
Dividing the Software Pie

J. Craig Cleaveland Systematicsoftware reuse, or multiuse, is a key to increasing the produc­
Janet A. Fertig tivity and qualityofsoftware development. In the past20 years, reuse has

George W. Newsome experienced many fai lures and few successes. Many technological, organi­
zational. and cultural obstacles have been placed in its path. Acritical step
to increasing software reuse is to recognize that a newdivision oflabor is
required, one in which component developers create reusable compo­
nents and product developers compose products from these components.
Changing organizational structure and software development processes to
nurture these roles is challenging. Once these roles are recognized and
established, however, standard abstraction techniques and othersoftware
reuse technologies can help separate the concerns of component develop­
ers and product developers.This paper illustrates the separation of
concerns byexamining its application to interfaces, a particularly difficult
area in which these concerns are traditionally intertwined.

Introduction
If carsand computers canbe design­

ed fromcomponents,why notsoftware?The
emerging software component industry. still in
its infancy, maysomedayprovide a basis for
extensive software reuse. Until that day
arrives, organizationscan foster their own
internalversion of such an industry.Toooften.
organizations approach software reuse as if it
were just another technique.tool,or skillto
add to their list. Over and over again, the
software reuseliterature warns usabout the
pitfalls ofsuch anapproach.

The second section ofthis paper, "A
New Division ofLabor," presents the way in
which laboris divided between component
developers and product developers. Exper­
ience teaches us that division oflaboris at the
heart of software reuse (see Panel 2). and no
techniques, tools,or skills alone cansubsti­
tute for it.Other industries have clearly
separated development roles. Forexample,
computer components (such as disk drives
and power systems) are developed indepen­
dently fromcomputer systems (composed
fromcomputer components) . Software
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designers need to maintain the samesepara­
tion.They mustalso makea clear distinction
between developing software components for
a varietyofproducts andcomposing products
from software components.

Decisions are the fundamentalunit of
effort in the softwaredevelopment process.
The thirdsection of thispaper, "Decisions,
Decisions, Decisions," describes the decision
process andalso introduces somedomain
engineering concepts,standardization versus
parameterization, andplatforms.

For software reuse to work effective­
ly, the concerns ofcomponent developers and
productdevelopers must be separated.The
fourth section ofthis paper,"Separation of
Concerns,"describes the technological sup­
port needed to do that. Fortunately, standard
software engineering practices andabstrac­
tion techniques are suitable for this purpose.

This paper concludes by illustrating
how abstractions can be applied in the partic­
ularly thorny area ofinterfaces.

Reuse versus Multiuse. Despite the
efforts ofresearchers to infuse the term



"software reuse"with a very specific meaning. it is
popularly associated wi th any kind ofsharing. The word
"reuse"implies using something not originally intended
for the purposeat hand, therebygetting somethingfor
(almost) nothing. Instead of"free software," however,one
often encounters obstacles that require changing the
software in ways that the originaldesigners did not intend.
This effort almost always constitutes salvaging the item in
question-that is. copying and modifying an artifact,
resulting in the creation ofmany similarartifacts. Each
artifact then needs separate maintenance, which reduces
the benefit ofsharing.Thus, salvagingreaps onlypart of
the potential benefits of reuse, and in some cases the costs
may outweigh the benefits. Salvaging may be the only
option availablewhen software is notdesigned for reuse.

Opportunistic reuse is the unplanned or serendipi­
tous reuse ofsoftware.' This paper introduces a new
term,"multiuse," to avoid the ambiguity that the word
reuse connotes. Multiuse implies design for multiple
uses. Although the term reuse may seem to imply only
opportunistic reuse and salvaging, the software
communitygenerally defines the term reuse to mean
sharing something across multiple products, indepen­
dently ofhowit wasdesigned, created, or reused.
Therefore, multiuse is a form ofreuse, sometimescalled
"systematic reuse."2

Multiuse has three major principles:
- Components are designed fora range of products,

rather than a single product
- Products are designedwith reuse in mind, by favoring

a compositional, rather than decompositional, approach
to design.

- Adistinction is made between the common parts ofa
component. which are not touched or salvaged, and
variable parts, whichcan be customized fora range of
products.

The first two principles implydistinct develop­
ment roles withdifferent concerns, even when the same
individual or organization performsthose roles.The last
principle implies a need forseparation ofconcerns
between these development roles.

A New Division of Labor

By its nature, multiuse implies a newdivision of
labor. In a multiuse process, components are developed to

Panel 1 . Abbreviatio ns, Acronym s, and Terms

API- application program interface
CAST-<:onfiguration and synthesis tool
component- a distinct part ofa product. Components

may be created from first principles every time by
the organization building the product. reused
from other products, or obtained from a
component supplier.

commonality- a decision about howmembers in a
domain are alike

dependency-a decisionor assumption about the
environment inwhich a component is builtor
executed

domain-a defined and delimited subject area, In
software, an application area or a set ofrelated
features. For instance, performance monitoring,
user interfaces, and protectionswitching are
domains.

