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Abstract

Thetrendstowardproductline developmentandtowardadoptingmorethird-partysoftware
arehardto combine.Thereasonis thatproductlinesdemand�ne controlover thesoftware
(e.g.,for diversitymanagement),while third-partysoftware(almostby de�nition) provides
only little or nocontrol.

A growing useof third-partysoftwaremaythereforeleadto lesscontrolover theproduct
developmentprocessor, vice-versa,requiringlargecontrolover thesoftwaremaylimit the
ability to usethird-partycomponents.Sincebotharemeansto reducecostsandto shorten
time to market, thequestionis whetherthey canbecombinedeffectively.

In this paper, we describeour solutionto this problemwhich combinestheKoalacom-
ponentmodeldevelopedwithin Philips with the conceptof build-level components.We
show thatby lifting componentgranularityof Koalacomponentsfrom individualC �les to
build-level components,bothtrendscanbeunited.TheKoalaarchitecturaldescriptionlan-
guageis usedto orchestrateproductcompositionandto managediversity, while build-level
componentsform theunit of third-partycomponentcomposition.

Key words: Koala,softwareproductlines,build-level components,
third-partysofware,softwarecomposition.

1 Intr oduction

Costreductionandtimeto marketaredriving factorsfor developingsoftwareprod-
uct lines.Oftenproprietarytechnologiesareusedfor managingdiversityto enable
quick productdevelopment. Until recently, it was commonpracticeto develop
most(if not all) softwarein-house,especiallyfor industrialproductline architec-
tures. Today, the trendtoward reductionof costandtime to market is continued,
namelyby adoptingmore third-party software, including opensourcesoftware.
Theexpectationis thatby adoptingthird-partysoftware,thesoftwarequality and
time to market canbeimproved,while keepingthedevelopmentcostsdown.
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Unfortunately, third-party software usually doesnot integratewell with pro-
prietaryproductline technology. Product-linetechnologytypically demandsspe-
cially �a voredcomponentsand�ne-grainedcontrolover softwareartifacts.Since
product-linetechnologyis not standardized,it is very likely that third-partysoft-
waredoesnot �t, andthat it is not allowedor possibleto make it �t. As a result,
eithertheuseof third-partysoftwareis preferredover product-linetechnology, or
theotherwayaround.Clearly, this is notanoptimalsituation.

Koala[10,11] is sucha proprietarycomponenttechnologyfor creatingproduct
lines. It hasbeenusedsuccessfullyfor about10yearsfor de�ning andconstructing
a large variety of products. Its key featuresarediversity managementby means
of compositionandvariation,andthearchitecturaldescriptionlanguage(ADL) to
de�ne componentcompositionsandto drivecodegeneration.

Despiteits provensuccess,Koalais currentlynotsuf�ciently capablefor adopt-
ing externalsoftware. Becauseit is proprietarytechnology, it is not an industrial
standard.As it assumesspeciallytailoredcomponentimplementations,it requires
effort to makethird-partycomponents�t. Moreover, sinceit operatesat thelevel of
individualC �les, it is dif�cult to integratemorecoarse-grainedcomponents.Con-
sequently, in its currentform Koalais notcapableof orchestratingthecomposition
for productsthatconsistof bothproprietaryandthird-partycomponents.

Independentlyof Koala, the conceptof build-level components[4] hasbeen
developed.A build-level componentconsistsof sourcecodetogetherwith instruc-
tionsto build (e.g.,compile/link)it. It providesa build andcon�guration interface
to abstractover the component-speci�cbuild andcon�guration processes.As a
consequence,build-level componentscan be composedand boundin a uniform
way, similar to componentsin othercomponentmodels. Build-level components
aresimpleto developandcomplywith standardtechnologies.Therefore,they are
promisingto improve thecomposabilityof third-partysoftwareat thebuild-level.

