
SourceTreeComposition
�

Merijn deJonge

CWI
P.O.Box 94079,1090GB Amsterdam,TheNetherlands

http://www.cwi.nl/˜mdejonge/

Abstract. Dividingsoftwaresystemsin componentsimprovessoftwarereusabil-
ity as well as software maintainability. Componentslive at several levels, we
concentrateontheimplementationlevel wherecomponentsareformedby source
�les, dividedoverdirectorystructures.
Suchsourcecodecomponentsareusuallystronglycoupledin thedirectorystruc-
ture of a software system.Their compilationis usually controlledby a single
global build process.This entanglingof sourcetreesandbuild processesoften
makesreuseof sourcecodecomponentsin differentsoftwaresystemsdif�cult. It
alsomakessoftwaresystemsin�e xible becauseintegrationof additionalsource
codecomponentsin sourcetreesandbuild processesis dif�cult.
Thispaper'ssubjectis to increasesoftwarereusebydecreasingcouplingof source
codecomponents.It is achievedby automizedassemblyof softwaresystemsfrom
reusablesourcecodecomponentsandinvolvesintegrationof sourcetrees,build
processes,andcon�guration processes.Applicationdomainsincludegenerative
programming, product-linearchitectures, and commercial off-the-shelf(COTS)
softwareengineering.

1 Intr oduction

Theclassicalapproachof componentcompositionis basedonpre-installedbinarycom-
ponents(suchaspre-installedlibraries).This approachhowever, complicatessoftware
developmentbecause:(i) systembuilding requiresextra effort to con�gure andinstall
thecomponentsprior to building thesystemitself; (ii) it yieldsaccessibilityproblems
to locatecomponentsandcorrespondingdocumentation[23]; (iii) it complicatesthe
processof building self-containeddistributionsfrom a systemandall its components.
Packagemanagers(suchasRPM[1]) reducebuild effort but donothelpmuchto solve
theremainingproblems.Furthermore,they introduceversionproblemswhendifferent
versionsof a componentareused[23,29]. They alsoprovide restrictedcontrolover a
component's con�guration.All thesecomplicatingfactorshampersoftwarereuseand
negatively in�uence granularityof reuse[28].

We arguethat source codecomponents(asalternative to binary components)can
improve softwarereusein componentbasedsoftwaredevelopment.Sourcecodecom-
ponentsaresource�les dividedin directorystructures.They form the implementation
of subsystems.Sourcecodecomponentcompositionyieldsself-containedsourcetrees
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with singleintegratedcon�gurationandbuild processes.We calledthis processsource
treecomposition.

The literaturecontainsmany referencesto articlesdealingwith componentcom-
position on the designand execution level, and with build processesof individual
components(seethe relatedwork in Sect.9). However, techniquesfor composition
of sourcetreesof diversecomponents,developedin differentorganizations,in multiple
languages,for theconstructionof systemswhich areto bereusablethemselvesandto
bedistributedin source,areunderexposedandarethesubjectof this paper.

Thispaperis organizedasfollows.Section2 motivatestheneedfor advancedtech-
niquesto performsourcetreecomposition.Section3 describesterminology. Section4
describestheprocessof sourcetreecomposition.Section5 and 6 describeabstraction
mechanismsoversourcetreesandcompositesoftwaresystems.Section7 describesau-
tomatedsourcetreecomposition.It discussesthe tool autobundle , onlinepackage
bases,andproduct-linearchitectures.Section8 describesexperienceswith sourcetree
composition.Relatedwork andconcludingremarksarediscussedin Sect.9 and10.

2 Moti vation

In mostsoftwaresystemstheconstituentsourcecodecomponentsaretightly coupled:
theimplementationof all subsystemsis containedin asinglesourcetree,acentralbuild
processcontrolstheirbuild processes,andacentralcon�gurationprocessperformstheir
static(compile-time)con�guration.For example,atop-level Make�le oftencontrolsthe
globalbuild processof asoftwaresystem.A systemis thenbuilt by recursively execut-
ing make [15] from the top-level Make�le for eachsourcecodecomponent.Often,a
global GNU autoconf [24] con�guration script performssystemcon�guration, for
instanceto selectthecompilersto useandto enableor disabledebuggingsupport.

Suchtight couplingof sourcecodecomponentshastwo main advantages:(i) due
to build processintegration,building andcon�guring asystemcanbeperformedeasily
from onecentralplace;(ii) distributing thesystemasa unit is relatively easybecause
all sourceis containedin asingletree(onesourcetree,oneproduct).