GPN-Global Public Networks, an AT&Tbusiness
unit

IDL-interface definition language
MIL-module interconnection language
MTE-multiuse test environment
multiuse-design and implementationofa

component for a range ofproducts, alsocalledsys­
tematic reuse

OO-obj ect oriented
product-a system builtby anorganization and

provided to a customer in return forrevenue.It may
include manufactured goods, software-onlygoods,
and items thatare passed through AT&T. Some
products may be components ofotherproducts.

SWCB-Software Conveyor Belt team
systematic reuse-designand implementation ofa

component fora range ofproducts, also called
multiuse

variability- a decision about howmembers in a
domaindiffer

be used in a range ofproducts, and products are
assembled from such components. Because these two
different activities have different goals, concerns, and pri­
orities, they are given two distinctlabels: component
development and product development, as shown in
Figure 1. This division of labor occurs whenever it
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becomes too expensive to developproducts from first
principles every time.

Component Developers. Component developers are
concerned with the range oi products that might use their
components.They must understand what is ~ommon and
sharable acrossthat range. andalso what vanes and must
be customized. Domainanalysis determines which por­
tionsare shared, called commonalities, andwhichportions
are variable, called variabilities. Domain implementation
is the creation ofmultiuse components that satisfy com­
monalities andvariabilities. Each multiuse component
comes with a customizing process that allows product
developers to"customize" the component for their pro­
duct. Together, domain analysis and domain implementa­
tion make up a process called domain engineering.l Com­
ponent developers are solution experts whose knowledge
aboutsolutions within a particulardomain is captured,
packaged, and reused.

Product Developers. Productdevelopers are the
problem experts; theyknow the customersand the .
problems that require solutions.They define and build
products for specific customers or markets. Rather than
decomposing a design into unique components that
probablymust be built anew, product developers"com­
pose" productsfrom multiusecomponents-that is, they
design products with reuse in mind. They alsocustom­
izeeach multiuse component by using a prescribed cus­
tomizing process provided by the componentdeveloper.
This may simply mean selecting the variations needed
for their product.

Aswith anynew division oflabor, this leads to
more specialized tasks, particularly among component
developers who specialize in specific domains. Special­
ization increases productivity, even without the benefits
ofsoftware reuse,by allowing the large-scale reuse ofdo­
main knowledge andexpertise acrossan organization.

The Need for Separating Concerns. The concerns
ofcomponent developers and product developerswere
not previously recognized as being worthy ofsepara­
tion. To work efficiently, an organization must allow the
right people to makedecisionsat the right time without
getting in each other's way. If an organization cannot
separate these concerns into independent decision­
making capabilities forcomponent developersand prod­
uct developers, its atmosphere becomes toochaotic.
Somedifficulties perceived as organizational obstacles
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Panel 2. Reuse and Culture
TIle ideas presented in this paper originate in

work performed bythe Software Conveyor Belt
(SWCB) team, formed in 1992 by the executives ofthe
former Transmission Systems Business Unit (fSBLJ1,
now part ofthe Global Public Networks (GPx). SWCB
was charged with developing multiple-use software
strategies across the organization.

As is the case in many reuse initiatives, the
SWCB discovered early that the primary barriers to
widespread reuseare cultural and organizational, not
technical. However, the experience ofthe SWCB team
suggests that the oft-cited barriersof"not-invented­
here"andconcernsoverquality are notsignificant
issues as borne out by the results ofa recent industry
surveY.14Instead, theylearned that the chief nontech­
nical challengesfacing anyorganization wanting to
carry out planned or systematic reuse are thosefacing
anybusiness partnership.

Even when reuse is mandated, the challenges
are essentially those ofa business partnership and
they must be metby the sameapproaches used in
developingexternal partnerships.These include:
- Recognizing that a partnership is required,

- Alignment ofbusiness goals;
Establishing the contextofthe partnership,
- Equitable (not necessarily equal) benefits,
- Accountability versus risk, amongall

partners,
- Commitment and predispositions; and
Taking the actions necessary to support the
partnership,
- Fostering shared knowledge, mutual

dependency, and organizational linkages.
Clearly, it is easier to talkabouta partnership

thantocreate one. IS However, the successofanysys­
tematic reuse initiative dependson it.

to reuse may really be symptomatic of a technical fai lure
to separate concerns.While this might suggest the need
for newtechnology or tools, such tools can only be as
goodas the model they present.A model ofhow the
necessary concerns are separated must be defined
before methods and tools are proposed to support it.
(See Panel 3.)



Today's softw are
developers

Mult iuse-oriented

~'";"~~
Component developers :~ Product developers

shape the work of ~ shape the work of
product developers ~I component devetooers

Figure 1. In the multiuse model, the role of
today's software developer Is split into two
closely coupled, but distinct, roles. The Influence
that each role has on the other makes It difficult
to achieve the separation required to reap the
benefits of multiuse. Special attention must be
paid to achieve this separation.

Decisions, Decisions, Decisions
Software development is a seriesofdecisions.

