CI'))

Now when I do my case-insensitive query, I use the case-insensitive index and keep my
good performance.
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(apitalizing each word in a string

A third case-related function, after UPPER and LOWER, is INITCAP. This function
forces the initial letter of each word in a string to uppercase, and all remaining letters
to lowercase. For example, if I write code like this:
DECLARE
name VARCHAR2(30) := 'MATT williams';
BEGIN

DBMS_OUTPUT.PUT_LINE(INITCAP(name));
END;

The output will be:
Matt Williams

It's wonderfully tempting to use INITCAP to properly format names, and all will be fine
until you run into a case like:

DECLARE
name VARCHAR2(30) := 'JOE mcwilliams';
BEGIN
DBMS_OUTPUT.PUT_LINE(INITCAP(name));
END;

which generates this output:

Joe Mcwilliams

Joe McWilliams may not be so happy to see his last name written as “Mcwilliams,” with
a lowercase w. INITCAP is handy at times, but remember that it doesn't yield correct
results for words or names having more than just an initial capital letter.

Traditional Searching, Extracting, and Replacing

Frequently, you'll find yourself wanting to search a string for a bit of text. Starting with
Oracle Database 10g, you can use regular expressions for these textual manipulations;
see “Regular Expression Searching, Extracting, and Replacing” on page 216 for the full
details. If youre not yet using Oracle Database 10g or later, you can use an approach
that is backward compatible with older database versions. The INSTR function returns
the character position of a substring within a larger string. The following code finds the
locations of all the commas in a list of names:

DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Aaron,Jeff';
comma_location NUMBER := 0;
BEGIN
LOOP
comma_location := INSTR(names,',',comma_location+1);

EXIT WHEN comma_location = 0;
DBMS_OUTPUT.PUT_LINE(comma_location);
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END LOOP;
END;

The output is:

5

10
14
21
28
34

The first argument to INSTR is the string to search. The second is the substring to look
for, in this case a comma. The third argument specifies the character position at which
to begin looking. After each comma is found, the loop begins looking again one char-
acter further down the string. When no match is found, INSTR returns zero, and the
loop ends.

Now that we’ve found the location of some text in a string, a natural next step is to extract
it. I don’t care about those commas. Let’s extract the names instead. For that, I'll use the
SUBSTR function:

DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Aaron,Jeff';
names_adjusted VARCHAR2(61);
comma_location NUMBER := 0;
prev_location NUMBER := 0;

BEGIN
-- Stick a comma after the final name
names_adjusted := names || ',';
LOOP

comma_location := INSTR(names_adjusted,',',comma_location+1);

EXIT WHEN comma_location = 0;

DBMS_OUTPUT.PUT_LINE(

SUBSTR(names_adjusted,

prev_location+1,
comma_location-prev_location-1));

prev_location := comma_location;

END LOOP;
END;

The list of names that I get is:

Anna
Matt
Joe
Nathan
Andrew
Aaron
Jeff

The keys to the preceding bit of code are twofold. First, a comma is appended to the
end of the string to make the loop’s logic easier to write. Every name in names_adjusted
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is followed by a comma. That simplifies life. Then, each time the loop iterates to
DBMS_OUTPUT.PUT_LINE, the two variables named prev_location and comma_lo-
cation point to the character positions on either side of the name to print. It’s then just
a matter of some simple math and the SUBSTR function. Three arguments are passed:

names_adjusted
The string from which to extract a name.

prev_location+1
The character position of the first letter in the name. Remember that prev_location
will point to just before the name to display, usually to a comma preceding the name.
That's why I add 1 to the value.

comma_location-prev_location-1
The number of characters to extract. I subtract the extra 1 to avoid displaying the
trailing comma.

All this searching and extracting is fairly tedious. Sometimes I can reduce the complexity
of my code by cleverly using some of the built-in functions. Let’s try the REPLACE
function to swap those commas with newlines:

DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Aaron,Jeff';
BEGIN
DBMS_OUTPUT.PUT_LINE(
REPLACE(names, ',', chr(10))
);
END;

And the output is (!):

Anna
Matt
Joe
Nathan
Andrew
Aaron
Jeff

By using REPLACE I was able to avoid all that looping. I got the same results with code
that is simpler and more elegant. Of course, you won't always be able to avoid loop
processing by using REPLACE, but it's good to know about alternative algorithms. With
programming, there are always several ways to get the results you want!

Negative String Positioning

Some of Oracle’s built-in string functions, notably SUBSTR and INSTR, allow you to
determine the position from which to begin extracting or searching by counting back-

212 | Chapter8: Strings

www.it-ebooks.info


http://www.it-ebooks.info/

ward from the right end of a string. For example, to extract the final 10 characters of a
string:

SUBSTR('Brighten the corner where you are',-10)

This function call returns “re you are”. The key is the use of —10 as the starting position.
By making the starting position negative, you instruct SUBSTR to count backward from
the end of the string.

INSTR adds an interesting twist to all of this. Specify a negative starting index, and
INSTR will:

1. Countback from the end of the string to determine from whence to begin searching.

2. Search backward from that point toward the beginning of the string.

Step 1 is the same as for SUBSTR, but Step 2 proceeds in quite the opposite direction.
For example, to find the occurrence of “re” that is second from the end:

INSTR( 'Brighten the corner where you are','re',-1,2)
To help illustrate these concepts, here are the letter positions in the string:

111111111122222222223333
123456789012345678901234567890123
INSTR('Brighten the corner where you are','re',-1,2)

The result is 24. The fourth parameter, a 2, requests the second occurrence of “re”. The
third parameter is —1, so the search begins at the last character of the string (the first
character prior to the closing quote). The search progresses backward toward the be-
ginning, past the “re” at the end of “are” (the first occurrence), until reaching the oc-
currence of “re” at the end of “where”.

There is one subtle case in which INSTR with a negative position will search forward.
Here’s an example:

INSTR( 'Brighten the corner where you are','re',-2,1)

The -2 starting position means that the search begins with the r in “are”. The result is
32. Beginning from the r in “are”, INSTR looks forward to see whether it is pointing at
an occurrence of “re”. And it is, so INSTR returns the current position in the string,
which happens to be the 32nd character. Thus, the “re” in “are” is found even though it
extends past the point at which INSTR began searching.

Padding

Occasionally it’s helpful to force strings to be a certain size. You can use LPAD and RPAD
to add spaces (or some other character) to either end of a string in order to make the
string a specific length. The following example uses the two functions to display a list
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of names two-up in a column, with the leftmost name being flush left and the rightmost
name appearing flush right:

DECLARE
a VARCHAR2(30) := 'Jeff';
b VARCHAR2(30) := 'Eric';
c VARCHAR2(30) := 'Andrew';
d VARCHAR2(30) := 'Aaron';
e VARCHAR2(30) := 'Matt';
f VARCHAR2(30) := 'Joe';
BEGIN

DBMS_OUTPUT.PUT_LINE(  RPAD(a,10) || LPAD(b,10) );
DBMS_OUTPUT.PUT_LINE(  RPAD(c,10) || LPAD(d,10) );
DBMS_OUTPUT.PUT_LINE(  RPAD(e,10) || LPAD(f,10) );

END;

The output is:
Jeff Eric
Andrew Aaron
Matt Joe

The default padding character is the space. If you like, you can specify a fill character
as the third argument. Change the lines of code to read:

DBMS_OUTPUT.PUT_LINE(  RPAD(a,10,'.') || LPAD(b,10,'.') );
DBMS_OUTPUT.PUT_LINE(  RPAD(c,10,'.') || LPAD(d,10,'.') );
DBMS_OUTPUT.PUT_LINE(  RPAD(e,10,'.') || LPAD(f,10,'.') );

And the output changes to:

Jeff.oooiviiii, Eric
Andrew......... Aaron
Matt............. Joe

Your fill “character” can even be a string of characters:

DBMS_OUTPUT.PUT_LINE(  RPAD(a,10,'-~-') || LPAD(b,10,'-~-') );
DBMS_OUTPUT.PUT_LINE(  RPAD(c,10,'-~-') || LPAD(d,10,'-~-') );
DBMS_OUTPUT.PUT_LINE(  RPAD(e,10,'-~-') || LPAD(f,10,'-~-') );

Now the output looks like:

Jeff-~--n--n--~-Eric
Andrew-~- - -~--~Aaron
Matt-~--~--~--~--Joe

Fill characters or strings are laid down from left to right—always, even when RPAD is
used. You can see that that’s the case if you study carefully the 10-character “column”
containing Joe’s name.

One possible problem to think about when using LPAD and RPAD is the possibility
that some of your input strings may already be longer than (or equal to) the width that
you desire. For example, if I change the column width to four characters:
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DBMS_OUTPUT.PUT_LINE(  RPAD(a,4) || LPAD(b,4) );
DBMS_OUTPUT.PUT_LINE(  RPAD(c,4) || LPAD(d,4) );
DBMS_OUTPUT.PUT_LINE(  RPAD(e,4) || LPAD(f,4) );

now the output looks like:

JeffEric
AndrAaro
Matt Joe

Notice particularly the second row: both “Andrew” and “Aaron” were truncated to just
four characters.

Trimming
What LPAD and RPAD giveth, TRIM, LTRIM, and RTRIM taketh away. For example:

DECLARE
a VARCHAR2(40) :
b VARCHAR2(40) :
BEGIN
DBMS_OUTPUT.PUT_LINE( RTRIM(a,'.") )
DBMS_OUTPUT . PUT_LINE(
LTRIM(b, 'ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz')
);
END;

'This sentence has too many periods...... ;
'The number 1';

The output is:

This sentence has too many periods
1

Asyou can see, RTRIM removed all the periods. The second argument to that function
(here, ?) specifies the character(s) to trim. My use of LTRIM is a bit absurd, but it
demonstrates that you can specify an entire set of characters to trim. I asked that all
letters and spaces be trimmed from the beginning of the string b, and I got what I asked
for.

The default is to trim spaces from the beginning or end of the string. Specifying
RTRIM(a) is the same as asking for RTRIM(a,* ’). The same goes for LTRIM(a) and
LTRIM(a,*’).

The other trimming function is just plain TRIM. Oracle added TRIM when Oracle8i
Database was released in order to make the database more compliant with the ISO SQL
standard. TRIM works a bit differently from LTRIM and RTRIM, as you can see:

DECLARE
x VARCHAR2(30) := '..... Hi there!..... ';

BEGIN
DBMS_OUTPUT.PUT_LINE(  TRIM(LEADING '.' FROM x) )
DBMS_OUTPUT.PUT_LINE(  TRIM(TRAILING '.' FROM Xx) );
DBMS_OUTPUT.PUT_LINE(  TRIM(BOTH '.' FROM x) )
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- The default is to trim from both sides
DBMS_OUTPUT.PUT_LINE( TRIM('.' FROM x) );

- The default trim character is the space:
DBMS_OUTPUT . PUT_LINE( TRIM(x) );
END;

The output is:

Hi there!
Hi there!

It’s one function, yet you can use it to trim from either side or from both sides. However,
you can specify only a single character to remove. You cannot, for example, write:

TRIM(BOTH ',.;' FROM x)

Instead, to solve this particular problem, you can use a combination of RTRIM and
LTRIM:

RTRIM(LTRIM(X,',.;')," .5 ")

If you want to trim a set of characters, your options are RTRIM and LTRIM.

Regular Expression Searching, Extracting, and Replacing

Oracle Database 10g introduced a very powerful change to string manipulation: support
for regular expressions. And I'm not talking the mundane regular expression support
involving the LIKE predicate that you find in other database management systems.
Oracle has given us a well-thought-out and powerful feature set—just what PL/SQL
needed.

Regular expressions form a sort of pattern language for describing and manipulating
text. Those of you familiar with Perl doubtless know a bit about the topic already, as
Perl has done more to spread the use of regular expressions than perhaps any other
language. Regular expression support in Oracle Database 10g followed closely the
Portable Operating System Interface (POSIX) regular expression standard. Oracle Da-
tabase 10g Release 2 added support for many nonstandard, but quite useful, operators
from the world of Perl, and Oracle Database 11gaugmented these features with yet more
capabilities.

Detecting a pattern

Regular expressions give you a pattern language you can use to describe text that you
want to find and manipulate. To illustrate, let’s revisit the example used throughout the
section “Traditional Searching, Extracting, and Replacing” on page 210:
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DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Aaron,Jeff';

I'will assign myself the task of determining programmatically whether names represents
a list of comma-delimited elements. I can do that using the REGEXP_LIKE function,
which detects the presence of a pattern in a string:

DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron';
names_adjusted VARCHAR2(61);
comma_delimited BOOLEAN;
BEGIN
-- Look for the pattern
comma_delimited := REGEXP_LIKE(names,'~([a-z A-Z]*,)+([a-z A-Z]*){1}$");

-- Display the result
DBMS_OUTPUT.PUT_LINE(
CASE comma_delimited
WHEN true THEN 'We have a delimited list!'
ELSE 'The pattern does not match.'
END);
END;

The result is:

We have a delimited list!

To understand what’s going on here, you must begin with the expression defining the
pattern you seek. The general syntax for the REGEXP_LIKE function is:

REGEXP_LIKE (source_string, pattern [,match_modifier])

Where source_string is the character string to be searched, pattern is the regular ex-
pression pattern to search for in source_string, and match_modifier is one or more
modifiers that apply to the search. f REGEXP_LIKE finds pattern in source_string, then
it returns the Boolean TRUE; otherwise, it returns FALSE.

The following recaps my thought process as I put the example together:

[a-z A-Z]
Each entry in my list of names must consist of only letters and spaces. Square
brackets define a set of characters on which to match. I use a-z to give all lowercase
letters, and I use A-Z to give all uppercase letters. The space sits between those two
parts of the expression. So, any lowercase character, any uppercase character, or a
space would match this pattern.

[a-z A-Z]*
The asterisk is a quantifier, specifying that I want to see zero or more characters in
each list item.
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[a-z A-Z]*,
Each list item must terminate with a comma. An exception is the final item, but I
can safely ignore that nuance for now.

(la-z A-Z]*)
I use parentheses to define a subexpression that matches some number of characters
terminated by a comma. I define this subexpression because I want to specify that
the entire thing repeats.

([a-z A-Z]* )+
The plus sign is another quantifier and applies to the preceding element, which
happens to be the subexpression. In contrast to the *, the + requires “one or more.”
A comma-delimited list consists of one or more of my subexpressions.

([a-z A-Z]* )+([a-z A-Z]*)
I add another subexpression: ([a-z A-Z]*). This is almost a duplicate of the first,
but it doesn’t include the comma. The final list item is not terminated by a comma.

(la-z A-Z]*,)+([a-z A-Z]*){1}
I add the quantifier {1} to allow for exactly one list element with no trailing comma.

Nla-z A-Z]*)+([a-z A-Z]*){1}$
Finally, I use A and $ to anchor my expression to the beginning and end, respectively,
of the target string. I do this to require that the entire string, rather than some subset
of the string, match my pattern.

Using REGEXP_LIKE, I examine the names string to see whether it matches the pattern.
And it does:

We have a delimited list!

REGEXP_LIKE is optimized to detect the mere presence of a pattern within a string.
Other functions let you do even more. Keep reading!

Locating a pattern

You can use REGEXP_INSTR to locate occurrences of a pattern within a string. The
general syntax for REGEXP_INSTR is:

REGEXP_INSTR (source_string, pattern [,beginning_position [,occurrence
[,return_option [,match_modifier [,subexpression]]]]])

Where source_string is the character string to be searched, pattern is the regular ex-
pression pattern to search for in source_string, beginning position is the character po-
sition at which to begin the search, occurrence is the ordinal occurrence desired (1 =
first, 2 = second, etc.), return_option is either 0 for the beginning position or 1 for the
ending position, and match_modifier is one or more modifiers that apply to the search,
such as i for case insensitivity. Beginning with Oracle Database 11g, you can also specity
a subexpression (1 = first subexpression, 2 = second subexpression, etc.), which causes
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REGEXP_INST to return the starting position for the specified subexpression. A sub-
expression is a part of the pattern enclosed in parentheses.

For example, to find the first occurrence of a name beginning with the letter A and
ending with a consonant, you might specify:
DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron';
names_adjusted VARCHAR2(61);
comma_delimited BOOLEAN;
j_location NUMBER;
BEGIN
-- Look for the pattern
comma_delimited := REGEXP_LIKE(names,'~([a-z ]*,)+([a-z ]*)$', 'i');

-- Only do more if we do, in fact, have a comma-delimited list
IF comma_delimited THEN
j_location := REGEXP_INSTR(names, 'A[a-z]*[*aelou],|A[a-z]*["aelou]$');
DBMS_OUTPUT.PUT_LINE(j_location);
END IF;
END;

Execute this code and you’ll find that the first A name ending with a consonant, which
happens to be Andrew, begins at position 22. Here’s how I worked out the pattern:

A
I begin with the letter A. No need to worry about commas, because I already know
at this point that I am working with a delimited list.

Ala-z J*
I follow that A with some number of letters or spaces. The * allows for zero or more
such characters following the A.

Ala-z [*[Maeiou]
I add [~aeiou] because I want my name to end with anything but a vowel. The caret
A creates an exclusion set—any character except a vowel will match. Because I spec-
ify no quantifier, exactly one such nonvowel is required.

Ala-z [*[Naeiou],
I require a comma to end the pattern. Otherwise, I'd have a match on the “An” of
“Anna’” While adding the comma solves that problem, it introduces another, be-
cause my pattern now will never match Aaron at the end of the string. Uh-oh...

Ala-z [*[Naeiou],|Ala-z ]*[Naeiou]$
Here I've introduced a vertical bar (|) into the mix. The | indicates alternation: I am
now looking for a match with either pattern. The first pattern ends with a comma,
whereas the second does not. The second pattern accommodates the possibility that
the name I'm looking for is the final name in the list. The second pattern is thus
anchored to the end of the string by the dollar sign ($).
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Writing regular expressions is not easy! As a beginner, you'll discov-
er subtleties to regular expression evaluation that will trip you up. I
spent quite a bit of time working out just this one example, and went
down several dead-end paths before getting it right. Don’t despair,
though. Writing regular expressions does become easier with practice.

While REGEXP_INSTR has its uses, I am often more interested in returning the text
matching a pattern than I am in simply locating it.

Extracting text matching a pattern

Let’s use a different example to illustrate regular expression extraction. Phone numbers
are a good example because they follow a pattern, but often there are several variations
on this pattern. The phone number pattern includes the area code (three digits) followed
by the exchange (three digits) followed by the local number (four digits). So, a phone
number is a string of 10 digits. But there are many optional and alternative ways to
represent the number. The area code may be enclosed within parentheses and is usually,
but not always, separated from the rest of the phone number with a space, dot, or dash
character. The exchange is also usually, but not always, separated from the rest of the
phone number with a space, dot, or dash character. Thus, a legal phone number may
include any of the following:

7735555253
773-555-5253
(773)555-5253
(773) 555 5253
773.555.5253

This kind of loosey-goosey pattern is easy work using regular expressions, but very hard
without them. I'll use REGEXP_SUBSTR to extract a phone number from a string con-
taining contact information:

DECLARE
contact_info VARCHAR2(200) := '
address:
1060 W. Addison St.
Chicago, IL 60613
home 773-555-5253

T
El

phone_pattern VARCHAR2(90) :=
"\(?\d{3}\)?[[:space:]\.\-1?\d{3}[[:space:1\.\-]?\d{4}";
BEGIN
DBMS_OUTPUT.PUT_LINE('The phone number is: '||
REGEXP_SUBSTR(contact_info,phone_pattern,1,1));
END;

This code shows me the phone number:

The phone number is: 773-555-5253
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Whoa! That phone pattern is pretty intimidating, with all those punctuation characters
strung together. Let me break it down into manageable pieces:

\(?
My phone pattern starts with an optional open parenthesis character. Because the
parentheses characters are metacharacters (have special meaning), I need to es-
cape the open parenthesis by preceding it with a backslash. The question mark is a
quantifier, specifying that the pattern allows zero or one of the preceding charac-
ter. This portion of the pattern specifies an optional open parenthesis character.

\d{3}
The \d is one of those Perl-influenced operators introduced with Oracle Database
10g Release 2; it specifies a digit. The curly brackets are a quantifier, specifying that
the pattern allows an exact number of preceding characters—in this case, three.
This portion of the pattern specifies three digits.

\)?

This portion of the pattern specifies an optional close parenthesis character.

[[:space:]\.\-]?

The square brackets define a set of characters on which to match—in this case, a
whitespace character or a dot or a dash. The [:space:] notation is the POSIX char-
acter class for whitespace characters in our NLS character set—any whitespace
character will match. A dot and a dash are metacharacters, so I need to escape them
in my pattern by preceding each with a backslash. Finally, the question mark speci-
fies that the pattern allows zero or one of the preceding characters. This portion of
the pattern specifies an optional whitespace, dot, or dash character.

\d{3}
As described previously, this portion of the pattern specifies three digits.

[[:space:]\.\-]?
Asdescribed previously, this portion of the pattern specifies an optional whitespace,
dot, or dash character.

\d{4}
As described previously, this portion of the pattern specifies four digits.

When you code with regular expressions, commenting your code becomes more im-
portant to someone (including yourself six months from now) wanting to understand
your cleverness.

The general syntax for REGEXP_SUBSTR is:

REGEXP_SUBSTR (source_string, pattern [,position [,occurrence
[,match_modifier [,subexpression]]]])

REGEXP_SUBSTR returns a string containing the portion of the source string matching
the pattern or subexpression. If no matching pattern is found, a NULL is returned.
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source_string is the character string to be searched, pattern is the regular expression
pattern to search for in source_string, position is the character position at which to begin
the search, occurrence is the ordinal occurrence desired (1 = first, 2 = second, etc.), and
match_modifier is one or more modifiers that apply to the search.

Beginning with Oracle Database 11g, you can also specify which subexpression to return
(1 = first subexpression, 2 = second subexpression, etc.). A subexpression is a part of
the pattern enclosed in parentheses. Subexpressions are useful when you need to match
on the whole pattern but want only a portion of that patterned extracted. If I want to
find the phone number but extract only the area code, I enclose the area code portion
of the pattern in parentheses, making it a subexpression:

DECLARE
contact_info VARCHAR2(200) := '

address:
1060 W. Addison  St.
Chicago, IL 60613
home 773-555-5253
work (312) 555-1234
cell 224.555.2233

L
2

phone_pattern VARCHAR2(90) :=
N3\ ?[[:space: 1\ \-12\d{3}[[:space: ]\.\-1?\d{4}";
contains_phone_nbr BOOLEAN;
phone_number VARCHAR2(15);
phone_counter NUMBER;
area_code VARCHAR2(3);
BEGIN
contains_phone_nbr := REGEXP_LIKE(contact_info,phone_pattern);
IF contains_phone_nbr THEN
phone_counter := 1;
DBMS_OUTPUT.PUT_LINE('The phone numbers are:');

LOOP
phone_number := REGEXP_SUBSTR (contact_info,phone_pattern,1,phone_counter);
EXIT WHEN phone_number IS NULL; -- NULL means no more matches

DBMS_OUTPUT.PUT_LINE(phone_number);
phone_counter := phone_counter + 1;

END LOOP;

phone_counter := 1;

DBMS_OUTPUT.PUT_LINE('The area codes are:');

LOOP
area_code := REGEXP_SUBSTR

(contact_info,phone_pattern,1,phone_counter,'i',1);

EXIT WHEN area_code IS NULL;
DBMS_OUTPUT.PUT_LINE(area_code);
phone_counter := phone_counter + 1;

END LOOP;

END IF;
END;

This snippet of code extracts the phone numbers and area codes:
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The phone numbers are:
773-555-5253

(312) 555-1234
224.555.2233

The area codes are:
773

312

224

Counting regular expression matches

Sometimes, you just want a count of how many matches your regular expression has.
Prior to Oracle Database 11¢, you had to loop through and count each match. Now you
can use the new function REGEXP_COUNT to tally up the number of matches. The
general syntax for REGEXP_COUNT is:

REGEXP_COUNT (source_string, pattern [,position [,match_modifier]])

where source_string is the character string to be searched, pattern is the regular expres-
sion pattern to search for in source_string, position is the character position at which to
begin the search, and match modifier is one or more modifiers that apply to the search.
For example:

DECLARE
contact_info VARCHAR2(200) := '
address:
1060 W. Addison  St.
Chicago, IL 60613
home 773-555-5253
work (312) 123-4567';
phone_pattern VARCHAR2(90) :=
"\NC2(\d{3H)H\)?[[:space:I\.\-12(\d{3})[[:space:]\.\-]1?\d{4}";
BEGIN
DBMS_OUTPUT.PUT_LINE('There are '
| IREGEXP_COUNT (contact_info,phone_pattern)
|]1"' phone numbers');
END;

The result is:

There are 2 phone numbers

Replacing text

Search and replace is one of the best regular expression features. Your replacement text
can refer to portions of your source text (called back references), enabling you to ma-
nipulate text in very powerful ways. Imagine that youre faced with the problem of
displaying a comma-delimited list of names two to aline. One way to do that is to replace
every second comma with a newline character. Again, this is hard to do with standard
REPLACE, but easy using REGEXP_REPLACE.
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The general syntax for REGEXP_REPLACE is:

REGEXP_REPLACE (source_string, pattern [,replacement_string
[,position [,occurrence [,match_modifier]])

where source_string is the character string to be searched, pattern is the regular expres-
sion pattern to search for in source_string, replacement_string is the replace text for
pattern, position is the character position at which to begin the search, and match_modi-
fier is one or more modifiers that apply to the search.

Let’s look at an example:

DECLARE
names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron';
names_adjusted VARCHAR2(61);
comma_delimited BOOLEAN;
extracted_name VARCHAR2(60);
name_counter NUMBER;
BEGIN
-- Look for the pattern
comma_delimited := REGEXP_LIKE(names,'~([a-z ]*,)+([a-z ]1*){1}$', 'i');

-- Only do more if we do, in fact, have a comma-delimited list
IF comma_delimited THEN
names := REGEXP_REPLACE(
names,
I([a'z A'Z]*):([a'z A'Z]*):I)
"\1,\2" [| chr(10) );
END IF;

DBMS_OUTPUT.PUT_LINE(names);
END;

The output from this bit of code is:

Anna,Matt
Joe,Nathan
Andrew,Jeff
Aaron

I'll begin my explanation of this bit of wizardry by pointing out that I passed three
arguments to REGEXP_REPLACE:

names
The source string.

([a-z A-Z]*),([a-z A-Z]"),”
An expression specifying the text that I want to replace. More on this in just a bit.
\L\2 “|| chr(10)
My replacement text. The \1 and \2 are back references and are what makes my
solution work. I'll talk more about these in just a bit too.
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The expression I'm searching for consists of two subexpressions enclosed within paren-
theses, plus two commas. Here’s an explanation of how that expression works:

([a-z A-Z]*)
I want to begin by matching a name.

I want that name to be terminated by a comma.

([a-z A-Z]*)
Then I want to match another name.

And I again want to match the terminating comma.

Remember that my goal is to replace every second comma with a newline. That’s why I
wrote my expression to match two names and two commas. There’s a reason, too, why
I kept the commas out of the subexpressions.

Following is the first match that will be found for my expression upon invoking RE-
GEXP_REPLACE:

Anna,Matt,

The two subexpressions will correspond to Anna and Matt, respectively. The key to my
solution is that you can reference the text matching a given subexpression via a back
reference. The two back references in my replacement text are \1 and \2, and they refer
to the text matched by the first and second subexpressions. Here’s how that plays out:

"\1,\2" || chr(10) -- our replacement text

'Anna,\2' || chr(10) -- fill in the value matched
by the first subexpression

'Anna,Matt' || chr(10) -- fill in the value matched

by the second subexpression

I hope you can begin to see the power at your disposal here. I don’t even use the commas
from the original text. I use only the text matching the two subexpressions, the names
Anna and Matt, and I insert those into a new string formatted with one comma and one
newline.

I can do even more! I can easily change the replacement text to use a tab (an ASCII 9)
rather than a comma:

names := REGEXP_REPLACE(
names,
"([a-z A-Z]%),([a-z A-Z]%),",
"\1' [| chr(9) [| "\2" || chr(10) );

And now I get my results in two nice, neat columns:

Anna Matt
Joe Nathan
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Andrew Jeff
Aaron

I think regular expression search and replace is a wonderful thing. It’s fun. It’s powerful.
You can do a lot with it.

Groking greediness

Greediness is an important concept to understand when writing regular expressions.
Consider the problem of extracting just the first name and its trailing comma from our
comma-delimited list of names. Recall that the list looks like this:

names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron';

One solution that you might think of is to look for a series of characters ending in a
comma:

*
L]

Let’s try this solution to see how it works:

DECLARE

names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron’;
BEGIN

DBMS_OUTPUT.PUT_LINE( REGEXP_SUBSTR(names, '.*,") );
END;

My output is:
Anna,Matt,Joe,Nathan,Andrew, Jeff,

Well! This is certainly not what we were after. What happened? I was a victim of greed-
iness. Not the sort of greediness your mother chastised you about, but rather a greediness
of the regular expression sort: each element of a regular expression will match as many
characters as it possibly can. When you and I see:

*
L]

our natural tendency often is to think in terms of stopping at the first comma and re-
turning “Anna,” However, the database looks for the longest run of characters it can find
that terminates with a comma; the database stops not at the first comma, but at the last.

In Oracle Database 10g Release 1, when regular expression support was first introduced,
you had limited options for dealing with greediness problems. You may be able to re-
formulate an expression to avoid the problem. For example, you can use ‘[A,]*; to return
the first name and its trailing comma from your delimited string. Sometimes, though,
you are forced to change your whole approach to solving a problem, often to the point
of using a completely different combination of functions than you first intended.

Starting with Oracle Database 10g Release 2 you get some relief from greed, in the form
of nongreedy quantifiers inspired by those found in Perl. By adding a question mark
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(?) to the quantifier for the period (.), changing that quantifier from an * to *?, I can
request the shortest run of characters that precedes a comma, as follows:

DECLARE

names VARCHAR2(60) := 'Anna,Matt,Joe,Nathan,Andrew,Jeff,Aaron';
BEGIN

DBMS_OUTPUT.PUT_LINE(  REGEXP_SUBSTR(names, '(.*?,)') );
END;

The output now is:
Anna,

The nongreedy quantifiers match as soon as they can, not as much as they can.

Learning more about regular expressions

Regular expressions can seem deceptively simple, but this is a surprisingly deep topic.
They are simple enough that you’ll be able to use them after just reading this chapter (I
hope!), and yet there’s so much more to learn. I'd like to recommend the following
sources from Oracle and O’Reilly:

Oracle Database Application Developer’s Guide—Fundamentals
Chapter 4 of this Oracle manual is the definitive source of information on regular
expression support in Oracle.

Oracle Regular Expressions Pocket Reference
A fine introduction to regular expressions, written by Jonathan Gennick and Peter
Linsley. Peter is one of the developers for Oracle’s regular expression implementa-
tion.

Mastering Oracle SQL
Contains an excellent chapter introducing regular expressions in the context of
Oracle SQL. Aside from regular expressions, this book by Sanjay Mishra and Alan
Beaulieu is an excellent read if you want to hone your SQL skills.

Mastering Regular Expressions
Jeffrey Friedl’s book is the definitive font of wisdom on using regular expressions.
If you want to really delve deeply into the topic, this is the book to read.

Finally, in Appendix A you'll find a table describing each of the regular expression
metacharacters supported in Oracle’s implementation of regular expressions.

