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Abstract. Dividing softwaresystemsn componentgmprovessoftwarereusabil-
ity aswell as software maintainability Componentdive at several levels, we
concentrat®@ntheimplementatiorlevel wherecomponentsrreformedby source

les, dividedoverdirectorystructures.
Suchsourcecodecomponentareusuallystronglycoupledin thedirectorystruc-
ture of a software system.Their compilationis usually controlledby a single
global build processThis entanglingof sourcetreesandbuild processesften
makesreuseof sourcecodecomponentén differentsoftwaresystemdlif cult. It
alsomakes software systemsn e xible becausentegrationof additionalsource
codecomponentsn sourcetreesandbuild processess dif cult.
Thispaperssubjecis to increasesoftwarereuseby decreasingouplingof source
codecomponentdt is achiezedby automizedassemblyf softwaresystemgrom
reusablesourcecodecomponent&ndinvolvesintegrationof sourcetrees,build
processesandcon guration processesApplicationdomainsincludegenertive
programming product-linearchitectues and commecial off-the-shelf(COTS)
softwareengineering.

1 Intr oduction

Theclassicabpproactof componentompositionis basedn pre-installechinarycom-
ponentgsuchaspre-installedibraries). This approacthowvever, complicatessoftware
developmentbecause(i) systembuilding requiresextra effort to con gure andinstall
the componentgrior to building the systemitself; (i) it yields accessibilityproblems
to locate componentsand correspondinglocumentatiorj23]; (iii) it complicateshe
procesf building self-containedlistributionsfrom a systemandall its components.
PackagemanagergsuchasRPM[1]) reducebuild effort but do not helpmuchto solve
theremainingproblems Furthermorethey introduceversionproblemswhendifferent
versionsof a componentaireused[23,29]. They alsoprovide restrictedcontrol over a
componens con guration. All thesecomplicatingfactorshampersoftware reuseand
negatively in uence granularityof reuse28].

We arguethat souice codecomponentgas alternative to binary componentsgan
improve softwarereusein componenbasedsoftware development.Sourcecodecom-
ponentsaresource les dividedin directorystructuresThey form the implementation
of subsystemsSourcecodecomponentompositionyields self-containedourcetrees
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with singleintegratedcon gurationandbuild processesNe calledthis processouice
treecomposition

The literaturecontainsmary referencego articlesdealingwith componenttom-
position on the designand execution level, and with build processe®f individual
componentgseethe relatedwork in Sect.9). However, techniquedor composition
of sourcereesof diversecomponentsjevelopedin differentorganizationsjn multiple
languagesfor the constructionof systemswhich areto be reusablehemselesandto
bedistributedin source areundereposedandarethe subjectof this paper

This paperis organizedasfollows. Section2 motivatesthe needfor advancedech-
nigquesto performsourcetreecomposition Section3 describegerminology Section4
describeghe procesf sourcetreecomposition.Section5 and 6 describeabstraction
mechanismsver sourcetreesandcompositesoftwaresystemsSection7 describeswu-
tomatedsourcetree composition .t discusseshetool autobundle , online package
basesandproduct-linearchitecturesSection8 describesxperiencewith sourcetree
compositionRelatedwork andconcludingremarksarediscussedn Sect.9 and10.

2 Motivation

In mostsoftware systemshe constituentsourcecodecomponentsaretightly coupled:
theimplementatiorof all subsystemis containedn asinglesourceree,acentralbuild
procesgontrolstheirbuild processesndacentralcon gurationprocesperformsheir
static(compile-time)con guration.For example atop-level Make le oftencontrolsthe
globalbuild proces®f a softwaresystemA systemis thenbuilt by recursvely execut-
ing make [15] from the top-level Make le for eachsourcecodecomponentOften,a
global GNU autoconf  [24] con guration script performssystemcon guration, for
instanceo selectthe compilersto useandto enableor disabledehuggingsupport.

Suchtight coupling of sourcecodecomponenthastwo main advantages(i) due
to build processntegration,building andcon guring asystemcanbe performedeasily
from onecentralplace;(ii) distributing the systemasa unit is relatively easybecause
all sourceis containedn asingletree(onesourcetree,oneproduct).

Unfortunately tight coupling of sourcecode componentsalso hasseveral draw-
backs:

— The compositionof componentss in e xible. It requiresadaptionof the global
build instructionsand(possibly)its build con gurationwhennen componentsre
added[23]. For example,it requiresadaptionof a top-level Make le to execute
make recursvely for thenew component.

— Potentiallyreusablecodedoesnot comeavailablefor reuseoutsidethe systembe-
causeentanglecdbuild instructionsand build con guration of componentsare not
reusabld28]. For example,asa resultof usingautoconf , a componens con-
guration is containedn atop-level con guration scriptandthereforenot directly
availablefor reuse.

— Directreferenceito sourcereesof componentyield unnecessarye systemde-
pendenciebetweercomponentsn additionto functionaldependencie€hanging
the le or directorystructureof onecomponentaybreakanother
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Fig. 1. Componentdevelopment,systemcomposition,and systemassemblywith sourcecode
componentreuse.Componentsare developedindividually; compositionsof componentform
systemswhich areassembledo form softwae bundles(self-containedgoftwaresystems).