Unfortunately, tight coupling of sourcecodecomponentsalso hasseveral draw-
backs:

– The compositionof componentsis in�e xible. It requiresadaptionof the global
build instructionsand(possibly)its build con�gurationwhennew componentsare
added[23]. For example,it requiresadaptionof a top-level Make�le to execute
make recursively for thenew component.

– Potentiallyreusablecodedoesnot comeavailablefor reuseoutsidethesystembe-
causeentangledbuild instructionsandbuild con�guration of componentsarenot
reusable[28]. For example,asa resultof usingautoconf , a component's con-
�guration is containedin a top-level con�gurationscriptandthereforenot directly
availablefor reuse.

– Direct referencesinto sourcetreesof componentsyield unnecessary�le systemde-
pendenciesbetweencomponentsin additionto functionaldependencies.Changing
the�le or directorystructureof onecomponentmaybreakanother.
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Fig.1. Componentdevelopment,systemcomposition,and systemassemblywith sourcecode
componentreuse.Componentsare developedindividually; compositionsof componentsform
systems,whichareassembledto form softwarebundles(self-containedsoftwaresystems).

To addresstheseproblems,theconstituentsourcecodecomponentsof asystemshould
be isolatedandbe madeavailablefor reuse(systemdecomposition). After decompo-
sition, new systemscanbe developedby selectingcomponentsandassemblingthem
together(systemcomposition). Thisprocessis depictedin Fig. 1.

For systemcompositionnotonly source�les arerequired,but alsoall build knowl-
edgeof all constituentsourcecodecomponents.Therefore,we de�ne sourcetreecom-
positionasthecompositionof all �les, directories,andbuild knowledgeof all reused
components.To bene�t from the advantagesof a tightly coupledsystem,sourcetree
compositionshouldyield aself-containedsourcetreewith centralbuild andcon�gura-
tion processes,whichcanbedistributedasaunit.

Whenthereusescopeof softwarecomponentsis restrictedto asingleCon�guration
Management(CM) [3] system,sourcetreecompositionmightbeeasy. This is because,
ideally, aCM systemadministratesthebuild knowledgeof all components,theirdepen-
dencies,etc.,andis ableto performthecompositionautomatically.1

When the reusescopeis extendedto multiple projectsor organizations,source
treecompositionbecomesharderbecausecon�guration management(includingbuild
knowledge)needsto be untangled[7,28]. Sourcetreecompositionis further compli-
catedwhen third party componentsare reused,when the resultingsystemhasto be
reusableitself, and when it hasto be distributed as source.This is because:i) stan-
dardizationof CM systemsis lacking[28,32]; ii) controlover build processesof third
partycomponentsis restricted;iii) expertiseon building thesystemandits constituent
componentsmightbeunavailable.

Summarizing,to increasereuseof sourcecodecomponents,sourcetree compo-
sition shouldbemademoregenerallyapplicable.This requirestechniquesto hide the
decompositionof systemsatdistributiontime,to fully integratebuild processesof (third

1 Observe that in practice,CM systemsareoftenconfusedwith versionmanagementsystems.
Thelatterdonotadministrateknowledgesuitablefor sourcetreecomposition.



party)components,andto minimizecon�gurationandbuild effort of thesystem.Once
generallyapplicable,sourcetreecompositionsimpli�es assemblingcomponentbased
softwaresystemsfrom implementingsourcecodecomponents.

Suppliersof CommercialOff-The-Shelf(COTS) sourcecodecomponentsandof
OpenSourceSoftware (OSS)componentscanbene�t from the techniquespresented
in this paperbecauseintegrationof their componentsis simpli�ed, which makesthem
suitablefor widespreaduse.Moreover, aswe will seein Sect.7.3,product-linearchi-
tectures,whichareconcernedwith assemblingfamiliesof relatedapplications,canalso
bene�t from sourcetreecomposition.

3 Terminology

Systembuilding is theprocessof deriving thetargetsof a softwaresystem(or software
component)from source[9]. We call thesetof targets(suchasexecutables,libraries,
anddocumentation)asoftwareproduct, andde�ne asoftwarepackageasadistribution
unit of aversionedsoftwaresystemin eitherbinaryor sourceform.

A system's build processis divided in several steps,which we call build actions.
They constitutea system's build interface. A build actionis de�ned in termsof build
instructionswhichstatehow to ful�ll theaction.For example,abuild processdrivenby
make typically containsthebuild actionsall , install , andcheck . Theall ac-
tion, whichbuilds thecompletesoftwareproduct,mightbeimplementedasasequence
of build instructionsin which anexecutableis derivedfrom C programtext by calling
acompileranda linker.