Working with Empty Strings

One issue that often causes great consternation, especially to people who come to Oracle
after working with other databases, is that the Oracle database treats empty strings as
NULLs. This is contrary to the ISO SQL standard, which recognizes the difference
between an empty string and a string variable that is NULL.
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The following code demonstrates the Oracle database’s behavior:

/* File on web: empty_1is_null.sql */

DECLARE
empty_varchar2 VARCHAR2(10) := '';
empty_char CHAR(10) := '';

BEGIN

IF empty_varchar2 IS NULL THEN
DBMS_OUTPUT.PUT_LINE( 'empty_varchar2 is NULL');
END IF;

IF '' IS NULL THEN
DBMS_OUTPUT.PUT_LINE(''"'"'' is NULL'");
END IF;

IF empty_char IS NULL THEN
DBMS_OUTPUT.PUT_LINE( 'empty_char is NULL');
ELSIF empty_char IS NOT NULL THEN
DBMS_OUTPUT.PUT_LINE( 'empty_char is NOT NULL');
END IF;
END;

The output is:

empty_varchar2 is NULL
"' {s NULL
empty_char is NOT NULL

You’ll notice in this example that the CHAR variable is not considered NULL. That’s
because CHAR variables, as fixed-length character strings, are never truly empty. The
CHAR variable in this example is padded with blanks until it is exactly 10 characters in
length. The VARCHAR? variable, however, is NULL, as is the zero-length string literal.

You have to really watch for this behavior in IF statements that compare two VAR-
CHAR? values. Recall that a NULL is never equal to a NULL. Consider a program that
queries the user for a name, and then compares that name to a value read in from the
database:

DECLARE

user_entered_name VARCHAR2(30);
name_from_database VARCHAR2(30);

BEGIN

IF user_entered_name <> name_from_database THEN

If the user had entered an empty string instead of a name, the IF condition shown in
this example would never be TRUE. That’s because a NULL is never not equal, or equal,
to any other value. One alternative approach to this IF statement is the following:

IF (user_entered_name <> name_from_database)
OR (user_entered_name IS NULL) THEN
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This is just one way of dealing with the “empty string is NULL’ issue; it’s impossible to
provide a solution that works in all cases. You must think through what you are trying
to accomplish, recognize that any empty strings will be treated as NULLs, and code
appropriately.

Mixing CHAR and VARCHAR2 Values

If you use both fixed-length (CHAR) and variable-length (VARCHAR?2) strings in your
PL/SQL code, you should be aware of how the database handles the interactions between
these two datatypes, as described in the following subsections.

Database-to-variable conversion

When you SELECT or FETCH data from a CHAR database column into a VARCHAR2
variable, the trailing spaces are retained. If you SELECT or FETCH from a VARCHAR2
database column into a CHAR variable, PL/SQL automatically pads the value with
spaces out to the maximum length. In other words, the type of the variable, not the
column, determines the variable’s resulting value.

Variable-to-database conversion

When you INSERT or UPDATE a CHAR variable into a VARCHAR?2 database column,
the SQL kernel does not trim the trailing blanks before performing the change. When
the following PL/SQL is executed, the company_name in the new database record is set
to “ACME SHOWERS.......] ” (where . indicates a space). It is, in other words, padded out
to 20 characters, even though the default value was a string of only 12 characters.

DECLARE
comp_1id# NUMBER;
comp_name CHAR(20) := 'ACME SHOWERS';
BEGIN
SELECT company_1id_seq.NEXTVAL
INTO comp_id#
FROM dual;
INSERT INTO company (company_1id, company_name)
VALUES (comp_id#, comp_name);
END;

On the other hand, when you INSERT or UPDATE a VARCHAR?2 variable into a CHAR
database column, the SQL kernel automatically pads the variable-length string with
spaces out to the maximum (fixed) length specified when the table was created, and
places that expanded value into the database.

String comparisons
Suppose your code contains a string comparison such as the following:

IF company_name = parent_company_name ...
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PL/SQL must compare company_name to parent_company_name. It performs the
comparison in one of two ways, depending on the types of the two variables:

o If a comparison is made between two CHAR variables, then PL/SQL uses blank-
padding comparison.

o Ifatleast one of the strings involved in the comparison is variable-length, then PL/
SQL performs non-blank-padding comparison.

The following code snippet illustrates the difference between these two comparison
methods:

DECLARE
company_name CHAR(30)
:= 'Feuerstein and Friends';
char_parent_company_name CHAR(35)
:= 'Feuerstein and Friends';
varchar2_parent_company_name VARCHAR2(35)
:= 'Feuerstein and Friends';
BEGIN
-- Compare two CHARs, so blank-padding is used
IF company_name = char_parent_company_name THEN
DBMS_OUTPUT.PUT_LINE ('first comparison is TRUE');
ELSE
DBMS_OUTPUT.PUT_LINE ('first comparison is FALSE');
END IF;

-- Compare a CHAR and a VARCHAR2, so nonblank-padding is used
IF company_name = varchar2_parent_company_name THEN
DBMS_OUTPUT.PUT_LINE ('second comparison is TRUE');
ELSE
DBMS_OUTPUT.PUT_LINE ('second comparison is FALSE');
END IF;
END;

The output is:

first comparison is TRUE
second comparison is FALSE

The first comparison is between two CHAR values, so blank-padding is used: PL/SQL
blank-pads the shorter of the two values out to the length of the longer value. It then
performs the comparison. In this example, PL/SQL adds five spaces to the end of the
value in company_name and then performs the comparison between company_name
and char_parent_company_name. The result is that both strings are considered equal.
Note that PL/SQL does not actually change the company_name variable’s value. It copies
the value to another memory structure and then modifies this temporary data for the
comparison.

The second comparison involves a VARCHAR?2 value, so PL/SQL performs a non-
blank-padding comparison. It makes no changes to any of the values, uses the existing
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lengths, and performs the comparison. In this case, the first 22 characters of both strings
are the same, “Feuerstein and Friends”, but the fixed-length company_name is padded
with eight space characters, whereas the variable-length VARCHAR2 company_name
is not. Because one string has trailing blanks and the other does not, the two strings are
not considered equal.

The fact that one VARCHAR?2 value causes non-blank-padding comparisons is also true
of expressions involving more than two variables, as well as of expressions involving
the IN operator. For example:

IF menu_selection NOT IN

(save_and_close, cancel_and_exit, 'OPEN_SCREEN')
THEN ...

If any of the four strings in this example (menu_selection, the two named constants,
and the single literal) is declared VARCHAR2, then exact comparisons without modi-
fication are performed to determine if the user has made a valid selection. Note that a
literal like OPEN_SCREEN is always considered a fixed-length CHAR datatype.

Character functions and CHAR arguments

A character function is a function that takes one or more character values as parameters
and returns either a character value or a number value. When a character function
returns a character value, that value is always of type VARCHAR?2 (variable length),
with the exceptions of UPPER and LOWER. These functions convert to uppercase and
lowercase, respectively, and return CHAR values (fixed length) if the strings they are
called on to convert are fixed-length CHAR arguments.

String Function Quick Reference

As T have already pointed out, PL/SQL provides a rich set of string functions that allow
you to get information about strings and modify the contents of those strings in very
high-level, powerful ways. The following list gives you an idea of the power at your
disposal and will be enough to remind you of syntax. For complete details on a given
function, see Oracle’s SQL Reference manual.

ASCII(single_character)
Returns the NUMBER code that represents the specified character in the database
character set.

ASCIISTR(string1)
Takes a string in any character set and converts it into a string of ASCII charac-
ters. Any non-ASCII characters are represented using the form \XXXX, where
XXXX represents the Unicode value for the character.
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For information on Unicode, including the underlying byteco-
des used to represent characters in the Unicode character set,
visit the Unicode Consortium website.

CHR(code_location)
Returns a VARCHAR?2 character (length 1) that corresponds to the location in the
collating sequence provided as a parameter. This is the reverse of ASCII. One var-
iation is useful when working with national character set data:

CHR(code_location USING NCHAR_CS)
Returns an NVARCHAR?2 character from the national character set.

COMPOSE(string1)
Takes a Unicode string as input and returns that string in its fully normalized
form. For example, you can use the unnormalized representation ‘a\0303’ to specify
the character a witha ~ on top (i.e., ). COMPOSE(‘a\0303’) will then return \00E3;,
which is the Unicode code point (in hexadecimal) for the character a.

In Oracle9i Database Release 1, COMPOSE must be called from

a SQL statement; it cannot be used in a PL/SQL expression.

From Oracle9i Database Release 2 onward, you can invoke
4 COMPOSE from a PL/SQL expression.

CONCAT(string1, string2)
Appends string2 to the end of stringl. You'll get the same results as from the ex-
pression stringl || string2. I find the || operator so much more convenient that I
almost never invoke the CONCAT function.

CONVERT(stringi1, target_char_set)
Converts a string from the database character set to the specified target character
set. You may optionally specify a source character set:

CONVERT(string1, target_char_set, source_character_set)

DECOMPOSE(stringl)
Takes a Unicode string as input and returns that string with any precomposed
characters decomposed into their separate elements. This is the opposite of COM-
POSE. For example, DECOMPOSE(%’) yields a”. (See COMPOSE.)

Two variations are available:

DECOMPOSE(string1 CANONICAL)
Results in canonical decomposition, which gives a result that may be reversed
using COMPOSE. This is the default.
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DECOMPOSE(string1)
Results in decomposition in what is referred to as compatibility mode. Recom-
position using COMPOSE may not be possible.

Like COMPOSE, DECOMPOSE cannot be invoked directly
from a PL/SQL expression in Oracle9i Database Release 1; you
must invoke it from a SQL statement. From Oracle9i Database
Release 2 onward, this restriction is removed.

GREATEST(stringi1, string2, ...)
Takes one or more strings as input, and returns the string that would come last (i.e.,
that is the greatest) if the inputs were sorted in ascending order. Also see the LEAST
function, which is the opposite of GREATEST.

INITCAP(string1)
Reformats the case of the string argument, setting the first letter of each word to
uppercase and the remainder of the letters to lowercase. This is sometimes called
title case. A word is a set of characters separated by a space or nonalphanumeric
character (such as # or _). For example, INITCAP(‘this is lower’) gives “This Is
Lower.

INSTR(string1, string2)
Returns the position at which string2 is found within stringl; if it is not found,
returns 0.

Several variations are available:

INSTR(string1, string2, start_position)
Begins searching for string2 at the column in stringl indicated by start_posi-
tion. The default start position is 1, so INSTR(stringl, string2, 1) is equivalent
to INSTR(stringl, string2).

INSTR(stringl, string2, negative_start_position)
Begins searching from the end of stringl rather than from the beginning.

INSTR(stringl, string2, start_position, nth)
Finds the nth occurrence of string2 after the start_position.

INSTR(stringl, string2, negative_start_position, nth)
Finds the nth occurrence of string2, counting from the end of stringl.

INSTR treats a string as a sequence of characters. The variations INSTRB, INSTR2,
and INSTR4 treat a string as a sequence of bytes, Unicode code units, and Unicode
code points, respectively. The variation INSTRC treats a string as a series of com-
plete Unicode characters. For example, a\0303, which is the decomposed equivalent
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of \00E3’, or 4, is treated and counted as a single character. INSTR, however, sees
a\0303’ as two characters.

LEAST(stringi, string2, ...)
Takes one or more strings as input and returns the string that would come first (i.e.,
that is the least) if the inputs were sorted in ascending order. Also see GREATEST,
which is the opposite of LEAST.

LENGTH(string1)
Returns the number of characters in a string. The variations LENGTHB,
LENGTH?2, and LENGTH4 return the number of bytes, the number of Unicode
code units, and the number of Unicode code points, respectively. The variation
LENGTHC returns the number of complete Unicode characters, normalizing (e.g.,
changing a\0303’ to \00E3’) where possible.

LENGTH typically does not return zero. Remember that the Oracle database treats
an empty string () as a NULL, so LENGTH(") is the same as trying to take the
length of a NULL, and the result is NULL. The sole exception is when LENGTH is
used against a CLOB. It is possible for a CLOB to hold zero bytes and yet not be
NULL. In this one case, LENGTH returns zero.

LOWER(string1)
Converts all letters in the specified string to lowercase. This is the opposite of UP-
PER. The return datatype is the same as the input datatype (CHAR, VARCHAR?2,
CLOB). See also NLS_LOWER.

LPAD(stringi, padded_length)
Returns the value from stringl, but padded on the left with enough spaces to make
the result padded_length characters long. There is one variation, shown next:

LPAD(stringi, padded_length, pad_string)
Appends enough full or partial occurrences of pad_string to bring the total

length up to padded_length. For example, LPAD(‘Merry Christmas!; 25, ‘Ho! )
results in ‘Ho! Ho! HMerry Christmas!’

LPAD is the opposite of RPAD.

LTRIM(string1)
Removes (trims) space characters from the left, or leading edge, of stringl. Also see
TRIM (ISO standard) and RTRIM. There is one variation:

LTRIM(stringl, trim_string)
Removes any characters found in trim_string from the left end of stringl.

NCHR(code_location)
Returns an NVARCHAR?2 character (length 1) that corresponds to the location in
the national character set collating sequence specified by the code_location param-
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eter. The CHR function’s USING NCHAR_CS clause provides the same function-
ality as NCHR.

NLS_INITCAP(string1)
Returns a version of stringl, which should be of type NVARCHAR2 or NCHAR,
setting the first letter of each word to uppercase and the remainder of the letters to
lowercase. This is sometimes called title case. The return value isa VARCHAR2. A
word is a set of characters separated by a space or nonalphanumeric character.

You may specify a linguistic sorting sequence that affects the definition of “first
letter”:

NLS_INITCAP(string1, ‘NLS_SORT=sort_sequence_name’)
When you're using this syntax, sort_sequence_name should be a valid, linguistic
sort name as described in Appendix A of Oracle’s Globalization Support
Guide under the heading “Linguistic Sorts”

The following example illustrates the difference between INITCAP and NLS_IN-
ITCAP:

BEGIN
DBMS_OUTPUT.PUT_LINE(INITCAP('ijzer'));
DBMS_OUTPUT.PUT_LINE(NLS_INITCAP('ijzer', 'NLS_SORT=XDUTCH'));
END;

The output is:
Ijzer
IJzer

«s e

In the Dutch language, the character sequence “ij” is treated as a single character.
NLS_INITCAP correctly recognizes this as a result of the NLS_SORT specification
and uppercases the word ijzer (Dutch for “iron”) appropriately.

NLS_LOWER(string1) and NLS_LOWER(string1, ‘NLS_SORT=sort_se
quence_name’)
Returns stringl in lowercase in accordance with language-specific rules. See
NLS_INITCAP for a description of how the NLS_SORT specification can affect the
results.

NLS_UPPER(string1) and NLS_UPPER(string1, ‘NLS_SORT=sort_se
quence_name’)
Returns stringl in uppercase in accordance with language-specific rules. See
NLS_INITCAP for a description of how the NLS_SORT specification can affect the
results.
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NLSSORT(string1) and NLSSORT(string1, ‘NLS_SORT=sort_sequence_name’)
Returns a string of bytes that can be used to sort a string value in accordance with
language-specific rules. The string returned is of the RAW datatype. For example,
to compare two strings using French sorting rules:

IF NLSSORT(x, 'NLS_SORT=XFRENCH') > NLSSORT(y, 'NLS_SORT=XFRENCH') THEN...

When you omit the second parameter, the function uses the default sort sequence
that you have established for your session. For a list of sort sequences, see Appendix
A of Oracle’s Globalization Support Guide under the heading “Linguistic Sorts.

REGEXP_COUNT, REGEXP_INSTR, REGEXP_LIKE, REGEXP_REPLACE, RE-
GEXP_SUBSTR
Refer to Appendix A of this book for information on these regular expression func-
tions.

REPLACE(string1, match_string, replace_string)
Returns a string in which all occurrences of match_string in stringl are replaced by
replace_string. REPLACE is useful for searching a pattern of characters, and then
changing all instances of that pattern in a single function call. It has one variation:

REPLACE(string1, match_string)
Returns stringl with all occurrences of match_string removed.

RPAD(string1, padded_length)
Returns the value from stringI, but padded on the right with enough spaces to make
the result padded_length characters long. There is one variation:
RPAD(string1, padded_length, pad_string)
Appends enough full or partial occurrences of pad_string to bring the total

length up to padded_length. For example, RPAD(‘Merry Christmas! | 25, ‘Ho!”)
results in ‘Merry Christmas! Ho! Ho!"

RPAD pads on the right, while its complement, LPAD, pads on the left.

RTRIM(string1)
Removes (trims) space characters from the right, or trailing edge, of stringl. See
also TRIM (ISO standard) and LTRIM. There is one variation:

RTRIM(stringi1, trim_string)
Removes any characters found in trim_string from the trailing edge of stringI.

SOUNDEX(string1)
Returns a character string that is the “phonetic representation” of the argument.
For example:

SOUNDEX ('smith') --> 'S530'
SOUNDEX ('SMYTHE') --> 'S530'
SOUNDEX ('smith smith') --> 'S532'
SOUNDEX ('smith z') --> 'S532'
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SOUNDEX ('feuerstein') --> 'F623'
SOUNDEX ('feuerst') --> 'F623'

Keep the following SOUNDEX rules in mind when using this function:

o The SOUNDEX value always begins with the first letter in the input string.

« SOUNDEX uses only the first five consonants in the string to generate the
return value.

o Only consonants are used to compute the numeric portion of the SOUNDEX
value. Except for leading vowels, all vowels are ignored.

o SOUNDEX is not case sensitive; uppercase and lowercase letters return the
same SOUNDEX value.

The SOUNDEX function is useful for ad hoc queries, and any other kinds of
searches where the exact spelling of a database value is not known or easily deter-
mined.

The SOUNDEX algorithm is English-centric and may not work
well (or at all) for other languages.

SUBSTR(stringi, start, length)
Returns a substring from string1, beginning with the character at position start and
going for length characters. If the end of stringl is encountered before length char-
acters are found, then all characters from start onward are returned. The following
variations exist:

SUBSTR(string1, start)
Returns all characters beginning from position start through to the end of
stringl.

SUBSTR(string1, negative_start, length)
Counts backward from the end of stringl to determine the starting position
from which to begin returning length characters.

SUBSTR(string1, negative_start)
Returns the last ABS(negative_start) characters from the string.

SUBSTR treats a string as a sequence of characters. The variations SUBSTRB,
SUBSTR2, and SUBSTRA4 treat a string as a sequence of bytes, Unicode code units,
and Unicode code points, respectively. The variation SUBSTRC treats a string as a
series of complete Unicode characters. For example, a\0303} which is the decom-
posed equivalent of \00E3) or 4, is treated and counted as a single character.
SUBSTR, however, sees a\0303’ as two characters.
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TO_CHAR(national_character_data)
Converts data in the national character set to its equivalent representation in the
database character set. See also TO_NCHAR.

TO_CHAR may also be used to convert date and time values, as
well as numbers, into human-readable form. These uses of
TO_CHAR are described in Chapter 9 (for numbers) and Chap-
ter 10 (for dates and times).

TO_MULTI_BYTE(string1)
Translates single-byte characters to their multibyte equivalents. Some multibyte
character sets, notably UTF-8, provide for more than one representation of a given
character. In UTF-8, for example, letters such as G can be represented using one
byte or four bytes. TO_MULTI_BYTE lets you convert from the single-byte to the
multibyte representation. TO_MULTI_BYTE is the opposite of TO_SIN-
GLE_BYTE.

TO_NCHAR(database_character_data)
Converts data in the database character set to its equivalent representation in the
national character set. See also TO_CHAR and TRANSLATE...USING.

TO_NCHAR may also be used to convert date and time values,
as well as numbers, into human-readable form. These uses of
TO_NCHAR are described in Chapter 9 (for numbers) and
Chapter 10 (for dates and times).

TO_SINGLE_BYTE(string1)
Translates multibyte characters to their single-byte equivalents. This is the opposite
of TO_MULTI_BYTE.

TRANSLATE(string1, search_set, replace_set)
Replaces every instance in stringl of a character from search_set with the corre-
sponding character from replace_set. For example:

TRANSLATE ('abcd', 'ab', '12') --> '12cd'

If the search set contains more characters than the replace set, then the “trailing”
search characters that have no match in the replace set are not included in the result.
For example:

TRANSLATE ('abcdefg', 'abcd', 'zyx') --> 'zyxefg'
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The letter d is removed, because it appears in search_set without a corresponding
entry in result_set. TRANSLATE swaps individual characters, while REPLACE
swaps strings.

TRANSLATE(text USING CHAR_CS) and TRANSLATE(text USING NCHAR_CS)
Translates character data to either the database character set (CHAR_CS) or the
national character set (NCHAR_CS). The output datatype will be either VAR-
CHAR?2 or NVARCHAR?, depending on whether you are converting to the data-
base or the national character set, respectively.

TRANSLATE...USING is an ISO standard SQL function. Start-
ing with Oracle9i Database Release 1, you can simply assign a
VARCHAR2 to an NVARCHAR?2 (and vice versa), and the da-
tabase will handle the conversion implicitly. If you want to make
such a conversion explicit, you can use TO_CHAR and
TO_NCHAR to convert text to database and national character
sets, respectively. Oracle Corporation recommends the use of
TO_CHAR and TO_NCHAR over TRANSLATE...USING, be-
cause those functions support a greater range of input datatypes.

TRIM(FROM string1)
Returns a version of stringl that omits any leading and trailing spaces. Variations
include:

TRIM(LEADING FROM ...)
Trims only leading spaces.

TRIM(TRAILING FROM ...)
Trims only trailing spaces.

TRIM(BOTH FROM ...)
Explicitly specifies the default behavior of trimming both leading and trailing
spaces.

TRIM(...trim_character FROM string1)
Removes occurrences of trim_character, which may be any one character that
you want to specify.

Oracle added the TRIM function in Oracle8i Database to increase compliance with
the ISO SQL standard. TRIM comes close to combining the functionality of LTRIM
and RTRIM into one function. The difference is that with TRIM, you can specify
only one trim character. When using LTRIM or RTRIM, you can specify a set of
characters to trim.
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UNISTR(string1)

Returns stringl converted into Unicode. This is the opposite of ASCIISTR. You can
represent nonprintable characters in the input string using the \XXXX notation,
where XXXX represents the Unicode code point value for a character. For example:
BEGIN
DBMS_OUTPUT.PUT_LINE(
UNISTR('The symbol \20AC is the Euro.')
);
END;

The symbol € is the Euro.
The output of the code is:
The symbol € is the Euro.

UNISTR gives you convenient access to the entire universe of Unicode characters,
even those you cannot type directly from your keyboard. Chapter 25 discusses
Unicode in more detail.

UPPER(string1)

Returns a version of stringl with all letters made uppercase. The return datatype is
the same as the datatype of stringl (CHAR, VARCHAR?2, or CLOB). UPPER is the
opposite of LOWER. See also NLS_UPPER.
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CHAPTER 9
Numbers

Where would we be without numbers? While those of us who are math-challenged
might prefer a text-only view of the world, the reality is that much of the data in any
database is numeric. How much inventory do we have? How much money do we owe?
At what rate is our business growing? These are just some of the questions that we expect
to answer using numbers from databases.

When working with numbers in PL/SQL, you need to have at least a passing familiarity
with the following:

o The numeric datatypes at your disposal. It also helps to know in what situations
they are best used.

o How to convert between numbers and their textual representations. How else do
you expect to get those numbers into and out of your database?

« PL/SQLs rich library of built-in numeric functions. After all, you don’t want to
reinvent the wheel.

Each of these topics is discussed in this chapter. I'll begin by looking at the datatypes
themselves.

Numeric Datatypes

Like the Oracle database, PL/SQL offers a variety of numeric datatypes to suit different
purposes:

NUMBER
A true decimal datatype that is ideal for working with monetary amounts. NUM-
BER is also the only one of PL/SQLs numeric types to be implemented in a com-
pletely platform-independent fashion. Anything you do with NUMBERs should
work the same regardless of the underlying hardware.
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PLS_INTEGER and BINARY_INTEGER
Integer datatypes conforming to your hardware’s underlying integer representation.
Arithmetic is performed using your hardware’s native machine instructions. You
cannot store values of these types in the database.

SIMPLE INTEGER
Introduced with Oracle Database 11g. Has the same range as BINARY_INTEGER,
but does not allow for NULLs and does not raise an exception if an overflow occurs.
The SIMPLE_INTEGER datatype results in significantly faster execution times for
natively compiled code.

BINARY_FLOAT and BINARY_DOUBLE
Single- and double-precision IEEE-754 binary floating-point types. I don't recom-
mend these types for monetary amounts. They are useful, however, when you need
fast floating-point arithmetic.

SIMPLE_FLOAT and SIMPLE_DOUBLE
Introduced with Oracle Database 11g. Have the same range as BINARY_FLOAT
and BINARY_DOUBLE, but do not allow for NULLSs, do not raise an exception if
an overflow occurs, and do not support special literals or predicates such as BI-
NARY_FLOAT_MIN_NORMAL, IS NAN, or IS NOT INFINITE. These SIMPLE
datatypes result in significantly faster execution times for natively compiled code.

In practice, you may encounter other numeric types, such as FLOAT, INTEGER, and
DECIMAL. These are really nothing more than alternate names for the core numeric
typesjustlisted. I'll talk about these alternate names in “Numeric Subtypes” on page 256.

The NUMBER Type

The NUMBER datatype is by far the most common numeric datatype you’ll encounter
in the world of Oracle and PL/SQL programming. Use it to store integer, fixed-point,
or floating-point numbers of just about any size. Prior to Oracle Database 10g, NUMBER
was the only numeric datatype supported directly by the Oracle database engine (later
versions also support BINARY_FLOAT and BINARY_DOUBLE). NUMBER is imple-
mented in a platform-independent manner, and arithmetic on NUMBER values yields
the same result no matter what hardware platform you run on.

The simplest way to declare a NUMBER variable is simply to specify the keyword
NUMBER:

DECLARE
X NUMBER;

Such a declaration results in a floating-point NUMBER. The Oracle database will allo-
cate space for up to the maximum of 40 digits, and the decimal point will float to best
accommodate whatever value you assign to the variable. NUMBER variables can hold
values as small as 107*° (1.0E - 130) and as large as 10" - 1 (1.0E126 - 1). Values smaller
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than 107 will get rounded down to 0, and calculations resulting in values larger than
or equal to 10" will be undefined, causing runtime problems but not raising an excep-
tion. This range of values is demonstrated by the following code block:

DECLARE
tiny_nbr NUMBER := le-130;
test_nbr NUMBER;
-- 1111111111222222222233333333334
-- 1234567890123456789012345678901234567890
big_nbr NUMBER : 9.999999999999999999999999999999999999999e125;
-- 1111111111222222222233333333334444444
-- 1234567890123456789012345678901234567890123456

fmt_nbr VARCHAR2(50) := '9.99999999999999999999999999999999999999999EEEE ' ;
BEGIN
DBMS_OUTPUT.PUT_LINE( ' tiny_nbr =' || TO_CHAR(tiny_nbr, '9.9999EEEE'));

-- NUMBERs that are too small round down to zero
test_nbr := tiny_nbr / 1.0001;

DBMS_OUTPUT.PUT_LINE('tiny made smaller =' || TO_CHAR(test_nbr, fmt_nbr));

-- NUMBERs that are too large throw an error

DBMS_OUTPUT.PUT_LINE('big_nbr =' || TO_CHAR(big_nbr, fmt_nbr));

test_nbr := big_nbr * 1.0001; -- too big

DBMS_OUTPUT.PUT_LINE('big made bigger =' || TO_CHAR(test_nbr, fmt_nbr));
END;

The output from this block is:

tiny_nbr = 1.0000E-130

tiny made smaller .00000000000000000000000000000000000000000E+00
big_nbr 9.99999999999999999999999999999999999999900E+125
big made bigger — =#HH##HHHHHHHHHEHHEHHHEEHHEEHHEHH

If you try to explicitly assign a number that is too large to your NUMBER variable, you'll
raisea PLS-00569: numeric overflow or underflow exception. Butif you assign calculation
results that exceed the largest legal value, no exception is raised. If your application
really needs to work with such large numbers, you will have to code validation routines
that anticipate out-of-range values, or consider using BINARY_DOUBLE, which can
be compared to BINARY_DOUBLE_INFINITY. Using binary datatypes has rounding
implications, so be sure to read the sections on binary datatypes later in this chapter.
For most applications, these rounding errors will probably cause you to choose the
NUMBER datatype.

Often, when you declare a variable of type NUMBER, you will want to constrain its
precision and scale, as follows:

NUMBER (precision, scale)

Such a declaration results in a fixed-point number. The precision is the total number of
significant digits in the number. The scale dictates the number of digits to the right
(positive scale) or left (negative scale) of the decimal point, and also affects the point at
which rounding occurs. Both the precision and the scale values must be literal integer
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values; you cannot use variables or constants in the declaration. Legal values for preci-
sion range from 1 to 38, and legal values for scale range from —84 to 127.

When declaring fixed-point numbers, the value for scale is usually less than the value
for precision. For example, you might declare a variable holding a monetary amount as
NUMBER(9,2), which allows values up to and including 9,999,999.99. Figure 9-1 shows
how to interpret such a declaration.

nT/}e precision results in N UM B E R ( 9 i) 2 )

nine significant digits.

L. >9999999;99A

ﬂ Counting left two positions ‘ k ﬂ The scale is positive, so begin
results in the decimal point’s counting left from here.
being located as shown.

Figure 9-1. A typical fixed-point NUMBER declaration

As this figure illustrates, a declaration of NUMBER(9,2) results in a fixed-point number
consisting of seven digits to the left of the decimal point and two digits to the right of
the decimal point. Values stored in the variable will be rounded to a maximum of two
decimal places, as shown in Table 9-1.

Table 9-1. Rounding of NUMBER(9,2) values

Original value Rounded value that is actually stored

1,234.56 1,234.56

1,234,567.984623  1,234,567.98
1,234,567.985623  1,234,567.99
1,234,567.995623  1,234,568.00

10,000,000.00 Results in an ORA-06502: PL/SQL: numeric or value error exception, because the precision is too large for
the variable

—10,000,000.00  Same error as for 10,000,000.00

The last two values in the table result in an exception because they require more sig-
nificant digits to represent than the variable can handle. Values in the tens of millions
require at least eight significant digits to the left of the decimal point. You can’t round
such values to fit into only seven digits, so you get overflow errors.

Things get more interesting when you declare a variable with a scale that exceeds the
variable’s precision or when you use a negative value for scale. Figure 9-2 illustrates the
effect of a scale exceeding a variable’s precision.
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zeros when you run out of
significant digits.

Figure 9-2. The effect of scale exceeding precision

The variable illustrated in this figure has the same number of significant digits as the
variable in Figure 9-1, but those significant digits are used differently. Because the scale
is 11, those nine significant digits can represent only absolute values less than 0.01.
Values are rounded to the nearest hundred-billionth. Table 9-2 shows the results of
storing some carefully chosen example values into a NUMBER(9,11) variable.

Table 9-2. Rounding of NUMBER(9,11) values
Original value  Rounded value that is actually stored
0.00123456789  0.00123456789

0.000000000005 0.00000000001
0.000000000004  0.00000000000

0.01 Too large a number for the variable; requires a significant digit in the hundredths position; results in an
ORA-06502 error
—0.01 Same as for 0.01

Negative scale values extend the decimal point out to the right, in the opposite direction
of the positive scale. Figure 9-3 illustrates a variable declared NUMBER(9,-11).
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Figure 9-3. The effect of negative scale

Again I've used nine significant digits, but look where the decimal point is now! Rather
than small values down to the hundred-billionth, the smallest value I can now represent
preciselyis 100 billion. Valuesless than 100 billion are rounded up or down to the nearest
100 billion, as illustrated in Table 9-3.