To addressheseproblemsthe constituensourcecodecomponent®f a systemshould
be isolatedand be madeavailablefor reuse(systemdecomposition After decompo-
sition, new systemscan be developedby selectingcomponentsand assemblinghem
together(systencompositiol. This processs depictedn Fig. 1.

For systemcompositiomotonly sourceles arerequired but alsoall build knowl-
edgeof all constituensourcecodecomponentsThereforewe de ne soulcetreecom-
positionasthe compositionof all les, directories,andbuild knowledgeof all reused
componentsTo bene t from the advantageof a tightly coupledsystem,sourcetree
compositionshouldyield a self-containedourcetreewith centralbuild andcon gura-
tion processesyhich canbedistributedasa unit.

Whenthereusescopeof softwarecomponentss restrictedo asingleCon guration
ManagemenfCM) [3] systemsourcetreecompositiormightbeeasy Thisis because,
ideally, aCM systemadministrateshebuild knowledgeof all componentsheirdepen-
denciesgtc.,andis ableto performthe compositionautomatically*

When the reusescopeis extendedto multiple projectsor organizations,source
treecompositionbecomesarderbecauseon guration managementincluding build
knowledge)needsto be untangled7, 28]. Sourcetree compositionis further compli-
catedwhenthird party componentsare reused when the resulting systemhasto be
reusableitself, and whenit hasto be distributed as source.This is becausei) stan-
dardizationof CM systemss lacking[28,32]; ii) controlover build processesf third
party componentss restricted;ii) expertiseon building the systemandits constituent
componentgight beunavailable.

Summarizingto increasereuseof sourcecode componentssourcetree compo-
sition shouldbe mademoregenerallyapplicable.This requirestechniquego hidethe
decompositiomf systemstdistributiontime,to fully integratebuild processesf (third

! Obsere thatin practice,CM systemsare often confusedwith versionmanagemensystems.
Thelatterdo notadministrateknowledgesuitablefor sourcetreecomposition.



party) componentsandto minimize con gurationandbuild effort of the systemOnce
generallyapplicable sourcetree compositionsimpli es assemblinggomponentased
softwaresystemdgrom implementingsourcecodecomponents.

Suppliersof CommercialOff-The-Shelf(COTS) sourcecode componentsand of
OpenSourceSoftware (OSS)componentsanbene t from the techniquegresented
in this paperbecauseéntegrationof their componentss simpli ed, which makesthem
suitablefor widespreadise.Moreover, aswe will seein Sect.7.3, product-linearchi-
tectureswhich areconcernedvith assemblingamiliesof relatedapplicationscanalso
bene t from sourcetreecomposition.

3 Terminology

Systenbuilding is the procesf deriving the tarmgetsof a softwaresystem(or software
componentfrom source[9]. We call the setof tamgets(suchasexecutableslibraries,
anddocumentationi softwae product andde ne a softwae padkage asadistribution
unit of aversionedsoftwaresystemin eitherbinaryor sourceform.

A systems build processis divided in several steps,which we call build actions
They constitutea systems build interface A build actionis de ned in termsof build
instructionswhich statehow to ful Il theaction.For example,abuild processirivenby
make typically containsthe build actionsall , install , andcheck . Theall ac-
tion, which builds the completesoftwareproduct,might beimplementecasa sequence
of build instructionsin which anexecutabldas derivedfrom C programtext by calling
acompilerandalinker.

Systenmbuilding andsystembehaior canbecontrolledby staticcon guration[11].
Staticcon gurableparametersle ne at compile-timewhich partsof a systemto build
and how to build them. Examplesof suchparameterare delug support(by turning
dehuginformationon or off), andthe setof driversto includein anexecutableWe call
thesetof staticcon gurableparametersf a systemacon gurationinterface

We de ne asourcetreeasadirectoryhierarcly containingall sourceles of asoft-
ware(sub)systemA sourcereeincludesthesourceof thesystenitself, les contain-
ing build instructions(suchasMake les), andcon guration les, suchasautoconf
con gurationscripts.

4 SourceTreeComposition

Sourcereecompositioris theproces®f assemblingoftwaresystemsy puttingsource
treesof reusableeomponentsogetherlt involvesmeiging sourcerees puild processes,
andcon guration processesSourcetree compositionyields a single sourcetree with
centralizedouild andcon gurationprocesses.

The aim of sourcetree compositionis to improve reusabilityof sourcecodecom-
ponentsTo be successfulsourcetreecompositionshouldmeetthreerequirements:

Repeatable To bene t from ary evolution of theindividual componentsit is essential
thatan old versionof a componentaneasilybe replacedoy a newver. Repeating
the compositiorshouldthereforetake aslittle effort aspossible.



package
identi cation
name=CobolSQLTrans
version=1.0
location=http://www.coboltrans.org
inf o=http://www.coboltrans.org/doc
description= "Transformation framework for COBOL with embedded SQL
keywords=cobol, sql, transformation, framework
con guration interface
layout-preserving  'Enable layout preserving transformations.
requires
cobol 0.5 with lang-ext=SQL
asf 1.1 with traversals=on
sglr 3.0

gpp 2.0

Fig. 2. An examplepackagede nition.

Invisible A sourcedistribution of a systemfor non-developersshouldbe offeredasa
unit (one sourcetree, one product),the internal structuringin sourcecode com-
ponentsshouldnot necessarilype visible. Integratingbuild andcon guration pro-
cesse®f componentss thereforea prerequisite.