Systembuilding andsystembehavior canbecontrolledby staticcon�guration[11].
Staticcon�gurableparametersde�ne at compile-timewhich partsof a systemto build
andhow to build them.Examplesof suchparametersaredebug support(by turning
debug informationonor off), andthesetof driversto includein anexecutable.Wecall
thesetof staticcon�gurableparametersof asystemacon�guration interface.

Wede�ne asourcetreeasadirectoryhierarchy containingall source�les of asoft-
ware(sub)system.A sourcetreeincludesthesourcesof thesystemitself, �les contain-
ing build instructions(suchasMake�les), andcon�guration �les, suchasautoconf
con�gurationscripts.

4 SourceTreeComposition

Sourcetreecompositionis theprocessof assemblingsoftwaresystemsbyputtingsource
treesof reusablecomponentstogether. It involvesmergingsourcetrees,build processes,
andcon�guration processes.Sourcetreecompositionyields a singlesourcetreewith
centralizedbuild andcon�gurationprocesses.

Theaim of sourcetreecompositionis to improve reusabilityof sourcecodecom-
ponents.To besuccessful,sourcetreecompositionshouldmeetthreerequirements:

Repeatable To bene�t from any evolutionof theindividual components,it is essential
that an old versionof a componentcaneasilybe replacedby a newer. Repeating
thecompositionshouldthereforetake 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-developersshouldbeofferedasa
unit (onesourcetree,oneproduct),the internalstructuringin sourcecodecom-
ponentsshouldnot necessarilybevisible. Integratingbuild andcon�gurationpro-
cessesof componentsis thereforeaprerequisite.

Dueto lackingstandardizationof build andcon�gurationprocesses,theserequirements
arehardto satisfy. Especiallywhendrawing on a diversecollectionof softwarecom-
ponents,developedandmaintainedin differentinstitutes,by differentpeople,andim-
plementedin differentprogramminglanguages.Compositionof sourcetreestherefore
oftenrequires�ne-tuning a system's build andcon�gurationprocess,or evenadapting
thecomponentsthemselves.

To improve this situation,we proposeto formalizethe parametersof sourcecode
packagesandto hidecomponent-speci�cbuild andcon�gurationprocessesbehindin-
terfaces.A standardizedbuild interfacede�nes the build actionsof a component.A
con�guration interfacede�nes a component's con�gurableitems.An integratedbuild
processis formedby composingthebuild actionsof eachcomponentsequentially. The
con�guration interfaceof a composedsystemis formedby merging thecon�guration
interfacesof its constituentcomponents.

5 De�nition of SingleSourceTrees

We proposesource codepackagesasunit of reusefor sourcetreecomposition.They
help to: i) easilydistinguishdifferentversionsof a componentand to allow themto
coexist; ii) makesourcetreecompositioninstituteandprojectindependentbecausever-
sioneddistributionsareindependentof any CM system;iii) allow simultaneousdevel-
opmentanduseof sourcecodecomponents.



To be effectively reusable,softwarepackagesrequireabstractions[22]. We intro-
ducepackage de�nitions asabstractionof sourcecodepackages.We developeda Do-
mainSpeci�c Language(DSL) to representthem.An exampleis depictedin Fig. 2. It
de�nesthesoftwarepackageCobolSQLTrans which is intendedto developtransforma-
tionsfor Cobolwith embeddedSQL.

Packagede�nitions de�ne theparametersof packages,whichincludepackageiden-
ti�cation, packagedependencies,andpackagecon�guration.

Package identi�cation The minimal informationthat is neededto identify a software
packageareits nameandversionnumber. In addition,alsotheURL wherethepackage
canbeobtained,ashortdescriptionof thepackage,anda list of keywordsarerecorded
(seethe identi�cation sectionof Fig. 2).

Package con�guration Thecon�guration interfaceof a softwarepackageis de�ned in
thecon�gur ation interface section.Partial con�gurationenforcedby othercomponents
and compositionof con�guration interfacesis discussedin Sect.6. For example,in
Fig. 2, thecon�guration interfacede�nes a singlecon�gurationparameteranda short
usagedescriptionof this parameter. With this parameter, the CobolSQLTrans package
canbecon�guredwith or without layoutpreservingtransformations.

PackagedependenciesTosupporttruedevelopmentwith reuse, apackagede�nition can
list the packagesthat it reusesin the requires section.Packagede�nitions alsoallow
to de�ne a (partial) staticcon�guration for requiredpackages.Packagedependencies
are usedduring package normalization(seeSect.6) to synthesizethe completeset
of packagesthat form a system.For example,the packageof Fig. 2 requiresat least
version0.5 of thecobol packageandcon�guresit with embeddedSQL.Furtherpackage
requirementsaretheAlgebraicSpeci�cationFormalism(asf) asprogramminglanguage
with supportfor automatictermtraversal,aparser(sglr), andpretty-printer(gpp).