Table 9-3. Rounding of NUMBER(9,-11) values

Original value Rounded value that is actually stored

50,000,000,000.123 100,000,000,000
49,999,999,999.999 0
150,000,975,230,001 150,000,000,000,000

100,000,000,000,000,000,000 or 1 x 102 Too large a number for the variable; requires a significant digit in the hundred-
quintillions position; results in an ORA-06502 error

—100,000,000,000,000,000,000 or —1 x 1020 Also results in an ORA-06502 error

As Figure 9-3 and Table 9-3 illustrate, negative scales allow me to represent some very
large numbers, but at the cost of precision in the less significant digits. Any absolute
value less than 50 trillion is rounded to zero when stored in a NUMBER(9,-11) variable.

When declaring NUMBER variables using precision and scale, bear in mind that scale
is optional and defaults to zero. For example, the following declarations are equivalent:

x NUMBER(9,0);
x NUMBER(9);

Both of these declarations result in integer variables (i.e., zero digits past the decimal
point) containing nine significant digits. The range of integer values that can be repre-
sented using nine significant digits is —999,999,999 through 999,999,999.

When used for fixed-point values, the range of NUMBER is constrained by the values
that you are allowed to specify for precision and scale, as demonstrated in the following
code block:
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DECLARE
low_nbr NUMBER(38,127);
high_nbr NUMBER(38,-84);
BEGIN
/* 127 is largest scale, so begin with 1 and move
decimal point 127 places to the left. Easy. */
low_nbr := 1E-127;
DBMS_OUTPUT.PUT_LINE('low_nbr = ' || low_nbr);

/* -84 is smallest scale value. Add 37 to normalize
the scientific notation, and we get E+121. */
high_nbr := 9.9999999999999999999999999999999999999E+121;
DBMS_OUTPUT.PUT_LINE('high_nbr = ' || high_nbr);
END;

The output is:

low_nbr =
1.000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000E-127

high_nbr =
9.999999999999999999999999999999999999900000000000000000000000000000000000000000
000000000000000E+121

As before, low_nbr represents the low end of the positive range and high_nbr the high
end. One difference is that when working with fixed-point numbers, you are limited to
38 significant digits.

Given the wide range and versatility of the NUMBER datatype, it's no wonder that it’s
so widely used. Using simply NUMBER in your declarations, you can represent floating-
point values. By constraining those numbers using precision and scale, you can represent
fixed-point decimal numbers. By setting scale to zero or omitting it entirely, you can
represent integer values. One datatype covers all the bases.

The PLS_INTEGER Type

The PLS_INTEGER datatype stores signed integers in the range —2,147,483,648 through
2,147,483,647. Values are represented using your hardware platform’s native integer
format.

Following is an example of some PLS_INTEGER declarations:

DECLARE
loop_counter PLS_INTEGER;
days_1in_standard_year CONSTANT PLS_INTEGER := 365;
emp_vacation_days PLS_INTEGER DEFAULT 14;

The PLS_INTEGER datatype was designed for speed. Prior to Oracle Database 10g,
PLS_INTEGER was the only integer datatype that used native machine arithmetic. All

other numeric datatypes used the Clanguage arithmetic library used with the NUMBER
datatype. When you perform arithmetic using PLS_INTEGER values, the Oracle soft-
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ware uses native machine arithmetic. Asaresult, it’s faster to manipulate PLS_INTEGER
values than it is to manipulate integers in the NUMBER datatype. Because PLS_INTE-
GER values are integers, you generally won't run into any compatibility issues as you
move from one hardware platform to the next.

I recommend that you consider using PLS_INTEGER whenever you're faced with in-
tensive integer arithmetic. Bear in mind, however, that if your use of PLS_INTEGER
results in frequent conversions to and from the NUMBER type, you may be better off
using NUMBER to begin with. You’ll gain the greatest efficiency when you use PLS_IN-
TEGER for integer arithmetic (and for loop counters) in cases where you can avoid
multiple conversions to and from the NUMBER type. When this datatype is used in
integer arithmetic, the resulting values are rounded to whole numbers, as shown in this
example:
DECLARE
intl PLS_INTEGER;
int2 PLS_INTEGER;

int3 PLS_INTEGER;
nbr NUMBER;

BEGIN
intl := 100;
int2 := 49;
int3 := int2/int1;
nbr := int2/int1;

DBMS_OUTPUT.PUT_LINE('integer 49/100 ="
DBMS_OUTPUT.PUT_LINE('number 49/100 ="

TO_CHAR(int3));

[
|| TO_CHAR(nbr));

int2 := 50;

int3 := int2/int1;

nbr := int2/int1;

DBMS_OUTPUT.PUT_LINE('integer 50/100 =' || TO_CHAR(int3));

DBMS_OUTPUT.PUT_LINE( 'number 50/100 ="' || TO_CHAR(nbr));
END;

This gives the following output:

integer 49/100 =0

number 49/100 =.49

integer 50/100 =1

number 50/100 =.5
If the resultant value of integer arithmetic is out of the range of valid values
(—2,147,483,648 through 2,147,483,647), you will encounter an ORA-01426: numeric
overflow error.

The BINARY_INTEGER Type

The BINARY_INTEGER datatype also allows you to store signed integers in a binary
format. The semantics of this datatype changed in Oracle Database 10g Release 1. Be-
ginning with that release, BINARY_INTEGER is equivalent to PLS_INTEGER. In Ora-
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cle9i Database Release 2 and earlier releases, BINARY INTEGER differed from
PLS_INTEGER in that Oracle implemented it using platform-independent library code.

Curiously, the package STANDARD looks like it constrains the BINARY_INTEGER
type to the values —2,147,483,647 through 2,147,483,647, but I have encountered no
exceptions assigning values from -2,147,483,648 through 2,147,483,647, which is a
slightly larger range on the negative side:

subtype BINARY_INTEGER is INTEGER range '-2147483647'..2147483647;

I don’t recommend using BINARY_INTEGER for new work. The only reason to use
BINARY_INTEGER for new work is if you need your code to run on releases of Oracle
prior to 7.3 (before PLS_INTEGER was introduced). I hope you’re not running anything
that old!

The SIMPLE_INTEGER Type

The SIMPLE_INTEGER datatype was introduced in Oracle Database 11g. This datatype
is a performance-enhanced version of PLS_INTEGER with a few caveats. The SIM-
PLE INTEGER datatype has the same range of values as PLS_INTEGER
(—2,147,483,648 through 2,147,483,647), but it does not support NULL values or check
for overflow conditions. So, you may be wondering why you would want to use this
seemingly defective clone of PLS_INTEGER. Well, if you compile your code natively
and your situation is such that your variable will never be NULL and will never overflow,
then the SIMPLE_INTEGER type will scream with better performance. Consider this
example:
/* File on web: simple_integer_demo.sql */

- First create a compute-intensive procedure using PLS_INTEGER
CREATE OR REPLACE PROCEDURE pls_test (iterations IN PLS_INTEGER)

AS
intl PLS_INTEGER := 1;
int2 PLS_INTEGER := 2;
begints  timestamp;
endts timestamp;
BEGIN
begints := SYSTIMESTAMP;
FOR cnt IN 1 .. iterations
LOOP
intl := intl + 1nt2 * cnt;
END LOOP;
endts := SYSTIMESTAMP;
DBMS_OUTPUT.put_line(  1iterations
|| ' iterations had run time of:'
|| TO_CHAR (endts - begints));
END;
/
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-- Next, create the same procedure using SIMPLE_INTEGER
CREATE OR REPLACE PROCEDURE simple_test (iterations IN SIMPLE_INTEGER)
AS

intl SIMPLE_INTEGER := 1;
int2 SIMPLE_INTEGER := 2;
begints  timestamp;
endts timestamp;

BEGIN

begints := SYSTIMESTAMP;

FOR cnt IN 1 .. iterations
LOOP

intl := intl + 1nt2 * cnt;
END LOOP;

endts := SYSTIMESTAMP;
DBMS_OUTPUT.put_line(  1iterations

|| ' iterations had run time of:'
|| TO_CHAR (endts - begints));
END;
/

-- first recompile the procedures to interpreted
ALTER PROCEDURE pls_test COMPILE PLSQL_CODE_TYPE=INTERPRETED;

/

ALTER PROCEDURE simple_test COMPILE PLSQL_CODE_TYPE=INTERPRETED
/

-- compare the run times
BEGIN pls_test(123456789); END;

/
123456789 iterations had run time of:+000000000 00:00:06.375000000

BEGIN simple_test(123456789); END;

/
123456789 iterations had run time of:+000000000 00:00:06.000000000

-- recompile to native code
ALTER PROCEDURE pls_test COMPILE PLSQL_CODE_TYPE=NATIVE

/

ALTER PROCEDURE simple_test COMPILE PLSQL_CODE_TYPE= NATIVE
/

-- compare the run times
BEGIN pls_test(123456789); END;

/
123456789 iterations had run time of:+000000000 00:00:03.703000000

BEGIN simple_test(123456789); END;
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/
123456789 iterations had run time of:+000000000 00:00:01.203000000

You can see from this example that SIMPLE_INTEGER gave a slight performance edge
with interpreted code (6% in this test on a Microsoft Windows server). Both PLS_IN-
TEGER and SIMPLE_INTEGER are faster when compiled natively, but the native SIM-
PLE_INTEGER was over 300% faster than the native PLS_INTEGER! As a learning
exercise, try this test with a NUMBER type also—I found SIMPLE_INTEGER over
1,000% faster than NUMBER. On a Linux server running Oracle Database 11g Release
2, I measured similarly large performance differences using SIMPLE_INTEGER (often
several hundred percent faster than alternative numeric types).

The BINARY_FLOAT and BINARY_DOUBLE Types

Oracle Database 10g introduced two new floating-point types: BINARY_FLOAT and
BINARY_DOUBLE. These types conform to the single- and double-precision floating-
point types defined in the IEEE-754 floating-point standard. They are implemented by
both PL/SQL and the database engine itself, so you can use them in table definitions as
well as in your PL/SQL code. Table 9-4 compares these new types to the venerable
NUMBER type.

Table 9-4. Comparison of floating-point types

Characteristic BINARY_FLOAT  BINARY_DOUBLE NUMBER

Maximum absolute value 3.40282347E+38F  1.7976931348623157E+308  9.999...999E+121 (38 9s total)
Minimum absolute value 1.17549435E-38F  2.2250748585072014E-308 1.0E—127

Number of bytes used for the value 4 (32 bits) 8 (64 bits) Varies from 1to 20

Number of length bytes 0 0 1

Representation Binary, [EEE-754  Binary, IEEE-754 Decimal

Literal suffix f d None

To write literals of these new types, you apply a suffix—either f or d, depending on
whether you want your literal to be interpreted as a BINARY_FLOAT or as a BINA-
RY_DOUBLE. For example:

DECLARE

my_binary_float BINARY_FLOAT := .95f;
my_binary_double BINARY_DOUBLE := .95d;
my_number NUMBER = .95;

There are also some special literals you can use when working with the IEEE-754
floating-point types. The following are supported by both PL/SQL and SQL:

BINARY_FLOAT_NAN, BINARY_DOUBLE_NAN
Represent “not a number” in single and double precision, respectively.
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BINARY_FLOAT_INFINITY, BINARY_DOUBLE_INFINITY
Represent infinity in single and double precision, respectively.

This next batch of literals are supported only by PL/SQL:

BINARY_FLOAT_MIN_NORMAL, BINARY_FLOAT _MAX_NORMAL
Define the normal range of values you should plan on storing in single- and double-
precision variables, respectively.

BINARY_FLOAT_MIN_SUBNORMAL, BINARY_FLOAT_MAX_SUBNORMAL
Define what is referred to as the subnormal range of values. Subnormal values are
a part of the IEEE-754 standard that’s designed to reduce problems caused by un-
derflow to zero.

Finally, there are some predicates to use with these datatypes:

IS NAN, IS NOT NAN
Determine whether or not an IEEE-754 value is not a number.

IS INFINITE, IS NOT INFINITE
Determine whether or not an IEEE-754 value represents infinity.

It’s very important to understand that these BINARY types are indeed binary. I do not
recommend them for any situation in which exact decimal representation is critical.
The following code block illustrates why, for example, I would not use the new binary
types to represent monetary values:

BEGIN
DBMS_OUTPUT.PUT_LINE(0.95f); -- BINARY_FLOAT
DBMS_OUTPUT.PUT_LINE(0.95d); -- BINARY_DOUBLE
DBMS_OUTPUT.PUT_LINE(0.95); -- NUMBER
END;

This example gives us:

9.49999988E-001
9.4999999999999996E-001
.95

Just as some fractions, such as 1/3, are not possible to represent precisely as decimal
numbers, you'll often encounter cases where decimal numbers cannot be represented
precisely as binary values. The decimal value 0.95 is just one such case. When dealing
with money, use NUMBER.
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Be careful when mixing floating-point types in comparisons. For

example:
BEGIN
- IF 0.95f = 0.95d
THEN
DBMS_OUTPUT.PUT_LINE('TRUE');
ELSE
DBMS_OUTPUT.PUT_LINE('FALSE');
END IF;

IF ABS(0.95f - 0.95d) < 0.000001d
THEN
DBMS_OUTPUT.PUT_LINE( 'TRUE');
ELSE
DBMS_OUTPUT.PUT_LINE('FALSE');
END IF;
END;

which results in:

FALSE
TRUE

This output of FALSE and TRUE, respectively, illustrates the kind of
subtle problem you can run into when representing decimal values
in binary form. The BINARY_DOUBLE representation of 0.95 has
more digits than the BINARY_FLOAT version, and thus the two
values do not compare as equal. The second comparison is TRUE
because, to compensate for the fact that 0.95 cannot be represented
precisely in binary, we arbitrarily accept the two values being com-
pared as equal whenever the magnitude of their difference is less
than one one-millionth.

When would you want to use the IEEE-754 types? One reason to use them is for per-
formance, and another is for conformance to IEEE standards. If you are performing
extensive numeric computations, you may see a significant increase in performance
from using the IEEE-754 types. I ran the following code block, which reports the time
needed to compute the area of 500,000 circles and to compute 5,000,000 sines. Both
tasks are performed twice, once using BINARY_DOUBLE and once using NUMBER:

/* File on web: binary_performance.sql */
DECLARE
bd BINARY_DOUBLE;
bd_area BINARY_DOUBLE;
bd_sine BINARY_DOUBLE;
nm NUMBER;
nm_area NUMBER;
nm_sine NUMBER;
pi_bd BINARY_DOUBLE := 3.1415926536d;
pi_nm NUMBER := 3.1415926536;
bd_begin TIMESTAMP(9);
bd_end TIMESTAMP(9);
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bd_wall_time INTERVAL DAY TO SECOND(9);
nm_begin TIMESTAMP(9);

nm_end TIMESTAMP(9);

nm_wall_time INTERVAL DAY TO SECOND(9);

BEGIN

-- Compute area 5,000,000 times using binary doubles
bd_begin := SYSTIMESTAMP;

bd := 1d;

LOOP
bd_area := bd * bd * pi_bd;
bd := bd + 1d;
EXIT WHEN bd > 5000000;

END LOOP;

bd_end := SYSTIMESTAMP;

-- Compute area 5,000,000 times using NUMBERs
nm_begin := SYSTIMESTAMP;

nm := 1;

LOOP
nm_area := nm * nm * 2 * pi_nm;
nm :=nm + 1;
EXIT WHEN nm > 5000000;

END LOOP;

nm_end := SYSTIMESTAMP;

-- Compute and display elapsed wall-clock time

bd_wall_time := bd_end - bd_begin;

nm_wall_time := nm_end - nm_begin;

DBMS_OUTPUT.PUT_LINE( 'BINARY_DOUBLE area " || bd_wall_time);
DBMS_OUTPUT.PUT_LINE( 'NUMBER area = ' || nm_wall_time);

-- Compute sine 5,000,000 times using binary doubles
bd_begin := SYSTIMESTAMP;

bd := 1d;
LOOP

bd_sine := sin(bd);

bd := bd + 1d;

EXIT WHEN bd > 5000000;
END LOOP;

bd_end := SYSTIMESTAMP;

-- Compute sine 5,000,000 times using NUMBERs
nm_begin := SYSTIMESTAMP;

nm := 1;
LOOP

nm_sine := sin(nm);

nm :=nm + 1;

EXIT WHEN nm > 5000000;
END LOOP;

nm_end := SYSTIMESTAMP;

-- Compute and display elapsed wall-clock time for sine
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bd_wall_time bd_end - bd_begin;

nm_wall_time nm_end - nm_begin;

DBMS_OUTPUT.PUT_LINE( 'BINARY_DOUBLE sine

DBMS_OUTPUT.PUT_LINE( 'NUMBER sine
END;

! bd_wall_time);
! nm_wall_time);

My results, which were reasonably consistent over multiple runs, looked like this:

BINARY_DOUBLE area = +00 00:00:02.792692000

NUMBER area = +00 00:00:08.942327000
BINARY_DOUBLE sine = +00 00:00:04.149930000
NUMBER sine = +00 00:07:37.596783000

Be careful with benchmarks, including those I've just shown! As this example illustrates,
the range of possible performance gains from using an IEEE-754 type over NUMBER
is quite vast. Using BINARY_DOUBLE, you can compute the area of a circle 5 million
times in approximately 40% of the time it takes when using NUMBER. If you decide to
compute sine 5 million times, however, you can get that done in 0.9% of the time. The
gain you get in a given situation depends on the computations involved. The message
to take away here is not that IEEE-754 types will get things done a fixed percentage faster
than NUMBER. Rather, it is that the potential performance improvement from using
IEEE-754 types instead of NUMBER is well worth considering and investigating when
you’re performing extensive calculations.

There are, however, a few areas in which Oracle’s implementation of binary floating-
point types do not conform perfectly to the IEEE-754 standard. For example, Oracle
coerces —0 to +0, whereas the IEEE-754 standard does not call for that behavior. If
conformance is important to your application, check the section on “Datatypes” in
Oracle’s SQL Reference manual for the precise details on how and when Oracle diverges
from the IEEE-754 standard.

Mixing the Floating-Point Types

Oracle enforces an order of precedence on the implicit conversion of floating-point
types. From highest to lowest priority, that precedence is BINARY_DOUBLE, BINA-
RY_FLOAT, and NUMBER. When you write an expression containing a mix of these
types, the database attempts to convert all values in the expression to the highest prece-
dence type found in the expression. For example, if you mix BINARY_FLOAT and
NUMBER, Oracle first converts all values to BINARY_FLOAT.

If you don’t want the database to perform these implicit conversions, you should use the
functions TO_NUMBER, TO_BINARY_FLOAT, and TO_BINARY_DOQOUBLE. For ex-
ample:

DECLARE
nbr NUMBER := 0.95;
bf BINARY_FLOAT := 2;
nbr1 NUMBER;
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nbr2 NUMBER;

BEGIN
- Default precedence, promote to binary_float
nbrl := nbr * bf;

- Demote BINARY_FLOAT to NUMBER instead
nbr2 := nbr * TO_NUMBER(bf);

DBMS_OUTPUT.PUT_LINE(nbr1);
DBMS_OUTPUT.PUT_LINE(nbr2);
END;

This results in:

1.89999998
1.9

To avoid ambiguity and possible errors involving implicit conversions, I recommend
explicit conversions, such as with the functions TO_NUMBER, TO_BINARY_FLOAT,
and TO_BINARY_DOUBLE.

The SIMPLE_FLOAT and SIMPLE_DOUBLE Types

The SIMPLE_FLOAT and SIMPLE_DOUBLE datatypes were introduced in Oracle
Database 11g. These datatypes are performance-enhanced versions of the BINA-
RY_FLOAT and BINARY_DOUBLE datatypes—but they have even more caveats than
the SIMPLE_INTEGER type. The SIMPLE_FLOAT and SIMPLE_DOUBLE datatypes
have the same range of values as BINARY_FLOAT and BINARY_DOUBLE, but they
do not support NULL values, the special IEEE literals (BINARY_FLOAT_NAN, BI-
NARY_DOUBLE_INFINITY, etc.), or the special IEEE predicates (IS NAN, IS INFIN-
ITY, etc.). They also do not check for overflow conditions. Like the SIMPLE_INTEGER
type, though, under the right conditions these speedy cousins will make your code much
faster when compiled natively.

Numeric Subtypes

Oracle also provides several numeric subtypes. Most of the time, these subtypes are
simply alternate names for the basic types I have just discussed. These alternate names
offer compatibility with ISO SQL, SQL/DS, and DB2 datatypes. They usually have the
same range of legal values as their base types, but some offer additional functionality
by restricting values to a subset of those supported by their base types. These subtypes
are described in Table 9-5.
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Table 9-5. Predefined numeric subtypes

Subtype Compatibility Corresponding Oracle datatype/notes

DEC (precision, scale) ANSI NUMBER (precision, scale)

DECIMAL (precision, scale)  1BM NUMBER (precision, scale)

DOUBLE PRECISION ANSI NUMBER, with 126 binary digits of precision

FLOAT ANSI, IBM NUMBER, with 126 binary digits of precision

FLOAT (binary_precision) ~ ANSI, IBM NUMBER, with a binary_precision of up to 126 (the default)

INT ANSI NUMBER(38)

INTEGER ANSI, IBM NUMBER(38)

NATURAL N/A PLS_INTEGER,? but allows only nonnegative values (0 and higher)
NATURALN N/A Same as NATURAL, but with the additional restriction of never being NULL
NUMERIC (precision, scale) ~ ANSI NUMBER (precision, scale)

POSITIVE N/A PLS_INTEGER, but allows only positive values (1 and higher)

POSITIVEN N/A Same as POSITIVE, but with the additional restriction of never being NULL
REAL ANSI NUMBER, with 63 binary digits of precision

SIGNTYPE N/A PLS_INTEGER, limited to the values —1, 0, and 1

SMALLINT ANSI, IBM NUMBER(38)

BINARY_INTEGER prior to Oracle Database 10g.

The NUMERIC, DECIMAL, and DEC datatypes can declare only fixed-point numbers.
DOUBLE PRECISION and REAL are equivalent to NUMBER. FLOAT allows floating
decimal points with binary precisions that range from 63 to 126 bits. I don’t find it all
that useful to define a number’s precision in terms of bits rather than digits, though. I
also don’t find much use for the ISO/IBM-compatible subtypes, and I don’t believe you
will either.

The subtypes that I sometimes find useful are the PLS_INTEGER subtypes. NATURAL
and POSITIVE are both subtypes of PLS_INTEGER. These subtypes constrain the val-
ues you can store in a variable, and their use can make a program more self-
documenting. For example, if you have a variable whose values must always be non-
negative, you can declare that variable to be NATURAL (0 and higher) or POSITIVE
(1 and higher), improving the self-documenting aspect of your code.

Number Conversions

Computers work with numbers best when those numbers are in some kind of binary
format. We humans, on the other hand, prefer to see our numbers in the form of char-
acter strings containing digits, commas, and other punctuation. PL/SQL allows you to
convert numbers back and forth between human- and machine-readable form. You'll
usually perform such conversions using the TO_CHAR and TO_NUMBER functions.
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When working with the IEEE-754 binary floating-point types, use
TO_BINARY_FLOAT and TO_BINARY_DOUBLE. To simplify the
discussion that follows, I'll generally refer only to TO_NUMBER.
Please assume that any unqualified references to TO_NUMBER al-
so apply to the TO_BINARY_FLOAT and TO_BINARY_DOUBLE
functions.

The TO_NUMBER Function

The TO_NUMBER function explicitly converts both fixed- and variable-length strings
as well as IEEE-754 floating-point types to the NUMBER datatype using an optional
format mask. Use TO_NUMBER whenever you need to convert character string rep-
resentations of numbers into their corresponding numeric values. Invoke TO_NUM-
BER as follows:

TO_NUMBER(string [,format [,nls_params]])

where:
string
Is a string or BINARY_DOUBLE expression containing the representation of a
number.
When using TO_BINARY_FLOAT and TO_BINARY_DOU-
BLE, you may use the strings INF and “-INF’ to represent pos-
itive and negative infinity. You may also use ‘NaN’ to represent
“not a number.” These special strings are case insensitive.
format

Is an optional format mask that specifies how TO_NUMBER should interpret the
character representation of the number contained in the first parameter if it is a
string expression.

nls_params
Is an optional string specifying various National Language Support (NLS) param-
eter values. You can use this to override your current session-level NLS parameter
settings.

Using TO_NUMBER with no format

In many straightforward cases, you can use TO_NUMBER to convert strings to num-
bers without specifying any format string at all. For example, all of the following con-
versions work just fine:

DECLARE
a NUMBER;
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b NUMBER;
c NUMBER;
d NUMBER;
e BINARY_FLOAT;
f BINARY_DOUBLE;
g BINARY_DOUBLE;

nl VARCHAR2(20) :
n2 VARCHAR2(20) :
BEGIN
a

'-123456.78";
'+123456.78";

TO_NUMBER('123.45');
TO_NUMBER(n1);
TO_NUMBER(n2);
TO_NUMBER('1.25E2');
TO_BINARY_FLOAT('123.45');
TO_BINARY_DOUBLE('inf');
TO_BINARY_DOUBLE( 'NAN');

a Do an o

END;

Generally, you should be able to use TO_NUMBER without specifying a format when
the following conditions apply:

 Your number is represented using only digits and a single decimal point.

o Any sign is leading, and must be either minus (-) or plus (+). If no sign is present,
the number is assumed to be positive.

o Scientific notation is used—for example, 1.25E2.

If your character strings don’t meet these criteria or if you need to round values to a
specific number of decimal digits, then you need to invoke TO_NUMBER with a format
model.

Using TO_NUMBER with a format model

Using TO_NUMBER with a format model enables you to deal with a much wider range
of numeric representations than TO_NUMBER would otherwise recognize. Table B-1
(in Appendix B) gives a complete list of all supported number format model ele-
ments. For example, you can specify the locations of group separators and the currency
symbol:

a := TO_NUMBER('$123,456.78",'L999G999D99");

You don’t necessarily need to specify the exact number of digits in your format model.
TO_NUMBER is forgiving in this respect, as long as your model contains more digits
than are in your actual value. For example, the following will work:

a := TO_NUMBER('$123,456.78",'L999G999G999D99");

However, if you have more digits to the left or to the right of the decimal point than
your format allows, the conversion will fail with an ORA-06502: PL/SQL: numeric or
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value error. The first of the following conversions will fail because the string contains
10 digits to the left of the decimal, while the format calls for only 9. The second con-
version will fail because there are too many digits to the right of the decimal point:

TO_NUMBER( '$1234,567,890.78",'L999G999G999D99" ) ;
TO_NUMBER( '$234,567,890.789"', 'L999G999G999D99" ) ;

ad
a

You can force leading zeros using the 0 format element:
a := TO_NUMBER('001,234','000G000");

You can recognize angle-bracketed numbers as negative numbers using the PR element:
a := TO_NUMBER('<123.45>",'999D99PR");

However, not all format elements can be used to convert strings to numbers. Some
elements, such as RN for Roman numerals, are output only. The following attempt to
convert the Roman numeral representation of a value to a number will fail:

a := TO_NUMBER('cxxiii','rn');
EEEE is another output-only format, but that’s OK because you don’t need it to convert
values that are correctly represented in scientific notation. You can simply do:

a := TO_NUMBER('1.23456E-24");

Passing NLS settings to TO_NUMBER

Many of the number format model elements listed in Table B-1 ultimately derive their
meaning from one of the NLS parameters. For example, the G element represents the
numeric group separator, which is the second character in the NLS_NUMERIC_CHAR-
ACTERS setting in effect when the conversion takes place. You can view current NLS
parameter settings by querying the NLS_SESSION_PARAMETERS view:

SQL> SELECT * FROM nls_session_parameters;

PARAMETER VALUE
NLS_LANGUAGE AMERICAN
NLS_TERRITORY AMERICA
NLS_CURRENCY $
NLS_ISO_CURRENCY AMERICA
NLS_NUMERIC_CHARACTERS ,

NLS_CALENDAR GREGORIAN
NLS_DATE_FORMAT DD-MON-RR

Some NLS parameter settings are by default dependent on others. For example, set
NLS_TERRITORY to AMERICA, and Oracle defaults NLS_ NUMERIC_CHARAC-
TERS TO . If youneed to, you can then override the NLS_NUMERIC_CHARACTERS
setting (using an ALTER SESSION command, for example).
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On rare occasions, you may want to override specific NLS parameter settings for a single
call to TO_NUMBER. In the following example, I invoke TO_NUMBER and specity
NLS settings corresponding to NLS_TERRITORY=FRANCE:
a := TO_NUMBER('F123.456,78",'L999G999D99",
"NLS_NUMERIC_CHARACTERS="'",."'""

[] ' NLS_CURRENCY=''F''"
[] ' NLS_ISO_CURRENCY=FRANCE');

Because my NLS parameter string is so long, I've broken it up into three separate strings
concatenated together so that the example fits nicely on the page. Note my doubling of
quote characters. The setting I want for NLS_NUMERIC_CHARACTERS is:

NLS_NUMERIC_CHARACTERS=',."'

I need to embed this setting into my NLS parameter string, and to embed quotes within
a string I must double them, so I end up with:

'"NLS_NUMERIC_CHARACTERS='",."""

The three NLS parameters set in this example are the only three you can set via
TO_NUMBER. I don’'t know why that is. It certainly would be much more convenient
if you could simply do the following:

a := TO_NUMBER('F123.456,78','L999G999D99", 'NLS_TERRITORY=FRANCE');

But unfortunately, NLS_TERRITORY is not something you can set via a call to
TO_NUMBER. You are limited to specifying NLS_NUMERIC_CHARACTERS,
NLS_CURRENCY, and NLS_ISO_CURRENCY.

For detailed information on setting the various NLS parameters, see
Oracle’s Globalization Support Guide.

Avoid using the third argument to TO_NUMBER; I believe it’s better to rely on session
settings to drive the way in which PL/SQL interprets format model elements such as L,
G, and D. Instead of your having to hardcode such information throughout your pro-
grams, session settings can be controlled by the user outside the bounds of your code.

The TO_CHAR Function

The TO_CHAR function is the converse of TO_NUMBER, and converts numbers to
their character representations. Using an optional format mask, you can be quite specific
about the form those character representations take. Invoke TO_CHAR as follows:

TO_CHAR(number [, format [,nls_params]])

where:
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number
Is a number that you want to represent in character form. This number may be any
of PL/SQLs numeric types: NUMBER, PLS_INTEGER, BINARY_INTEGER, BI-
NARY_FLOAT, BINARY_DOUBLE, SIMPLE_INTEGER, SIMPLE_FLOAT, and
SIMPLE_DOUBLE.

format
Is an optional format mask that specifies how TO_CHAR should present the num-
ber in character form.

nls_params
Is an optional string specifying various NLS parameter values. You can use this to
override your current session-level NLS parameter settings.

If you want your results to be in the national character set, you can
use TO_NCHAR in place of TO_CHAR. In that case, be certain you
provide your number format string in the national character set as
well. Otherwise, you may receive output consisting of all number
signs: #.

Using TO_CHAR with no format
As with TO_NUMBER, you can invoke TO_CHAR without specifying a format mask:

DECLARE
b VARCHAR2(30);
BEGIN
b := TO_CHAR(123456789.01);
DBMS_OUTPUT.PUT_LINE(b);
END;

The output is:
123456789.01
Unlike the situation with TO_NUMBER, you aren’t likely to find this use of TO_CHAR

very useful. At the very least, you may want to format your numeric output with group
separators to make it more readable.