Dueto lackingstandardizatioof build andcon guration processegheserequirements
arehardto satisfy Especiallywhendrawing on a diversecollectionof software com-
ponentsdevelopedandmaintainedn differentinstitutes by differentpeople,andim-
plementedn differentprogramminganguagesCompositionof sourcetreestherefore
oftenrequires ne-tuning a systems build andcon guration processpr evenadapting
thecomponentshemseles.

To improve this situation,we proposeto formalizethe parameter®f sourcecode
packagesndto hide component-speci duild andcon guration processebehindin-
terfaces.A standardizeduild interfacede nes the build actionsof a componentA
con guration interfacede nes a componens con gurableitems.An integratedbuild
processs formedby composinghebuild actionsof eachcomponensequentiallyThe
con guration interfaceof a composedystemis formedby memging the con guration
interfacesof its constituentomponents.

5 De nition of SingleSourceTrees

We proposesource codepadagesasunit of reusefor sourcetree composition.They
help to: i) easilydistinguishdifferentversionsof a componentandto allow themto
coexist; ii) make sourcetreecompositiorinstituteandprojectindependenbecauseer-
sioneddistributionsareindependentf any CM systemjjii) allow simultaneouslevel-
opmentanduseof sourcecodecomponents.



To be effectively reusable software packagesequireabstractiong22]. We intro-
ducepadage de nitions asabstractiorof sourcecodepackagesWe developeda Do-
main Speci ¢ LanguaggDSL) to representhem.An exampleis depictedin Fig. 2. It
de nesthe softwarepackageCobolSQLTrans whichis intendedo developtransforma-
tionsfor Cobolwith embedde®QL.

Packagele nitions de ne the parametersf packagesyhichincludepackageden-
ti cation, packagelependenciesndpackagecon guration.

Padkage identi cation The minimal informationthatis neededo identify a software
packageareits nameandversionnumberIn addition,alsothe URL wherethe package
canbeobtainedashortdescriptionof the packageandalist of keywordsarerecorded
(seetheidenti cation sectionof Fig. 2).

Package con guration Thecon gurationinterfaceof a softwarepackagés de nedin
the con gur ation interface section.Partial con guration enforcedby othercomponents
and compositionof con guration interfacesis discussedn Sect.6. For example,in
Fig. 2, the con guration interfacede nes a singlecon guration parameteanda short
usagedescriptionof this parameterWith this parameterthe CobolSQLTrans package
canbecon guredwith or without layoutpreservingransformations.

Package dependencie3o supportruedevelopmentvith reusgeapackagele nition can
list the packageghatit reusesn the requires section.Packagede nitions alsoallow
to de ne a (partial) staticcon guration for requiredpackagesPackagedependencies
are usedduring padage normalization(seeSect.6) to synthesizethe completeset
of packageghat form a system.For example,the packageof Fig. 2 requiresat least
version0.5 of thecobol packageandcon guresit with embedde&QL. Furtherpackage
requirementaretheAlgebraicSpeci cationFormalism(asf) asprogrammindanguage
with supportfor automatidermtraversal,a parsef(sglr), andpretty-printer(gpp).

6 De nition of CompositeSourceTrees

A softwae bundleis the sourcetreethatresultsfrom a particularsourcetreecomposi-
tion. A bundlede nition (seeFig. 3) de nestheingredientsof abundle,its con guration
interface,andits identi cation. Theingredientsof a bundlearede ned ascomposition
of packagele nitions.

A bundle de nition is obtainedthrougha processcalled padkage normalization
which includespackagedependeng and versionresolution,build orderarrangement,
con gurationdistribution, andbundleinterfaceconstruction.

Dependencyesolution Unlessotherwisespeci ed, packagenormalizationcalculates
the transitive closureof all requiredpackagesndcollectsall correspondingpackage
de nitions. The list of requiredpackagedollows directly from the bundle’s package
dependenggraph(seeFig. 4). For instanceduring normalizationof the packagedef-
inition of Fig. 2, dependeng uponthe aterm packagds signaledandits de nition is
includedin thebundlede nition. Whena packagede nition is missing(seethedashed
packagein Fig. 4), a con guration parameteiis addedto the bundle’s con guration
interface(seebelow).



bundle

name=CobolSQLTrans-bundle version=1.0
con guration interface

layout-preserving

boxenv
‘Location of external boxenv package.
bundles
package
name=sdf version=2.1

'Enable layout preserving transformations.’

package
name=aterm version=1.6.3
con guration

package
name=asf version=1.1
con guration  traversals=on

package
name=sglr version= 3.0

con guration con guration

package
name=gpp version=2.0
con guration

package
name=sql version=0.2
con guration

package
name=CobolSQLTrans version=1.0
con guration

package
name=cobol version=0.5
con guration  lang-ext=SQL

Fig. 3. Bundlede nition obtainedby normalizingthe packagele nition of Fig. 2. Thisde nition
hasbeenstrippeddueto spacdimitations.

\ersion resolution One software bundle cannotcontainmultiple versionsof a single
packageWhendependeng resolutionsignalsthat differentversionsof a packageare
requiredthe packagenormalizationprocesshoulddecidewhich versionto bundle.