6 De�nition of CompositeSourceTrees

A software bundleis thesourcetreethatresultsfrom a particularsourcetreecomposi-
tion.A bundlede�nition (seeFig.3)de�nestheingredientsof abundle,itscon�guration
interface,andits identi�cation. Theingredientsof a bundlearede�ned ascomposition
of packagede�nitions.

A bundle de�nition is obtainedthrougha processcalled package normalization
which includespackagedependency andversionresolution,build orderarrangement,
con�gurationdistribution,andbundleinterfaceconstruction.

Dependencyresolution Unlessotherwisespeci�ed, packagenormalizationcalculates
the transitive closureof all requiredpackagesandcollectsall correspondingpackage
de�nitions. The list of requiredpackagesfollows directly from the bundle's package
dependency graph(seeFig. 4). For instance,duringnormalizationof thepackagedef-
inition of Fig. 2, dependency uponthe aterm packageis signaledandits de�nition is
includedin thebundlede�nition. Whenapackagede�nition is missing(seethedashed
packagein Fig. 4), a con�guration parameteris addedto the bundle's con�guration
interface(seebelow).



bundle
name=CobolSQLTrans-bundle version= 1.0
con�guration interface
layout-preserving

'Enable layout preserving transformations.'
boxenv

'Location of external boxenv package.'
bundles
package
name=sdf version= 2.1
con�guration

package
name=sql version= 0.2
con�guration

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

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

package
name=gpp version= 2.0
con�guration

package
name=CobolSQLTrans version= 1.0
con�guration

Fig.3.Bundlede�nition obtainedby normalizingthepackagede�nition of Fig.2. Thisde�nition
hasbeenstrippeddueto spacelimitations.

Version resolution Onesoftwarebundlecannotcontainmultiple versionsof a single
package.Whendependency resolutionsignalsthatdifferentversionsof a packageare
required,thepackagenormalizationprocessshoulddecidewhichversionto bundle.

Essentialfor packagenormalizationis compatibilitybetweendifferentversionsof
a package(see[31,9,32] for a discussionof versionmodels).In accordancewith [27],
we requirebackwardscompatibilityto make surethata particularversionof a package
canalwaysbe replacedby oneof its successors.Whenbackwardscompatibility of a
packagecannotbesatis�ed,a new package(with a differentname)shouldbecreated.
Our tooling canbeinstantiatedwith differentversionschemesallowing experimenting
with other(weakened)versionrequirements.

Build order arrangement Packagedependenciesserve to determinethe build order
of compositesoftwaresystems:building a packageshouldbe delayeduntil all of its
requiredpackageshave beenbuilt. During packagenormalization,thecollectedpack-
agede�nitions arecorrectlyorderedlinearly accordingto a bottomup traversalof the
dependency graph.Therefore,the cobol packageoccursafter the sql packagein the
bundlede�nition of Fig. 3. Circular dependenciesbetweenpackagesarenot allowed.
Suchcircularitiescorrespondto bootstrappingproblemsandshouldbesolvedby pack-
agedevelopers(for instanceby splittingpackagesupor by creatingdedicatedbootstrap
packages).

Con�guration propagation Eachpackagede�nition that is collectedduring package
normalizationcontainsa(possibleempty)setof con�gurableparameters,its con�gura-
tion interface.Con�gurableparametersmight getboundwhenthepackageis usedby



CobolSQLTrans-1.0

cobol-0.5 asf-1.1 sglr-3.0 gpp-2.0

sdf-2.1
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Fig.4. A packagedependency graphfor theCoboltransformationpackageof Fig. 2. Thedashed
circledenotesanunresolvedpackagedependency.

anotherwhich imposesa particularcon�guration.During normalization,this con�gu-
ration is determinedby collectingall the bindingsof eachpackage.For example,the
CobolSQLTrans packageof Fig.2 bindsthecon�gurableparameterlang-ext of thecobol
packageto SQL, theparametertraversals of theasf packageis boundto on (seeFig. 3).
A con�icting con�gurationoccurswhenasingleparametergetsbounddifferently. Such
con�gurationcon�icts caneasilybedetectedduringpackagenormalization.