Using TO_CHAR with a format model

When converting numbers to their character string equivalents, you’ll most often invoke
TO_CHAR with a format model. For example, you can output a monetary amount as
follows:

DECLARE
b VARCHAR2(30);
BEGIN
b := TO_CHAR(123456789.01, 'L999G999G999D99");
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DBMS_OUTPUT.PUT_LINE(b);
END;

The output (in the United States) is:

$123,456,789.01

The format model elements in Table B-1 (in Appendix B) give you a lot of flexibility,
and you should experiment with them to learn the finer points of how they work. The
following example specifies that leading zeros be maintained, but the B format element
is used to force any zero values to blanks. Notice that the B element precedes the number
elements (the 0s) but follows the currency indicator (the L):

DECLARE
b VARCHAR2(30);
c VARCHAR2(30);
BEGIN
b := TO_CHAR(123.01, 'LBOOOGOOOGOOID9Y");
DBMS_OUTPUT.PUT_LINE(b);

c := TO_CHAR(O, 'LBOOOGOOOGOOIDIS");
DBMS_OUTPUT.PUT_LINE(c);
END;

The output is:

$000,000,123.01

You see only one line of output from this example, and that’s from the first conversion.
The second conversion involves a zero value, and the B format element causes
TO_CHAR to return that value as a blank string, even though the format otherwise
specifies that leading zeros be returned. As an experiment, try this same example on
your system, but leave off the B.

Not all combinations of format elements are possible. For example,
you can't use LRN to place a currency symbol in front of a value
expressed in Roman numerals. Oracle doesn’t document every such
nuance. It takes some experience and some experimenting to get a
feel for what’s possible and what’s not.

The V format element

The V format element is unusual enough to warrant a special explanation. The V element
allows you to scale a value, and its operation is best explained through an illustration,
which you'll find in Figure 9-4.

Why would you ever need such functionality? Look no further than the stock market
for an example. The standard trading unit for stocks is 100 shares, and stock sales are
sometimes reported in terms of the number of 100-share units sold. Thus, a sales figure
of 123 actually represents 123 units of 100 shares, or 12,300 shares. The following ex-

Number Conversions | 263

www.it-ebooks.info


http://www.it-ebooks.info/

ample shows how V can be used to scale a value such as 123 in recognition of the fact
that it really represents 100s:

DECLARE
shares_sold NUMBER := 123;
BEGIN
DBMS_OUTPUT.PUT_LINE(
TO_CHAR(shares_sold, '999G9V99"')
);
END;

123.45+--999V9999

n Apply format model containing the
V element to a number.

1 2 3 V 4 5 [ Overlay number on format. Align

decimal point with V element.

1 2 3 4 5 [E} Eliminate V element and the decimal point.
1 2 3 4 5 O O I Fillin extra zeros, if necessary, so that final length

matches the format model.

12 3 4 5 OO B Return final result

Figure 9-4. The V number format element

The output is:
12,300

Notice that the format model in this example includes the G element to specify the
location of the group separator (the comma) in the displayed number. You can specify
group separators only to the left of the V element, not to the right. This is unfortunate.
Consider the following perfectly reasonable format model:

TO_CHAR(123.45, '9G99V9G999"');

You would hope to get the result formatted as 1,234,500. However, the G to the right of
the V is invalid. You can use 9G99V9999 to get a result of 1,234500, or you can use
999V 9999 to get a result of 1234500. Neither result is as readable as you would no doubt
like it to be.

You probably won't use the V element very often, but it’s worth knowing about this bit
of interesting functionality.
Rounding when converting numbers to character strings

When converting character strings to numbers, you'll get an error any time you have
more digits to the left or right of the decimal point than the format model allows. When
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converting numbers to characters, however, you’ll get an error only if the number re-
quires more digits to the left of the decimal point than the format model allows. If you
specity fewer decimal digits (i.e., digits to the right of the decimal point) in your format
model than the number requires, the number will be rounded so that the fractional
portion fits your model.

When a conversion fails because the model doesn’t specify enough digits to the left of
the decimal point, TO_CHAR returns a string of number signs (#). For example, the
following conversion fails because 123 doesn't fit into two digits:
SQL> DECLARE
2 b VARCHAR2(30);BEGIN

3 b := TO_CHAR(123.4567,'99.99');
4 DBMS_OUTPUT.PUT_LINE(b);END;

HitHHHE

Its perfectly OK, however, for your model not to include enough digits to cover the
fractional portion of a value. In such cases, rounding occurs. For example:
SQL> BEGIN

2 DBMS_OUTPUT . PUT_LINE(TO_CHAR(123.4567,'999.99'));
3 DBMS_OUTPUT . PUT_LINE(TO_CHAR(123.4567,'999"));END;

123.46
123

Digits 5 and higher are rounded up, which is why 123.4567 is rounded up to 123.46.
Digits less than 5 are rounded down, so 123.4xxx will always be rounded down to 123.

Dealing with spaces when converting numbers to character strings

A reasonably common problem encountered when converting numbers to character
strings is that TO_CHAR always leaves room for the minus sign, even when numbers
are positive. By default, TO_CHAR will leave one space in front of a number for use by
a potential minus sign (-):

DECLARE

b VARCHAR2(30);
c VARCHAR2(30);

BEGIN
b := TO_CHAR(-123.4,'999.99');
c := TO_CHAR(123.4,'999.99');
DBMS_OUTPUT.PUT_LINE(':" || b || ' " || TO_CHAR(LENGTH(b)));
DBMS_OUTPUT.PUT_LINEC':" || c || ' ' || TO_CHAR(LENGTH(c)));
END;
The output is:
:-123.40 7
: 123.40 7
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Notice that both converted values have the same length, seven characters, even though
the positive number requires only six characters when displayed in character form. That
leading space can be a big help if you are trying to get columns of numbers to line up.
However, it can be a bit of a pain if for some reason you need a compact number with
no spaces whatsoever.

Use the PR element, and your positive numbers will have one lead-
ing space and one trailing space to accommodate the potential en-
closing angle brackets. Spaces will be left to accommodate whatever
sign indicator you choose in your format model.

Therearea couple of approaches you can take if you really need your numbers converted
to characters without leading or trailing spaces. One approach is to use the TM format
model element to get the “text minimum” representation of a number:

DECLARE

b VARCHAR2(30);
c VARCHAR2(30);

BEGIN
b := TO_CHAR(-123.4,'TM9');
c := TO_CHAR(123.4,'TM9');
DBMS_OUTPUT.PUT_LINE(':" || b || ' " || TO_CHAR(LENGTH(b)));
DBMS_OUTPUT.PUT_LINE(':" || c || ' ' || TO_CHAR(LENGTH(c)));
END;
The output is:
:-123.4 6
:123.4 5

The TM approach works, but doesn’t allow you to specify any other formatting infor-
mation. You cant, for example, specify TM999.99 in order to get a fixed two-decimal
digit. If you need to specify other formatting information or if TM is not available in
your release of PL/SQL, you'll need to trim the results of the conversion:

DECLARE
b VARCHAR2(30);
c VARCHAR2(30);
BEGIN
b := LTRIM(TO_CHAR(-123.4,'999.99'));
c := LTRIM(TO_CHAR(123.4,'999.99'));
DBMS_OUTPUT.PUT_LINE(':' || b || ' ' || TO_CHAR(LENGTH(b)));
DBMS_OUTPUT.PUT_LINE(':' || c || ' ' || TO_CHAR(LENGTH(c)));
END;

The output is:

:-123.40 7
:123.40 6
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Here I've used LTRIM to remove any potential leading spaces, and I've successfully
preserved our fixed two digits to the right of the decimal point. Use RTRIM if you are
placing the sign to the right of the number (e.g., via the MI element) or TRIM if you are
using something like PR that affects both sides of the number.

Passing NLS settings to T0_CHAR

As with TO_NUMBER, you have the option of passing a string of NLS parameter set-
tings to TO_CHAR. For example:

BEGIN
DBMS_OUTPUT.PUT_LINE(
TO_CHAR(123456.78, '999G999D99"', 'NLS_NUMERIC_CHARACTERS='',.'"'")
)
END;

The output is:
123.456,78

The three NLS parameters you can set this way are NLS_NUMERIC_CHARACTERS,
NLS_CURRENCY, and NLS_ISO_CURRENCY. See “Passing NLS settings to
TO_NUMBER” on page 260 for an example of all three being set at once.

The CAST Function

The CAST function is used to convert numbers to strings and vice versa. The general
format of the CAST function is as follows:

CAST (expression AS datatype)

The following example shows CAST being used first to convert a NUMBER to a VAR-
CHAR? string, and then to convert the characters in a VARCHAR? string into their
corresponding numeric value:

DECLARE
a NUMBER := -123.45;
al VARCHAR2(30);
b VARCHAR2(30) := '-123.45';
bl NUMBER;
b2 BINARY_FLOAT;
b3 BINARY_DOUBLE;

BEGIN
al := CAST (a AS VARCHAR2);
b1l := CAST (b AS NUMBER);
b2 := CAST (b AS BINARY_FLOAT);
b3 := CAST (b AS BINARY_DOUBLE);

DBMS_OUTPUT.PUT_LINE(al);
DBMS_OUTPUT.PUT_LINE(b1);
DBMS_OUTPUT.PUT_LINE(b2);
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DBMS_OUTPUT.PUT_LINE(b3);
END;

The output is:

-123.45

-123.45
-1.23449997E+002
-1.2345E+002

CAST has the disadvantage of not supporting the use of number format models. An
advantage of CAST, however, is that it is part of the ISO SQL standard, whereas the
TO_CHAR and TO_NUMBER functions are not. If writing 100% ANSI-compliant code
is important to you, you should investigate the use of CAST. Otherwise, I reccommend
using the traditional TO_NUMBER and TO_CHAR functions.

Because PL/SQL is not part of the ISO standard, it is by definition not
possible to write 100% ISO-compliant PL/SQL code, so CAST seems
to bring no real benefit to PL/SQL number conversions. CAST can,
however, be used in the effort to write 100% ISO-compliant SQL
statements (such as SELECT, INSERT, etc.).

Implicit Conversions

A final method of handling conversions between numbers and strings is to just leave it
all to PL/SQL. Such conversions are referred to as implicit conversions, because you don’t
explicitly specify them in your code. Following are some straightforward implicit con-
versions that will work just fine:

DECLARE
a NUMBER;
b VARCHAR2(30);
BEGIN
a:
b :

'-123.45";
-123.45;

As I mentioned in Chapter 7, I have several problems with implicit conversions. 'm a
strong believer in maintaining control over my code, and when you use an implicit
conversion you are giving up some of that control. You should always know when con-
versions are taking place, and the best way to do that is to code them explicitly. Don't
just let them happen. If you rely on implicit conversions, you lose track of when con-
versions are occurring, and your code is less efficient as a result. Explicit conversions
also make your intent clear to other programmers, making your code more self-
documenting and easier to understand.

Another problem with implicit conversions is that while they may work just fine (or
seem to) in simple cases, sometimes they can be ambiguous. Consider the following:
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DECLARE

a NUMBER;
BEGIN
a := '123.400' || 999;

What value will the variable a hold when this code executes? It all depends on how PL/
SQL evaluates the expression on the right side of the assignment operator. If PL/SQL
begins by converting the string to a number, you'll get the following result:

'123.400"' || 999;
123.4 || 999;
'123.4" || '999';
'123.4999';
123.4999;

[T I« VA« VI s VA o V)
{1 | S | | B 1}

On the other hand, if PL/SQL begins by converting the number to a string, you'll get
the following result:

'123.400"' || 999;
'123.400' || '999';
'123.400999";
123.400999;

[V I« VR« VAo 1)
L | S [}

Which is it? Do you know? Even if you do know, do you really want to leave future
programmers guessing and scratching their heads when they look at your code? It would
be much clearer, and therefore better, to write the conversion explicitly:

a := TO_NUMBER('123.400' || TO_CHAR(999));

This expression, by the way, represents how the database will evaluate the original ex-
ample. Isn’t it much easier to understand at a glance now that I've expressed the con-
versions explicitly?

Beware of Implicit Conversions!

In “The BINARY_FLOAT and BINARY_DOUBLE Types” on page 251, I showed some
code (binary_performance.sql) that I used to compare the performance of BINA-
RY_DOUBLE and NUMBER. When I first wrote that test, I coded the loops to compute
area as follows:

DECLARE
bd BINARY_DOUBLE;

BEGIN
FOR bd IN 1..1000000 LOOP

bd_area := bd**2 * pi_bd;
END LOOP;
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I was dumbfounded when my results initially showed that computations involving
NUMBER were much faster than those involving BINARY_DOUBLE. I couldn’t un-
derstand this, as I “knew” that the BINARY_DOUBLE arithmetic was all done in hard-
ware, and therefore it should have been faster than NUMBER.

What I failed to discern, until someone at Oracle Corporation pointed out my blunder,
was that my FOR loop (just shown) resulted in the implicit declaration of a PLS_IN-
TEGER loop variable named bd. This new declaration of bd had a scope encompassing
the loop block, and masked my declaration of bd as a BINARY_DOUBLE. Further, I
wrote the constant value as 2, rather than as 2d, thereby making it a NUMBER. Thus,
bd was first implicitly converted to a NUMBER, then raised to the power of 2, and the
resulting NUMBER then had to be implicitly converted again into a BINARY_DOUBLE
in order to be multiplied by pi_bd. No wonder my results were so poor! Such are the
dangers inherent in implicit conversions.

Numeric Operators

PL/SQL implements several operators that are useful when working with numbers. The
operators that can be used with numbers are shown in Table 9-6, in order of precedence.
The operators with lower precedence evaluate first, while those with a higher precedence
evaluate later. For full details on a particular operator, consult Oracle’s SQL Reference
manual.

Table 9-6. Numeric operators and precedence

Operator Operation Precedence
** Exponentiation 1
+ Identity 2
- Negation 2
* Multiplication 3
/ Division 3
+ Addition 4
- Subtraction 4
= Equality 5
Less than 5
Greater than 5
<= Less than or equal to 5
>= Greater than or equal to 5
<>, I=,~= A= Notequal 5
IS NULL Nullity 5
BETWEEN Inclusive range 5
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Operator Operation Precedence

NOT Logical negation 6
AND Conjunction 7
OR Inclusion 8
Numeric Functions

PL/SQL implements several functions that are useful when you’re working with num-
bers. You've already seen the conversion functions TO_CHAR, TO_NUMBER, TO_BI-
NARY_FLOAT, and TO_BINARY_DOUBLE. The next few subsections briefly describe
several other useful functions. For full details on a particular function, consult Oracle’s
SQL Reference manual.

Rounding and Truncation Functions

There are four different numeric functions that perform rounding and truncation ac-
tions: CEIL, FLOOR, ROUND, and TRUNC. It is easy to get confused about which to
use in a particular situation. Table 9-7 compares these functions, and Figure 9-5 illus-
trates their use for different values and decimal place rounding.

Table 9-7. Comparison of functions that perform rounding and truncation actions

Function Summary

CEIL Returns the smallest integer that is greater than or equal to the specified value. This integer is the “ceiling” over your
value.

FLOOR  Returns the largest integer that is less than or equal to the specified value. This integer is the “floor” under your value.

ROUND  Performs rounding on a number. You can round with a positive number of decimal places (the number of digits to
the right of the decimal point) and also with a negative number of decimal places (the number of digits to the left
of the decimal point).

TRUNC  Truncates a number to the specified number of decimal places. TRUNC simply discards all values beyond the number
of decimal places provided in the call.

1.75 | 1.3 |55.56|55.56| 10 | Input
Function 0 0 1 -1 2 Number of decimal places
ROUND 2 1 |556 | 60 [ 10
TRUNC 1 1 [555 ] 5 | 10
FLOOR 1 1 55 | 55 | 10

CEIL 2 2 56 | 56 | 10
S —

Figure 9-5. Impact of rounding and truncation functions
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Trigonometric Functions

Many trigonometric functions are available from PL/SQL. When using them, be aware
that all angles are expressed in radians, not in degrees. You can convert between radians
and degrees as follows:

radians = pi * degrees / 180 -- From degrees to radians

degrees = radians * 180 / pi -- From radians to degrees

PL/SQL does not implement a function for m (pi) itself. However, you can obtain the
value for m through the following call:

ACOS(-1)

The inverse cosine (ACOS) of —1 is defined as exactly m. Of course, because 7 is a never-
ending decimal number, you always have to work with an approximation. Use the
ROUND function if you want to round the results of ACOS(-1) to a specific number
of decimal places.

Numeric Function Quick Reference

The following list briefly describes each of PL/SQLs built-in numeric functions. Where
applicable, functions are overloaded for different numeric types. For example:

ABS
Is overloaded for BINARY_DOUBLE, BINARY_FLOAT, NUMBER, SIMPLE_IN-
TEGER, SIMPLE_FLOAT, SIMPLE_DOUBLE, and PLS_INTEGER, because you
can take the absolute value of both floating-point and integer values

BITAND
Is overloaded for PLS_INTEGER and INTEGER (a subtype of NUMBER), because
the function is designed to AND only integer values

CEIL
Is overloaded for BINARY_DOUBLE, BINARY_ FLOAT, and NUMBER, because
CEIL is a function that doesn’t really apply to integers

To check what types a given function is overloaded for, DESCRIBE the built-in package
SYS.STANDARD, like this:

SQL> DESCRIBE SYS.STANDARD ... full output trimmed for brevity...

FUNCTION CEIL RETURNS NUMBER

Argument Name Type In/Out Default?
N NUMBER IN

FUNCTION CEIL RETURNS BINARY_FLOAT

Argument Name Type In/Out Default?
F BINARY_FLOAT IN
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FUNCTION CEIL RETURNS BINARY_DOUBLE
Argument Name Type In/Out Default?

D BINARY_DOUBLE IN

Almost all the functions in the following list are defined in the built-in package.
SYS.STANDARD. BIN_TO_NUM is the one exception that I've noticed. For complete
documentation of a given function, refer to Oracle’s SQL Reference manual.

ABS(n)
Returns the absolute value of n.

ACOS(n)
Returns the inverse cosine of n, where n must be between —1 and 1. The value
returned by ACOS is between 0 and .

ASIN(n)
Returns the inverse sine, where n must be between —1 and 1. The value returned
by ASIN is between —m/2 and /2.

ATAN(n)
Returns the inverse tangent, where the number n must be between —infinity and
infinity. The value returned by ATAN is between —m/2 and /2.

ATAN2(n, m)
Returns the inverse tangent of n/m, where the numbers n and m must be between
—infinity and infinity. The value returned by ATAN is between —mand 7. The result
of ATAN2(n,m) is defined to be identical to ATAN(n/m).

BIN_TO_NUM(b1, b2, ... bn)
Converts the bit vector represented by b1 through bn into a number. Each of b1
through bn must evaluate to either 0 or 1. For example, BIN_TO_NUM(1,1,0,0)
yields 12.

BITAND(n, m)
Performs a logical AND between n and m. For example, BITAND(12,4) yields 4,
indicating that the value 12 (binary 1100) has the 4 bit set. Similarly, BITAND(12,8)
yields 8, indicating that the 8 bit is also set.

You'll find it easiest to work with BITAND if you confine yourself to positive inte-
gers. Values of type PLS_INTEGER, a good type to use in conjunction with BI-
TAND, can store powers of two up to 2%, giving you 30 bits to work with.

CEIL(n)
Returns the smallest integer greater than or equal to n. For a comparison of CEIL
with several other numeric functions, see Table 9-7 and Figure 9-5.

Numeric Functions | 273

www.it-ebooks.info


http://www.it-ebooks.info/

COS(n)
Returns the cosine of the angle n, which must be expressed in radians. If your angle
is specified in degrees, then you should convert it to radians as described in “Trig-
onometric Functions” on page 272.

COSH(n)
Returns the hyperbolic cosine of #. If n is a real number, and i is the imaginary
square root of —1, then the relationship between COS and COSH can be expressed
as follows: COS (i * n) = COSH (n).

EXP(n)
Returns the value e raised to the nth power, where # is the input argument. The
number e (approximately equal to 2.71828) is the base of the system of natural
logarithms.

FLOOR(n)
Returns the largest integer that isless than or equal to #. For a comparison of FLOOR
with several other numeric functions, see Table 9-7 and Figure 9-5.

GREATEST(n1, n2, ... n3)
Returns the largest number among the list of input numbers; for example, GREAT-
EST (1, 0, -1, 20) yields 20.

LEAST(n1, n2, ... n3)
Returns the lowest number among the list of input numbers; for example, LEAST
(1,0, -1, 20) yields —1.

LN(n)
Returns the natural logarithm of n. The argument # must be greater than or equal
to 0. If you pass LN a negative argument, you will receive the following error:

ORA-01428: argument '-1' is out of range

LOG(b, n)
Returns the base b logarithm of n. The argument n must be greater than or equal
to 0. The base b must be greater than 1. If you pass LOG an argument that violates
either of these rules, you will receive the following error:

ORA-01428: argument '-1' is out of range

MOD(n, m)
Returns the remainder of n divided by m. The remainder is computed using a
formula equivalent to n—(m*FLOOR(n/m)) when n and m are both positive or both
negative, and n—(m*CEIL(n/m)) when the signs of n and m differ. For example,
MOD(10, 2.8) yields 1.6. If m is zero, then n is returned unchanged.

You can use MOD to determine quickly if a number is odd or even:
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FUNCTION is_odd (num_in IN NUMBER) RETURN BOOLEAN
IS
BEGIN
RETURN MOD (num_in, 2) = 1;
END;

FUNCTION is_even (num_in IN NUMBER) RETURN BOOLEAN
IS
BEGIN
RETURN MOD (num_in, 2) = 0;
END;

NANVL(n, m)
Returns m if n is NaN (not a number); otherwise, returns ». The value returned will
be in the type of the argument with the highest numeric precedence: BINA-
RY_DOUBLE, BINARY_FLOAT, or NUMBER, in that order.

POWER(n, m)
Raises # to the power m. If n is negative, then m must be an integer. The following
example uses POWER to calculate the range of valid values for a PLS_INTEGER
variable (-2°' -1 through 2°! —1):

POWER (-2, 31) - 1 .. POWER (2, 31) - 1
The result is:
-2147483648 .. 2147483647
REMAINDER(n, m)
Returns the “remainder” of n divided by m. The remainder is defined as n—

(m*ROUND(n/m). For example, REMAINDER(10, 2.8) yields —1.2. Compare with
MOD.

ROUND(n)
Returns »n rounded to the nearest integer. For example:

ROUND (153.46) --> 153

ROUND(n, m)
Returns 7 rounded to m decimal places. The value of m can be less than zero. A
negative value for m directs ROUND to round digits to the left of the decimal point
rather than to the right. Here are some examples:

ROUND (153.46, 1) --> 153.5
ROUND (153, -1) --> 150

For a comparison of ROUND with several other numeric functions, see Figure 9-5
and Table 9-7i.

SIGN(n)
Returns either -1, 0, or +1, depending on whether 7 is less than zero, equal to zero,
or greater than zero, respectively.
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SIN(n)
Returns the sine of the specified angle, which must be expressed in radians. If your
angle is specified in degrees, then you should convert it to radians as described in
“Trigonometric Functions” on page 272.

SINH(n)
Returns the hyperbolic sine of n. If n is a real number, and i is the imaginary square
root of —1, then the relationship between SIN and SINH can be expressed as follows:
SIN (i * n) = i * SINH ().

SQRT(n)
Returns the square root of n, which must be greater than or equal to 0. If nis negative,
you will receive an error like the following:

ORA-01428: argument '-1' is out of range

TAN(n)
Returns the tangent of the angle n, which must be expressed in radians. If your angle
is specified in degrees, then you should convert it to radians as described in “Trig-
onometric Functions” on page 272.

TANH(n)
Returns the hyperbolic tangent of n. If n is a real number, and i is the imaginary
square root of —1, then the relationship between TAN and TANH can be expressed
as follows: TAN (i * n) =i * TANH (n).

TRUNC(n)
Truncates 7 to an integer. For example, TRUNC(10.51) yields the result 10.

TRUNC(n, m)
Truncates # to m decimal places. For example, TRUNC(10.789, 2) yields 10.78.
The value of m can be less than zero. A negative value for this argument directs

TRUNC to truncate or zero out digits to the left of the decimal point rather than to
the right. For example, TRUNC(1264, -2) yields 1200.

For a comparison of TRUNC with several other numeric functions, see Table 9-7
and Figure 9-5.
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CHAPTER 10
Dates and Timestamps

Most applications require the storage and manipulation of dates and times. Dates are
quite complicated: not only are they highly formatted data, but there are myriad rules
for determining valid values and valid calculations (leap days and years, daylight saving
time changes, national and company holidays, date ranges, etc.). Fortunately, the Oracle
database and PL/SQL provide a set of true datetime datatypes that store both date and
time information using a standard internal format.

For any datetime value, the database stores some or all of the following information:

o Year

« Month

o Day

o Hour

o Minute

 Second

o Time zone region

« Time zone hour offset from UTC

o Time zone minute offset from UTC

Support for true datetime datatypes is only half the battle. You also need a language that
can manipulate those values in a natural and intelligent manner—as actual dates and
times. To that end, Oracle provides you with support for SQL standard interval arith-
metic, datetime literals, and a comprehensive suite of functions with which to manip-
ulate date and time information.
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Datetime Datatypes

For a long time, the only datetime datatype available was DATE. Oracle9i Database
shook things up by introducing three new TIMESTAMP and two new INTERVAL da-
tatypes, offering significant new functionality while also bringing Oracle into closer
compliance with the ISO SQL standard. I’ll talk more about the INTERVAL datatypes
later in this chapter. The four datetime datatypes are:

DATE
Stores a date and time, resolved to the second. Does not include time zone.

TIMESTAMP
Stores a date and time without respect to time zone. Except for being able to resolve
time to the billionth of a second (nine decimal places of precision), TIMESTAMP
is the equivalent of DATE.

TIMESTAMP WITH TIME ZONE
Stores the time zone along with the date and time value, allowing up to nine decimal
places of precision.

TIMESTAMP WITH LOCAL TIME ZONE
Stores a date and time with up to nine decimal places of precision. This datatype is
sensitive to time zone differences. Values of this type are automatically converted
between the database time zone and the local (session) time zone. When values are
stored in the database, they are converted to the database time zone, but the local
(session) time zone is not stored. When a value is retrieved from the database, that
value is converted from the database time zone to the local (session) time zone.

The nuances of these types, especially the TIMESTAMP WITH LOCAL TIME ZONE
type, can be a bit difficult to understand at first. To help illustrate, let’s look at the use
of TIMESTAMP WITH LOCAL TIME ZONE in a calendaring application for users
across multiple time zones. My database time zone is Coordinated Universal Time
(UTC). (See the sidebar “Coordinated Universal Time” on page 280 for a description of
UTC.) User Jonathan in Michigan (Eastern Daylight Time: UTC —4:00) has scheduled
a conference call for 4:00-5:00 p.m. his time on Thursday. Donna in Denver (Mountain
Daylight Time: UTC -6:00) needs to know this meeting is at 2:00-3:00 p.m. her time
on Thursday. Selva in India (Indian Standard Time: UTC +5:30) needs to know this
meeting is at 1:30-2:30 a.m. his time on Friday morning. Figure 10-1 shows how the
meeting start time varies as it moves from a user in one time zone through the database
to another user in a different time zone.

Figure 10-1 shows user Jonathan in Eastern Daylight Time, which is four hours behind
UTC, or UTC -4:00. Jonathan enters the meeting start time as 16:00 using 24-hour
notation. This value gets converted to the database time zone (UTC) when the row is
inserted. 20:00 is the value stored in the database. Donna is in Denver, where daylight
saving time is also observed as Mountain Daylight Time and is six hours behind Coor-
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dinated Universal Time (UTC —6:00). When Donna selects the start time, the value is
converted to her session time zone and is displayed as 14:00. Selva is in India, which
does not observe daylight saving time—India Standard Time is five and a half hours
ahead of UTC (UTC +5:30). When Selva selects the meeting start time, the value is
converted to his session time zone and is displayed as 1:30 a.m. Friday.

India standard
time zone
(UTC +5:30)
2009-02-05 16:00:00. 00-+-----s-scsceseesos :

2009-02-05 16:00:00. 00-++----++-ceeee--
2009-02-05 16:00:00.00 -4:00---;

2009-02-05 16:00:00.00-------=--

Selva
P Oracle database in
Eastern daylight U'l;%_tr?:)eggr ¢
time zone P .
(UTC-4:00) 1--»DATE
2009-02-05 16:00:00.00 »2009-02-05 16:00:00 [
L..» TIMESTAMP
2009-02-05 16:00:00.00 #2009-02-05 16:00:00.00
..»- TIMESTAMP WITH TIME ZONE
2009-02-05 16:00:00.00 -4:00---: --%2009-02-05 16:00:00.00 -4:00
-.» TIMESTAMP WITH TIME LOCAL ZONE
2009-02-05 16:00:00. 00~ +--s-wsswesseesressecaeeaee | [+»2009-02-05 12:00:00.00 ===
Jonathan
Mountain daylight
time zone
(UTC-6:00)
No correction for time zone

2009-02-05 16:00:00.00«
2009-02-05 16:00:00.00
2009-02-05 16:00:00.00 -4:00<«
2009-02-05 14:00:00.00=

No correction for time zone

Original time zone preserved

Correct time, but in user's time zone

Donna

Figure 10-1. Effect of different datetime datatypes

Delegating the time zone management to the database via the TIMESTAMP WITH
LOCAL TIME ZONE datatype means you don't have to burden your application with
the complex rules surrounding time zones and daylight saving time (which sometimes
changes—as it did in the United States in 2007), nor do you have to burden your users
with figuring out the time zone conversion. The correct time for the meeting is presented
to each user simply and elegantly.

Sometimes you want the database to automatically change the display of the time, and
sometimes you don’t. When you don’t want the display of the timestamp to vary based
on session settings, use the TIMESTAMP or TIMESTAMP WITH TIME ZONE data-

types.
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Coordinated Universal Time

Coordinated Universal Time, abbreviated UTC, is measured using highly accurate and
precise atomic clocks, and it forms the basis of our worldwide system of civil time. Time
zones, for example, are all defined with respect to how much they deviate from UTC.
UTC is atomic time, and it is periodically adjusted through the mechanism of leap
seconds to keep it in sync with time as determined by the rotation of the Earth.

You may be familiar with Greenwich Mean Time (GMT) or Zulu Time. For most prac-
tical purposes, these references are equivalent to UTC.

Why the acronym UTC and not CUT? The standards body couldn’t agree on whether
to use the English acronym CUT or the French acronym TUC, so it compromised on
UTC, which matches neither language.

For more information on UTC, see the National Institute of Standards and Technology
document on UTC and the FAQ page.

Declaring Datetime Variables

Use the following syntax to declare a datetime variable:
var_name [CONSTANT] datetime_type [{:= | DEFAULT} initial_value]

Replace datetime_type with any one of the following:

DATE

TIMESTAMP [(precision)]

TIMESTAMP [(precision)] WITH TIME ZONE
TIMESTAMP [(precision)] WITH LOCAL TIME ZONE

The precision in these declarations refers to the number of decimal digits allocated for
recording values to the fraction of a second. The default precision is 6, which means
that you can track time down to 0.000001 seconds. The allowable range for precision is
0 through 9, giving you the ability to store very precise time-of-day values.