Decisions are made throughout the software life cycle.
Decisions are made about requirements, software archi­
tecture, interfaces, algorithms, datarepresentations, pro­
gramming languages, operating systems, host andtarget
environments, tools, test anddebugstrategies andtools,
andeven the intricate details ofline-by-line coding.
According to Brooks,' the hard thingabout software is
making the decisions, notcoding them. It is difficult
enough fora single team tohandle andcoordinate a
complex set ofdecisions. It becomes more difficult when
teams ofcomponent developers andproduct developers
mustmanage andcoordinate these decisions, particularly
ifthe teams are separated in time, as well as place and
organization.

Justas it is necessary todistinguish between
component developers andproduct developers, it isalso
important todistinguish between thedecisions tobe made
during component development, andthose tobe made
later, during product development (see Figure 2). During
component development time, the component developer
makes decisions abouta component for a range ofprod­
ucts. In particular, the component developer attempts to
distinguish clearly between commonalities andvariabili­
ties.Acommonality isa decision made bythe component
developer about how a component will work inall prod­
ucts. Avariability isa decision about thecomponent that
theproduct developer or product user will make.

Variabilities. There are two important kinds of
variabilities: build-time variabilities andrun-time variabili­
ties. Arun-time variability is often implemented as addi­
tional parameters to functions andprocedures. Less often,
run-time variabilities are implemented as "resource files,"
which are read inat run time and then interpreted. Build­
time variabilities are often implemented with macros or
program generators. Both kindsofvariabilities make a
component reusable ina wider rangeofproducts.

Commonalities and Dependencies. Commonalities
are decisions (orassumptions) made bythe component
developer about the environment inwhich a component is
built, tested,installed, or operated. These are also called
dependencies, because the component is dependenton
suchdecisions. Forexample, a component thatuses the
UNIX* operating system is dependent on it Dependencies
are potential barriers to software reuse.Some dependen­
cies, suchas UNIX dependenciesinan environment in
which everyone uses UNIX, may never be a problem,
while otherdependencies, such as a c++ program inan
organization thatexclusively uses Smalltalk, may block
potential software reuse in mostcircumstances. Depen­
denciesare safe or reasonable ifthey do notpresent
barriersfora rangeofproducts.

Dependencies include hardware interfaces,
processors, operating systems, databases, programming
languages, interfaces, communication mechanisms.build
andtest environments, andrequirements. Adependency
can only be created bythe component developers (which
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Panel 3. The Need for Organizational Separation

What art' till' illlpl icat ion~ ior organizations in
recognizing the different roles at work in creating a
product based on multiuse?Specifically. is it better ior
the distinct roles ofcomponent developer and product
developer to be performed bythe same individual,
different individuals in the same organization. or by
separate organizations?

Without these different roles. decisions about
the product would become embedded in the compo­
nents. Conversely. the product would depend on
decisions governed bycomponents. because the com­
ponents are considered white boxes to the product
developers.The skillsrequired by component develop­
ers are those ofdomain solution technology.while the
skill required ofproduct developers is the ability to
choose component sets thatcan fulfill someother
purpose. It is reasonable to suppose thatcombining the
roles in one individualwill lead to the same lack ofsep­
aration as waspreviously observed. When wearing the
component developer's hat, the developer will be
inclined to embed product-specific functionality into the
component; whenwearing the product developer's hat,
the developer will find it difficult to avoid taking
advantage ofinternal component knowledge. When the
roles are given to different individuals in the same
organization, it is difficult to separate the different
business goals of the component builders and product

include domain analysts) , because the decisions they
make affect many products. Onthe other hand, the
decisions made by product developers are limited to a
single product.

Commonalities are not simply dependencies
to be avoided. On the contrary, commonalities are the
onlywayof sharing something across a range of prod­
ucts. Acomponent with no commonalities has nothing
shared across a range of products, and therefore has no
economicvalue as a reusable piece of software. Simi­
larly, a component with few commonalities has little
economic value. Commonalities represent what is
sharable or reusable across a range of products.
Increasing commonalities increases the economic
leverage of a component.

Tradeoffs Between Commonalities and Variabilities.

Aclassic tradeoff exists between commonalities
and variabilities. Each decisionis potentially a commonality
or a variability. Commonalities increaseeconomic leverage
at the possible expenseofshrinking the product range,
while variabilities expand product range at the expense of
limiting shared parts. How does one determine whether a
decision should be a commonalityor a variability? Many
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builders. because an organization rends to address a
single goal.

Further impetus for organizational separation
of roles results from recognizing the nature of software
implied by the multiuse model. In this model. software
components. though intangibles. representcapital
investment, and not just cost. 1111' factory metaphor is
appropriate. because any factory requires an invest­
ment to allowthe rapid production of products.
Component building can be seen as the tooling-up
phase. while productdevelopment becomes software
production. Labor-intensive software. in which software
is built fro m first principles every time. is a strategy for
reducing short-term investment.Acapital-intensive
approach, such as multiuse, is a strategy for reducing
long-term costs. An appropriate balance between short­
term and long-termgoals can only be achieved ifthere
is also a balance infunding between product develop­
ment and component development.This balance of
funding is typically maintained through sometimes
minororganizational separation ofproduct develop­
ment and component development.