BundleinterfaceconstructionA bundle's con�gurationinterfaceis formedby collect-
ing all unboundcon�gurableparametersof bundledpackages.In addition,it is extended
with parametersfor unresolvedpackagerequirementsandfor packagesthathave been
explicitly excludedfrom the packagenormalizationprocess.Theseparametersserve
to specifythe installationlocationsof missingpackagesat compiletime. The con�g-
uration interfaceof the CobolSQLTrans package(seeFig. 3) is formedby the layout-
preserving parameteroriginatingfrom theCobolSQLTrans package,andtheboxenv pa-
rameterwhich is dueto theunresolveddependency of thegpp package(seeFig. 4).

After normalization,a bundlede�nition de�nes a softwaresystemascollectionof
softwarepackages.It includespackagede�nitions of all requiredpackagesandcon�g-
urationparametersfor thosethataremissing.Furthermore,it de�nes a partial con�g-
urationfor packagesandtheir build order. This informationis suf�cient to performa
compositionof sourcetrees.In thenext sectionwediscusshow thiscanbeautomated.

7 Performing AutomatedSourceTreeComposition

We automatedsourcetreecompositionin the tool autobundle . In addition,we im-
plementedtoolsto makepackagede�nitions availablevia onlinepackagebases. Online
packagebasesform centralmeetingpointsfor packagedevelopersandpackageusers,
andprovide online packageselection,bundling, andcontribution via Internet.These
techniquescanbeusedto automatesystemassemblingin product-linearchitectures.

CobolSQLTrans-1.0.html
cobol-0.5.html
asf-1.1.html
sglr-3.0.html
gpp-2.0.html
sdf-2.1.html
sql-0.2.html
aterm-1.6.3.html
boxenv-1.8.html


Table1. Thefollowing �les arecontainedin a softwarebundlegeneratedby autobundle .

Makefile.am Top-level automake Make�le that integratesbuild processesof all
bundledpackages.

configure.in An autoconf con�gurationscriptto performcentralcon�gurationof
all packagesin a softwarebundle.

pkg-list A list of thepackagesof a bundleandtheirdownloadlocations.
collect A tool that downloads,unpacks,andintegratesthe packageslisted in

pkg-list .
README A �le thatbrie�y describesthesoftwarebundleandits packages.
acinclude.m4 A �le containingextensionsto autoconf functionality to make cen-

tral con�gurationof packagespossible.

Table 2. Thesearetheactionsof thestandardizedbuild interfacerequiredby autobundle . In
addition,autobundle alsorequiresa tool configure to performstaticcon�guration.

all Build actionto build all targetsof asourcecodepackage.
install Build actionto install all targets.
clean Build actionto removeall targetsandintermediateresults.
dist Build actionto generateasourcecodedistribution.
check Build actionto verify run-timebehavior of thesystem.

7.1 Autobundle

Packagenormalizationand bundle generationare implementedby autobundle .2

This tool producesansoftwarebundlecontainingtop-level con�gurationandbuild pro-
cedures,anda list of bundledpackageswith their downloadlocations(seeTable1).

Thegeneratedbundledoesnot containthesourcetreesof individual packagesyet,
but ratherthe tool collect that cancollect the packagesandintegratethemin the
generatedbundleautomatically. Thereasonto generateanemptybundleis twofold: i)
sinceautobundle typically runson a server (seeSect.7.2), collecting,integrating,
andbuilding distributionswould reduceserver performancetoo much.By letting the
userperformthesetasks,theserver getsrelievedsigni�cantly. ii) It protectsanauto-
bundle server from legal issueswhencopyright restrictionsprohibit redistribution or
bundlingof packagesbecausenosoftwareis redistributedor bundledatall.

To obtainthesoftwarepackagesandto build self-containeddistributions,thegen-
eratedbuild interfaceof abundlecontainstheactionscollect to downloadandinte-
gratethesourcetreesof all packages,andbundle to alsoput theminto asinglesource
distribution.

The generatedbundle is driven by make [15] andoffers a standardizedbuild in-
terface(seeTable2). Thebuild interfaceandcorrespondingbuild instructionsaregen-
eratedby autoconf [24] andautomake [25]. Thetool autoconf generatessoft-
warecon�gurationscriptsandstandardizesstaticsoftwarecon�guration.Thetool au-
tomake providesastandardizedsetof build actionsby generatingMake�les from ab-

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



stractbuild processdescriptions.Currentlywe requirethatthesetoolsarealsousedby
bundledpackages.Weusedthetoolsbecausethey arefreelyavailableandin widespread
use.However, they arenot essentialfor theconceptof sourcetreecomposition.Essen-
tial is the availability of a standardizedbuild interface(suchas the one in Table2);
any build systemthat implementsthis interfacewould suf�ce. Moreover, whena build
systemdoesnot implementthis interface,it would not bedif�cult to hidethepackage
speci�c con�gurationandbuild instructionsbehindthestandardizedbuild interface.