Functions such as SYSTIMESTAMP that return timestamp values
always return only six digits of subsecond precision.

Following are some example declarations:

DECLARE
hire_date TIMESTAMP (@) WITH TIME ZONE;
todays_date CONSTANT DATE := SYSDATE;
pay_date TIMESTAMP DEFAULT TO_TIMESTAMP('20050204','YYYYMMDD');
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BEGIN
NULL;

END;

/

To specity a default initial_value, you can use a conversion function such as TO_TIME-
STAMP, or you can use a date or timestamp literal. Both are described in “Datetime
Conversions” on page 289.

A TIMESTAMP(0) variable behaves like a DATE variable.

Choosing a Datetime Datatype

With such an abundance of riches, I won't blame you one bit if you ask for some guidance
as to which datetime datatype to use when. To a large extent, the datatype you choose
depends on the level of detail that you want to store:

o Use one of the TIMESTAMP types if you need to track time down to a fraction of
a second.

o Use TIMESTAMP WITH LOCAL TIME ZONE if you want the database to auto-
matically convert a time between the database and session time zones.

« Use TIMESTAMP WITH TIME ZONE if you need to keep track of the session time
zone in which the data was entered.

 You can use TIMESTAMP in place of DATE. A TIMESTAMP that does not contain
subsecond precision takes up 7 bytes of storage, just like a DATE datatype does.
When your TIMESTAMP does contain subsecond data, it takes up 11 bytes of
storage.

Other considerations might also apply:

« Use DATE whenit’s necessary to maintain compatibility with an existing application
written before any of the TIMESTAMP datatypes were introduced.

« In general, you should use datatypes in your PL/SQL code that correspond to, or
are at least compatible with, the underlying database tables. Think twice, for ex-
ample, before reading a TIMESTAMP value from a table into a DATE variable,
because you might lose information (in this case, the fractional seconds and perhaps
the time zone).

o Ifyoure using a version older than Oracle9i Database, then you have no choice but
to use DATE.
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o When adding or subtracting years and months, you get different behavior from
using ADD_MONTHS, which operates on values of type DATE, than from using
interval arithmetic on the timestamp types. See “When to Use INTERVALs” on
page 287 for more on this critical yet subtle issue.

Exercise caution when using the DATE and TIMESTAMP data-
types together. Date arithmetic differs significantly between the two.
Be careful when applying Oracle’s traditional built-in date func-
tions (such as ADD_MONTHS or MONTHS_BETWEEN) to val-
ues from any of the timestamp types. See “Datetime Arithmetic” on
page 311 for more on this topic.

Getting the Current Date and Time

In any language, it's important to know how to get the current date and time. How to
do that is often one of the first questions to come up, especially in applications that
involve dates in any way, as most applications do.

Up through Oracle8i Database, you had one choice for getting the date and time in PL/
SQL: you used the SYSDATE function, and that was it. Beginning with Oracle9i Data-
base, you have all the functions in Table 10-1 at your disposal, and you need to under-
stand how they work and what your choices are.

Table 10-1. Comparison of functions that return current date and time

Function Time zone Datatype returned
CURRENT_DATE Session DATE

CURRENT_TIMESTAMP  Session TIMESTAMP WITH TIME ZONE
LOCALTIMESTAMP Session TIMESTAMP

SYSDATE Database server  DATE

SYSTIMESTAMP Database server  TIMESTAMP WITH TIME ZONE

So which function should you use in a given situation? The answer depends on several
factors, which you should probably consider in the following order:

1. Whether you are using a release prior to Oracle8i Database or need to maintain
compatibility with such a release. In either case, your choice is simple: use SYS-
DATE.

2. Whether you are interested in the time on the database server or for your session.
If for your session, then use a function that returns the session time zone. If for the
database server, then use a function that returns the database time zone.
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3. Whether you need the time zone to be returned as part of the current date and time.
If so, then call either SYSTIMESTAMP or CURRENT_TIMESTAMP.

If you decide to use a function that returns the time in the session time zone, be certain
that you have correctly specified your session time zone. The functions SESSIONTI-
MEZONE and DBTIMEZONE will report your session and database time zones, re-
spectively. To report on the time in the database time zone, you must alter your session
time zone to DBTIMEZONE and then use one of the session time zone functions. The
following example illustrates some of these functions:

BEGIN
DBMS_OUTPUT.PUT_LINE('Session Timezone='||SESSIONTIMEZONE);
DBMS_OUTPUT.PUT_LINE('Session Timestamp='||CURRENT_TIMESTAMP);
DBMS_OUTPUT.PUT_LINE('DB Server Timestamp='||SYSTIMESTAMP);
DBMS_OUTPUT.PUT_LINE('DB Timezone='||DBTIMEZONE);
EXECUTE IMMEDIATE 'ALTER SESSION SET TIME_ZONE=DBTIMEZONE';
DBMS_OUTPUT.PUT_LINE('DB Timestamp='||CURRENT_TIMESTAMP);
-- Revert session time zone to local setting
EXECUTE IMMEDIATE 'ALTER SESSION SET TIME_ZONE=LOCAL';

END;

The output is:

Session Timezone=-04:00

Session Timestamp=23-JUN-08 12.48.44.656003000 PM -04:00
DB Server Timestamp=23-JUN-08 11.48.44.656106000 AM -05:00
DB Timezone=+00:00

DB Timestamp=23-JUN-08 04.48.44.656396000 PM +00:00

In this example, the session starts in US Eastern Daylight Time (—4:00) while the server
is on U.S. Central Daylight Time (—5:00). Although the database server is in Central
Daylight Time, the database time zone is GMT (+00:00). To get the time in the database
time zone, I first set the session time zone to match the database time zone, then call
the session time zone function CURRENT_TIMESTAMP. Finally, I revert my session
time zone to the regular local setting that I started with.

What if there’s no function to return a value in the datatype that you need? For example,
what if you need the server time in a TIMESTAMP variable? You can let the database
implicitly convert the types for you, but even better would be to use an explicit conver-
sion with CAST. For example:

DECLARE

ts1l TIMESTAMP;
ts2 TIMESTAMP;

BEGIN
ts1l := CAST(SYSTIMESTAMP AS TIMESTAMP);
ts2 := SYSDATE;

DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts1,'DD-MON-YYYY HH:MI:SS AM'));
DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts2, 'DD-MON-YYYY HH:MI:SS AM'));
END;
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The output is:

24-FEB-2002 06:46:39 PM
24-FEB-2002 06:46:39 PM

The call to SYSTIMESTAMP uses CAST to make the conversion from TIMESTAMP
WITH TIME ZONE to TIMESTAMP explicit. The call to SYSDATE allows the con-
version from DATE to TIMESTAMP to happen implicitly.

Be aware of hardware and operating system limitations if you are
using these timestamp functions for subsecond timing purposes. The
CURRENT_TIMESTAMP, LOCALTIMESTAMP, and SYSTIMES-
TAMP functions return values in either the TIMESTAMP WITH
TIME ZONE or TIMESTAMP datatypes. These datatypes allow you
to resolve time down to the billionth of a second.

That’s all well and good, but think about where that time comes from.
The database gets the time from the operating system via a call to
GetTimeOfDay (Unix/Linux), GetSystemTime (Microsoft Win-
dows), or other similar calls on other operating systems. The oper-
ating system, in turn, depends at some level on the hardware. If your
operating system or underlying hardware tracks time only to the
hundredth of a second, the database won’t be able to return results
any more granular than that. For example, when using Linux on an
Intel x86 processor you can resolve time only to the millionth of a
second (six digits), whereas you can see resolution only to the thou-
sandth of a second when the database runs on Microsoft Windows
XP or Vista on the same hardware. In addition, while the operat-
ing system may report a timestamp with six digits of decimal preci-
sion, this number may not represent an accuracy of 1 microsecond.

Interval Datatypes

The datetime datatypes let you record specific points in time. Interval datatypes, first
introduced in Oracle9i Database, are all about recording and computing quantities of
time. To better understand what the interval datatypes represent, step back a bit and
think about the different kinds of datetime data you deal with on a daily basis:

Instants
An instant is a point in time with respect to a given granularity. When you plan to
wake up at a given hour in the morning, that hour represents an instant. The gran-
ularity, then, would be to the hour, or possibly to the minute. DATE and all the
TIMESTAMP datatypes allow you to represent instants of time.

Intervals
An interval refers not to a specific pointin time, but to a specific amount, or quantity,
of time. You use intervals all the time in your daily life. You work for eight hours a
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day (you hope), you take an hour for lunch (in your dreams!), and so forth. Oracle
Database’s two INTERVAL types allow you to represent time intervals.

Periods

A period (our definition) refers to an interval of time that begins or ends at a specific
instant. For example: “I woke up at 8:00 a.m. today and worked for eight hours”
Here, the eight-hour interval beginning at 8:00 a.m. today would be considered a
period. The Oracle database has no datatype to directly support periods, nor does

the SQL standard define one.

The database supports two interval datatypes. Both were introduced in Oracle9i Data-
base, and both conform to the ISO SQL standard:

INTERVAL YEAR TO MONTH

Allows you to define an interval of time in terms of years and months.

INTERVAL DAY TO SECOND

Allows you to define an interval of time in terms of days, hours, minutes, and
seconds (including fractional seconds).

Why Two INTERVAL Datatypes?

I was initially puzzled about the need for two INTERVAL datatypes. I noticed that be-
tween the two datatypes, all portions of a TIMESTAMP value were accounted for, but
the decision to treat year and month separately from days, hours, minutes, and seconds
seemed at first rather arbitrary. Why not simply have one INTERVAL type that covers
all possibilities? It turns out that we can blame this state of affairs on the long-dead
Roman emperor Julius Caesar, who designed our calendar and determined most of our
month lengths.

The reason for having two INTERVAL types with a dividing line at the month level is
that months are the only datetime component for which the length of time in question
varies. Think about having an interval of one month and 30 days. How long is that,
really? Is it less than two months? The same as two months? More than two months? If
the one month is January, then 30 days gets you past February and into March, resulting
in a 61-day interval that is a bit more than “two months” long. If the one month is
February, then the interval is exactly two months (but only 59 or 60 days). If the one
month is April, then the interval is slightly less than two months, for a total of 60 days.

Rather than sort out and deal with all the complications that differing month lengths
pose for interval comparison, date arithmetic, and normalization of datetime values, the
ISO SQL standard breaks the datetime model into two parts: year and month, and ev-
erything else. (For more, see C. J. Date’s A Guide to the SQL Standard [ Addison-Wesley].)

Interval Datatypes | 285

www.it-ebooks.info



http://www.it-ebooks.info/

Declaring INTERVAL Variables

Compared to other PL/SQL variable declarations, the syntax for declaring INTERVAL
variables is a bit unusual. You not only have multiple-word type names, but in one case
you specify not one precision, but two:

var_name INTERVAL YEAR [(year_precision)] TO MONTH
or:

var_name INTERVAL DAY [(day_precision)] TO SECOND [(frac_sec_prec)]
where:

var_name
Is the name of the INTERVAL variable that you want to declare.

year_precision
Is the number of digits (from 0 to 4) that you want to allow for a year value. The
default is 2.

day_precision
Is the number of digits (from 0 to 9) that you want to allow for a day value. The
default is 2.

frac_sec_prec
Is the number of digits (from 0 to 9) that you want to allow for fractional seconds
(i.e., the fractional seconds precision). The default is 6.

It is the nature of intervals that you need only worry about precision at the extremes.
INTERVAL YEAR TO MONTH values are always normalized such that the number of
months is between 0 and 11. In fact, the database will not allow you to specify a month
greater than 11; an interval of 1 year, 13 months, must be expressed as 2 years, 1 month.
The year_precision fixes the maximum size of the interval. Likewise, the day_preci-
sion in INTERVAL DAY TO SECOND fixes the maximum size of that interval.

You don’t need to specify a precision for the hour, minute, and second values for an
INTERVAL DAY TO SECOND variable, for the same reason you don’t specify a preci-
sion for month in an INTERVAL YEAR TO MONTH. The intervals are always nor-
malized so that any values for hour, minute, and second are within the normal ranges
of 0-23 for hours, 0-59 for minutes, and 0-59 for seconds (excluding fractional sec-
onds).

The fractional second precision (frac_sec_prec) is necessary because INTERVAL DAY
TO SECOND values can resolve intervals down to the fraction of a second. INTERVAL
YEAR TO MONTH values don’t handle fractional months, so no fractional month
precision is necessary.
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When to Use INTERVALS

Use the INTERVAL types whenever you need to work with quantities of time. I provide
two examples in this section, hoping to spark your natural creativity so that you can
begin to think about how you might use INTERVAL types in systems you develop.

Finding the difference between two datetime values

One use for INTERVAL types is when you need to look at the difference between two
datetime values. Consider the following example, which computes an employee’s length
of service:

/* File on web: interval_between.sql */

DECLARE
start_date TIMESTAMP;
end_date TIMESTAMP;
service_interval INTERVAL YEAR TO MONTH;
years_of_service NUMBER;
months_of_service NUMBER;

BEGIN
-- Normally, we would retrieve start and end dates from a database.
start_date := TO_TIMESTAMP('29-DEC-1988','dd-mon-yyyy');
end_date := TO_TIMESTAMP ('26-DEC-1995','dd-mon-yyyy');

-- Determine and display years and months of service
service_interval := (end_date - start_date) YEAR TO MONTH;
DBMS_OUTPUT.PUT_LINE(service_interval);

-- Use the new EXTRACT function to grab individual
-- year and month components.
years_of_service := EXTRACT(YEAR FROM service_1interval);
months_of_service := EXTRACT(MONTH FROM service_interval);
DBMS_OUTPUT.PUT_LINE(years_of_service || ' years and '
|| months_of_service || ' months');
END;

The line that performs the actual calculation to get years and months of service is:
service_interval := (end_date - start_date) YEAR TO MONTH;

The YEAR TO MONTH is part of the interval expression syntax. I talk more about that
syntax in “Datetime Arithmetic” on page 311. You can see, however, that computing the
interval is as simple as subtracting one timestamp from another. Had I not used an
INTERVAL type, I would have had to code something like the following:

months_of_service := ROUND(months_between(end_date, start_date));
years_of_service := TRUNC(months_of_service/12);
months_of_service := MOD(months_of_service,12);

I believe the non-INTERVAL solution is more complex to code and understand.
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The INTERVAL YEAR TO MONTH type displays rounding behav-
ior, and it’s important you understand the ramifications of that. See
“Datetime Arithmetic” on page 311 for details about this issue.

Designating periods of time

For this example, I will explore a company with an assembly line. The time required to
assemble each product (called build time in this example) is an important metric. Re-
ducing this interval allows the assembly line to be more efficient, so management wants
to track and report on this interval. In my example, each product has a tracking number
used to identify it during the assembly process. The table I use to hold this assembly
information looks like this:

TABLE assemblies (
tracking_id NUMBER NOT NULL,
start_time TIMESTAMP NOT NULL,
build_time INTERVAL DAY TO SECOND

);

Next, I need a PL/SQL function to return the build time for a given tracking_id. The
build time is calculated from the current timestamp minus the start time. I will cover
date arithmetic in greater detail later in this chapter. This build time function is:

FUNCTION calc_build_time (
esn IN assemblies.tracking_id%TYPE

)
RETURN DSINTERVAL_UNCONSTRAINED
IS
start_ts assemblies.start_time%TYPE;
BEGIN
SELECT start_time INTO start_ts FROM assemblies
WHERE tracking_id = esn;
RETURN LOCALTIMESTAMP-start_ts;
END;

When I pass intervals into and out of PL/SQL programs, I need to use the unconstrained
keywords (see “Using Unconstrained INTERVAL Types” on page 318 for an explanation).
With the build time recorded in a table, I can analyze the data more easily. I can calculate
the minimum, maximum, and mean build times with simple SQL functions. I could
answer questions like “Do I build any faster on Monday versus Wednesday?” or “How
about first shift versus second shift?” But I'm getting ahead of myself. This straightfor-
ward example simply demonstrates the basic concept of a day-to-second interval. Your
job as a clever developer is to put these concepts to use in creative ways.
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Datetime Conversions

Now that you understand the Oracle database’s array of datetime datatypes, it’s time to
look at how you get dates into and out of datetime variables. Human-readable datetime
values are character strings such as “March 5, 2009” and “10:30 a.m.; so this discussion
centers on the conversion of datetime values from character strings to Oracle’s internal
representation, and vice versa.

PL/SQL validates and stores dates that fall from January 1, 4712 B.C.E. through De-
cember 31, 9999 A.D. (Oracle documentation indicates a maximum date of December
31, 4712; run the showdaterange.sql script, available on the book’s website, to verify the
range on your version.) If you enter a date without a time (many applications do not
require the tracking of time, so PL/SQL lets you leave it off), the time portion of the
value defaults to midnight (12:00:00 a.m.).

The database can interpret just about any date or time format you throw at it. Key to
that flexibility is the concept of a date format model, which is a string of special characters
that define a date’s format to the database. For example, if your input date is 15-
Nov-1961, that—rather obviously in this case—corresponds to the date format dd-mon-
yyyy. You then use the string ‘dd-mon-yyyy’ in calls to conversion functions to convert
dates to and from that format.

I show examples of several different format models in the following conversion discus-
sion,and I provide a complete reference to all the format model elements in Appendix C.

From Strings to Datetimes

The first issue you'll face when working with dates is that of getting date (and time)
values into your PL/SQL datetime variables. You do so by converting datetime values
from character strings to the database’s internal format. You can do such conversions
implicitly via assignment of a character string directly to a datetime variable, or—better
yet—explicitly via one of Oracle’s built-in conversion functions.

Implicit conversion is risky, and I don’t recommend it. Following is an example of im-
plicit conversion from a character string to a DATE variable:

DECLARE

birthdate DATE;
BEGIN

birthdate := '15-Nov-1961"';
END;

Such a conversion relies on the NLS_DATE_FORMAT setting and will work fine until
the day your DBA decides to change that setting. On that day, all your date-related code
will break. Changing NLS_DATE_FORMAT at the session level can also break such
code.
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Rather than relying on implicit conversions and the NLS_DATE_FORMAT setting, it’s
far safer to convert dates explicitly via one of the built-in conversion functions, such as
TO_DATE:

DECLARE

birthdate DATE;
BEGIN

birthdate := TO_DATE('15-Nov-1961','dd-mon-yyyy');
END;

Notice here the use of the format string ‘dd-mon-yyyy’ as the second parameter in the
call to TO_DATE. That format string controls how the TO_DATE function interprets
the characters in the first parameter.

PL/SQL supports the following functions to convert strings to dates and timestamps:

TO_DATE(string[, format_mask][, nls_language]])
Converts a character string to a value of type DATE.

TO_DATE(number][, format_mask[, nls_language]])
Converts a number representing a Julian date into a value of type DATE.

TO_TIMESTAMP(string[, format_mask[, nls_language]])
Converts a character string to a value of type TIMESTAMP.

TO_TIMESTAMP_TZ(string|[, format_mask[, nls_language]])
Converts a character string to a value of type TIMESTAMP WITH TIME ZONE.
Also use this function when your target is TIMESTAMP WITH LOCAL TIME
ZONE.

Not only do these functions make it clear in your code that a type conversion is occur-
ring, but they also allow you to specify the exact datetime format being used.

The second version of TO_DATE can be used only with the format
mask of ] for Julian date. The Julian date is the number of days that
have passed since January 1, 4712 B.C. Only in this use of TO_DATE
can a number be passed as the first parameter of TO_DATE.

For all other cases the parameters are as follows:

string
Is the string variable, literal, named constant, or expression to be converted.

format_mask
Is the format mask to be used in converting the string. The format mask defaults to
the NLS_DATE_FORMAT setting.
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nis_language
Optionally specifies the language to be used to interpret the names and abbrevia-
tions of both months and days in the string. Here’s the format of nls_language:

'"NLS_DATE_LANGUAGE=language '

where language is a language recognized by your instance of the database. You can
determine the acceptable languages by checking Oracle’s Globalization Support
Guide.

The format elements described in Appendix C apply when you're using the TO_ family
of functions. For example, the following calls to TO_DATE and TO_TIMESTAMP
convert character strings of varying formats to DATE and TIMESTAMP values:

DECLARE
dt DATE;
ts TIMESTAMP;
tstz TIMESTAMP WITH TIME ZONE;
tsltz TIMESTAMP WITH LOCAL TIME ZONE;
BEGIN
dt := TO_DATE('12/26/2005', " 'mm/dd/yyyy"');
ts := TO_TIMESTAMP('24-Feb-2002 09.00.00.50 PM');
tstz := TO_TIMESTAMP_TZ('06/2/2002 09:00:00.50 PM EST',
'mm/dd/yyyy hh:mi:ssxff AM TZD');
tsltz := TO_TIMESTAMP_TZ('06/2/2002 09:00:00.50 PM EST',
'mm/dd/yyyy hh:mi:ssxff AM TZD');
DBMS_OUTPUT.PUT_LINE(dt);
DBMS_OUTPUT.PUT_LINE(ts);
DBMS_OUTPUT.PUT_LINE(tstz);
DBMS_OUTPUT.PUT_LINE(tsltz);
END;

The output is:

26-DEC-05

24-FEB-02 09.00.00.500000 PM
02-JUN-02 09.00.00.500000 PM -05:00
02-JUN-02 09.00.00.500000 PM

Note the decimal seconds (.50) and the use of XFF in the format mask. The X format
element specifies the location of the radix character, in this case a period (.), separating
the whole seconds from the fractional seconds. I could just as easily have specified a
period, as in “FF”, but I chose to use X instead. The difference is that when X is specified,
the database determines the correct radix character based on the current NLS_TERRI-
TORY setting.

Any Oracle errors between ORA-01800 and ORA-01899 are related to date conver-
sion. You can learn some of the date conversion rule nuances by perusing the different
errors and reading about the documented causes of these errors. Some of these nuances
are:
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« A date literal passed to TO_CHAR for conversion to a date cannot be longer than
220 characters.

 You can't include both a Julian date element (J) and the day of year element (DDD)
in a single format mask.

 You can’'t include multiple elements for the same component of the date/time in the
mask. For example, the format mask YYYY-YYY-DD-MM is illegal because it in-
cludes two year elements, YYYY and YYY.

 You can’t use the 24-hour time format (HH24) and a meridian element (e.g., a.m.)
in the same mask.

As the preceding example demonstrates, the TO_TIMESTAMP_TZ function can con-
vert character strings that include time zone information. And while time zones may
seem simple on the surface, they are anything but, as you’ll see in “Working with Time
Zones” on page 295.

From Datetimes to Strings

Getting values into datetime variables is only half the battle. The other half is getting
them out again in some sort of human-readable format. Oracle provides the TO_CHAR
function for that purpose.

The TO_CHAR function can be used to convert a datetime value to a variable-length
string. This single function works for DATE types as well as for all the types in the
TIMESTAMP family. TO_CHAR is also used to convert numbers to character strings,
as covered in Chapter 9. The following specification describes TO_CHAR for datetime
values:

FUNCTION TO_CHAR

(date_in IN DATE

[, format_mask IN VARCHAR2

[, nls_language IN VARCHAR2]])
RETURN VARCHAR2

where:

date_in
Is the date to be converted to character format.

format_mask
Is the mask, made up of one or more of the date format elements. See Appen-
dix C for a list of date format elements.

nls_language
Is a string specifying a date language.

Both the format_mask and nls_language parameters are optional.

292 | Chapter 10: Dates and Timestamps

www.it-ebooks.info


http://www.it-ebooks.info/

If you want your results to be in the national character set, you can
use TO_NCHAR in place of TO_CHAR. Be certain you provide your
date format string in the national character set as well, though. Other-
wise, you may receive ORA-01821: date format not recognized errors.

If format_mask is not specified, the default date format for the database instance is used.
This format is ‘“DD-MON-RR; unless you have nondefault NLS settings, such as
NLS_DATE_FORMAT. The best practice, as mentioned elsewhere in this chapter, is to
not rely on implicit conversions for dates. Changes to the server NLS settings and, for
client-side code, changes to the client NLS settings will cause logic bugs to creep into
your programs if you rely on implicit conversions. As an example, in North America
you may write a routine assuming that the date 03-04-09 is 4 March 2009, but if your
application is later deployed to Japan or Germany the implicit conversion will result in
3 April 2009 or 9 April 2003, depending on the NLS settings. If your application is always
explicit in datatype conversions, you will not encounter these logic bugs.

Here are some examples of TO_CHAR being used for date conversion:

o Notice that there are two blanks between month and day and a leading zero for the

fifth day:
TO_CHAR (SYSDATE, 'Month DD, YYYY') --> 'February 05, 1994

o Use the FM fill mode element to suppress blanks and zeros:
TO_CHAR (SYSDATE, 'FMMonth DD, YYYY') --> 'February 5, 1994’

« Note the case difference on the month abbreviations of the next two examples. You
get exactly what you ask for with Oracle date formats!
TO_CHAR (SYSDATE, 'MON DDth, YYYY') --> 'FEB 05TH, 1994
TO_CHAR (SYSDATE, 'fmMon DDth, YYYY') --> 'Feb 5TH, 1994'

The TH format is an exception to the capitalization rules. Even if you specify low-
ercase “th” in a format string, the database will use uppercase TH in the output.
o Show the day of the year, day of the month, and day of the week for the date (with
fm used here as a toggle):
TO_CHAR (SYSDATE, 'DDD DD D ') --> '036 05 7'
TO_CHAR (SYSDATE, 'fmDDD fmDD D ') --> '36 05 7'
o Here’s some fancy formatting for reporting purposes:
TO_CHAR (SYSDATE, '"In month "RM" of year "YEAR')
--> 'In month II  of year NINETEEN NINETY FOUR'

» For TIMESTAMP variables, you can specify the time down to the millisecond using
the FF format element:
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TO_CHAR (A_TIMESTAMP, 'YYYY-MM-DD HH:MI:SS.FF AM TZH:TZM')
--> a value like: 2002-02-19 01:52:00.123457000 PM -05:00

Be careful when dealing with fractional seconds. The FF format element represents
fractional seconds in the output format model, and you’ll be tempted to use the number
of Fs to control the number of decimal digits in the output. Don’t do that! Instead, use
FF1 through FF9 to specify one through nine decimal digits. For example, the following
block uses FF6 to request six decimal digits of precision in the output:

DECLARE
ts TIMESTAMP WITH TIME ZONE;
BEGIN
ts := TIMESTAMP '2002-02-19 13:52:00.123456789 -5:00';
DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts,'YYYY-MM-DD HH:MI:SS.FF6 AM TZH:TZM'));
END;

The output is:
2002-02-19 01:52:00.123457 PM -05:00

Note the rounding that occurred. The number of seconds input was 00.123456789. That
value was rounded (not truncated) to six decimal digits: 00.123457.

It’s easy to slip up and specify an incorrect date format, and the introduction of TIME-
STAMP types has made this even easier. Format elements that are valid with TIME-
STAMP types are not valid for the DATE type. Look at the results in the following
example when FE, TZH, and TZM are used to convert a DATE value to a character
string:
DECLARE
dt DATE;
BEGIN
dt := SYSDATE;

DBMS_OUTPUT.PUT_LINE(TO_CHAR(dt, 'YYYY-MM-DD HH:MI:SS.FF AM TZH:TZM'));
END;

The output is:

dt := SYSDATE;

*

ORA-01821: date format not recognized
ORA-06512: at line 5

The error message you get in this case, ORA-01821: date format not recognized, is con-
fusing and misleading. The date format is just fine. The problem is that it's being applied
to the wrong datatype. Watch for this kind of problem when you write code. If you get
an ORA-01821 error, check both the date format and the datatype that you are trying to
convert.

294 | Chapter 10: Dates and Timestamps

www.it-ebooks.info


http://www.it-ebooks.info/

Working with Time Zones

The inclusion of time zone information makes the use of TO_TIMESTAMP_TZ more
complex than use of the TO_DATE and TO_TIMESTAMP functions. You may specify
time zone information in any of the following ways:

« Using a positive or negative displacement of some number of hours and minutes
from UTC time; for example, —5:00 is equivalent to U.S. Eastern Standard Time.
Displacements must fall into the range —12:59 to +13:59. (I showed examples of this
notation earlier in this chapter.)

o Using a time zone region name such as US/Eastern, US/Pacific, and so forth.

« Using a combination of time zone region name and abbreviation, as in US/Eastern
EDT for U.S. Eastern Daylight Saving Time.

Let’s look at some examples. I'll begin with a simple example that leaves off time zone
information entirely:

TO_TIMESTAMP_TZ ('12312005 083015.50', 'MMDDYYYY HHMISS.FF')

The date and time in this example work out to be 31-Dec-2005 at 15 1/2 seconds past
8:30 a.m. Because no time zone is specified, the database will default to the current
session time zone. With the time zone intentionally omitted, this code is less clear than
it could be. If the application is designed to use the session time zone (as opposed to an
explicit time zone), a better approach would be to first fetch the session time zone using
the function SESSIONTIMEZONE and then explicitly use this value in the TO_TIME-
STAMP_TZ function call. Being explicit in your intent will help developers (including
you) understand and correctly maintain this code two years down the road when some
new feature or bug fix is needed.

A Date or a Time?

Be aware that every datetime value is composed of both a date and a time. Forgetting
this duality may lead to errors in your code. As an example, suppose that I write
PL/SQL code to run on the first of the year, 2015:

IF SYSDATE = TO_DATE('1-Jan-2015','dd-Mon-yyyy')
THEN

Apply2015PriceChange;
END IF;

The goal of this example is to run a routine to adjust prices for the new year, but the
chance of that procedure actually running is minimal. You'd need to run the code block
exactly at midnight, to the second. That’s because SYSDATE returns a time-of-day value
along with the date.
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To make the code block work as expected, you can truncate the value returned by SYS-
DATE to midnight on the day in question:

IF TRUNC(SYSDATE) = TO_DATE('1-Jan-2015','dd-Mon-yyyy');

Now, both sides of the comparison have a time of day, but that time of day is midnight.
The TO_DATE function also returns a time of day, which, because no time of day was
given, defaults to midnight (i.e., 00:00:00). Thus, no matter when on 1 Jan 2015 you run
this code block, the comparison will succeed, and the Apply2009PriceChange procedure
will run.

This use of TRUNCATE to remove the time portion of a date stamp works equally well
on timestamps.

Next, let’s represent the time zone using a displacement of hours and minutes from
UTC. Note the use of TZH and TZM to denote the location of the hour and minute
displacements in the input string:

TO_TIMESTAMP_TZ ('1231200 083015.50 -5:00', 'MMDDYY HHMISS.FF TZH:TZM')

In this example, the datetime value is interpreted as being an Eastern Standard Time
value (regardless of your session time zone).

The next example shows the time zone being specified using a time zone region name.
The example specifies EST, which is the region name corresponding to Eastern Time in
the United States. Note the use of TZR in the format mask to designate where the time
zone region name appears in the input string:

TO_TIMESTAMP_TZ ('02-Nov-2014 01:30:00 EST',
'dd-Mon-yyyy hh:mi:ss TZR')

This example is interesting in that it represents Eastern Time, not Eastern Standard
Time. The difference is that “Eastern Time” can refer to either Eastern Standard Time
or Eastern Daylight Time, depending on whether daylight saving time is in effect. And
it might be in effect! I've carefully crafted this example to make it ambiguous. 02-
Nov-2014 is the date on which Eastern Daylight Time ends, and at 2:00 a.m. the time
rolls back to 1:00 a.m. So on that date, 1:30 a.m. actually comes around twice! The first
time it's 1:30 a.m. Eastern Daylight Time, and the second time it’s 1:30 a.m. Eastern
Standard Time. So what time is it, really, when I say it’s 1:30 a.m. on 02-Nov-2014?