Essentiafor packagenormalizationis compatibility betweendifferentversionsof
apackagdsee[31,9,32] for adiscussiorof versionmodels).In accordancevith [27],
we requirebadkwards compatibilityto make surethata particularversionof a package
canalways be replacedby one of its successorsiVhenbackwardscompatibility of a
packagecannotbe satis ed, a new packaggwith a differentname)shouldbe created.
Ourtooling canbeinstantiatedvith differentversionschemesllowing experimenting
with other(wealened)versionrequirements.

Build order arrangement Packagedependenciesene to determinethe build order
of compositesoftware systemsbuilding a packageshouldbe delayeduntil all of its

requiredpackagesave beenbuilt. During packagenormalization the collectedpack-
agede nitions arecorrectlyorderedinearly accordingto a bottomup traversalof the

dependeng graph. Therefore,the cobol packageoccursafter the sql packagein the

bundlede nition of Fig. 3. Circular dependenciebetweenpackagesre not allowed.

Suchcircularitiescorrespondo bootstrappingroblemsandshouldbe solved by pack-
agedeveloperdfor instanceby splitting packagesip or by creatingdedicatedootstrap
packages).

Con guration propagation Eachpackagede nition thatis collectedduring package
normalizationcontainsa (possibleempty)setof con gurableparametersis con gura-
tion interface.Con gurable parametersnight getboundwhenthe packages usedby
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Fig. 4. A packagelependencgraphfor the Coboltransformatiorpackageof Fig. 2. Thedashed
circle denotesanunresohedpackagedependeng

anothermwhich imposesa particularcon guration. During normalization this con gu-
rationis determinedby collectingall the bindingsof eachpackageFor example,the
CobolSQLTrans packagef Fig. 2 bindsthecon gurableparametelang-ext of thecobol
packageo SQL, theparametetraversals of the asf packages boundto on (seeFig. 3).
A con icting con gurationoccurswhenasingleparametegetsbounddifferently Such
con gurationcon icts caneasilybe detectediuring packagenormalization.

Bundleinterfaceconstruction A bundle's con gurationinterfaceis formedby collect-
ing all unbounccon gurableparametersf bundledpackagedn addition,it is extended
with parameter$or unresohed packageequirementandfor packageshathave been
explicitly excludedfrom the packagenormalizationprocess.Theseparametersene
to specifythe installationlocationsof missingpackagest compiletime. The con g-
urationinterfaceof the CobolSQLTrans package(seeFig. 3) is formed by the layout-
preserving parameteoriginatingfrom the CobolSQLTrans packageandthe boxenv pa-
rametemwhichis dueto the unresoleddependengof the gpp packaggseeFig. 4).

After normalization,a bundlede nition de nes a softwaresystemascollectionof
softwarepackageslt includespackagede nitions of all requiredpackagesndcon g-
urationparametersor thosethat are missing.Furthermoreijt de nes a partial con g-
urationfor packagesandtheir build order This informationis sufcient to performa
compositionof sourcetrees.In the next sectionwe discusshow this canbe automated.

7 Performing Automated Source TreeComposition

We automatedsourcetree compositionin the tool autobundle . In addition,we im-

plementedoolsto make packageale nitions availablevia onlinepadkage basesOnline
packagebasedorm centralmeetingpointsfor packagedevelopersand packageusers,
and provide online packageselection,bundling, and contrikbution via Internet. These
techniquesanbeusedto automatesystemassemblingn product-linearchitectures.
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Table 1. Thefollowing les arecontainedn asoftwarebundlegeneratedby autobundle

Makefile.am Top-level automake Make le thatintegratesbuild processe®f all
bundledpackages.

configure.in An autoconf con gurationscriptto performcentralcon guration of
all package a softwarebundle.

pkg-list A list of the package®f a bundleandtheir downloadlocations.

collect A tool that downloads,unpacksandintegratesthe packagedisted in
pkg-list

README A le thatbrie y describeshesoftwarebundleandits packages.

acinclude.m4 A le containingextensiongo autoconf functionalityto make cen-
tral con guration of packagegossible.

Table 2. Thesearethe actionsof the standardizedbuild interfacerequiredby autobundle . In
addition,autobundle  alsorequiresatool configure  to performstaticcon guration.

all Build actionto build all targetsof a sourcecodepackage.
install Build actionto install all targets.

clean Build actionto remove all targetsandintermediateesults.
dist Build actionto generatex sourcecodedistribution.

check Build actionto verify run-timebehaior of the system.

7.1 Autobundle

Packagenormalizationand bundle generationare implementedby autobundle .2
Thistool producesansoftwarebundlecontainingtop-level con gurationandbuild pro-
ceduresandalist of bundledpackagesvith their dowvnloadlocations(seeTablel).

The generatedundledoesnot containthe sourcetreesof individual packageyet,
but ratherthe tool collect  that can collectthe packagesndintegratethemin the
generatedundleautomatically The reasonto generatean emptybundleis twofold: i)
sinceautobundle  typically runson a sener (seeSect.7.2), collecting,integrating,
and building distributionswould reducesener performanceoo much.By letting the
userperformthesetasks the sener getsrelieved signi cantly. ii) It protectsanauto-
bundle senerfrom legal issuesvhencopyright restrictionsprohibit redistrikution or
bundling of package®ecausao softwareis redistributedor bundledat all.

To obtainthe software packagesandto build self-containedlistributions,the gen-
eratedbuild interfaceof a bundlecontaingheactionscollect  to downloadandinte-
gratethesourcetreesof all packagesandbundle to alsoputtheminto asinglesource
distribution.