After the packagesareautomaticallycollectedand integrated,the top-level build
andcon�guration processestake careof building andcon�guring the individual com-
ponentsin thecorrectorder. The build processalsoprovidessupportfor generatinga
self-containedsourcedistribution from thecompletebundle.This hidesthestructuring
of thesystemin componentsandallows a developerto distributehis softwareproduct
asasingleunit. Thecompleteprocessis depictedin Fig. 5.

7.2 Online PackageBases

Dependency resolutionduring packagenormalizationis performedby searchingfor
packagede�nitions in package repositories. We developedtools to make suchrepos-
itories browsableandsearchablevia Inter/Intranet,andwe implementedHTML form
generationfor interactive packageselection.The form constitutesan online package
baseandlistspackagesandavailableversionstogetherwith descriptionsandkeywords.
Theform canbe�lled out by selectingthepackagesof need.By pressingthe“bundle”
button, theautobundle server is requestedto generatethedesiredbundle.Anyone
cancontributeby �lling outanonlinepackagecontribution form. After submittingthis
form, a packagede�nition is generatedandtheonlinepackagebaseis updated.This is
theonly requiredstepto makeanautoconf /automake basedpackageavailablefor
reusewith autobundle .

Onlinepackagebasescanbedeployedto enableandcontrolsoftwarereusewithin a
particularreusescope(for instance,group,department,or company wide).They make
softwarereuseandsoftwaredependenciesexplicit becauseadistributionpolicy of soft-
warecomponentsis requiredwhensourcecodepackagesform theunit of reuse.

7.3 Product-Line Ar chitectures

Online packagebasesallow to easily assemblesystemsby selectingcomponentsof
need.An assembledsystemis partlycon�gureddependingon thecombinationof com-
ponents.Remainingvariationpointscanbecon�guredat compiletime.This approach
of systemassemblyis relatedto thedomainof product-linearchitectures.

A Product-LineArchitecture(PLA) is a designfor familiesof relatedapplications;
applicationconstruction(also called product instantiation[17]) is accomplishedby
composingreusablecomponents[2]. Thebuilding blocksfrom which applicationsare
assembledare usually abstractrequirements(consistingof application-orientedcon-
ceptsandfeatures).For theconstructionof theapplication,correspondingimplementa-
tion componentsarerequired.To automatecomponentassembly, con�guration knowl-
edgeis requiredwhichmapsbetweentheproblemspace(consistingof abstractrequire-
ments)andthesolutionspace(consistingof implementationcomponents)[10].



(2) Package normalization

(4) Source tree composition

(1) Package selection

(5a) System building (5b) Bundling / Distribution

generation
(3) Build-environment

Fig.5. Constructionanddistributionof softwaresystemswith sourcetreecomposition.(1) Pack-
agesof needareselected.(2) Theselectedsetof packagesis normalizedto form a bundledef-
inition. (3) From this de�nition an emptysoftwarebundle is generated.(4) Requiredsoftware
packagesarecollectedandintegratedin thebundle,afterwhich thesystemcanbebuilt (5a),or
bedistributedasa self-containedunit (5b).

We believe that packagede�nitions, bundlegeneration,andonline packagebases
serve implementinga PLA by automatingthe integration of sourcetreesand static
con�guration.Integrationof functionalityof componentsstill needsto beimplemented
in thecomponentsthemselves,for instanceaspartof acomponent'sbuild process.

Our packagede�nition languagecan function ascon�guration DSL [11]. It then
servesto capturecon�guration knowledgeandto de�ne mappingsbetweenthe prob-
lemandsolutionspace.Abstractcomponentsfrom theproblemspacearedistinguished
from implementationcomponentsby having an empty location �eld in their package
de�nition. A mappingis de�ned by specifyingan implementationcomponentin the
requires sectionof anabstractpackagede�nition.

Systemassemblingcanbeautomatedby autobundle . It normalizesa setof ab-
stractcomponents(features)andproducesa sourcetreecontainingall corresponding
implementationcomponentsandgeneratesa (partial)con�gurationfor them.Variation
pointsof theassembledsystemcanbecon�guredstaticallyvia thegeneratedcon�gu-
rationinterface.An assembledsystemformsa unit whichcaneasilybedistributedand
reusedin otherproducts.

De�nitions of abstractpackagescanbe madeavailablevia online packagebases.
Packagebasesthenserveto representapplication-orientedconceptsandfeaturessimilar
to featurediagrams[21]. This makesassemblingapplicationsaseasyasselectingthe
featuresof need.