If you set the session parameter ERROR_ON_OVERLAP_TIME to
TRUE (the default is FALSE), the database will give you an error
whenever you specify an ambiguous time because of daylight saving
time changes. Note that daylight saving time is also called summer
time in some parts of the world.
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The time zone region name alone doesn't distinguish between standard time and day-
light saving time. To remove the ambiguity, you also must specify a time zone abbrevi-
ation, which I've done in the next two examples. Use the abbreviation EDT to specify
Eastern Daylight Time:

TO_TIMESTAMP_TZ ('02-Nov-2014 01:30:00.00 US/Eastern EDT',
'dd-Mon-yyyy hh:mi:ssxff TZR TzD')

And use the abbreviation EST to specify Eastern Standard Time:

TO_TIMESTAMP_TZ ('02-Nov-2014 01:30:00.00 US/Eastern EST',
'dd-Mon-yyyy hh:mi:ssxff TZR TzD')

To avoid ambiguity, I reccommend that you either specify a time zone offset using hours
and minutes (as in —5:00) or use a combination of full region name and time zone
abbreviation (as in US/Eastern EDT). If you use the region name alone and there’s
ambiguity with respect to daylight saving time, the database will resolve the ambiguity
by assuming that standard time applies.

If you're initially confused by the fact that EST, CST, and PST all can
be both a region name and an abbreviation, youre not alone. I was
confused by this too. Depending on your time zone file version, EST,
CST, MST, and PST may appear as both region and abbreviation. You
can further qualify each of those region names using the same string
of three characters as a time zone abbreviation. The result (e.g., EST
EST or CST CST) is standard time for the region in question. The
best practice is to use the full region name, like US/Eastern or Amer-
ica/Detroit, instead of the three-letter abbreviation EST. See Oracle’s
Metalink Note 340512.1 Timestamps &~ time zones—Frequently Asked
Questions for more information.

You can get a complete list of the time zone region names and time zone abbreviations
that Oracle supports by querying the VSTIMEZONE_NAMES view. Any database user
can access that view. When you query it, notice that time zone abbreviations are not
unique (see the sidebar “A Time Zone Standard?”).

A Time Zone Standard?

As important as time zones are, you would think there would be some sort of interna-
tional standard specifying their names and abbreviations. Well, there isn’t one. Not only
are time zone abbreviations not standardized, but some are also duplicated. For example,
EST is used in the U.S. for Eastern Standard Time, and also in Australia for Eastern
Standard Time, and I assure you that the two Eastern Standard Times are not at all the
same! In addition, BST is the abbreviation for several time zones, including those for
Pacific/Midway and Europe/London, which are 12 hours different during daylight sav-
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ing time and 11 hours different during the rest of the year. This is why the TO_TIME-
STAMP functions do not allow you to specify a time zone using the abbreviation alone.

Because there is no time zone standard, you might well ask the source of all those time
zone region names in VSTIMEZONE_NAMES. Oracle’s source for that information
can be found at ftp://elsie.nci.nih.gov/pub/. Look for files named something like tzda
taxxx.tar.gz, where xxx is the version of the data. This archive usually has a file named
tz-link.htm that contains more information and links to other URLs related to time zones.

Requiring a Format Mask to Match Exactly

When converting a character string to a datetime, the TO_* conversion functions nor-
mally make a few allowances:

o Extra blanks in the character string are ignored.

o Numeric values, such as the day number or the year, do not have to include leading
zeros to fill out the mask.

o Punctuation in the string to be converted can simply match the length and position
of punctuation in the format.

This kind of flexibility is great—until you want to actually restrict a user or even a batch
process from entering data in a nonstandard format. In some cases, it simply is not OK
when a date string has a caret (A) instead of a hyphen (-) between the day and month
numbers. For these situations, you can use the FX modifier in the format mask to enforce
an exact match between string and format model.

With FX, there is no flexibility in the interpretation of the string. It cannot have extra
blanks if none are found in the model. Its numeric values must include leading zeros if
the format model specifies additional digits. And the punctuation and literals must
exactly match the punctuation and quoted text of the format mask (except for case,
which is always ignored). In all of the following examples:

TO_DATE ('1-1-4', 'fxDD-MM-YYYY')

TO_DATE ('7/16/94", 'FXMM/DD/YY')

TO_DATE ('JANUARYA1~ the year of 94', 'FXMonth-dd-"WhatIsaynotdo"yy')
PL/SQL raises one of the following errors:

ORA-01861: literal does not match format string
ORA-01862: the numeric value does not match the length of the format item

However, the following example succeeds because case is always irrelevant, and FX does
not change that:

TO_DATE ('Jan 15 1994', 'fxMON DD YYYY')
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The FX modifier can be specified in uppercase, lowercase, or mixed case; the effect is
the same.

The FX modifier is a toggle, and it can appear more than once in a format model. For
example:

TO_DATE ('07-1-1994', 'FXDD-FXMM-FXYYYY')

Each time itappears in the format, FX changes the effect of the modifier. In this example,
an exact match is required for the day number and the year number but not for the
month number.

Easing Up on Exact Matches

You can use FM (fill mode) in the format model of a call to a TO_DATE or TO_TIME-
STAMP function to fill a string with blanks or zeros so that a date string that would
otherwise fail the FX test will pass. For example:

TO_DATE ('07-1-94', 'FXfmDD-FXMM-FXYYYY'")

This conversion succeeds because FM causes the year 94 to be filled out with 00, so the
year becomes 0094 (probably not behavior you would ever want). The day 1 is filled out
with a single zero to become 01. FM is a toggle, just like FX.

Using FM as I've just described seems at first to defeat the purpose of FX. Why use both?
One reason is that you might use FX to enforce the use of specific delimiters while using
FM to ease up on the requirement that users enter leading zeros.

Interpreting Two-Digit Years in a Sliding Window

The last millennium change caused an explosion of interest in using four-digit years as
people suddenly realized the ambiguity inherent in the commonly used two-digit year.
For example, does 1-Jan-45 refer to 1945 or 20452 The best practice is to use unambig-
uous four-digit years. But despite this realization, habits are tough to break, and existing
systems can be difficult to change, so you may find yourself still needing to allow your
users to enter dates using two-digit years rather than four-digit years. To help, Oracle
provides the RR format element to interpret two-digit years in a sliding window.

In the following discussion, I use the term century colloquially. RR’s
20th century is composed of the years 1900-1999, and its 21st cen-
tury is composed of the years 2000-2099. I realize this is not the
proper definition of century, but it’s a definition that makes it easier
to explain RR’s behavior.

If the current year is in the first half of the century (years 0 through 49), then:
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o Ifyouenteradatein the first half of the century (i.e., from 0 through 49), RR returns
the current century.

o If you enter a date in the latter half of the century (i.e., from 50 through 99), RR
returns the previous century.

On the other hand, if the current year is in the latter half of the century (years 50 through
99), then:

o If you enter a date in the first half of the century, RR returns the next century.

o If you enter a date in the latter half of the century, RR returns the current century.

Confusing? I had to think about it for a while too. The RR rules are an attempt to make
the best guess as to which century is intended when a user leaves off that information.
Lets look at some examples of the impact of RR. Notice that for year 88 and year 18,
SYSDATE returns a current date in the 20th and 21st centuries, respectively:

SQL> SELECT TO_CHAR (SYSDATE, 'MM/DD/YYYY') "Current Date",

2 TO_CHAR (TO_DATE ('14-0CT-88', 'DD-MON-RR'), 'YYYY') "Year 88",
3 TO_CHAR (TO_DATE ('14-0CT-18', 'DD-MON-RR'), 'YYYY') "Year 18"
FROM dual;

Current Date Year 88 Year 18

02/25/2014 1988 2018
When we reach the year 2050, RR will interpret the same dates differently:

SQL> SELECT TO_CHAR (SYSDATE, 'MM/DD/YYYY') "Current Date",
2 TO_CHAR (TO_DATE ('10/14/88', 'MM/DD/RR'), 'YYYY') "Year 88",
3 TO_CHAR (TO_DATE ('10/14/18', 'MM/DD/RR'), 'YYYY') "Year 18"
4 FROM dual;

Current Date Year 88 Year 18

02/25/2050 2088 2118

There are a number of ways you can activate the RR logic in your current applications.
The cleanest and simplest way is to change the default format mask for dates in your
database instance(s). In fact, Oracle has already done this for us. On a default Oracle
install, you will find your NLS_DATE_FORMAT equivalent to the result of:

ALTER SESSION SET NLS_DATE_FORMAT='DD-MON-RR';
Then, if you have not hardcoded the date format mask anywhere else in your screens

or reports, any two-digit years will be interpreted according to the windowing rules I've
just described.
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Converting Time Zones to Character Strings

Time zones add complexity to the problem of converting datetime values to character
strings. Time zone information consists of the following elements:

« A displacement from UTC in terms of hours and minutes
A time zone region name

o A time zone abbreviation

All these elements are stored separately ina TIMESTAMP WITH TIME ZONE variable.
The displacement from UTC is always present, but whether you can display the region
name or abbreviation depends on whether you've specified that information to begin
with. Look closely at this example:

DECLARE
tsl TIMESTAMP WITH TIME ZONE;
ts2 TIMESTAMP WITH TIME ZONE;
ts3 TIMESTAMP WITH TIME ZONE;

BEGIN
tsl := TO_TIMESTAMP_TZ('2002-06-18 13:52:00.123456789 -5:00',
'"YYYY-MM-DD HH24:MI:SS.FF TZH:TZM');
ts2 := TO_TIMESTAMP_TZ('2002-06-18 13:52:00.123456789 US/Eastern’,
"YYYY-MM-DD HH24:MI:SS.FF TZR');
ts3 := TO_TIMESTAMP_TZ('2002-06-18 13:52:00.123456789 US/Eastern EDT',

'"YYYY-MM-DD HH24:MI:SS.FF TZR TZD');

DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts1,
"YYYY-MM-DD HH:MI:SS.FF AM TZH:TZM TZR TZD'));
DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts2,
"YYYY-MM-DD HH:MI:SS.FF AM TZH:TZM TZR TZD'));
DBMS_OUTPUT.PUT_LINE(TO_CHAR(ts3,
"YYYY-MM-DD HH:MI:SS.FF AM TZH:TZM TZR TZD'));
END;

The output is:

2002-06-18 01:52:00.123457000 PM -05:00 -05:00
2002-06-18 01:52:00.123457000 PM -04:00 US/EASTERN EDT
2002-06-18 01:52:00.123457000 PM -04:00 US/EASTERN EDT

Note the following with respect to the display of time zone information:
o Fortsl, I specified time zone in terms of a displacement from UTC. Thus, when ts1
was displayed, only the displacement could be displayed.

« In the absence of a region name for tsl, the database provided the time zone dis-
placement. This is preferable to providing no information at all.
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o For ts2, I specified a time zone region. That region was translated internally into an
offset from UTC, but the region name was preserved. Thus, both the UTC offset
and the region name could be displayed.

o Forts2, the database correctly recognized that daylight saving time is in effect during
the month of June. As a result, the value of ts2 was implicitly associated with the
EDT abbreviation.

o For ts3, I specified a time zone region and an abbreviation, and both those values
could be displayed. No surprises here.

There’s a one-to-many relationship between UTC offsets and time zone regions; the
offset alone is not enough to get you to a region name. That’s why you can’t display a
region name unless you specify one to begin with.

Padding Output with Fill Mode

The FM modifier described in “Easing Up on Exact Matches” on page 299 can also be
used when converting from a datetime to a character string, to suppress padded blanks
and leading zeros that would otherwise be returned by the TO_CHAR function.

By default, the following format mask results in both padded blanks and leading zeros
(there are five spaces between the month name and the day number):

TO_CHAR (SYSDATE, 'Month DD, YYYY') --> 'April 05, 1994'

With the FM modifier at the beginning of the format mask, however, both the extra
blank and the leading zeros disappear:

TO_CHAR (SYSDATE, 'FMMonth DD, YYYY') --> April 5, 1994'

The modifier can be specified in uppercase, lowercase, or mixed case; the effect is the
same.

Remember that the FM modifier is a toggle and can appear more than once in a format
model. Each time it appears in the format, it changes the effect of the modifier. By default
(that is, if FM is not specified anywhere in a format mask), blanks are not suppressed,
and leading zeros are included in the result value.

Date and Timestamp Literals

Date and timestamp literals, as well as the interval literals that appear later in this chapter,
are part of the ISO SQL standard and have been supported since Oracle9i Database.
They represent yet another option for you to use in getting values into datetime vari-
ables. A date literal consists of the keyword DATE followed by a date (and only a date)
value in the following format:

DATE 'YYYY-MM-DD'
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A timestamp literal consists of the keyword TIMESTAMP followed by a datetime value
in a very specific format:

TIMESTAMP 'YYYY-MM-DD HH:MI:SS[.FFFFFFFFF] [{+|-}HH:MI]"

The FFFFFFFFF represents fractional seconds and is optional. If you specify fractional
seconds, you may use anywhere from one to nine digits. The time zone displacement
(+HH:MI) is optional and may use either a plus or a minus sign as necessary. The hours
are always with respect to a 24-hour clock.

If you omit the time zone displacement in a timestamp literal, the
time zone will default to the session time zone.

The following PL/SQL block shows several valid date and timestamp literals:

DECLARE
tsl TIMESTAMP WITH TIME ZONE;
ts2 TIMESTAMP WITH TIME ZONE;
ts3 TIMESTAMP WITH TIME ZONE;
ts4 TIMESTAMP WITH TIME ZONE;
ts5 DATE;
BEGIN
-- Two digits for fractional seconds
tsl := TIMESTAMP '2002-02-19 11:52:00.00 -05:00';

-- Nine digits for fractional seconds, 24-hour clock, 14:00 = 2:00 PM
ts2 := TIMESTAMP '2002-02-19 14:00:00.000000000 -5:00"';

-- No fractional seconds at all
ts3 := TIMESTAMP '2002-02-19 13:52:00 -5:00';

-- No time zone, defaults to session time zone
ts4 := TIMESTAMP '2002-02-19 13:52:00';

-- A date literal
ts5 := DATE '2002-02-19';
END;
The format for date and timestamp literals is prescribed by the ANSI/ISO standards
and cannot be changed by you or by the DBA. Thus, it’s safe to use timestamp literals
whenever you need to embed a specific datetime value (e.g., a constant) in your code.

Oracle allows the use of time zone region names in timestamp literals
—for example: TIMESTAMP '2002-02-19 13:52:00 EST'. However,
this functionality goes above and beyond the SQL standard.
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Interval Conversions

An interval is composed of one or more datetime elements. For example, you might
choose to express an interval in terms of years and months, or you might choose to
speak in terms of hours and minutes. Table 10-2 lists the standard names for each of
the datetime elements used to express intervals. These are the names you must use in
conjunction with the conversion functions and expressions described in the subsections
that follow. The names are not case sensitive when used with the interval conversion
functions. For example, YEAR, Year, and year are all equivalent.

Table 10-2. Interval element names

Name  Description

YEAR  Some number of years, ranging from 1 through 999,999,999
MONTH ~ Some number of months, ranging from 0 through 11

DAY Some number of days, ranging from 0 to 999,999,999

HOUR  Some number of hours, ranging from 0 through 23

MINUTE  Some number of minutes, ranging from 0 through 59

SECOND  Some number of seconds, ranging from 0 through 59.999999999

Converting from Numbers to Intervals

The NUMTOYMINTERVAL and NUMTODSINTERVAL functions allow you to con-
vert a single numeric value to one of the interval datatypes. You do this by associating
your numeric value with one of the interval elements listed in Table 10-2.

The function NUMTOYMINTERVAL (pronounced “num to Y M interval”) converts a
numeric value to an interval of type INTERVAL YEAR TO MONTH. The function
NUMTODSINTERVAL (pronounced “num to D S interval”) likewise converts a nu-
meric value to an interval of type INTERVAL DAY TO SECOND.

Following is an example of NUMTOYMINTERVAL being used to convert 10.5 to an
INTERVAL YEAR TO MONTH value. The second argument, ‘Year), indicates that the
number represents some number of years.

DECLARE
y2m INTERVAL YEAR TO MONTH;

BEGIN
y2m := NUMTOYMINTERVAL (10.5,'Year');
DBMS_OUTPUT.PUT_LINE(y2m);

END;

The output is:

+10-06
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In this example, 10.5 years was converted to an interval of 10 years, 6 months. Any
fractional number of years (in this case, 0.5) will be converted to an equivalent number
of months, with the result being rounded to an integer. Thus, 10.9 years will convert to
an interval of 10 years, 10 months.

The next example converts a numeric value to an interval of type INTERVAL DAY TO
SECOND:
DECLARE
an_interval INTERVAL DAY TO SECOND;
BEGIN
an_interval := NUMTODSINTERVAL (1440, 'Minute');
DBMS_OUTPUT.PUT_LINE(an_interval);
END;

The output is:

+01 00:00:00.000000

PL/SQL procedure successfully completed.

Asyou can see, the database has automatically taken care of normalizing the input value
of 1,440 minutes to an interval value of 1 day. This is great, because now you don’t need
to do that work yourself. You can easily display any number of minutes (or seconds or
days or hours) in a normalized format that makes sense to the reader. Prior to the
introduction of the interval datatypes, you would have needed to write your own code
to translate a minute value into the correct number of days, hours, and minutes.

Converting Strings to Intervals

The NUMTO functions are fine if you are converting numeric values to intervals, but
what about character string conversions? For those, you can use TO_YMINTERVAL
and TO_DSINTERVAL, depending on whether you are converting to an INTERVAL
YEAR TO MONTH or an INTERVAL DAY TO SECOND.

TO_YMINTERVAL converts a character string value into an INTERVAL YEAR TO
MONTH value and is invoked as follows:

TO_YMINTERVAL('Y-M")

where Y represents some number of years, and M represents some number of months.
You must supply both values and separate them using a dash.

Likewise, TO_DSINTERVAL converts a character string into an INTERVAL DAY TO
SECOND value. Invoke TO_DSINTERVAL using the following format:

TO_DSINTERVAL('D HH:MI:SS.FF'")

where D is some number of days, and HH: MI:SS.FF represents hours, minutes, seconds,
and fractional seconds.
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The following example shows an invocation of each of these functions:

DECLARE

y2m INTERVAL YEAR TO MONTH;

d2s1 INTERVAL DAY TO SECOND;

d2s2 INTERVAL DAY TO SECOND;
BEGIN

y2m := TO_YMINTERVAL('40-3'); -- my age

d2s1 := TO_DSINTERVAL('10 1:02:10");

d2s2 := TO_DSINTERVAL('10 1:02:10.123'); -- fractional seconds
END;

When invoking either function, you must supply all relevant values. You cannot, for
example, invoke TO_YMINTERVAL specifying only a year, or invoke TO_DS_IN-
TERVAL leaving off the seconds. You can, however, omit the fractional seconds.

Formatting Intervals for Display

So far in this section on interval conversion, I've relied on the database’s implicit con-
version mechanism to format interval values for display. And that’s pretty much the best
that you can do. You can pass an interval to TO_CHAR, but TO_CHAR will ignore any
format mask. For example:

DECLARE
y2m INTERVAL YEAR TO MONTH;
BEGIN
y2m := INTERVAL '40-3' YEAR TO MONTH;
DBMS_OUTPUT.PUT_LINE(TO_CHAR(y2m,'YY "Years" and MM "Months"'));
END;

The output is the same as if no format mask had been specified:
+000040-03

If you're not satisfied with the default conversion of intervals to character strings, you
can use the EXTRACT function:

DECLARE
y2m INTERVAL YEAR TO MONTH;
BEGIN
y2m := INTERVAL '40-3' YEAR TO MONTH;

DBMS_OUTPUT. PUT_LINE(

EXTRACT(YEAR FROM y2m) || ' Years and '
|| EXTRACT(MONTH FROM y2m) || ' Months'
);
END;
The output is:

40 Years and 3 Months

EXTRACT is described in more detail in “CAST and EXTRACT” on page 308.
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Interval Literals

Interval literals are similar to timestamp literals and are useful when you want to embed
interval values as constants within your code. Interval literals take the following form:

INTERVAL 'character_representation' start_element TO end_element
where:

character_representation
Is the character string representation of the interval. See “Interval Conversions” on
page 304 for a description of how the two interval datatypes are represented in
character form.

start_element
Specifies the leading element in the interval.

end_element
Specifies the trailing element in the interval.

Unlike the TO_YMINTERVAL and TO_DSINTERVAL functions, interval literals allow
you to specify an interval using any sequence of datetime elements from Table 10-2.
There are only two restrictions:

» You must use a consecutive sequence of elements.

+ You cannot transition from a month to a day within the same interval.

Following are several valid examples:

DECLARE
y2ma INTERVAL YEAR TO MONTH;
y2mb INTERVAL YEAR TO MONTH;
d2sa INTERVAL DAY TO SECOND;
d2sb INTERVAL DAY TO SECOND;
BEGIN
/* Some YEAR TO MONTH examples */
y2ma := INTERVAL '40-3' YEAR TO MONTH;
y2mb := INTERVAL '40' YEAR;

/* Some DAY TO SECOND examples */
d2sa := INTERVAL '10 1:02:10.123' DAY TO SECOND;

/* Fails in Oracled9i through 11gR2 because of a bug */
-- d2sb := INTERVAL '1:02' HOUR TO MINUTE;

/* Following are two workarounds for defining intervals,
such as HOUR TO MINUTE, that represent only a portion of the
DAY TO SECOND range */

SELECT INTERVAL '1:02' HOUR TO MINUTE

INTO d2sb
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FROM dual;

d2sb := INTERVAL '1' HOUR + INTERVAL '02' MINUTE;
END;

In Oracle9i Database through Oracle Database 11g Release 2, ex-
pressions such as INTERVAL '1:02' HOUR TO MINUTE that don’t
specify a value for each possible element will work from a SQL
statement but not from a PL/SQL statement. Furthermore, you’ll get
an error about using the keyword BULK in the wrong context. This
is a bug that I hope to see fixed in a future release.

One very convenient thing that the database will do for you is to normalize interval
values. In the following example, 72 hours and 15 minutes is normalized to 3 days, 0
hours, and 15 minutes:
DECLARE
d2s INTERVAL DAY TO SECOND;
BEGIN
SELECT INTERVAL '72:15' HOUR TO MINUTE INTO d2s FROM DUAL;
DBMS_OUTPUT.PUT_LINE(d2s);
END;

The output is:
+03 00:15:00.000000
The database will normalize only the high-end value (hours, in this example) of an

interval literal. An attempt to specify an interval of 72:75 (72 hours and 75 minutes)
results in an error.

CAST and EXTRACT

CAST and EXTRACT are standard SQL functions that are sometimes useful when you
are working with datetimes. CAST made its appearance in Oracle8 Database as a mech-
anism for explicitly identifying collection types, and it was enhanced in Oracle8i Da-
tabase to enable conversion between built-in datatypes. With respect to date and time,
you can use CAST to convert datetime values to and from character strings. The EX-
TRACT function introduced in Oracle9i Database allows you to pluck an individual
datetime element from a datetime or interval value.

The CAST Function
With respect to date and time, you can use the CAST function to:

« Convert a character string to a datetime value.

« Convert a datetime value to a character string.
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« Convert one datetime type (e.g., DATE) to another (e.g., TIMESTAMP).

When used to convert datetimes to and from character strings, CAST respects the NLS
parameter settings. Check your settings by querying V$NLS_PARAMETERS, and
change them with an ALTER SESSION command. The NLS settings for datetimes are:

NLS_DATE_FORMAT
When casting to or from a DATE

NLS_TIMESTAMP_FORMAT
When casting to or from a TIMESTAMP or a TIMESTAMP WITH LOCAL TIME
ZONE

NLS_TIMESTAMP_TZ_FORMAT
When casting to or from a TIMESTAMP WITH TIME ZONE

The following example illustrates the use of CAST for each of these datetime types. The
example assumes the default values of ‘DD-MON-RR, ‘DD-MON-RR HH.MIL.SSXFF
AM, and ‘DD-MON-RR HH.MISSXFF AM TZR for NLS_DATE_FORMAT,
NLS_TIMESTAMP_FORMAT, and NLS_TIMESTAMP_TZ_FORMAT, respectively:

DECLARE
tstz TIMESTAMP WITH TIME ZONE;
string VARCHAR2(40);
tsltz TIMESTAMP WITH LOCAL TIME ZONE;
BEGIN
- convert string to datetime
tstz := CAST ('24-Feb-2009 09.00.00.00 PM US/Eastern'
AS TIMESTAMP WITH TIME ZONE);
- convert datetime back to string
string := CAST (tstz AS VARCHAR2);
tsltz := CAST ('24-Feb-2009 09.00.00.00 PM'
AS TIMESTAMP WITH LOCAL TIME ZONE);

DBMS_OUTPUT.PUT_LINE(tstz);

DBMS_OUTPUT.PUT_LINE(string);

DBMS_OUTPUT.PUT_LINE(tsltz);
END;

The output is:

24-FEB-09 09.00.00.000000 PM US/EASTERN
24-FEB-09 09.00.00.000000 PM US/EASTERN
24-FEB-09 09.00.00.000000 PM

This example generates a TIMESTAMP WITH TIME ZONE from a character string,
converts that value to a VARCHAR?, and finally converts a character string to a TIME-
STAMP WITH LOCAL TIME ZONE.

You might be asking yourself when you should use CAST. CAST does have some overlap
with the TO_DATE, TO_TIMESTAMP, and TO_TIMESTAMP_TZ functions. How-
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ever, the TO_TIMESTAMP function can take only a string as input, whereas CAST can
take a string or a DATE as input and convert it to TIMESTAMP. So, use CAST when
you have requirements that the TO_ functions can’t handle. However, when there’s a
TO_ function that will fit the need, you should use the TO_ function, as it generally
leads to more readable code.

In a SQL statement, you can specify the size of a datatype in a CAST,
as in CAST (x AS VARCHAR2(40)). However, PL/SQL does not al-
low you to specify the size of the target datatype.

The EXTRACT Function

The EXTRACT function is used to extract date components from a datetime value. Use
the following format when invoking EXTRACT:

EXTRACT (component_name, FROM {datetime | interval})

In this syntax, component name is the name of a datetime element listed in
Table 10-3. Component names are not case sensitive. Replace datetime or interval with
avalid datetime or interval value. The function’s return type depends on the component
you are extracting.

Table 10-3. Datetime component names for use with EXTRACT

Component name  Return datatype

YEAR NUMBER
MONTH NUMBER
DAY NUMBER
HOUR NUMBER
MINUTE NUMBER
SECOND NUMBER

TIMEZONE_HOUR ~ NUMBER
TIMEZONE_MINUTE  NUMBER
TIMEZONE_REGION ~ VARCHAR2
TIMEZONE_ABBR  VARCHAR2

The following example shows EXTRACT being used to check whether the current
month is November:

BEGIN
IF EXTRACT (MONTH FROM SYSDATE) = 11 THEN
DBMS_OUTPUT.PUT_LINE('It is November');
ELSE
DBMS_OUTPUT.PUT_LINE('It is not November');

310 | Chapter 10: Dates and Timestamps

www.it-ebooks.info


http://www.it-ebooks.info/

END IF;
END;

Use EXTRACT when you need to use a datetime element to control program flow, as
in this example, or when you need a datetime element as a numeric value.

Datetime Arithmetic

Datetime arithmetic in an Oracle database can be reduced to the following types of
operations:

 Adding or subtracting an interval to or from a datetime value

o Subtracting one datetime value from another in order to determine the interval
between the two values

 Adding or subtracting one interval to or from another interval

 Multiplying or dividing an interval by a numeric value

For historical reasons, because of the way in which the database has been developed
over the years, I draw a distinction between datetime arithmetic involving the DATE
type and that involving the family of TIMESTAMP and INTERVAL types.

Date Arithmetic with Intervals and Datetimes

Arithmetic with day-to-second intervals is easy when you're working with the TIME-
STAMP family of datatypes. Simply create an INTERVAL DAY TO SECOND value and
add or subtract it. For example, to add 1,500 days, 4 hours, 30 minutes, and 2 seconds
to the current date and time:

DECLARE
current_date TIMESTAMP;
result_date TIMESTAMP;
BEGIN
current_date := SYSTIMESTAMP;
result_date:= current_date + INTERVAL '1500 4:30:2' DAY TO SECOND;
DBMS_OUTPUT.PUT_LINE(result_date);
END;

Date arithmetic with year and month values is not quite as straightforward. All days
can be measured as 24 hours or 1,440 minutes or even 86,400 seconds, but not all months
have the same number of days. A month may have 28, 29, 30, or 31 days. (I'll ignore the
goofy month when the Gregorian calendar was adopted.) Because of this disparity in
the number of days in a month, simply adding one month to a date can lead to an
ambiguous resulting date. If you want to add one month to the last day of May, should
you get the last day of June or the invalid value 31 June? Well, it all depends on what
you need the dates or intervals to represent.
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The Oracle database gives you the toolkit to build either result into your programs. You
—the intelligent, clever developer—get to decide which behavior your system should
implement. If you want an end of month to translate into an end of month (31 May +
1 month = 30 June), use the function ADD_MONTHS. If you do not want the database
to alter day-of-month values, use an INTERVAL YEAR TO MONTH value. Thus
31May2008 + INTERVAL ‘1" MONTH will result in 31Jun2008, causing the database
to throw an ORA-01839: date not valid for month specified error.

Date arithmetic using INTERVAL YEAR TO MONTH values is best reserved for those
datetimes that are kept truncated to the beginning of a month, or perhaps to the 15th
of the month—it is not appropriate for end-of-month values. If you need to add or
subtract a number of months (and also years—you have the same end-of-month prob-
lem if you add one year to 29Feb2008) from a datetime that may include end-of-month
values, look instead to the function ADD_MONTHS. This function, which returns a
DATE datatype, will handle the end-of-month disparity by converting the resultant
dates to the last day of the month instead of throwing an error. For example,
ADD_MONTHS(‘31-May-2008’, 1) will return 30-Jun-2008. The resulting DATE will
not have a time zone (or subsecond granularity), so if you need these components in
your result, you will need to code some extra logic to extract and reapply these com-
ponents to the computed results. The code for this example looks like this:
DECLARE
end_of_may2008 TIMESTAMP;
next_month TIMESTAMP;
BEGIN
end_of_may2008 := TO_TIMESTAMP('31-May-2008', 'DD-Mon-YYYY');
next_month := TO_TIMESTAMP(ADD_MONTHS(end_of_may2008, 1));
DBMS_OUTPUT.PUT_LINE(next_month);
END;

The results are:
30-Jun-2008 00:00:00.000000

There is no SUBTRACT_MONTHS function, but you can call ADD_MONTHS with
negative month values. For example, use ADD_MONTHS(current_date, —1) in the
previous example to go back one month to the last day of April.

Date Arithmetic with DATE Datatypes

Date arithmetic with DATE datatypes can use INTERVAL values, or it can use numeric
values representing days and fractions thereof. For example, to add one day to the cur-
rent date and time, specify:

SYSDATE + 1
And to add four hours to the current date and time:

SYSDATE + (4/24)
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Notice here my use of 4/24 rather than 1/6. I use this approach to make it plain that I
am adding four hours to the value returned by SYSDATE. I could use 1/6, but then the
next person to maintain the code would have to figure out what was intended by 1/6.
By using 4/24,1 make my intent of adding four hours more explicit. Even more explicitly,
I can use a meaningfully named constant like this:

DECLARE
four_hours NUMBER := 4/24;
BEGIN
DBMS_OUTPUT.PUT_LINE(
'"Now + 4 hours =' || TO_CHAR (SYSDATE + four_hours));
END;

Table 10-4 shows the fractional values that you can use to represent hours, minutes, and
seconds when working with DATEs. Table 10-4 also shows some easily understandable
expressions that you can use to build those values, in case you prefer to use, say, 60/24/60
instead of 60/1440 to mean 60 minutes.