For these reasons, it is difficult to combine the
roles and stillmaintain the essential separation.A
business partnership between distinct organizations.
although difficult to establish and maintain, provides
the separate, clearlydelineated roles and relationships
that are needed.

decisions are obviouslyone or the other, butsome could
go either way. So the question becomes:Should we stan­
dardize or parameterize?

Standardizingcreates a commonality, whereas
parameterizing createsa variability. Domain analysisguides
these decisions. However,a domain analysis divorced from
the organization cannot easily determinewhich decisions
should become new organizational standards. Such domain
analysisefforts necessarily err on the side ofvariabilities,
thus making thecomponent more generally useful,but also
more expensive, with a smaller common sharableportion.
Attaining a more efficient solution requires a tighter coup­
ling between the domain analysis effort andthe organiza­
tional commitment to supporting the effort andany
resulting standards.

For example, to make reusablecomponents that
are simpler and cheaper to construct, an organization
may decide to incur the costs and pains ofstandardizing
on an operating system for all its software products. If, on
the other hand, an organization decides onan isolated
domain analysiseffort, it may be forced to build a more
complex component that can be adapted to a variety of
operatingsystems.



Compo nent
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Domain
analysis

t ime
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Product Product
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Build time Run time
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I I I

Soecifica tlon Generate Compile Link Installat ion Init ializat ion While
t ime time time time time running

Decisions made for
a product range

Decis ions made
for a product

Decis ions made for
a product instance

Figure 2. Decision t imes during the course of a product 's life
cycle. To have the max imum effect, decis ions about a
product must be made at the appropriate time and In a way

Bal ancing Platforms with Commonali t ies and

Variabilities. Aplatform effort beginswith a collectionof
integrated components for building products, typically
including"infrastructure"components such as hardware
processors, operating systems, communication mecha­
nisms, anddatabases. From there itevolves overtime to
incorporate various combinations ofthe following:
- Aset ofrules andconstraints such as error handling

andfault managementstrategies, programmingstyles,
or communication protocols;

- Anarchitectural framework, patterns, andstandard
interfaces between domains ofanapplication area;and

- Avariety ofapplication components that canbe cus­
tomized fora rangeofproducts.

Some previous AT&T platform efforts have suf­
fered from too many commonalities, leaving insufficient
variabilities to support the necessaryrange of products
thatanorganization needs. Components (and platforms)
withfewvariabilities generally become more useless as
theygrow larger.Asa consequence, someplatformefforts
remain stuck byproviding onlya collection of integrated
componentsfor building products, and are unable to
extendinto the othercombinations listed above.

Combining the strengths ofplatforms (creating
standards) with the strengths ofdomainengineering
(creatingcomponents that can be customized) makes it
possible toachievea more optimal balance between com­
monalities and variabilities. Domain analysisefforts tied
to such platforms cancreate multiuse componentsmore
effectively, with a higher percentage of common parts.
OneAT&T Business Unit, Global Public Networks
(GPN) , isorganizing around platforms and other
multiuse assets. It is therefore ideally poised to reap the
benefits ofthisapproach.The GPN Platform Group
develops, maintains, andsupports platform assets and is
independent ofthe GPN product organizations. The
platforms organization and products organization form a

that does not constrain other dec ision makers. The ear lier In
the life cyc le a dec is ion is made , the greater the Impact It
will have on the product .

business partnershipcommitted to multiuse.This rela­
tionshipis more likely to survive iftheir technical con­
cerns can be separated and the costsand benefi ts for each
organization canbe clearlyidentified.

Given thatorganizations candetermine who will
decide what, the next logical question is this: Howcan
those decisions be distributed ina manner thatwill not
create chaos?

Separation of Concerns

Separating concerns involves creating abstrac­
tions, determining which parts of themare variable
and fixed,and then implementing the abstractions, as
described in the sections that follow.

Abstractions. Abstraction is the major technique
formaking software moregeneral, flexible, andreusable.
Wegner states that abstraction andreusabilityare two
sides ofthe samecoin.>and Krueger statesthatabstrac­
tionis the essential feature inany reuse technique,"
Raising the level ofabstraction increases the potential for
reuse. Successful abstractions, however, are difficult to
create; theyrepresent the major technical obstacle tosuc­
cessful reuse.