8 CaseStudies

SystemdevelopmentWesuccessfullyappliedsourcetreecompositionto theASF+SDF
Meta-Environment[4], anintegratedenvironmentfor thedevelopmentof programming



languagesandtools,whichhasbeendevelopedatour researchgroup.Sourcetreecom-
positionsolvedthefollowing problemsthatweencounteredin thepast:

– Wehaddif�culties in distributingthesystemasaunit.Wewereusingad-hocmeth-
odsto bundleall requiredcomponentsandto integratetheirbuild processes.

– We wereencounteringthewell-known problemof simultaneouslydevelopingand
usingtools.Becausewe did not have a distribution policy for individual compo-
nents,developmentanduseof componentswereoftencon�icting activities.

– Mostof theconstituentcomponentsweregenericin nature.Dueto theirentangling
in thesystem'ssourcetreehowever, reuseof individual componentsacrossproject
boundariesprovedto beextremelyproblematic.

After we startedusing sourcetree compositiontechniques,reusabilityof our com-
ponentsgreatly improved. This wasdemonstratedby the developmentof XT [20], a
bundle of programtransformationtools. It bundlescomponentsfrom the ASF+SDF
Meta-Environmenttogetherwith adiversecollectionof componentsrelatedto program
transformation.Currently, XT is assembledfrom 25 reusablesourcecodecomponents
developedat threedifferentinstitutes.

For both projects,packagede�nitions, packagenormalization,andbundlegener-
ation proved to be extremelyhelpful for building self-containedsourcedistributions.
With thesetechniques,building distributionsof theASF+SDFMeta-Environmentand
of XT becamea completelyautomatedprocess.De�ning the top-level componentof
a system(i.e., the root nodein the system's packagedependency graph)suf�ces to
generateadistributionof thesystem.

Online Package Base To improve �e xibility of componentcomposition,we de�ned
packagede�nitions for all of oursoftwarepackages,includedthemin asinglepackage
repositoryandmadethatavailablevia InternetastheOnlinePackageBase3 (OPB).

With theOPB(seeFig.6),building sourcedistributionsof XT andof theASF+SDF
Meta-Environmentbecomesa dynamicprocessandreducesto selectingoneof these
packagesandsubmittinga bundlerequestto theautobundle server. Theexactcon-
tentsof both distributionscanbe controlledfor speci�c needsby in/excluding com-
ponents,or by enforcingadditionalversionrequirementsof individual components.
Similarly, any compositionof ourcomponentscanbeobtainedvia theOPB.

Althoughit wasinitiatedto simplify andincreasereuseof our own softwarepack-
ages,anyonecan now contribute by �lling out a package contribution form. Hence,
compositionswith third-partycomponentscanalsobe made.For example,the OPB
containsseveral packagede�nitions for GNU software, the graphdrawing package
graphviz4 from AT&T, andcomponentsfrom anumberof otherresearchinstitutes.

Stratego compiler Recently, the Stratego compiler [30] hasbeensplit up in reusable
packages(including the Stratego runtimesystem).The constitutingcomponents(de-
velopedat differentinstitutes)arebundledwith autobundle to form a stand-alone
distribution of thecompiler. With autobundle alsomore�ne-grainedreuseof these

3 Availableathttp://www.program- transformat io n.o rg/ pac kag e- base/
4 Availableathttp://www.research.att.com/s w/t ool s/g ra phv iz/



Fig.6.Automatedsourcetreecompositionat theOnlinePackageBase.TheOnlinePackageBase
is availableathttp://www.program- transformati on. org /pa cka ge- base / .

packagesis possible.An exampleis the distribution of a compiledStratego program
with only theStratego run-timesystem.TheStratego compileralsoillustratestheuse-
fulnessof nestedbundles.Thoughacompositebundle,theStrategocompileris treated
asasinglecomponentby theXT bundlein which it is included.

Product-linearchitectures Wearecurrentlyinvestigatingtheuseof autobundle and
online packagebasesin a commercialsettingto transformthe industrial application
DocGen[14] into a product-linearchitecture[12]. DocGenis a documentationgen-
eratorwhich generatesinteractive, hyperlinked documentationaboutlegacy systems.
Documentationgenerationconsistsof genericandspeci�c artifactextractionandvisu-
alizationin acustomer-speci�c layout.It is importantthatcustomer-speci�c codeis not
deliveredto othercustomers(i.e., thatcertainpackagesarenot bundled).