The generatedundleis driven by make [15] and offers a standardizeduild in-
terface(seeTable?2). The build interfaceandcorrespondindpuild instructionsaregen-
eratedby autoconf [24] andautomake [25]. Thetool autoconf generatesoft-
warecon guration scriptsandstandardizestaticsoftwarecon guration. Thetool au-
tomake providesastandardizedetof build actionsby generatingViake les from ab-

2 autobundle is free software and available for download at http://www.cwi.nl/
“mdejonge/autobundle/



stractbuild processlescriptionsCurrentlywe requirethatthesetools arealsousedby
bundledpackagesWe usedhetoolsbecaus¢hey arefreely availableandin widespread
use.However, they arenot essentiafor the conceptof sourcetreecomposition Essen-
tial is the availability of a standardizeduild interface (suchasthe onein Table 2);
ary build systemthatimplementghis interfacewould sufce. Moreover, whena build
systemdoesnot implementthis interface,it would not be dif cult to hidethe package
speci ¢ con gurationandbuild instructionsbehindthe standardizedbuild interface.

After the packagesre automaticallycollectedand integrated,the top-level build
andcon guration processesake careof building andcon guring the individual com-
ponentsin the correctorder The build processalso pravidessupportfor generatinga
self-containedsourcedistribution from the completebundle.This hidesthe structuring
of the systemin componentandallows a developerto distribute his software product
asasingleunit. Thecompleteprocesss depictedn Fig. 5.

7.2 Online PackageBases

Dependeng resolutionduring packagenormalizationis performedby searchingfor
packagede nitions in padkage repositories We developedtools to make suchrepos-
itories browsableand searchable&ia Inter/Intranetandwe implementedHTML form
generatiorfor interactve packageselection.The form constitutesan online padkage
baseandlists packagesindavailableversiongogethemwith descriptionsandkeywords.
Theform canbe lled outby selectingthe package®f need.By pressinghe“bundle”
button, the autobundle  seneris requestedo generatehe desiredbundle. Anyone
cancontrituteby lling outanonline package contribution form. After submittingthis
form, apackageale nition is generated@ndtheonline packageébaseis updatedThisis
theonly requiredstepto make anautoconf /automake basedpackagevailablefor
reusewith autobundle

Onlinepackagéasesanbedeplo/edto enableandcontrolsoftwarereusewithin a
particularreusescope(for instancegroup,departmentor compary wide). They make
softwarereuseandsoftwaredependenciesxplicit because distribution policy of soft-
warecomponentss requiredwhensourcecodepackagegorm the unit of reuse.

7.3 Product-Line Architectures

Online packagebasesallow to easily assemblesystemsby selectingcomponentsof
need An assemblegystemis partly con gured dependingon thecombinationof com-
ponentsRemainingvariationpointscanbe con gured at compiletime. This approach
of systemassemblys relatedto the domainof product-linearchitectures.

A Product-LineArchitecture(PLA) is a designfor familiesof relatedapplications;
applicationconstruction(also called productinstantiation[17]) is accomplishecby
composingreusablecomponent$2]. The building blocksfrom which applicationsare
assembledare usually abstractrequirementgconsistingof application-orientedton-
ceptsandfeatures)For the constructiorof theapplication correspondingmplementa-
tion componentarerequired.To automatecomponenassemblycon guration knowl-
edgeis requiredwhichmapsbetweerthe problemspace(consistingof abstractequire-
ments)andthe solutionspace(consistingof implementatiorcomponents)10].
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Fig. 5. Constructioranddistribution of softwaresystemswith sourcetreecomposition(1) Pack-
agesof needareselected(2) The selectedsetof packagess normalizedto form a bundledef-
inition. (3) From this de nition an empty software bundleis generated(4) Requiredsoftware
packagesrecollectedandintegratedin the bundle,after which the systemcanbe built (5a),or
bedistributedasa self-containedinit (5b).

We believe that packagede nitions, bundle generationand online packagebases
sene implementinga PLA by automatingthe integration of sourcetreesand static
con guration. Integrationof functionalityof componentstill needgo beimplemented
in the componentshemseles,for instanceaspartof acomponens build process.

Our packagede nition languagecan function as con guration DSL [11]. It then
senesto capturecon guration knowledgeandto de ne mappingshetweenthe prob-
lem andsolutionspaceAbstractcomponent$rom theproblemspacearedistinguished
from implementationcomponentsy having an emptylocation eld in their package
de nition. A mappingis de ned by specifyingan implementationcomponenin the
requires sectionof anabstracpackagele nition.

Systemassemblinganbe automatecdy autobundle . It normalizesa setof ab-
stractcomponentgfeatures)and producesa sourcetree containingall corresponding
implementatiorcomponentg&ndgenerates (partial) con gurationfor them.Variation
pointsof the assembledystemcanbe con gured staticallyvia the generatedon gu-
rationinterface.An assemblegdystemformsa unit which caneasilybe distributedand
reusedn otherproducts.

De nitions of abstractpackagesanbe madeavailablevia online packagebases.
Packageébaseghenseneto represenapplication-orientedonceptandfeaturessimilar
to featurediagramdg21]. This makesassemblingpplicationsaseasyasselectingthe
featuresf need.