In this paperwe explore the ideato combinetheKoalacomponentmodeland
build level componentsto enableproductline developmentwith third-partysoft-
ware.We show how we canuseKoalato orchestratethecompositionandvariabil-
ity of build-level components,by leveragingthe granularityof componentsfrom
C modulesto build-level components.This way, we canadaptto the trendto use
third-partycomponents,ratherthanusingonly proprietarysoftware.With this ap-
proach,we canbene�t from Koala's architecturallanguage,diversitymechanism,
andtooling. This way, theuseof Koalafor productline developmentcanbecon-
tinued,evenin theheterogeneousenvironmentsof tomorrow.

This article is structuredas follows. Section2 givesa brief overview of the
Koala componentmodel. In Section3 we zoom into Koala's moduleconcept,
which is of key importancefor this article. Section4 givesa quick overview of
build-level components.In Section5 weexplainhow Koalaandbuild-level compo-
nentscanbecombined.In Section6, we discusstheimplementationof build-level
compositionwith Koala. In Section7, we discussthe developmentof the Koala
compilerasa compositionof build-level components.In Section8 we draw �nal
conclusions.
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2 Koala in a nutshell

Koala[10,11] is a componentmodelconsistingof anarchitecturaldescriptionlan-
guage(ADL) andtool support. The ADL servesto de�ne interfaces,datatypes,
basiccomponents,and compositions(which are componentsthemselves). The
tooling servesto generateproductsfrom componentcompositions.Koalawaspri-
marily designedfor resource-constrainedsoftwareandis appliedin theconsumer
electronicsdomain.

Koala is a hierarchicalcomponentmodel wherelarger componentsare con-
structedby instantiatingsmallercomponents.Theleavesof a compositiontreeare
formedby Koalamodules,which correspondto individual C �les. 2 The Koala
tooling includesa compilerwhich createsbindingsbetweencomponents,creates
codeto manageunbounddiversityparameters,andwhichgeneratesascriptto com-
pile/link acomposition.Below wewill brie�y describeasubsetof theKoalaADL.

Interface de�nitions
In its simplestform, a Koalainterfacede�nition consistsof a sequenceof function
prototypes,parameters,andconstantsin aC-likesyntax.For example:

interface IFooBar {
int foo(void);
int bar(int c, int y);
int a_constant = 10;
int a_parameter;

}

This interfacede�nes two functions(foo andbar ), a constant(a constant ),
andaparameter(a parameter ).

Componentde�nitions
A componentde�nition consistsof anameanda list of sections.For example:

component FooBar {
provides IFooBar p;
requires IFoo rFoo;

IBar rBar;
contains

component Foo foo;
component Bar bar;
module m;

connects
p = m;
m = rFoo;
m = rBar;

}

This componentde�nition de�nes the componentFooBar . It speci�es threein-
terfaceinstances:oneprovided interfaceof type IFooBar , andtwo requiresin-
terfacesof type IFoo andIBar , respectively. The componentde�nition further

2 Conceptually, theKoalacomponentmodelis not boundto theC language(seeSection3), but in
practiceonly C is supportedby Koalatoolingandall existingcomponentsarewritten in C.
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containstwo componentinstances(oneinstanceof Foo andoneinstanceof Bar )
andonemodulem. Observe that, in contrastto interfacesandcomponents,mod-
uleshavenotypeandareimplicitely instantiated.Finally, thecomponentde�nition
speci�eshow interfacesareconnected.Theprovidedinterfacep is connectedto the
modulem. Thismeansthateachfunctioncall to interfacep is routedto themodule
m. This modulemustimplementthesefunctions.Modulemis connectedto rFoo
andrBar . This meansthatmodulemcanusethefunctionsfrom theseinterfaces,
althoughit is still unde�nedwherethesefunctionsareimplemented.Connections
of modulesareuntyped.Hence,any interfacecanbeconnectedto amodule.

Con�gurations
In order to build a productfrom a set of components,a con�guration hasto be
de�ned. A con�guration is a componentde�nition without providesor requires
interfaces.It mustbindall unboundrequiresinterfacesof its constituentcomponent
instances.In theexampleabove,thismeansbindingtherFoo andrBar interfaces.