Abstraction is often portrayed as the ability to
separate what is important from what is not important.
Unimportant details are suppressed to highlightthe
essential features, permitting users of the abstraction to
foc us their attentionon the relevant aspectsof solving a
problem.This portrayal, however, is "user-centric."An
essential aspectofsoftware abstraction is missing: the
separation of concerns between development roles.
Abstraction is not so mucha matter ofseparating impor­
tant detailsfromunimportant details, but of separating a
user's concerns from an implementor's concerns. So the
words"important" and "unimportant" relate to the user
of the abstraction, not the abstraction itself.To avoid this
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Domain analysis
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Fixed invariant
decisions (commonalities)

Component
design decisions

•~_.I
Component
developer
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Interface
firewall

Product design
decisions (variabilities)

,-·M
Product
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Figure 3. Creating an Int erface Invo lves several
dec ision-mak ing roles. Domain ana lysis deter­
mines which dec is ions are fixed, or invariant .
and then distributes the variabilities to either
the component developer or the product
developer. Decis ions are distributed in a way
that allows each type of developer to make
decisions independent ly of the other.

bias, software abstraction is viewed as more purely a sep­
aration ofconcernsbetween these two different develop­
ment roles.

Every Abstraction Has Two Sides. Asoftware
abstraction is an interface thathas two sides.The
interface, now popularlycalled an application program
interface (API) , defines the invariant, or fixed, part ofan
abstraction, which neither sidecanchange.The user, or
productdeveloper, side is the set of decisions that a user
makes and expressesas a specification.The implementor,
orcomponent developer, side is the set ofdecisions that
an implementor makesandexpresses as an implementa­
tion. The abstraction separates these two sets of decisions
and "hides" eachset ofdecisions from the other.The
implementorcan make implementation decisionswithout
affecting the user's decisions. The term "hidden"means
that the user does not need to know or care about
decisions made by the implementor. On thissense the
word"hidden" is a misnomer andshould more properly
be called "black box.") The sameproperty is true in
reverse.The implementor does not need to knowor care
aboutdecisionsmade bythe user. Both the user and the
implementordo need toknowabout the interface itself,
which represents the invariantrules, properties, and
characteristics by which both user and implementor must
abide (see Figure 3).

The creator ofthe abstraction - as opposed to
the user or implementor-determines which decisions
belong to which development roles. Each decision that is
made by the user (or product developer) isa parameter of
the abstraction.TIle process ofcreatingan abstraction is
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thus sometimes called parameterization, because a
designer takessomething specific andmakes it more
general byadding a parameter to the abstraction.

Implementing Abstractions. Abstractions take many
fo rms. Simple physical separation, such as the practice of
isolating machine or operating systemdependencies in
separate code files, is often enough to achieve significant
reuse.The user's responsibilities include providing the
appropriate modifications to the separated code files so
thata piece ofsoftware can be adapted to a newmachine
or operating system.The remaining files, whichbelong to
the implementor,are nottouched by the user.

Beyond simple physical separation are a wide
variety ofsoftware techniquesfor achieving abstraction.
The classic andoldestmethod is functional,or procedur­
al, abstraction,sometimes called subroutines inassembly
languages or FORTRAJ'J.The parameters ofthe function
are the parameters ofthe abstraction. Ingeneral, the
more parameters a function has, the more abstract it
becomes. Asort routine without any parameters sorts a
particulararray. Asort routine with an arrayparameter
can sort anyarray, and is thus more reusable.Asort
routine with an arrayparameter anda comparison
operator notonlysorts any array, but will alsosort it in
various ways.

Like functions, macros have parameters. Unlike
functions, however, macros are expanded at compile time.
Macros are typically used to implement build-time vari­
abilities, whereas functions are used to implement run­
time variabilities.The distinction between macros and
functions is often overdone in programming languages,



forcing programmers III decide at coding time whether to
use a macro or function (C-"'- methods and the Ada pro­
gramming language functions are exceptions). Partial
parameterization is a technique that allowssomesubset
ofa fu nction's parameters to be "executed/ expanded"at
compiletime.Sucha feature permits variabilities to be
decided at either run time or build time forlittle cost.

Data abstraction and object-oriented (00) tech­
niques separate the use ofdatafrom howit is represented
and manipulated. 00 has been so successful that
advocates sometimes equate it with reuse, although it is
agreed that it is neither sufficient nor necessary to
achieving software reuse.' Some have even arguedthat
reuse is not an essential featureof00. 8

Asecond aspect of 00 that contributes to reuse
is inheritance. which allows common or general aspects of
an object to be separated into a moregeneral classthat is
shared byall its subclasses. Inheritance is an elegant
approach to achieving reuse throughphysical isolation. It
is not intrinsic to 00; rather, it is a generaltechnique
applicable inother situations as well. Forexample, the
nmake? program uses directories ofsourcefiles as if they
werea hierarchy ofclasses.