Table 10-4. Fractional values in date arithmetic

Value Expression Represents

1/24 1/24 One hour
1/1,440  1/24/60 One minute
1/86,400 1/24/60/60 One second

Use the values in Table 10-4 consistently, and your code will be easier to understand.
Onceyoulearn three denominators, it becomes trivial to recognize that 40/86,400 means
40 seconds. It’s not so easy, though, to recognize that 1/21,610 means the same thing.

Computing the Interval Between Two Datetimes

You can compute the interval between two TIMESTAMP family values by simply sub-
tracting one value from the other. The result will always be of type INTERVAL DAY TO
SECOND. For example:

DECLARE
leave_on_trip TIMESTAMP := TIMESTAMP '2005-03-22 06:11:00.00';
return_from_trip TIMESTAMP := TIMESTAMP '2005-03-25 15:50:00.00';
trip_length INTERVAL DAY TO SECOND;

BEGIN
trip_length := return_from_trip - leave_on_trip;

DBMS_OUTPUT.PUT_LINE('Length in days hours:minutes:seconds
is ' || trip_length);
END;

The output is:

Length in days hours:minutes:seconds is +03 09:39:00.000000
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Intervals can be negative or positive. A negative interval indicates that you've subtracted
a more recent date from a date further in the past, as in:

18-Jun-1961 - 15-Nov-1961 = -150

Fundamentally, the sign of the result indicates the directionality of the interval. It’s
somewhat unfortunate that there is no absolute value function that applies to intervals
in the same way that the ABS function applies to numeric values.

If you compute the interval between two DATE values, the result is a number repre-
senting how many 24-hour periods (not quite the same as days) are between the two
values. If the number is an integer, then the difference is an exact number of days. If the
number is a fractional number, then the difference includes some number of hours,
minutes, and seconds as well. For example, here is the same computation as the one I
specified previously, but this time using DATEs:
BEGIN
DBMS_OUTPUT.PUT_LINE (

TO_DATE('25-Mar-2005 3:50 pm','dd-Mon-yyyy hh:mi am')

- TO_DATE('22-Mar-2005 6:11 am','dd-Mon-yyyy hh:mi am')
);
END;

The output is:

3.40208333333333333333333333333333333333

The three days you can understand, but youre probably wondering what exactly is
represented by 0.40208333333333333333333333333333333333. Often the dates are
TRUNCed before being subtracted, or the resulting number is truncated. Correctly
translating a long decimal string into hours, minutes, and seconds is much easier using
the INTERVAL and TIMESTAMP types.

Also useful for computing intervals between two DATEs is the MONTHS_BETWEEN
function. The function’s syntax is:

FUNCTION MONTHS_BETWEEN (datel IN DATE, date2 IN DATE)
RETURN NUMBER

The following rules apply:

o If datel comes after date2, MONTHS_BETWEEN returns a positive number.
o If datel comes before date2, MONTHS_BETWEEN returns a negative number.

o Ifdatel and date2 are in the same month, MONTHS_BETWEEN returns a fraction
(a value between —1 and +1).

o If datel and date2 both fall on the last day of their respective months,
MONTHS_BETWEEN returns a whole number (no fractional component).
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o If datel and date2 are in different months, and at least one of the dates is not the
last day of the month, MONTHS_BETWEEN returns a fractional number. The
fractional component is calculated on a 31-day-month basis and also takes into
account any differences in the time component of datel and date2.

Here are some examples of uses of MONTHS_BETWEEN:

BEGIN
-- Calculate two ends of month, the first earlier than the second:
DBMS_OUTPUT.PUT_LINE(
MONTHS_BETWEEN ('31-JAN-1994', '28-FEB-1994'));

-- Calculate two ends of month, the first later than the second:
DBMS_OUTPUT.PUT_LINE(
MONTHS_BETWEEN ('31-MAR-1995', '28-FEB-1994'));

-- Calculate when both dates fall in the same month:
DBMS_OUTPUT . PUT_LINE(
MONTHS_BETWEEN ('28-FEB-1994', '15-FEB-1994'));

-- Perform months_between calculations with a fractional component:
DBMS_OUTPUT.PUT_LINE(

MONTHS_BETWEEN ('31-JAN-1994', '1-MAR-1994'));
DBMS_OUTPUT.PUT_LINE(

MONTHS_BETWEEN ('31-JAN-1994', '2-MAR-1994'));
DBMS_OUTPUT.PUT_LINE(

MONTHS_BETWEEN ('31-JAN-1994', '10-MAR-1994'));

END;

The output is:

-1
13
.4193548387096774193548387096774193548387
-1.03225806451612903225806451612903225806
-1.06451612903225806451612903225806451613
-1.32258064516129032258064516129032258065

If you think you detect a pattern here, you are right. As noted, MONTHS_BETWEEN
calculates the fractional component of the number of months by assuming that each
month has 31 days. Therefore, each additional day over a complete month counts for
1/31 of a month, and:

1 divided by 31 = .032258065 -- more or less!

According to this rule, the number of months between January 31, 1994, and February
28, 1994, is 1—a nice, clean integer. But the number of months between January 31,
1994, and March 1, 1994, has an additional .032258065 added to it. As with DATE
subtraction, the TRUNC function is often used with MONTHS_BETWEEN.
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Mixing DATEs and TIMESTAMPs

The result of a subtraction involving two TIMESTAMPs is a value of type INTERVAL
DAY TO SECOND. The result of a subtraction involving two DATEs is a numeric value.
Consequently, if you want to subtract one DATE from another and return an INTERVAL
DAY TO SECOND value, you will need to CAST your DATEs into TIMESTAMPs. For
example:

DECLARE
dtl DATE;
dt2 DATE;
d2s INTERVAL DAY(3) TO SECOND(0);
BEGIN
dt1 TO_DATE('15-Nov-1961 12:01 am','dd-Mon-yyyy hh:mi am');
dt2 := TO_DATE('18-Jun-1961 11:59 pm','dd-Mon-yyyy hh:mi am');

d2s CAST(dt1 AS TIMESTAMP) - CAST(dt2 AS TIMESTAMP);
DBMS_OUTPUT.PUT_LINE(d2s);
END;

The output is:

+149 00:02:00

If you mix DATEs and TIMESTAMPs in the same subtraction expression, PL/SQL will
implicitly cast the DATEs into TIMESTAMPs. For example:

DECLARE
dt DATE;
ts TIMESTAMP;
d2s1 INTERVAL DAY(3) TO SECOND(O);
d2s2 INTERVAL DAY(3) TO SECOND(@);
BEGIN
dt := TO_DATE('15-Nov-1961 12:01 am','dd-Mon-yyyy hh:mi am');
ts := TO_TIMESTAMP('18-Jun-1961 11:59 pm','dd-Mon-yyyy hh:mi am');

d2s1 := dt - ts;
d2s2 ts - dt;

DBMS_OUTPUT.PUT_LINE(d2s1);
DBMS_OUTPUT.PUT_LINE(d2s2);
END;

The output is:

+149 00:02:00
-149 00:02:00

As with all datetime datatypes, it’s best to use explicit casting and not rely on implicit
datatype conversions.
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Adding and Subtracting Intervals

Unlike the case with datetime values, it makes perfect sense to add one interval to an-
other. It also makes sense to subtract one interval from another. The one rule you need
to keep in mind is that whenever you add or subtract two intervals, they must be of the
same type. For example:

DECLARE
dts1l INTERVAL DAY TO SECOND := '2 3:4:5.6';
dts2 INTERVAL DAY TO SECOND := '1 1:1:1.1';
ytml INTERVAL YEAR TO MONTH := '2-10';
ytm2 INTERVAL YEAR TO MONTH := '1-1';

days1l NUMBER := 3;
days2 NUMBER := 1;
BEGIN
DBMS_OUTPUT.PUT_LINE(dtsl - dts2);
DBMS_OUTPUT.PUT_LINE(ytml - ytm2);
DBMS_OUTPUT.PUT_LINE(daysl - days2);
END;

The output is:

+000000001 02:03:04.500000000
+000000001-09
2

This example shows the results of three interval subtractions. The first two involve
INTERVAL DAY TO SECOND and INTERVAL YEAR TO MONTH. The third shows
the subtraction of two numbers. Remember: when youre working with DATE types,
the interval between two DATE values is expressed asa NUMBER. Because months can
have 28, 29, 30, or 31 days, if you add or subtract a day-to-second interval to or from a
year-to-month interval, the database will raise an ORA-30081: invalid datatype for da-
tetime/interval arithmetic exception.

Multiplying and Dividing Intervals

Multiplication and division have no application to dates, but you can multiplyan interval
by a number and divide an interval by a number. Here are some examples:

DECLARE
dts1l INTERVAL DAY TO SECOND := '2 3:4:5.6';
dts2 INTERVAL YEAR TO MONTH := '2-10';
dts3 NUMBER := 3;

BEGIN
-- Show some interval multiplication
DBMS_OUTPUT.PUT_LINE(dts1 * 2);
DBMS_OUTPUT.PUT_LINE(dts2 * 2);
DBMS_OUTPUT.PUT_LINE(dts3 * 2);
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-- Show some interval division

DBMS_OUTPUT.PUT_LINE(dts1 / 2);

DBMS_OUTPUT.PUT_LINE(dts2 / 2);

DBMS_OUTPUT.PUT_LINE(dts3 / 2);
END;

The output is:

+000000004 06:08:11.200000000
+000000005-08

6

+000000001 01:32:02.800000000
+000000001-05

1.5

Using Unconstrained INTERVAL Types

Intervals can be declared with varying levels of precision, and values of different pre-
cisions are not entirely compatible with one another. This becomes especially prob-
lematic when you are writing procedures and functions that accept INTERVAL values
as parameters. The following example should help you to visualize the problem. Notice
the loss of precision when the value of dts is doubled via a call to the function dou-
ble_my_interval:

DECLARE
dts INTERVAL DAY(9) TO SECOND(9);

FUNCTION double_my_interval (
dts_in IN INTERVAL DAY TO SECOND) RETURN INTERVAL DAY TO SECOND

IS
BEGIN
RETURN dts_in * 2;
END;
BEGIN
dts := '1 0:0:0.123456789"';

DBMS_OUTPUT.PUT_LINE(dts);
DBMS_OUTPUT.PUT_LINE(double_my_interval(dts));
END;

The output is:

+000000001 00:00:00.123456789
+02 00:00:00.246914

Not only have I lost digits in my fractional seconds, but I've also lost digits where the
number of days is concerned. Had dts been assigned a value of 100 days or more, the
call to double_my_interval would have failed with an ORA-01873: the leading precision
of the interval is too small error.

The issue here is that the default precision for INTERVAL types is not the same as the
maximum precision. Usually, the calling program supplies the precision for parameters
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to a PL/SQL program, but with INTERVAL datatypes, the default precision of 2 is used.
To work around this problem, I can use an explicitly unconstrained INTERVAL data-

type:
YMINTERVAL_UNCONSTRAINED
Accepts any INTERVAL YEAR TO MONTH value with no loss of precision

DSINTERVAL_UNCONSTRAINED
Accepts any INTERVAL DAY TO SECOND value with no loss of precision

Using the DSINTERVAL_UNCONSTRAINED type, I can recode my earlier example
as follows:

DECLARE
dts INTERVAL DAY(9) TO SECOND(9);

FUNCTION double_my_interval (
dts_in IN DSINTERVAL_UNCONSTRAINED) RETURN DSINTERVAL_UNCONSTRAINED

IS
BEGIN
RETURN dts_in * 2;
END;
BEGIN
dts := '100 0:0:0.123456789";

DBMS_OUTPUT.PUT_LINE(dts);
DBMS_OUTPUT.PUT_LINE(double_my_interval(dts));
END;

The output is:

+000000100 00:00:00.123456789
+000000200 00:00:00.246913578

Notice that I used DSINTERVAL_UNCONSTRAINED twice: once to specify the type
of the formal parameter to double_my_interval, and once to specify the function’s return
type. As a result, I can now invoke the function on any INTERVAL DAY TO SECOND
value with no loss of precision or ORA-01873 errors.

Date/Time Function Quick Reference

Oracle implements a number of functions that are useful for working with datetime
values. You've seen many of them used earlier in this chapter. I don’t document them
all here, but I do provide a list in Table 10-5 to help you become familiar with what’s
available. I encourage you to refer to Oracle’s SQL Reference manual and read up on
those functions that interest you.
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Avoid using Oracle’s traditional date functions with the new TIME-
STAMP types. Instead, use the new INTERVAL functionality when-
ever possible. Use date functions only with DATE values.

Many of the functions in Table 10-5 accept DATE values as inputs. ADD_MONTHS is
an example of one such function. You must be careful when you consider using such
functions to operate on any of the new TIMESTAMP datatypes. While you can pass a
TIMESTAMP value to one of these functions, the database implicitly and silently con-
verts that value to a DATE. Only then does the function perform its operation. For
example:
DECLARE
ts TIMESTAMP WITH TIME ZONE;

BEGIN
ts := SYSTIMESTAMP;

-- Notice that ts now specifies fractional seconds
-- AND a time zone.
DBMS_OUTPUT.PUT_LINE(ts);

-- Modify ts using one of the built-in date functions.
ts := LAST_DAY(ts);

-- We've now LOST our fractional seconds, and the
-- time zone has changed to our session time zone.
DBMS_OUTPUT.PUT_LINE(ts);

END;

The output is:

13-MAR-05 04.27.23.163826 PM -08:00
31-MAR-05 04.27.23.000000 PM -05:00

In this example, the variable ts contained a TIMESTAMP WITH TIME ZONE value.
That value was implicitly converted into a DATE when it was passed to LAST_DAY.
Because DATEs hold neither fractional seconds nor time zone offsets, those parts of ts’s
value were silently discarded. The result of LAST_DAY was assigned back to ts, causing
a second implicit conversion, this time from DATE to TIMESTAMP WITH TIME
ZONE. This second conversion picked up the session time zone, and that’s why you see
—05:00 as the time zone offset in the final value.

This behavior is critical to understand! It’s critical to avoid, too. I'm sure you can imagine
the kind of subtle program errors that can be induced by careless application of DATE
functions to TIMESTAMP values. Frankly, I can’t imagine why Oracle did not overload
the built-in DATE functions so that they also worked properly for TIMESTAMPs. Be
careful!
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Table 10-5. Built-in datetime functions

Name Description

ADD_MONTHS Returns a DATE containing the specified DATE incremented by the specified number of months. See the
section “Adding and Subtracting Intervals” on page 317.

CAST Converts between datatypes—for example, between DATE and the various TIMESTAMP datatypes. See
the section “CAST and EXTRACT” on page 308.

CURRENT_DATE Returns a DATE containing the current date and time in the session time zone.

CURRENT_TIMESTAMP  Returns a TIMESTAMP WITH TIME ZONE containing the current date and time in the session time zone.

DBTIMEZONE Returns the time zone offset (from UTC) of the database time zone in the form of a character string (e.qg.,
'~05:00). The database time zone is only used with TIMESTAMP WITH LOCAL TIME ZONE datatypes.

EXTRACT Returns a NUMBER or VARCHAR2 containing the specific datetime element, such as hour, year, or
timezone_abbr. See the section “CAST and EXTRACT” on page 308.

FROM_TZ Converts a TIMESTAMP and time zone to a TIMESTAMP WITH TIME ZONE.

LAST_DAY Returns a DATE containing the last day of the month for the specified DATE.

LOCALTIMESTAMP Returns the current date and time as a TIMESTAMP value in the local time zone.

MONTHS_ BETWEEN  Returns a NUMBER containing the number of months between two DATEs. See the section “Computing
the Interval Between Two Datetimes” on page 313 for an example.

NEW_TIME Shifts a DATE value from one time zone to another. This functionality exists to support legacy code. For
any new applications, use the TIMESTAMP WITH TIME ZONE or TIMESTAMP WITH LOCAL TIME ZONE types.

NEXT_DAY Returns the DATE of the first weekday specified that is later than a specified DATE.

NUMTODSINTERVAL ~ Converts a number of days, hours, minutes, or seconds (your choice) to a value of type INTERVAL DAY
TO SECOND.

NUMTOYMINTERAL Converts a number of years or months (your choice) to a value of type INTERVAL YEAR TO MONTH.

ROUND Returns a DATE rounded to a specified level of granularity.

SESSIONTIMEZONE Returns a VARCHAR2 containing the time zone offset (from UTC) of the session time zone in the form
of a character string (e.g., ‘~05:00).

SYS_EXTRACT_UTC Converts a TIMESTAMP WITH TIME ZONE value to a TIMESTAMP having the same date and time, but
normalized to UTC.

SYSDATE Returns the current date and time from the database server as a DATE value.

SYSTIMESTAMP Returns the current date and time from the database server as a TIMESTAMP WITH TIME ZONE value.

TO_CHAR Converts datetime values to their character string representations. See the section “Datetime
Conversions” on page 289.

TO_DATE Converts a character string to a value of type DATE. See the section “Datetime Conversions” on page 289.

TO_DSINTERVAL Converts a character string to a value of INTERVAL DAY TO SECOND. See the section “Interval Conversions”
on page 304.

TO_TIMESTAMP Converts a character string to a value of type TIMESTAMP. See the section “Datetime Conversions” on
page 289.

TO_TIMESTAMP_TZ Converts a character string to a value of type TIMESTAMP WITH TIME ZONE. See the section “Datetime
Conversions” on page 289.
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Name Description

TO_YMINTERVAL Converts a character string to a value of INTERVAL YEAR TO MONTH. See the section “Interval Conversions”

on page 304.
TRUNC Truncates a DATE or TIMESTAMP value to a specified level of granularity, returning a DATE datatype.
TZ_OFFSET Returns a VARCHAR2 containing the time zone offset from UTC (e.g., ‘—05:00") for a given time zone

name, abbreviation, or offset.
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CHAPTER 11
Records

A record is a composite data structure, which means that it is composed of more than
one element or component, each with its own value. Records in PL/SQL programs are
very similar in concept and structure to the rows of a database table. The record as a
whole does not have a value of its own; instead, each individual component or field has
a value, and the record gives you a way to store and access these values as a group.
Records can greatly simplify your life as a programmer, allowing you to write and man-
age your code more efficiently by shifting from field-level declarations and manipula-
tion to record-level operations.

Records in PL/SQL

Each row in a table has one or more columns of various datatypes. Similarly, a record
is composed of one or more fields. There are three different ways to define a record, but
once defined, the same rules apply for referencing and changing fields in a record.

The following block demonstrates the declaration of a record that is based directly on
an underlying database table. Suppose that I have defined a table to keep track of my
favorite books:

CREATE TABLE books (

book_id INTEGER,
isbn VARCHAR2(13),
title VARCHAR2(200),
summary VARCHAR2(2000),
author VARCHAR2(200),
date_published DATE,
page_count NUMBER

);

I can then easily create a record based on this table, populate it with a query from the
database, and then access the individual columns through the record’s fields:
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DECLARE
my_book books%ROWTYPE;
BEGIN
SELECT *
INTO my_book
FROM books
WHERE title = 'Oracle PL/SQL Programming, 6th Edition';

IF my_book.author LIKE '%Feuerstein%'
THEN
DBMS_OUTPUT.put_line ('Our newest ISBN is ' || my_book.isbn);
END IF;
END;

I can also define my own record type and use that as the basis for declaring records.
Suppose, for example, that I want to work only with the author and title of a book. Rather
than use %ROWTYPE to declare my record, I will instead create a record type:

DECLARE
TYPE author_title_rt IS RECORD (
author books.author%TYPE
,title books.title%TYPE
);
1_book_info author_title_rt;
BEGIN
SELECT author, title INTO 1_book_info
FROM books WHERE isbn = '978-1-449-32445-2';

Let’s take a look at some of the benefits of using records. Then I'll examine in more detail
the different ways to define a record, and finish up with examples of using records in
my programs.

Benefits of Using Records

The record data structure provides a high-level way of addressing and manipulating
data defined inside PL/SQL programs (as opposed to stored in database tables). This
approach offers several benetfits, described in the following sections.

Data abstraction

When you abstract something, you generalize it, distancing yourself from the nitty-
gritty details and concentrating on the big picture. When you create a module, you
abstract the individual actions of the module into a name. The name (and program
specification) represents those actions.

When you create a record, you abstract all the different attributes or fields of the subject
of that record. You establish a relationship between those different attributes and give
that relationship a name by defining a record.
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Aggregate operations

Once you have stored information in records, you can perform operations on whole
blocks of data at a time, rather than on each individual attribute. This kind of aggregate
operation reinforces the abstraction of the record. Very often, you are not really inter-
ested in making changes to individual components of a record, but instead to the object
that represents all of those different components.

Suppose that in my job I need to work with companies. I don’t really care about whether
a company has two lines of address information or three; instead, I want to work at the
level of the company itself, making changes to, deleting, or analyzing its status. In all of
these cases I am talking about a whole row in the database, not any specific column.
The company record hides all that information from me, yet makes it accessible if and
when I need it.

This orientation brings you closer to viewing your data as a collection of objects, with
rules applied to those objects.

Leaner, cleaner code

Using records also helps you to write cleaner code, and less of it. When I use records, I
invariably produce programs that have fewer lines of code, are less vulnerable to change,
and need fewer comments. Records also cut down on variable sprawl; instead of de-
claring many individual variables, I declare a single record. This lack of clutter creates
aesthetically attractive code that requires fewer resources to maintain.

Use of PL/SQL records can have a dramatic, positive impact on your programs, both in
initial development and in ongoing maintenance. To ensure that I get the most out of
record structures, I have set the following guidelines for my code development:

Create corresponding cursors and records
Whenever I create a cursor in my programs, I also create a corresponding record
(except in the case of cursor FOR loops). I always FETCH into a record, rather than
into individual variables. In those few instances when this involves a little extra
work, I marvel at the elegance of the approach and compliment myself on my com-
mitment to principle. And starting with Oracle9i Database Release 2,1 can even use
records with DML statements!

Create table-based records
Whenever I need to store table-based data within my programs, I create a new (or
use a predefined) table-based record to store that data. That way, I only have to
declare a single variable. Even better, the structure of that record will automatically
adapt to changes in the table with each compilation.
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Pass records as parameters
Whenever appropriate, I pass records rather than individual variables as parameters
in my procedural interfaces. This way, my procedure calls are less likely to change
over time, making my code more stable.

Cursors are discussed in more detail in Chapter 15. They are, however, used so com-
monly with records that they appear in many of this chapter’s examples.

Declaring Records

You can declare a record in one of three ways:

Table-based record
Use the % ROWTYPE attribute with a table name to declare a record in which each
field corresponds to—and has the same name as—a column in a table. In the fol-

lowing example, I declare a record named one_book with the same structure as the
books table:

DECLARE
one_book books%ROWTYPE;

Cursor-based record
Use the %ROWTYPE attribute with an explicit cursor or cursor variable in which
each field corresponds to a column or aliased expression in the cursor SELECT
statement. In the following example, I declare a record with the same structure as
an explicit cursor:

DECLARE
CURSOR my_books_cur IS
SELECT * FROM books
WHERE author LIKE '%FEUERSTEIN%';

one_SF_book my_books_cur%ROWTYPE;

Programmer-defined record
Use the TYPE...RECORD statement to define a record in which each field is defined
explicitly (with its name and datatype) in the TYPE statement for that record; a
field in a programmer-defined record can even be another record. In the following
example, I declare a record TYPE containing some information about my book-
writing career and an “instance” of that type, a record:
DECLARE
TYPE book_info_rt IS RECORD (
author books.author%TYPE,

category VARCHAR2(100),
total_page_count POSITIVE);

steven_as_author book_info_rt;
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Notice that when I declare a record based on a record TYPE, I do not use the
%ROWTYPE attribute. The book_info_rt element already is a TYPE.

The general format of the % ROWTYPE declaration is:

record_name [schema_name.]object_name%ROWTYPE
[ DEFAULT|:= compatible_record ];

The schema_name is optional (if not specified, then the schema under which the code
is compiled is used to resolve the reference). The object_name can be an explicit cursor,
cursor variable, table, view, or synonym. You can provide an optional default value,
which would be a record of the same or a compatible type.

Here is an example of the creation of a record based on a cursor variable:

DECLARE
TYPE book_rc IS REF CURSOR RETURN books%ROWTYPE;
book_cv book_rc;

one_book book_cVv%ROWTYPE;
BEGIN

The other way to declare and use a record is to do so implicitly, with a cursor FOR loop.
In the following block, the book_rec record is not defined in the declaration section;
PL/SQL automatically declares it for me with the %ROWTYPE attribute against the
loop’s query:

BEGIN
FOR book_rec IN (SELECT * FROM books)
LOOP
calculate_total_sales (book_rec);
END LOOP;
END;

By far the most interesting and complicated way to declare a record is with the TYPE
statement, so let’s explore that feature in a bit more detail.

Programmer-Defined Records

Table- and cursor-based records are great when you need to create program data match-
ing those structures. Yet do these kinds of records cover all of our needs for composite
data structures? What if I want to create a record that has nothing to do with either a
table or a cursor? What if I want to create a record whose structure is derived from
several different tables and views? Should I really have to create a “dummy” cursor just
so I can end up with a record of the desired structure? For just these kinds of situations,
PL/SQL offers programmer-defined records, declared with the TYPE..RECORD state-
ment.
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With the programmer-defined record, you have complete control over the number,
names, and datatypes of fields in the record. To declare a programmer-defined record,
you must perform two distinct steps:

1. Declare or define a record TYPE containing the structure you want in your record.

2. Usethisrecord TYPE as the basis for declarations of your own actual records having
that structure.

Declaring programmer-defined record TYPEs

You declare a record type with the TYPE statement. The TYPE statement specifies the
name of the new record structure, and the components or fields that make up that
record. The general syntax of the record TYPE definition is:

TYPE type_name IS RECORD

(field_namel datatypel [[NOT NULL]:=|DEFAULT default_value],
field_name2 datatype2 [[NOT NULL]:=|DEFAULT default_value],

field_nameN datatypeN [[NOT NULL]:=|DEFAULT default_value]
);

where field nameN is the name of the Nth field in the record, and datatypeN is the
datatype of that Nth field. The datatype of a record’s field can be any of the following:

o A hardcoded scalar datatype (VARCHAR2, NUMBER, etc.).
o A programmer-defined SUBTYPE.

» An anchored declaration using %TYPE or %ROWTYPE attributes. In the latter
case, I have created a nested record—one record inside another.

« A PL/SQL collection type; a field in a record can be a list or even a collection.
o A REF CURSOR, in which case the field contains a cursor variable.

Here is an example of a record TYPE statement:

TYPE company_rectype IS RECORD (
comp# company.company_1d%TYPE
, list_of_names DBMS_SQL.VARCHAR2S
, dataset SYS_REFCURSOR
);
You can declare a record TYPE in a local declaration section or in a package specifica-
tion; the latter approach allows you to globally reference that record type in any PL/SQL

block compiled in the schema that owns the package or in the PL/SQL blocks of any
schema that has EXECUTE privileges on the package.
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Declaring the record

Once you have created your own customized record types, you can use those types in
declarations of specific records. The actual record declarations have the following for-
mat:

record_name record_type;

where record_name is the name of the record, and record_type is the name of a record
type that you have defined with the TYPE.. RECORD statement.

To build a customer sales record, for example, I first define a record type called cus-
tomer_sales_rectype, as follows:

PACKAGE customer_sales_pkg
IS
TYPE customer_sales_rectype IS RECORD
(customer_id  customer.customer_id%TYPE,
customer_name customer. name%TYPE,
total_sales NUMBER (15,2)
);
This is a three-field record structure that contains the primary key and name informa-
tion for a customer, as well as a calculated, total amount of sales for the customer. I can
then use this new record type to declare records with the same structure as this type:
DECLARE

prev_customer_sales_rec customer_sales_pkg.customer_sales_rectype;
top_customer_rec customer_sales_pkg.customer_sales_rectype;

Notice that I do not need the %9 ROWTYPE attribute, or any other kind of keyword, to
denote this as a record declaration. The %ROWTYPE attribute is needed only for table
and cursor records.

You can also pass records based on these types as arguments to procedures; simply use
the record type as the type of the formal parameter, as shown here:

PROCEDURE analyze_cust_sales (
sales_rec_in IN customer_sales_pkg.customer_sales_rectype)

In addition to specifying the datatype, you can supply default values for individual fields
in a record with the DEFAULT or := syntax. Finally, each field name within a record
must be unique.

Examples of programmer-defined record declarations

Suppose that I declare the following subtype, a cursor, and an associative array data
structure:'

1. Associative array is the latest name for what used to be called a “PL/SQL table” or an “index-by table,” as
explained in detail in Chapter 12.
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SUBTYPE long_line_type IS VARCHAR2(2000);

CURSOR company_sales_cur IS
SELECT name, SUM (order_amount) total_sales
FROM company c, orders o
WHERE c.company_1id = o.company_1id;

TYPE employee_1ids_tabletype IS
TABLE OF employees.employee_id%TYPE
INDEX BY BINARY_INTEGER;

I can then define the following types of programmer-defined record in that same dec-
laration section:

o A programmer-defined record that is a subset of the company table, plus a PL/SQL
table of employees. I use the %TYPE attribute to link the fields in the record directly
to the table. I then add a third field, which is actually an associative array of employee
ID numbers:

TYPE company_rectype IS RECORD
(company_1id company .company_1id%TYPE,

company_name company.name%TYPE,
new_hires_tab employee_1ids_tabletype);

o A mish-mash of a record that demonstrates the different kinds of field declarations
in a record, including the NOT NULL constraint, the use of a subtype, the %TYPE
attribute, a default value specification, an associative array, and a nested record.
These varieties are shown here:

TYPE mishmash_rectype IS RECORD
(emp_number NUMBER(10) NOT NULL := 0,
paragraph_text long_line_type,
company_nm company.name%TYPE,
total_sales company_sales.total_sales%TYPE := 0,
new_hires_tab employee_ids_tabletype,
prefers_nonsmoking_fl BOOLEAN := FALSE,
new_company_rec company_rectype

)5

As you can see, PL/SQL offers tremendous flexibility in designing your own record
structures. Your records can represent tables, views, and SELECT statements in a
PL/SQL program. They can also be arbitrarily complex, with fields that are actually
records within records or associative arrays.

Working with Records

Regardless of how you define a record (based on a table, cursor, or explicit record TYPE
statement), you work with the resulting record in the same ways. You can work with the
datain arecord at the “record level,” or you can work with individual fields of the record.
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Record-level operations

When you work at the record level, you avoid any references to individual fields in the
record. Here are the record-level operations currently supported by PL/SQL:

 You can copy the contents of one record to another, as long as they are defined
based on the same user-defined record types or compatible % ROWTYPE records
(they have the same number of fields and the same or implicitly convertible data-

types).
« You can assign a value of NULL to a record with a simple assignment.
 You can define and pass the record as an argument in a parameter list.

+ You can RETURN a record back through the interface of a function.
Several record-level operations are not yet supported:

 You cannot use the IS NULL syntax to see if all fields in the record have NULL
values. Instead, you must apply the IS NULL operator to each field individually.