Modules
A moduleis Koala'satomicunit of composition.It typically correspondsto aC �le.
A Koalamodulecannotbeinstantiated.A C �le correspondingto a Koalamodule
mustmeetafew rules:it shouldhaveexactlyonespeci�c #includestatement,andit
shoulduseaspeci�c namingconventionfor implementingfunctionsfrom provides
interfacesandfor accessingfunctionsfrom requiresinterfaces,for example:

#include "FooBar.h"
void p_foo() {

r_foo();
}
int p_bar(int x, int y) {

return r_bar(x,y);
}
int p_a_parameter = 10;

As canbeseenfrom thisexample,functionsfrom interfacesarepre�xedwith their
instancename.Thesearecalledlogicalnamesin Koala.In its simplestform, com-
pilation of a Koalacompositionconsistsof bindingC functioncalls to C function
de�nitions accordingto theinterfacebindingsin theKoalacomposition.A binding
is accomplishedby mappingthe logical namesof a functioncall andde�nition to
acommonphysicalname.Thesebindingshave theform of:

#define logical_name physical_name

The single �le that eachC modulemust include,contains,amongstothers,such
bindings.This �le is generatedby theKoalacompiler. The�le FooBar.h in the
examplemight includethefollowing bindings:

#define p_foo Main_FooBar_foo
#define r_foo Main_Comp_Demo_foo
#define r_bar Main_Test_Bar_bar

Diversity
Diversityis, amongstothers,supportedvia theswitchconstruct.For example:
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switch expr
in {i1 i2}
out {o1,o2} on v1

{o3,o4} otherwise

This switchconnectsthepair of interfacesi1 andi2 to eithero1 ando2 in case
expr evaluatesto v1 , or to o3 ando4 otherwise.

TheKoalacompilerperformspartialevaluationin orderto evaluateswitchcon-
ditionswheneverpossible.If aswitchconditioncanbestaticallydetermined(based
onparameterbindingsin interfaces),thecorrespondingroutethroughtheswitchis
lifted into a staticbinding,andthe remainingroutesareremoved. This forms an
importantoptimization,which allows de�ning a hugecon�guration spacein the
ADL, withouthaving signi�cant impactontherun-timebehavior and/orsizeof the
resultingexecutable,sincemostvariationpointsfor a productareboundstatically
andoptimizedaway. For variationpointswhicharenotstaticallybound,theKoala
compilergeneratescodeto dealwith thevariationpointat run time.

3 A closerlook at Koalamodules

A Koalamoduleis untyped.This meansthatany interfacecanbeconnectedto a
module. The reasonis that a moduleforms the connectionbetweenthe architec-
tural level andthe realizationlevel. SinceKoalahasno notionaboutC, it cannot
typechecka C �le to verify thata binding to the �le is correct. Hence,at thear-
chitecturallevel, we areconcernedwith interfacesandcomponentsandhow they
areconnected.At therealizationlevel we areconcernedwith C �les (andto some
extent, libraries)andhow they have to be compiledinto an executable. Sincea
Koalamodulecorrespondsto a concretepieceof sourcecode,modulescannotbe
instantiated,becausethatwould imply purecodeduplication.

TheKoalalanguage(andconcepts)andtheKoalacompiler(producingC code)
aredevelopedandusedtogether. As a consequence,they areoften seenasone,
integral combination.Actually, thereis hardlyany experiencewith decouplingthe
Koalalanguagefrom its compilerandfrom the C programminglanguage.How-
ever, conceptually, Koalais a hierarchicalcomponentarchitecture,wheremodules
aretheatomicunit of composition.Thus,Koalacomponentcompositionamounts
to composingKoalamodules.By associatingKoalamodulesto a concretecom-
posabletypeof artifact,Koalabecomesa componentarchitecturefor that typeof
artifact. The associationof Koalamodulesto C source�les is just onepossible
association.It is importantto understandthat theKoalalanguageis agnosticfor a
particularassociation;it is theKoalacompilerwhich is awareof it.