Thevariationpointsof DocGenhavebeenexaminedandcapturedin a FeatureDe-
scriptionLanguage(FDL) [13]. Weareanalyzinghow featureselection(for instancethe
artifactsto documentandwhich layoutto use)canbeperformedvia anonlinepackage
base.Packagede�nitions serveto mapselectedfeaturesto correspondingimplementing
components(suchasspeci�c extractorsandvisualizators).Suchafeaturesetis normal-
izedby autobundle to abundleof softwarepackages,whicharethenintegratedinto
asinglesourcetreethatformstheintendedcustomer-speci�c product.

9 RelatedWork

Many articles,for instance[6,5,8] addressbuild processesandtoolsto performbuilds.
Toolsandtechniquesarediscussedto solve limitationsof traditionalmake [15], such



asimproving dependency resolution,build performance,andsupportfor variantbuilds.
Compositionof sourcetreesandbuild processesis notdescribed.

Gunter[16] discussesanabstractmodelof dependenciesbetweensoftwarecon�g-
urationitemsbasedona theoryof concurrentcomputationsoveraclassof Petrinets.It
canbeusedto combinebuild processesof varioussoftwareenvironments.

Miller [26] motivatesglobalde�nition of asystem'sbuild processto allow maximal
dependency trackingandto improve build performance.However, to enablecomposi-
tion of components,independenceof components(weakcoupling) is important[31].
For sourcetree compositionthis implies independenceof individual build processes
andthereforecontradictstheapproachof [26]. Sincetheapproachof Miller entangles
all componentsof thesystem,webelieve thatit will hampersoftwarereuse.

Thispaperaddressestechniquesto assemblesoftwaresystemsby integratingsource
treesof reusablecomponents.In practice,suchcomponentsareoften distributedsep-
aratelyandtheir installationis requiredprior to building the systemitself. The extra
installationeffort is problematic[29], even whenpartly automatedby packageman-
agers(likeRPM[1]). Althoughsourcetreecompositionsimpli�es softwarebuilding, it
doesnotmakepackagemanagementsuper�uous.Theuseof packagemanagersis there-
forestill advocatedto assistsystemadministratorsin installing(binary)distributionsof
assembledsystems.

Thework presentedin thispaperhasseveralsimilaritieswith thecomponentmodel
Koala[28,27]. TheKoalamodelhasa componentdescriptionlanguagelike our pack-
agede�nition language,andimplementationsandcomponentdescriptionsarestoredin
centralrepositoriesaccessiblevia Internet.They alsoemphasizetheneedfor backward
compatibilityandtheneedto untanglebuild knowledgefrom anSCM systemto make
componentsreusable.Unlike our approach,thesystemis restrictedto theC program-
ming language,andmergingtheunderlyingimplementationsof selectedcomponentsis
notaddressed.

In [18,19], a software releasemanagementprocessis discussedthat documents
releasedsourcecodecomponents,recordsandexploits dependenciesamongstcompo-
nents,andsupportslocationandretrieval of groupsof compatiblecomponents.Their
primarily focus is componentreleaseand installation,not developmentof composite
systemsandcomponentintegrationasis thecasein thispaper.

10 Concluding Remarks

This paperaddressessoftware reusebasedon sourcecodecomponentsandsoftware
assemblyusingatechniquecalledsourcetreecomposition.Sourcetreecompositionin-
tegratessourcetreesandbuild processesof individualsourcecodecomponentsto form
self-containedsourcetreeswith singleintegratedcon�gurationandbuild processes.

Contributions We provide an abstractionmechanismfor sourcecodepackagesand
softwarebundlesin theform of packageandbundlede�nitions. By normalizinga col-
lection of packagede�nitions (packagenormalization)a compositionof packagesis
synthesized.The tool autobundle implementspackagenormalizationand bundle
generation.It fully automatessourcetreecomposition.Online packagebases,which



areautomaticallygeneratedfrom packagerepositories,make packageselectioneasy.
They enablesourcecodereusewithin aparticularreusescope.Sourcetreecomposition
canbedeployedto automatedynamicsystemassemblyin product-linearchitectures.

Future work We dependon backwardscompatibility of softwarepackages.This re-
quirementis hard to enforceand weakening it is an interestingtopic for further re-
search.The otherrequirementthat we dependon now, is the useof autoconf and
automake , which implementa standardcon�guration andbuild interface.We have
ideasfor a genericapproachto hide componentspeci�c build andcon�guration pro-
ceduresbehindstandardizedinterfaces,but this still requiresadditionalresearch.The
researchin usingautobundle for the constructionof product-linearchitecturesis
in an early phase.Therefore,we will conductmorecasestudiesin autobundle-based
product-linearchitectures.
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