Specification-driven techniques, suchas applica­
tion generators, little languages, application-oriented
languages,and 4GLs, separate theconcerns ofproduct
developers andcomponentdevelopers byproviding a spec­
ification language toexpress the decisions made bya
productdeveloperl?The specification language is typically
domain specific-that is. constructed forthe specific needs
ofa particular domain-and may be textual, graphical,
database, expert system, or spreadsheetThecomponent
developer provides the toolsandtranslators that takethe
specification information provided bythe product deve­
loper andgenerate a varietyofoutputs, including codeto
implement thedesired component

Standards are playing an increasingly important
role in the development ofmultiuse software. Standard
operating systems (suchas posrx),communication
mechanisms (such as COREA) , programming languages
(such as ANSI C) , andgraphical user interfaces (suchas
the X Window System") make it much easier to write
reusable software. Standards are also abstractions that
provide a well-defined interface between users and imple­
mentors of standardized services. External standards,

such as those describedabove. provide the necessary
incentive ior organizations to adoptstandards that lead to
more efficient development ofmultiuse software. Stan­
dards make fo rmerly unsafedependencies a bit safer. at
least at the time that the standard is adopted.When the
current standard is superseded by a newone.previously
safe dependencies once again become unsafe. Standards
should therefore be adopted with care.

Adeveloper might have the greatest set ofcom­
ponents in the world. but stillbe unable to compose them
into a system.This could be true fora variety ofreasons.
includingoverlapping functionality amongcomponents
and interface and protocol mismatches. Architectural
frameworks manage this problem byproviding standard
domains and interfaces between collections ofcompo­
nents.Anarchitectural framework separates the concerns
among software architects. product developers, and
software component developersbyclearlyindicating who
is responsible forwhat. The software architects provide
generalized frameworks and patterns!' of interaction
between components.

Abstraction, inall its myriad forms, is the chief
technique forachieving separation ofconcerns. In the
concept ofinformation hiding,!2internal design decisions
ofa component should notbe visible to the outside world.
This enables the component developer to freelychange
the design decisions without recoding anysoftware
external to the component. Correspondingly, designers
should keep external design decisions out ofa component
so that product developers canfreely changethe product
designdecisions without recoding a component's
internals. Information hiding works in bothdirections. as
shown in Figure4, protecting notonly the component
developer, but also the product developer.

The next section explores in depth an area in
which separation ofconcernsplays a key role forenabling
software reuse.

Interfaces-An Example of Sep arat ion of Concerns

Consider the following line ofcode in some
arbitrarycomponent X:

Ipc Send( Er r or Handl e r , ErrorCode );
This line ofcoderepresentsan interface between

X and the ErrorHandl e r components. Developers often
thinkofinterfaces as single decisions, but they involve
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many decisions, most ofthem independent ofone
another. For example, the lineofcodeshown on the
previous pageresults from the following decisions:

How shouldwe send the message? Ipcsend

Whereshould we send the message? ErrorHandler

Whatis the type ofmessage? TypeofErrorCode

Whatis the contentofthe message? Value ofErrorCode

Whenshould wesend the message? Position incode

Asingledeveloper cannotmakeallthese
decisions alone.Many decision-makers enter the fray,
including software architects,platform developers,
component developers, and product developers. Most
codeembeds nearly all these decisions directly into the
component.

Typically, information aboutall these interface
decisions are tightlyintertwined with component func­
tionality. The variety ofcommunication mechanisms in
general use is staggering: function calls, object methods,
remoteprocedurecalls, interprocesscommunications.
interprocessor communications, shared memory, global
variables, files, and so on. Choosing one ofthese mecha­
nismsand embedding it into the code of a component
creates yet another dependency. Choosing the destina­
tionofa messageand embedding it intocomponent
code creates yet another dependency. Whether the des­
tination is the name ofa functionor the name ofanother
component, a dependency will be created. It is no won­
der that reusing such components is difficul t. The com­
ponentdepends on decisions madeabout the whole
system. Adeveloper maywant to reuse a component.
but maybe thwarted because it seems impossible to
extract it from the webof productdecisions built into it.

Traditional development processes. suchas the
waterfall or the spiral process, drive these decisions from
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Rgure 4. Traditionally. Infonnatlon hiding hal dealt with con­
cealing the Internal detalll of a component's conltructlon
from Its usefl. This multiuser model also hides detalll of the
world In which the component will be used from the
component.

the wrong end. In a traditional development process. the
software architecture precedescomponent development.
Software architects make decisions aboutthe set ofcom­
ponents andtheir interconnections. Architects frequently
makeearlydecisions aboutthe components' physical
location andthe communication mechanisms forconnect­
ingthem.This information is allreadily available to the
component developers, whofrequently are alsothe archi­
tects.It is therefore notsurprising that thisknowledge
finds itsway intothe internalsofthe components and
results in the previous IpcSend example. Product archi­
tecturedecisions become buriedand invisibly intertwined
in the software components.

Amultiuse processmustavoid this mixing of
concernsin the development of multiuse components. A
component developer shouldnot know, andshould not
care.aboutthe final product'sconfiguration or communi­
cation mechanisms. It may be saidthat the performance.
or even the behavior, ofthe whole productis affected by
these choices.111at is exactlythe point. l11C product is
affected; the components need not be so affected.
Another important point is to recognize that onesize may
not fit all. There is no requirement that states thatonly
one component can perform a given function .The
size/speed tradeoff. in general. i incorrectly made by
component developers. In hardware designmany devices
perform the samefunction using different technology.
The tradeoffs are u ually speed/cost/heat dissipation.
and the product developer choosesthe component tech­
nology thatbest fits the productneed. Soit should be
with software components.This implies that it is feasible
to thinkoffamilies ofsoftware components from which
product developers can choose.