8 CaseStudies

SystendevelopmentWe successfullyappliedsourcereecompositiorto the ASF+SDF
Meta-Ewironment[4], anintegratedervironmentfor thedevelopmenf programming



languagesindtools,which hasbeendevelopedat our researclgroup.Sourcereecom-
positionsolvedthefollowing problemsthatwe encountereth the past:

— Wehaddif culties in distributing the systemasa unit. We wereusingad-hocmeth-
odsto bundleall requiredcomponent&ndto integratetheir build processes.

— We wereencounteringhe well-knowvn problemof simultaneoushdevelopingand
usingtools. Becauseawve did not have a distribution policy for individual compo-
nents,developmentanduseof componentsvereoftencon icting actiities.

— Mostof theconstituentomponentsveregenericn nature Dueto their entangling
in the systems sourcetreehowever, reuseof individual componentscrosgproject
boundariegprovedto be extremelyproblematic.

After we startedusing sourcetree compositiontechniquesreusability of our com-
ponentsgreatly improved. This was demonstratedby the developmentof XT [20], a
bundle of programtransformatiortools. It bundlescomponentdrom the ASF+SDF
Meta-Ewironmenttogethemith adiversecollectionof componentselatedto program
transformationCurrently XT is assembledrom 25 reusablesourcecodecomponents
developedat threedifferentinstitutes.

For both projects,packagede nitions, packagenormalization,and bundle gener
ation proved to be extremely helpful for building self-containedsourcedistributions.
With thesetechniquesbuilding distributionsof the ASF+SDFMeta-Ervironmentand
of XT becamea completelyautomatecprocessDe ning the top-level componenbf
a system(i.e., the root nodein the systems$ packagedependeng graph)sufces to
generatea distribution of the system.

Online Package Base To imprave e xibility of componenttomposition,we de ned
packageale nitions for all of our softwarepackagesincludedthemin asinglepackage
repositoryandmadethatavailablevia Internetasthe Online PackageBas€ (OPB).
With theOPB (seeFig. 6), building sourcedistributionsof XT andof the ASF+SDF
Meta-Ervironmentbecomesa dynamicprocessandreducedo selectingone of these
packagesndsubmittinga bundlerequesto theautobundle  sener. Theexactcon-
tentsof both distributions can be controlledfor speci ¢ needsby in/excluding com-
ponents,or by enforcing additional version requirementof individual components.
Similarly, ary compositionof our componentganbe obtainedvia the OPB.
Althoughit wasinitiatedto simplify andincreasereuseof our own softwarepack-
ages,anyone cannow contritute by lling out a padage contribution form. Hence,
compositionswith third-party componentsan also be made.For example,the OPB
containsseveral packagede nitions for GNU software, the graph drawing package
graphviz from AT&T, andcomponent$rom a numberof otherresearchinstitutes.

Stratego compiler Recently the Stratggo compiler[30] hasbeensplit up in reusable
packagegincluding the Stratgo runtime system).The constitutingcomponentgde-

velopedat differentinstitutes)are bundledwith autobundle  to form a stand-alone
distribution of the compiler With autobundle  alsomore ne-grainedreuseof these

3 Availableat http://www.program- transformat  io n.o rg/ packag e- base/
4 Availableat http://www.research.att.com/s wi/t ool s/g ra phviz/



Fig. 6. Automatedsourcetreecompositioratthe Online PackageBase . The OnlinePackageBase
is availableat http://www.program- transformati on. org /pa ckage- base/ .

packagess possible. An exampleis the distribution of a compiled Stratgyo program
with only the Stratgo run-timesystem.The Stratgjo compileralsoillustratesthe use-
fulnessof nestedbundles.Thougha compositebundle,the Stratego compileris treated
asasinglecomponenby the XT bundlein whichit is included.

Product-linearchitectues We arecurrentlyinvestigatingtheuseof autobundle  and
online packagebasesin a commercialsettingto transformthe industrial application
DocGen([14] into a product-linearchitecturg12]. DocGenis a documentatiorgen-
eratorwhich generatesnteractve, hyperlinked documentatioraboutlegacy systems.
Documentatiorgeneratiorconsistof genericandspeci ¢ artifactextractionandvisu-
alizationin acustomerspeci c layout.It isimportantthatcustomerspeci ¢ codeis not
deliveredto othercustomergi.e., thatcertainpackagesrenot bundled).
Thevariationpointsof DocGenhave beenexaminedandcapturedn a FeatureDe-
scriptionLanguagéFDL) [13]. We areanalyzinghow featureselection(for instancehe
artifactsto documentandwhich layoutto use)canbe performedvia anonline package
basePackageale nitions seneto mapselectedeaturego correspondingmplementing
componentgsuchasspeci ¢ extractorsandvisualizators)Suchafeaturesetis normal-
izedby autobundle  to abundleof softwarepackagesyhich arethenintegratedinto
asinglesourcetreethatformstheintendedcustomerspeci ¢ product.

9 RelatedWork

Many articles,for instancg6, 5,8] addressuild processeandtoolsto performbuilds.
Toolsandtechniquesrediscussedo solve limitations of traditionalmake [15], such



asimproving dependengresolution build performanceandsupportfor variantbuilds.
Compositionof sourcetreesandbuild processess not described.