« You cannot compare two records—for example, you cannot ask if the records (i.e.,
the values of their fields) are the same or different, or if one record is greater than
or less than another. Unfortunately, to answer these kinds of questions, you must
compare each field individually. I cover this topic and provide a utility that generates
such comparison code in “Comparing Records” on page 337.

o Prior to Oracle9i Database Release 2, you could not insert into a database table with
arecord. Instead, you had to pass each individual field of the record for the appro-
priate column. For more information on record-based DML, see Chapter 14.

You can perform record-level operations on any records with compatible structures. In
other words, the records must have the same number of fields and the same or conver-
tible datatypes, but they don’t have to be the same type. Suppose that I have created the
following table:

CREATE TABLE cust_sales_roundup (
customer_1id NUMBER (5),
customer_name VARCHAR2 (100),
total_sales NUMBER (15,2)

)

Then the three records defined as follows all have compatible structures, and I can “mix
and match” the data in these records as shown:

DECLARE
cust_sales_roundup_rec cust_sales_roundup%ROWTYPE;

CURSOR cust_sales_cur IS SELECT * FROM cust_sales_roundup;
cust_sales_rec cust_sales_cur%ROWTYPE;
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TYPE customer_sales_rectype IS RECORD
(customer_1id NUMBER(5),
customer_name customer.name%TYPE,
total_sales NUMBER(15,2)
);
preferred_cust_rec customer_sales_rectype;
BEGIN
-- Assign one record to another.
cust_sales_roundup_rec := cust_sales_rec;
preferred_cust_rec := cust_sales_rec;
END;

Let’s look at some other examples of record-level operations:

« In this example, I'll assign a default value to a record. You can initialize a record at
the time of declaration by assigning it another compatible record. In the following
program, I assign an IN argument record to a local variable. I might do this so that
I can modify the values of fields in the record:

PROCEDURE compare_companies

(prev_company_rec IN company%ROWTYPE)
IS

curr_company_rec company%ROWTYPE := prev_company_rec;
BEGIN

END;

o In this next initialization example, I create a new record type and record. I then
create a second record type using the first record type as its single column. Finally,
I initialize this new record with the previously defined record:
DECLARE
TYPE first_rectype IS RECORD (varl VARCHAR2(100) := 'WHY NOT');
first_rec first_rectype;
TYPE second_rectype IS RECORD (nested_rec first_rectype := first_rec);
BEGIN

END;

o I can also perform assignments within the execution section, as you might expect.
In the following example I declare two different rain_forest_history records and
then set the current history information to the previous history record:

DECLARE
prev_rain_forest_rec rain_forest_history%ROWTYPE;
curr_rain_forest_rec rain_forest_history%ROWTYPE;
BEGIN
. initialize previous year rain forest data ...

-- Transfer data from previous to current records.
curr_rain_forest_rec := prev_rain_forest_rec;
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o The result of this aggregate assignment is that the value of each field in the current
record is set to the value of the corresponding field in the previous record. I could
also have accomplished this with individual direct assignments from the previous
to current records. This would have required multiple distinct assignments and lots
of typing; whenever possible, use record-level operations to save time and make
your code less vulnerable to change.

« I can move data directly from a row in a table to a record in a program by fetching
directly into a record. Here are two examples:

DECLARE
/*
|| Declare a cursor and then define a record based on that cursor
|| with the %ROWTYPE attribute.
*/
CURSOR cust_sales_cur IS
SELECT customer_1id, customer_name, SUM (total_sales) tot_sales
FROM cust_sales_roundup
WHERE sold_on < ADD_MONTHS (SYSDATE, -3)
GROUP BY customer_1id, customer_name;
cust_sales_rec cust_sales_cur%ROWTYPE;
BEGIN
/* Move values directly into record by fetching from cursor */

OPEN cust_sales_cur;
FETCH cust_sales_cur INTO cust_sales_rec;
CLOSE cust_sales_cur;

In this next block, I declare a programmer-defined TYPE that matches the data
retrieved by the implicit cursor. Then I SELECT directly into a record based on that

type:
DECLARE
TYPE customer_sales_rectype IS RECORD
(customer_id  customer.customer_id%TYPE,
customer_name customer.name%TYPE,
total_sales  NUMBER (15,2)
);
top_customer_rec customer_sales_rectype;
BEGIN

/* Move values directly into the record: */

SELECT customer_id, customer_name, SUM (total_sales)
INTO top_customer_rec
FROM cust_sales_roundup

WHERE sold_on < ADD_MONTHS (SYSDATE, -3)
GROUP BY customer_id, customer_name;

o I can setall fields of a record to NULL with a direct assignment:

/* File on web: record_assign_null.sql */
FUNCTION dept_for_name (
department_name_in IN departments.department_name%TYPE

)
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RETURN departments%ROWTYPE
IS
1_return  departments%ROWTYPE;

FUNCTION is_secret_department (
department_name_1in IN departments.department_name%TYPE
)
RETURN BOOLEAN
IS
BEGIN
RETURN CASE department_name_1in
WHEN 'VICE PRESIDENT' THEN TRUE
ELSE FALSE
END;
END is_secret_department;
BEGIN
SELECT *
INTO 1_return
FROM departments
WHERE department_name = department_name_1in;

IF is_secret_department (department_name_in)
THEN

1_return := NULL;
END IF;

RETURN 1_return;
END dept_for_name;

Whenever possible, try to work with records at the aggregate level—the record as a
whole, not individual fields. The resulting code is much easier to write and maintain.
There are, of course, many situations in which you need to manipulate individual fields
of a record, though. Let’s take a look at how you would do that.

Field-level operations

When you need to access a field within a record (to either read or change its value), you
must use dot notation, just as you would when identifying a column from a specific
database table. The syntax for such a reference is:

[[ schema_name.]package_name.]record_name.field_name

You need to provide a package name only if the record is defined in the specification of
a package that is different from the one you are working on at that moment. You need
to provide a schema name only if the package is owned by a schema different from that
in which you are compiling your code.

Once you have used dot notation to identify a particular field, all the normal rules in
PL/SQL apply as to how you can reference and change the value of that field. Let’s take
a look at some examples.
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The assignment operator (:=) changes the value of a particular field. In the first assign-
ment, total_sales is zeroed out. In the second assignment, a function is called to return
a value for the Boolean flag output_generated (it is set to TRUE, FALSE, or NULL):

BEGIN

top_customer_rec.total_sales := 0;

report_rec.output_generated := check_report_status (report_rec.report_1id);
END;

In the next example I create a record based on the rain_forest_history table, populate
it with values, and then insert a record into that same table:

DECLARE
rain_forest_rec rain_forest_history%ROWTYPE;

BEGIN
/* Set values for the record */
rain_forest_rec.country_code := 1005;
rain_forest_rec.analysis_date := ADD_MONTHS (TRUNC (SYSDATE), -3);
rain_forest_rec.size_in_acres := 32;

rain_forest_rec.species_lost 425;

/* Insert a row in the table using the record values */
INSERT INTO rain_forest_history
(country_code, analysis_date, size_in_acres, species_lost)

VALUES

(rain_forest_rec.country_code,

rain_forest_rec.analysis_date,

rain_forest_rec.size_in_acres,

rain_forest_rec.species_lost);

END;

Notice that because the analysis_date field is of type DATE, I can assign any valid DATE
expression to that field. The same goes for the other fields, and this is even true for more
complex structures.

Starting with Oracle9i Database Release 2, you can also perform a record-level insert,
simplifying the preceding INSERT statement into nothing more than this:

INSERT INTO rain_forest_history
VALUES rain_forest_rec;

Record-level DML (for both inserts and updates) is covered fully in Chapter 14.

Field-level operations with nested records

Suppose that I have created a nested record structure; that is, one of the fields in my
“outer” record is actually another record. In the following example I declare a record
TYPE for all the elements of a telephone number (phone_rectype), and then declare a
record TYPE that collects all the phone numbers for a person together in a single struc-
ture (contact_set_rectype):
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DECLARE
TYPE phone_rectype IS RECORD
(intl_prefix  VARCHAR2(2),
area_code VARCHAR2(3),

exchange VARCHAR2(3),
phn_number VARCHAR2(4),
extension VARCHAR2(4)
);

-- Each field is a nested record...

TYPE contact_set_rectype IS RECORD
(day_phone# phone_rectype,
eve_phonet phone_rectype,
fax_phone# phone_rectype,
home_phone#  phone_rectype,
cell_phone# phone_rectype
);

auth_rep_1info_rec contact_set_rectype;
BEGIN

Although I still use the dot notation to refer to a field with nested records, now I might
have to refer to a field that is nested several layers deep inside the structure. To do this
I must include an extra dot for each nested record structure, as shown in the following
assignment, which sets the fax phone number’s area code to the home phone number’s
area code:

auth_rep_info_rec.fax_phone#.area_code :=
auth_rep_1info_rec.home_phone#.area_code;

Field-level operations with package-based records

Finally, here is an example demonstrating references to packaged records (and package-
based record TYPEs). Suppose that I want to plan out my summer reading (for all those
days I will be lounging about in the sand outside my Caribbean hideaway). I create a
package specification as follows:

CREATE OR REPLACE PACKAGE summer
IS
TYPE reading_list_rt IS RECORD (
favorite_author VARCHARZ2 (100),
title VARCHAR2 (100),
finish_by DATE);

must_read reading_list_rt;
wifes_favorite reading_list_rt;
END summer;

CREATE OR REPLACE PACKAGE BODY summer

IS

BEGIN -- Initialization section of package
must_read.favorite_author := 'Tepper, Sheri S.';
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must_read.title := 'Gate to Women''s Country';
END summer;

With this package compiled in the database, I can then construct my reading list as
follows:
DECLARE

first_book summer.reading_list_rt;
second_book summer.reading_list_rt;

BEGIN
summer.must_read.finish_by := TO_DATE ('01-AUG-2009', 'DD-MON-YYYY');
first_book := summer.must_read;
second_book.favorite_author := 'Hobb, Robin';
second_book.title := 'Assassin''s Apprentice';
second_book.finish_by := TO_DATE ('01-SEP-2009', 'DD-MON-YYYY');
END;

I declare two local book records. I then assign a “finish by” date to the packaged must-
read book (notice the package.record.field syntax) and assign that packaged record to
my first book of the summer record. I then assign values to individual fields for the
second book of the summer.

Note that when you work with the UTL_FILE built-in package for file I/O in PL/SQL,
you follow these same rules. The UTL_FILE.FILE_TYPE datatype is actually a record
TYPE definition. So when you declare a file handle, you are really declaring a record of
a package-based TYPE:

DECLARE
my_file_id UTL_FILE.FILE_TYPE;

Comparing Records

How can you check to see if two records are equal (i.e., that each corresponding field
contains the same value)? It would be wonderful if PL/SQL would allow you to perform
a direct comparison, as in:

DECLARE
first_book summer.reading_list_rt := summer.must_read;
second_book summer.reading_list_rt := summer.wifes_favorite;
BEGIN
IF first_book = second_book /* THIS IS NOT SUPPORTED! */
THEN
lots_to_talk_about;
END IF;
END;

Unfortunately, you cannot do that. Instead, to test for record equality, you must write
code that compares each field individually. If a record doesn’t have many fields, this isn’t
too cumbersome. For the reading list record, you would write something like this:
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DECLARE

first_book summer.reading_list_rt := summer.must_read;
second_book summer.reading_list_rt := summer.wifes_favorite;
BEGIN

IF first_book.favorite_author = second_book.favorite_author
AND first_book.title = second_book.title
AND first_book.finish_by = second_book.finish_by
THEN
lots_to_talk_about;
END IF;
END;

There is one complication to keep in mind. If your requirements indicate that two NULL
records are equal (equally NULL), you will have to modify each comparison to some-
thing like this:

(first_book.favorite_author = second_book.favorite_author

OR( first_book.favorite_author IS NULL AND
second_book.favorite_author IS NULL))

Any way you look at it, this is pretty tedious coding. Wouldn't it be great if you could
generate code to do this for you? In fact, it's not all that difficult to do precisely that—
atleast if the records you want to compare are defined with % ROWTYPE against a table
or view. In this case, you can obtain the names of all fields from the ALL_TAB_COL-
UMNS data dictionary view and then format the appropriate code out to the screen or
to a file.

Better yet, you don't have to figure all that out yourself. Instead, you can download and
run the “records equal” generator designed by Dan Spencer; you will find his package
on the book’s website in the gen_record_comparison.pkg file.

Trigger Pseudorecords

When you are writing code inside database triggers for a particular table, the database
makes available to you two structures, OLD and NEW, which are pseudorecords. These
structures have the same format as table-based records declared with %ROWTYPE—
a field for every column in the table:

OLD
This pseudorecord shows the values of each column in the table before the current
transaction started.

NEW
This pseudorecord reveals the new values of each column about to be placed in the
table when the current transaction completes.

When you reference OLD and NEW within the body of the trigger, you must preface
those identifiers with a colon; within the WHEN clause, however, do not use the colon.
Here is an example:
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TRIGGER check_raise
AFTER UPDATE OF salary
ON employee
FOR EACH ROW
WHEN (OLD.salary != NEW.salary) OR
(OLD.salary IS NULL AND NEW.salary IS NOT NULL) OR
(OLD.salary IS NOT NULL AND NEW.salary IS NULL)
BEGIN
IF :NEW.salary > 100000 THEN ...

Chapter 19 offers a more complete explanation of how you can put the OLD and NEW
pseudorecords to use in your database triggers. In particular, that chapter describes the
many restrictions on how you can work with OLD and NEW.

%ROWTYPE and invisible columns (Oracle Database 12¢)

Asof12.1, you can now define invisible columns in relational tables. An invisible column
is a user-defined hidden column, which means that if you want to display or assign a
value to an invisible column, you must specify its name explicitly. Here is an example
of defining an invisible column in a table:

CREATE TABLE my table (i INTEGER, d DATE, t TIMESTAMP INVISIBLE)
You can make an invisible column visible with an ALTER TABLE statement, as in:
ALTER TABLE my table MODIFY t VISIBLE

The SELECT * syntax will not display an INVISIBLE column. However, if you include
an INVISIBLE column in the select list of a SELECT statement, then the column will
be displayed. You cannot implicitly specify a value for an INVISIBLE column in the
VALUES clause of an INSERT statement. You must specify the INVISIBLE column in
the column list. You must explicitly specify an INVISIBLE column in % ROWTYPE
attributes.

The following block, for example, will fail to compile with the PLS-00302: component
T” must be declared error:
DECLARE

/* Record has two fields: 1 and d */
1_data my_table%ROWTYPE;

BEGIN
SELECT * INTO 1_data FROM my_table;
DBMS_OUTPUT.PUT_LINE ('t = ' || 1_data.t);
END;
/

The problem is that since T'is invisible, the record declared with %ROWTYPE contains
only two fields, named I and D. I cannot reference a field named T.

If, however, I make that column visible, Oracle will then create a field for it in a
%ROWTYPE-declared record. This also means that after you make an invisible column
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visible, Oracle will change the status of all program units that declare records using
%ROWTYPE against that column’s table to INVALID.
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CHAPTER 12
Collections

A collection is a data structure that acts like a list or a single-dimensional array. Collec-
tions are, in fact, the closest you can get in the PL/SQL language to traditional arrays.
This chapter will help you decide which of the three different types of collection (asso-
ciative array, nested table, and VARRAY) best fits your program’s requirements and
show you how to define and manipulate those structures.

Here are some of the ways I've found collections handy:

To maintain in-program lists of data
Most generally, I use collections to keep track of lists of data elements within my
programs. Yes, you could use relational tables or global temporary tables (which
would involve many context switches) or delimited strings, but collections are very
efficient structures that can be manipulated with very clean, maintainable code.

To improve multirow SQL operations by an order of magnitude or more
You can use collections in conjunction with FORALL and BULK COLLECT to
dramatically improve the performance of multirow SQL operations. These “bulk”
operations are covered in detail in Chapter 21.

To cache database information
Collections are appropriate for caching database information that is static and fre-
quently queried in a single session (or simply queried repeatedly in a single pro-
gram) to speed up the performance of those queries.

I have noticed over the years that relatively few developers know about and use collec-
tions. This always comes as a surprise, because I find them to be so handy. A primary
reason for this limited usage is that collections are relatively complicated. Three different
types of collections, multiple steps involved in defining and using them, usage in both
PL/SQL programs and database objects, more complex syntax than simply working with
individual variables—all of these factors conspire to limit usage of collections.
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I have organized this chapter to be comprehensive in my treatment of collections, avoid
redundancy in treatment of similar topics across different collection types, and offer
guidance in your usage of collections. The resulting chapter is rather long, but I'm
confident you will get lots out of it. Here is a quick guide to the remainder of its contents:

Collections overview
I start by providing an introduction to collections and some orientation: a descrip-
tion of the different types, an explanation of the terminology specific to collections,
arobust example of each type of collection, and guidelines for deciding which type
of collection to use. If you read no further than this section, you will likely be able
to start writing some basic collection logic. I strongly suggest, however, that you do
read more than this section!

Collection methods
Next, I explore the many methods (procedures and functions) that Oracle provides
to help you examine and manipulate the contents of a collection. Virtually every
usage of collections requires usage of these methods, so you want to make sure you
are comfortable with what they do and how they work.

Working with collections
Now it is time to build on all those “preliminaries” to explore some of the nuances
of working with collections, including the initialization process necessary for nested
tables and VARRAYSs, different ways to populate and access collection data, the
manipulation of collection columns through the SQL language, and string-indexed
collections.

Nested table multiset operations
Oracle Database 10g “filled out” the implementation of nested tables as multisets
by providing the ability to manipulate the contents of nested tables as sets (union,
intersection, minus, etc.). You can also compare two nested tables for equality and
inequality.

Maintaining schema-level collections
You can define nested table and VARRAY types within the database itself. The
database provides a number of data dictionary views you can use to maintain those

types.

Collections Overview

Let’s start with a review of collection concepts and terminology, a description of the
different types of collections, and a number of examples to get you going.
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Collections Concepts and Terminology

The following explanations will help you understand collections and more rapidly es-
tablish a comfort level with these data structures:

Element and index value
A collection consists of multiple elements (chunks of data), each element of which
is located at a certain index value in the list. You will sometimes see an element also
referred to as a row, and an index value referred to as the row number.

Collection type
Each collection variable in your program must be declared based on a predefined
collection type. As I mentioned earlier, there are, very generally, three types of col-
lections: associative arrays, nested tables, and VARRAYs. Within those generic
types, there are specific types that you define with a TYPE statement in a block’s
declaration section. You can then declare and use instances of those types in your
programs.

Collection or collection instance
The term collection may refer to any of the following:

o A PL/SQL variable of type associative array, nested table, or VARRAY
o A table column of type nested table or VARRAY

Regardless of the particular type or usage, however, a collection is at its core a single-
dimensional list of homogeneous elements.

A collection instance is an instance of a particular type of collection.

Partly due to the syntax and names Oracle has chosen to support collections, you
will also find them referred to as arrays and tables.

Homogeneous elements
The datatype of each row element in a collection is the same; thus, its elements are
homogeneous. This datatype is defined by the type of collection used to declare the
collection itself, but it can be a composite or complex datatype; you can declare a
table of records, for example. And starting with Oracle9i Database, you can even
define multilevel collections, in which the datatype of one collection is itself a col-
lection type, or a record or object whose attribute contains a collection.

One-dimensional or single-dimensional
A PL/SQL collection always has just a single column of information in each row,
and is in this way similar to a one-dimensional array. You cannot define a collection
so that it can be referenced as follows:

my_collection (10, 44)
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This is a two-dimensional structure and is not currently supported with that tra-
ditional syntax. Instead, you can create multidimensional arrays by declaring col-
lections of collections, in which case the syntax you use will be something like this:

my_collection (44) (10)

Unbounded versus bounded

A collection is said to be bounded if there are predetermined limits to the possible
values for row numbers in that collection. It is unbounded if there are no upper or
lower limits on those row numbers. VARRAYSs or variable-sized arrays are always
bounded; when you define such an array, you specify the maximum number of rows
allowed in that collection (the first row number is always 1). Nested tables and
associative arrays are only theoretically bounded. I describe them as unbounded,
because from a theoretical standpoint, there is no limit to the number of rows you
can define in them. Practically speaking, however, your session will fail with an out-
of-memory error if you attempt to come even close to the theoretical limits.

Sparse versus dense
A collection (or array or list) is called dense if all rows between the first and last row
are defined and given a value (including NULL). A collection is sparse if rows are
not defined and populated sequentially; instead, there are gaps between defined
rows, as demonstrated in the associative array example in the next section. VAR-
RAYs are always dense. Nested tables always start as dense collections but can be
made sparse. Associative arrays can be sparse or dense, depending on how you fill
the collection.

Sparseness is a very valuable feature, as it gives you the flexibility to populate rows
in a collection using a primary key or other intelligent key data as the row number.
By doing so, you can define an order on the data in a collection or greatly enhance
the performance of lookups.

Indexed by integers
All collections support the ability to reference a row via the row number, an integer
value. The associative array TYPE declaration makes that explicit with its INDEX
BY clause, but the same rule holds true for the other collection types.

Indexed-by strings
Starting with Oracle9i Database Release 2, it is possible to index an associative array
by string values (currently up to 32 KB in length) instead of by numeric row num-
bers. This feature is not available for nested tables or VARRAYs.

Outer table
This refers to the enclosing table in which you have used a nested table or VARRAY
as a column’s datatype.
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Inner table
This is the enclosed collection that is implemented as a column in a table; it is also
known as a nested table column.

Store table
This is the physical table that Oracle creates to hold values of the inner table (a
nested table column).

Types of Collections

As mentioned earlier, Oracle supports three different types of collections. While these
different types have much in common, they also each have their own particular char-
acteristics, which are summarized as follows:

Associative arrays

These are single-dimensional, unbounded, sparse collections of homogeneous el-
ements that are available only in PL/SQL. They were called PL/SQL tables in
PL/SQL 2 (which shipped with Oracle 7) and index-by tables in Oracle8 Database
and Oracle8i Database (because when you declare such collections, you explicitly
state that they are “indexed by” the row number). In Oracle9i Database Release 1,
the name was changed to associative arrays. The motivation for the name change
was that starting with that release, the INDEX BY syntax could be used to “associate”
or index contents by VARCHAR2 or PLS_INTEGER.

Nested tables
These are also single-dimensional, unbounded collections of homogeneous ele-
ments. They are initially dense but can become sparse through deletions. Nested
tables can be defined in both PL/SQL and the database (for example, as a column
in a table). Nested tables are multisets, which means that there is no inherent order
to the elements in a nested table.

VARRAYs
Like the other two collection types, VARRAYs (variable-sized arrays) are single-
dimensional collections of homogeneous elements. However, they are always boun-
ded and never sparse. When you define a type of VARRAY, you must also specify
the maximum number of elements it can contain. Like nested tables, they can be
used in PL/SQL and in the database. Unlike nested tables, when you store and
retrieve a VARRAY, its element order is preserved.

Collection Examples

This section provides relatively simple examples of each different type of collection with
explanations of the major characteristics.
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Using an associative array

In the following example, I declare an associative array type and then a collection based
on that type. I populate it with four rows of data and then iterate through the collection,
displaying the strings in the collection. A more thorough explanation appears in the
table after the code:

1 DECLARE

2 TYPE 1list_of_names_t IS TABLE OF person.first_name%TYPE
3 INDEX BY PLS_INTEGER;

4 happyfamily  list_of_names_t;

5 1_row PLS_INTEGER;
6

7

8

9

BEGIN
happyfamily (2020202020) := 'Eli';
happyfamily (-15070) := 'Steven';
happyfamily (-90900) := 'Chris';
10 happyfamily (88) := 'Veva';
11
12 1_row := happyfamily.FIRST;
13
14 WHILE (1_row IS NOT NULL)
15 LOOP
16 DBMS_OUTPUT.put_line (happyfamily (1_row));
17 1_row := happyfamily.NEXT (1l_row);
18 END LOOP;
19 END;
The output is:
Chris
Steven
Veva
Eli

Line(s) Description

2-3 Declare the associative array TYPE, with its distinctive INDEX BY clause. A collection based on this type contains a list
of strings, each of which can be as long as the first_name column in the person table.

4 Declare the happyfamily collection from the list_of names_t type.

9-10  Populate the collection with four names. Notice that | can use virtually any integer value that I like. The row numbers
don’t have to be sequential in an associative array; they can even be negative! | hope, however, that you will never
write code with such bizarre, randomly selected index values. | simply wanted to demonstrate the flexibility of an
associative array.

12 (all the FIRST method (a function that is “attached” to the collection) to get the first or lowest defined row number in
the collection.

14-18  Use a WHILE loop to iterate through the contents of the collection, displaying each row. Line 17 shows the NEXT method,
which is used to move from the current defined row to the next defined row, “skipping over” any gaps.
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Using a nested table

In the following example, I first declare a nested table type as a schema-level type. In
my PL/SQL block, I declare three nested tables based on that type. I put the names of
everyone in my family into the happyfamily nested table. I put the names of my children
in the children nested table. I then use the set operator, MULTISET EXCEPT (intro-
duced in Oracle Database 10g), to extract just the parents from the happyfamily nested
table; finally, I display the names of the parents. A more thorough explanation appears
in the table after the code:

REM Section A

SQL> CREATE TYPE list_of_names_t IS TABLE OF VARCHAR2 (100);
2/

Type created.

REM Section B

1 DECLARE
2 happyfamily  list_of_names_t := list_of_names_t ();
3 children list_of_names_t := list_of_names_t ();
4 parents list_of_names_t := list_of_names_t ();
5 BEGIN
6 happyfamily.EXTEND (4);
7 happyfamily (1) := 'Eli';
8 happyfamily (2) := 'Steven';
9 happyfamily (3) := 'Chris';
10 happyfamily (4) := 'Veva';
11
12 children.EXTEND;
13 children (1) := 'Chris';
14 children.EXTEND;
15 children (2) := 'Eli';
16
17 parents := happyfamily MULTISET EXCEPT children;
18
19 FOR 1_row IN parents.FIRST .. parents.LAST
20 LOOP
21 DBMS_OUTPUT.put_line (parents (1l_row));
22 END LOOP;
23 END;
The output is:
Steven
Veva

Line(s)  Description

Section A The CREATE TYPE statement creates a nested table type in the database itself. By taking this approach, | can use the
type to declare nested tables from within any schema that has EXECUTE authority on that type. | can also declare
columns in relational tables of this type.

Collections Overview | 347

www.it-ebooks.info


http://www.it-ebooks.info/

Line(s)  Description

2-4 Declare three different nested tables based on the schema-level type. Notice that in each case | also call a constructor
function to initialize the nested table. This function always has the same name as the type and is created for us by
Oracle. You must initialize a nested table before it can be used.

6 (all the EXTEND method to “make room” in my nested table for the members of my family. Here, in contrast to
associative arrays, | must explicitly ask for a row in a nested table before | can place a value in that row.

7-10 Populate the happyfamily collection with our names.

12-15  Populate the children collection. In this case, | extend a single row at a time.

17 To obtain the parents in this family, | simply take the children out of the happyfamily collection. This is straightforward
in releases from Oracle Database 10g onward, where we have high-level set operators like MULTISET EXCEPT (very

similar to the SQL MINUS). Notice that | do not need to call the EXTEND method before filling parents. The database
will do this for me automatically, when populating a collection with set operators and SQL operations.

19-22  Because | know that my parents collection is densely filled from the MULTISET EXCEPT operation, | can use the numeric
FOR loop to iterate through the contents of the collection. This construct will raise a NO_DATA_FOUND exception if
used with a sparse collection.

Using a VARRAY

In the following example, I demonstrate the use of VARRAY's as columns in a relational
table. First, I declare two different schema-level VARRAY types. I then create a relational
table, family, that has two VARRAY columns. Finally, in my PL/SQL code, I populate
two local collections and then use them in an INSERT into the family table. A more
thorough explanation appears in the table after the code:

REM Section A

SQL> CREATE TYPE first_names_t IS VARRAY (2) OF VARCHAR2 (100);
2/

Type created.

SQL> CREATE TYPE child_names_t IS VARRAY (1) OF VARCHAR2 (100);

2/
Type created.

REM Section B
SQL> CREATE TABLE family (

2 surname VARCHAR2(1000)
3 , parent_names first_names_t
4 , children_names child_names_t
5

);
Table created.

REM Section C

SQL>
1 DECLARE
2 parents first_names_t := first_names_t ();
3 children child_names_t := child_names_t ();
4 BEGIN
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5 parents.EXTEND (2);
6 parents (1) := 'Samuel';
7 parents (2) := 'Charina';
8 -
9 children.EXTEND;
10 children (1) := 'Feather';
11
12 --
13 INSERT INTO family
14 ( surname, parent_names, children_names )
15 VALUES ( 'Assurty', parents, children );
16 END;
SQL> /

PL/SQL procedure successfully completed.

SQL> SELECT * FROM family
2/

SURNAME
PARENT_NAMES
CHILDREN_NAMES

Assurty
FIRST_NAMES_T('Samuel', 'Charina')
CHILD_NAMES_T('Feather')

Line(s) Description

Section A Use CREATE TYPE statements to declare two different VARRAY types. Notice that with a VARRAY, | must specify
the maximum length of the collection. Thus, my declarations in essence dictate a form of social policy: you can
have at most two parents and at most one child.

Section B (reate a relational table, with three columns: a VARCHAR2 column for the surname of the family and two VARRAY
columns, one for the parents and another for the children.

Section C, lines  Declare two local VARRAYs based on the schema-level type. As with nested tables (and unlike with associative
2-3 arrays), | must call the constructor function of the same name as the TYPE to initialize the structures.

5-10 Extend and populate the collections with the names of the parents and then the single child. If | try to extend
to a second row, the database will raise the ORA-06532: Subscript outside of limit error.

13-15 Insert a row into the family table, simply providing the VARRAYs in the list of values for the table. Oracle certainly
makes it easy for us to insert collections into a relational table!

Where You Can Use Collections

The following sections describe the different places in your code where a collection can
be declared and used. Because a collection type can be defined in the database itself
(nested tables and VARRAYS only), you can find collections not only in PL/SQL pro-
grams but also inside tables and object types.
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Collections as components of a record

Using a collection type in a record is similar to using any other type. You can use asso-
ciative arrays, nested tables, VARRAYs, or any combination thereof in RECORD data-
types. For example:

CREATE OR REPLACE TYPE color_tab_t IS TABLE OF VARCHAR2(100)
/

DECLARE
TYPE toy_rec_t IS RECORD (
manufacturer INTEGER,
shipping_weight_kg NUMBER,
domestic_colors color_tab_t,
international_colors color_tab_t

);

Collections as program parameters

Collections can also serve as parameters in functions and procedures. The format for
the parameter declaration is the same as with any other (see Chapter 17 for more details):

parameter_name [ IN | IN OUT | OUT ] parameter_type
[ [ NOT NULL ] [ DEFAULT | := default_value ] ]

PL/SQL does not offer generic, predefined collection types (except in certain supplied
packages, such as DBMS_SQL and DBMS_UTILITY). This means that before you can
pass a collection as an argument, you must have already defined the collection type that
will serve as the parameter type. You can do this by:

o Defining a schema-level type with CREATE TYPE
o Declaring the collection type in a package specification

« Declaring that type in an outer scope from the definition of the module

Here is an example of using a schema-level type:

CREATE TYPE yes_no_t IS TABLE OF CHAR(1);

/

CREATE OR REPLACE PROCEDURE act_on_flags (flags_in IN yes_no_t)
IS

BEGIN

END act_on_flags;
/

Here is an example of using a collection type defined in a package specification: there
is only one way to declare