To be more specifi c, an interface includes data,
control. representation, mechanisms, and subtle assump­
tionsabout datarelationships. An interface exposes
detailsof the component to the world. Inaddition, and
perhapsmoretroublesome. the interface exposes some



details ofthe world to the component. These issuesare
difficult because the interface is the place wherecorn­
ponent developer decisions meetproduct developer
decisions. It is important toallow component developers
to maketheirdecisions ina way thatdoesnot prevent
product developers from making theirdecisions later.
Component developers needto havecontrol overdata
representation and messages. Otherdecisions. suchas
communication mechanism andconnection. mustbe
delayed until a product developer choosesto make them.

The issueofdatarepresentation is important
because traditional codeis frequently organized around
data representations ratherthan around data semantics.
In particular, the representations are frequently fixed by
assumptions ofunderlying transport mechanisms.Thisis
a common pathalongwhich mechanism details find their
way intocomponents. Component developers must be
freeto chooseappropriate representations without being
constrained by product builder decisions that have not
yet been made.

Porta end UnkL 111t, separation ofconcerns intro­
duced earlierin this papercanbe achieved using the
concept ofportsand links. Aport simply describes what
information flows intoor outofa component. Alillk
specifies which ports are connected togetherandwhat
type ofmechanism is usedforthe connection. Com­
ponent developers specify ports and relationships
between ports on the component. Product developers
specify links. Most code written today does not distin­
guishbetween portsand links. and this leadsto the inter­
twined interface codedescribed earlier.

Rewriting the r pcsen d example using portsand
links resultsin something like:

Er r orP",r t l Er r o r C" :l p l :
with the understanding that the productdeveloper
provides the details ofwhat Err0 r Po r : means. In this
way. the component developer dol'S not influence where

FIgure 5. Ports specify Information now Into and out of the
component, while links specify the mechanl.tlc details of
Information Row between components. Component develo~
en are malnl)' concemed with ports, and component develo~
en with links.

the message isgoing, or how it isgettingthere-that is
left to the product developer.

Amodule interconnection language (Mil .)
separates the concernsofcomponent andproduct devel­
opersbyproviding languages fordescribing interfaces
andproduct configurations thatare different from the pro­
gramming language used to build the components. Mils
increase the rangeofpossibleconfigurationsand the
modularity and multiuse of software components.They do
thisbyseparating the language forprogramming individ­
ual components (programming in the small) from the
language forconfiguring products from predefined corn­
ponents (programming in the large) .l311lis separation
allows the implementation language foreachcomponent
to bechosenbased on the needs of thatcomponent alone.

Typically. a ~IIL will provide language dement
todescribe the message part ofthe interface. often called
the interface definition language (101.), as well as
language elements to describe the interconnections
between interfaces. In some Mil . interfaces are called
portsand interconnections are called links (see Figure 5).

MILs describe static relationships between com­
ponents. It is probable that MILs will beextended tonot
only encode statictopology, butalsotoencode sets of
choices from which a topology can be selected. Adding
constraint descriptions moves the MIL towards being a
framework description. and frameworks, as this paper
describes, are at the heart ofmultiuse platforms.

GPN is conducting a trial of MILs. OneMIL
called the configuration and synthesis tool ICA~T) . has
beenused forbuilding a number of multiuse components
thatran now be fi tted to a varietyof infrastructuresand
communication mechanisms.Tools suchas CAST can
generate almost allthe gluerode neededto makethe
desired interconnections between multiuse components
andthe rest of the system. Another tool, called the
multiuse test environment 1!lITE) uses the MIL specifics-



tion to enable interactive and batch testing of multiuse
components or configurations ofcomponents. Inaddition.
a MILspecification is a descriptionof the product archi­
tecture. a rigorous specification that can be processed
and checked for consistencyeven before the components
have been constructed.This specification enables devel­
opers to detect classic interface mismatches early.

Summary and Rnal Note
This paper has described some ofthe steps of

discovery leading to the construction ofa model of
multiuse basedon reducing dependencies. In this model,
strong separation oftheconcerns ofcomponent develop­
ers andproduct developers is essential to avoid placing
interdependencies into components.Technologies such
as CAST and MTE canalsoenable systematic, rather
thanopportunistic, reuseofcomponent sets thatare large
enough to promote significant economic leverage.
Defining platforms andstandards canalsohelpachieve
this. Dependencies are further reduced bybalancing
standardization (commonalities) andparameterization
(variabilities) ofthe component.Adomain engineering
process iscritical to accomplishing this.

Technology canhelpachieve the necessary sepa­
ration ofconcerns, but technology alone isnotenough.
The concernsofcomponent andproduct builders are suf­
ficiently disjointed towarrant organizing around them.
Froman organizational perspective, promoting multiuse
is no more or less thanestablishing newinternalbusiness
partnerships. It is thisneed forpartners that makes
multiuse easy to achievetechnologically. but so difficult
to carry outorganizationally.