Gunter[16] discussesnabstracimodelof dependencieketweersoftwarecon g-
urationitemsbasedn atheoryof concurrentomputation®ver a classof Petrinets.It
canbeusedto combinebuild processesf varioussoftwareenvironments.

Miller [26] motivatesglobalde nition of asystem$build procesgo allow maximal
dependengtrackingandto improve build performanceHowever, to enablecomposi-
tion of componentsindependencef componentgweak coupling)is important[31].
For sourcetree compositionthis implies independencef individual build processes
andthereforecontradictghe approactof [26]. Sincethe approachof Miller entangles
all component®f the systemwe believe thatit will hampersoftwarereuse.

This paperaddressetechniqueso assemblsoftwaresystemdy integratingsource
treesof reusablecomponentsln practice,suchcomponentsre often distributed sep-
aratelyandtheir installationis requiredprior to building the systemitself. The extra
installationeffort is problematic[29], even when partly automatedy packageman-
agerglike RPM[1]). Althoughsourcetreecompositiorsimpli es softwarebuilding, it
doesnotmake packagananagemerguper uous.Theuseof packagananagerss there-
fore still advocatedo assistsystemadministratorsn installing (binary)distributionsof
assembleg@ystems.

Thework presentedh this paperassereralsimilaritieswith thecomponenmodel
Koala[28,27]. The Koalamodelhasa componentescriptionlanguagdik e our pack-
agede nition languageandimplementationendcomponentescriptionsarestoredin
centralrepositoriesaccessibleia Internet.They alsoemphasizéhe needfor backward
compatibilityandthe needto untanglebuild knowledgefrom an SCM systemto make
componentseusableUnlike our approachthe systemis restrictedto the C program-
minglanguageandmeging theunderlyingimplementationsf selecteccomponentss
notaddressed.

In [18,19], a software releasemanaiementprocessis discussedhat documents
releasedsourcecodecomponentstecordsandexploits dependencieamongsicompo-
nents,and supportdocationandretrieval of groupsof compatiblecomponentsTheir
primarily focusis componenteleaseandinstallation,not developmentof composite
systemsandcomponentntegrationasis the casein this paper

10 Concluding Remarks

This paperaddressesoftware reusebasedon sourcecodecomponentand software
assemblysingatechniquecalledsourcereecomposition Sourcetreecompositionin-
tegratessourcetreesandbuild processesf individual sourcecodecomponentso form
self-containedourcetreeswith singleintegratedcon gurationandbuild processes.

Contributions We provide an abstractionmechanisnfor sourcecode packagesand
softwarebundlesin the form of packageandbundlede nitions. By normalizinga col-
lection of packagede nitions (packagenormalization)a compositionof packagess
synthesizedThe tool autobundle  implementspackagenormalizationand bundle
generationlt fully automatesourcetree composition.Online packagebaseswhich



are automaticallygeneratedrom packagerepositoriesmake packageselectioneasy
They enablesourcecodereusewithin a particularreusescope Sourcetreecomposition
canbedeplo/edto automatedynamicsystemassemblyn product-linearchitectures.

Future work We dependon backwardscompatibility of software packagesThis re-
guirementis hardto enforceand wealeningit is an interestingtopic for further re-
search.The otherrequirementhat we dependon now, is the useof autoconf and
automake , which implementa standardcon guration andbuild interface.We have
ideasfor a genericapproachto hide componenspeci ¢ build and con guration pro-
ceduresbehindstandardizednterfaces,but this still requiresadditionalresearchThe
researchn usingautobundle for the constructionof product-linearchitecturess
in an early phase Therefore we will conductmore casestudiesin autolundle-based
product-linearchitectures.

AcdknowledgmentsWe thank Arie van Deursen Paul Klint, Leon Moonen,and Joost
Visserfor valuablediscussionandfeedbackon earlierversionsof the paper

References

[EnY

. E.C.Bailey. MaximumRPM RedHat Software,Inc., 1997.
. D. S.Batory, C.JohnsonB. MacDonaldandD. vonHeederAchieving extensibilitythrough
product-linesanddomain-speci clanguagesA casestudy In InternationalConfeenceon
Softwae Reusevolume1844o0f LNCS pagesl17-136 SpringerVerlag,2000.
3. R.H. Berlack. Softwae Con guration Management Wiley andSons,New York, 1991.
4. M. vandenBrand,A. vanDeursen,). Heering,H. deJong,M. deJongeT. Kuipers,P. Klint,
L. Moonen,P. Olivier, J. Scheerder]. Vinju, E. Visser andJ. Visser The ASF+SDFMeta-
Environment:a component-baselhinguagedevelopmentenvironment. In Compiler Con-
struction2001(CC 2001) volume20270of LNCS SpringefVerlag,2001.
5. P. BreretonandP. Singleton. Deductve softwarebuilding. In J. Estublier editor, Softwae
Con guration Management:SelectedPapers of the ICSE SCM-4and SCM-5Workshops
numberl005in LNCS, pages81-87.SpringefVerlag,Oct. 1995.
6. J. Buffenbager andK. Gruel. A languagefor software subsystencomposition. In 34th
AnnualHawaii InternationalConfeenceon SystentciencegHICSS-34) IEEE, 2001.
7. M. Caganand A. Wright. Untanglingcon guration management.In J. Estublier editor,
Softwae Con gurationManagement:SelectedPapers of theICSESCM-4and SCM-5Wbrk-
shops numberl005in LNCS, pages35-52.SpringefVerlag,1995.
8. G.M. Clemm.TheOdinsystemln J.Estubliereditor, Softwae Con gurationManagement:
SelectedPapers of the ICSESCM-4and SCM-5Workshops number1005in LNCS, pages
241-2262SpringefVerlag,Oct. 1995.
9. R. Conradiand B. Westfechtel. Versionmodelsfor software con guration management.
ACM ComputingSurves 30(2):232-282Junel998.
10. K. Czarneckiand U. W. Eiseneckr. Componentsand generatre programming. In
O. Nierstraszand M. Lemoine,editors,ESEC/FSEQ9, volume 1687 of LNCS pages2—
19. SpringefVerlag/ ACM Press;1999.