Acknowledgments

The authors would like to acknowledge David M.
Weiss ofAT&T BellLaboratories for many constructive
discussionsduringthe work that ledto this paper.

·Trademarks

UNIX is a registered trademarkofNovell in the United States and
other countries, licensed exclusivelythrough X/Open Company
Limited,

XWindowSystem is a registered trademark of the Massachusetts
Institute ofTechnology.

18 AT&TTECHNICAL JOUR.'1AL • ~t-\RCH/APRIL 1996

References
1. S. Wartik and R. Preito-Diaz, "Criteria ior Comparing Reuse­

Oriented Domain Analysis Approaches." lntcrnationaijournal on
Software EngineeringandKnowledge Engineering. Vol.2. No. 3.
September 1992. pp, ~03--l3 1.

2. \" . B. Frakes and S. I$oda. "Success Factors ofSystematic Reuse: '
IEEE Software. Vol. 11. 1\0. 5. September 1994. pp. U·19.

3. R. Preito-Diazand G. Arango. eds, Domain Analysis andSofucare
Systems Modeling. IEEE CSPress. Los Alamitos. California. 1991.

t F. P. Brooks."i\o Silver Bullet: Computer. Vol.20. No. ~ , Apri l

1987. pp, 10-19.
5. P. Wegner. "Varieties ofreusability: reprinted in Tutorial:Software

Reusability.edited by P. Freeman. IEEE Computer Society Press.
1987.

6. C.W. Krueger, "Software Reuse,"ACM ComputingSurl'eys, Vol. 24.
No. 2.June 1992, pp. 131·183.

7. M. L Griss and M.Wosser, "Making reuse work at Hewlett­
Packard: IEEE Software,Vol. 12, No. 1,January 1995. pp. 105-107.

8. T. Bryantand A Evans. "00 oversold:1110se objects ofobscure
desire: lnformationalldSoftwareTechnology, Vol.36, 1'10_1.
January 1994, pp. 35-42.

9. S. Cichinskiand G. S. Fowler, "Product Administration through
Sable and Nmake."AT&T Technicaljournal,Vol.67, No.4.
July/August 1988,pp. 59-70.

10.]. C. Cleaveland and C. Kintala, "Tools for Building Application
Generators: AT&T Technicaljournal,Vol. 67,No. 4,J uly/ August
1988, pp. 46-58.

11. E. Gamma, R Helm,R Johnson, and J. Vlissides, Design Patterns:
Elements 01Reusable Obiect-OrientedSoftware,Addison-Wesley,
Reading,Massachusetts, 1995.

12. D.L Pamas, "OnCriteria to Be Used in Decomposing Systems into
Modules: Communications01theACM,Vol. IS,No. 12,December
1972, pp. 1053-1058_

13. F. DeRemer and H. Kron, "Programming-in-the-Large Versus
Programming-in-the-Small: IEEE Transactions on Software
Engineering, Vol. SE·2, No_2,June 1976, pp. 80-86.

14. W.B. Frakes and C.J. Fox,"Sixteen Questions About Software
Reuse," Communications of lh«ACM, Vol.38,No. 6,J une 1995,
pp.7~, ll2 .

15.J. C. Henderson, "Plunging into Strategic Partnerships:The Critical
IS Connection: Sloan School 01Management Review,Spring 1990.

(Manuscript approvedFebruary 1996)



J. Craig Cleaveland is a termer member of tecnnice: stett in

the Global Communicat ions Soft\I 'are Pis ttorn: Devetooment

DepattmellCat 4T&T Bell Laboratories in the fIIerrimack I'a lle)
Works. North Ando\'er. Mas sachusetts. He pione ered tile lise
of specificat ion-driven cools and tecnn ioues. and is the author
of nvo books on data tyoes and formal methods for soecitying
programming languages. He received a B.S. in tnsthemettcs.
and (1,'/.5 . and Ph.D. degrees in comp uter science . all from til e
University of California at Los Angeles . Mr. Cleaveland. who
jo ined AT&T in 1982 . recently left the company.

Janet A. Fertig is head of the OC 48 Software and Syst ems
Engineering Department at AT&T Network Systems
in the Merrimack Valley Works . North Andover.
Massachusetts. She is responsible for FT·2000
development and is interested in improving the
effectiveness of software developme nt. Ms. Fertig

joined AT&T in 1980, after receiving a B.S. and M.S . from The
University of Arizona, Tucson. and a Ph.D. from the University
of Virginia, Charlottesville, all in systems engineering.

George W. Newsome is a member of technical staff in the
Global Systems Engineering and Architecture
Department at AT&T Network Systems in Holmde l,
New Jersey. He works on network management,
distributed computing, and lTV standards. Mr.
Newsome received a B.Sc. in electrical engineer·

ing from the University College, London . UK. He is a chartered
engineer and a member ot tne lEE. He joined AT&T in 1974.