11. K. CzarneckiandU. W. Eiseneckr. Geneative Programming Methods,Tools,and Appli-
cations Addison-Wesley, 2000.

12. A. vanDeursenM. deJongeandT. Kuipers.Feature-basegroductline instantiationusing

source-lgel packagessubmittedfor publication,january2002.

N



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

A. vanDeurserandP. Klint. Domain-speci clanguagalesignrequireseaturedescriptions.
Journal of Computingand InformationTechnolagy, 2001.

A. vanDeurserandT. Kuipers. Building documentatiorgeneratorsin ProceedingsjEEE
International Confeenceon Softwae Maintenance pages40-49.IEEE ComputerSociety
Press1999.

S.I. Feldman.Make — A programfor maintainingcomputemprograms.Softwae — Practice
andExperience9(3):255—-265Mar. 1979.

C. A. Gunter Abstractingdependenciesetweersoftwarecon gurationitems. ACM Trans-
actionson Softwae Engineeringand Methodolay, 9(1):94-131,Jan.2000.

J.vanGurp,J. Bosch,andM. Svahnbeg. On the notion of variability in software product
lines. In R. Kazman,P. Kruchten,C. Verhoef,andH. vanVliet, editors,Proceeding®f the
Working IEEE/IFIP Confeenceon Softwae Architectuie, pages5-54.IEEE, 2001.

A. vanderHoek,R. S.Hall, D. HeimbignerandA. L. Wolf. Softwarereleasemanagement.
In M. JazayerandH. Schauereditors,ESEC/FSE97, volume1301of LNCS pagesl59—
175.Springer/ ACM Press1997.

A. vanderHoekandA. L. Wolf. Softwarereleasemanagemenfor component-basesbft-
ware,2001. (In preparation).

M. de Jonge,E. Visser andJ. Visser XT: a bundle of programtransformatiortools. In
M. vandenBrandandD. Parigot,editors,Proceeding®f Languae Descriptions;Toolsand
Applications(LDTA 2001) volume44 of Electionic Notesin Theoketical ComputerScience
Elsevier SciencePublishers2001.

K. Kang, S. Cohen,J. Hess,W. Novak, and A. Peterson.Feature-orientedomainanaly-
sis (FODA) feasibility study TechnicalReportCMU/SEI-90-TR-21 SoftwareEngineering
Institute,Carngjie Mellon University, Pittskturgh, Pennsylania,november1990.

C. W. Krueger. Softwarereuse. ACM ComputingSurvess 24(2):131-183Junel992.
Y.-J.Lin andS. P. Reiss. Con guration managemenin termsof modules. In J. Estublier
editor, Softwae Con guration ManagementSelectedPapelrs of theICSESCM-4andSCM-5
Workshopsnumberl1005in LNCS, pagesl01-117 SpringerVerlag,1995.

D. MackenzieandB. Elliston. Autoconf: Generatingautomaticcon guration scripts,1998.
http://www.gnu.org/manual/au toc onf /.

D. Mackenzieand T. Tromey. Automale, 2001. http://www.gnu.org/manual/
automake/ .

P. Miller. Recursie make considerecharmful, 1997. http://www.pcug.org.au/
“millerp/rmch/recu- make- cons- harm. html .

R. van Ommering. Con guration managemenin componentasedproductpopulations.
In TenthInternational\Wbrkshopon Softwae Con guration Management{SCM-10) 2001.
http://www.ics.uci.edu/~andr e/s cm10/p apers/ omneri ng. pdf .
R.vanOmmeringF. vanderLinden,J.Kramer andJ. Magee.The Koalacomponenmodel
for consumeelectronicssoftware. IEEE Computer 33(3):78—85March2000.

D. B. Tucker andS. Krishnamurthi. Applying modulesystemresearcho packagenanage-
ment. In TenthInternational\Workshopon Softwae Con guration Management{SCM-10)
2001. http://www.ics.uci.edu/~andre /sc m1Qp apers/ tuc ker .pd f.

E. Visser Stratgo: A languagefor programtransformatiorbasedon rewriting strat@jies.
Systemdescriptionof Stratgo 0.5. In A. Middeldorp, editor, Renriting Tedhniquesand
Applications(RTA01), volume20510f LNCS pages357-361.SpringerVerlag,May 2001.
D. Whitgift. Methodsand Tools for Softwae Con guration Management JohnWiley &
Sons,1991.

A. ZellerandG. Snelting. Uni ed versioningthroughfeaturelogic. ACM Transactionson
Softwae Engineeringand Methodola@y, 6(4):398-4410ct. 1997.