Essentially, the Koalacompilerconsistsof two parts: a front-endanda back-
end. The front-end is concernedwith the Koala language. This includestype
checking,synthesizinginterfacebindings,andpartialevaluation.Theresultof the
front-endis a Koalacompositionnormalizedinto somecanonicalform. Theback-
endis concernedwith codegeneration.Givena normalizedKoalacompositionit
generatesproperbindingsfor thetargetlanguage(e.g.,#include's in caseof C).
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all Build all build targets

clean Remove (intermediate)build targets

install Install build targets

uninstall Remove installedbuild targets

check Build andexecuteregisteredtests

dist Build asoftwaredistribution

distcheck Build andtestadistribution

a: Build interface.

--help Show con�gurationswitches

--prefix=<p> Install softwarein <p>

--disable-<f> Turnoff feature<f>

--enable-<f> Turnon feature<f>

--with-<f>=<v> Bind feature<f> to value<v>

b: Con�gurationinterface.

Table1
Build interfaceandcon�gurationinterfaceof build-level components.

Thus,it is thecompilerback-endwhich is awareof aparticularmoduleassoci-
ation.Thissplit-upenablestheuseof theKoalalanguageandfront-endto drivethe
compositionof otherartifactsthanC source�les. It is thisobservationthatgaverise
to theideaof this paperto extendtheapplicationof Koalato morecoarse-grained
componentsto enableadoptionof third-partysoftware. For this purpose,we will
proposebuild-level componentsasatomicunitsof composition.

4 Build-level componentsin a nutshell

The build-level is concernedwith building software productsfrom source�les.
This is calleda softwarebuild process,andtypically includestaskslike compiling
andlinking. Thebuild-level is thereforeconcernedwith (source)�les, their struc-
turing in directories,compilers(andrelatedtoolsandtheir settings),dependencies
(i.e., whatothersoftwareis needed),andcon�guration (i.e., controllingwhat fea-
turesneedto bebuilt, andhow to build them).

The build processis inherentlydif�cult becausetherearemany differentpro-
gramminglanguagesrequiringdifferentstepsin theconstructionprocess,because
therearenumeroustoolsavailable,becausestandardizationis missing,andbecause
thebuild processis (mostoften)notdesignedfor composition.Build processesare
thereforeoften custom-madeandextremelydif�cult to understandandmaintain.
Moreover, they oftenwork only in very speci�c environments(dueto implicit de-
pendenciesit is hardto reconstructsuchenvironments).Finally, they cannoteasily
beintegratedin anotherbuild process.

Themotivationfor build-level componentsis to improve this situation.Build-
level componentsintroducea few developmentrules,which bring principlesfrom
component-basedsoftwareengineering(CBSE)to thebuild-level [4]. In particular,
a build-level componentis a unit of independentdeployment,a unit of third-party
composition,andhasno (externally)observablestate[8].

Theconceptof build-level componentspromotesdecomposinglargesoftware
systemsinto smallerreusablebuilding blocks. Thesecanbe composedin a sys-
tematicway to form complex softwaresystems.They abstractfrom their internal
details(e.g.,how they areexactlybuilt, andtheirsource�le organizationin directo-
ries)by offeringabuild, acon�guration,andarequiresinterface.A build interface
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speci�esthestepsneededto build thecomponent,a con�guration interfacespec-
i�es the variationpointsof the component,anda requiresinterfacesspeci�esthe
needsof a component(i.e., its dependencies).In [4], we proposedto complywith
the opensourcecommunityand adoptthe syntaxof autotools[12] for de�ning
build andcon�guration interfaces(seeTable1a and1b). Requiresinterfacesare
boundvia --with- switchesof acomponent's con�gurationinterface.

Below we give a small exampleof a build-level componentwhich makesuse
of GNU Automake andAutoconf. The componentis calledFoo andconsistsof
a singlelibrary libfoo.a . Its implementationis containedin the C source�le
libfoo.c . Thecomponenthasonedependency onthecomponentBar . Its build
interfaceis generatedby Automake from thefollowing build processdescription:

lib_LIBRARIES = libfoo.a
libfoo_a_SOURCES = libfoo.c
libfoo_a_CPPFLAGS = -I$(BAR)/include

ThisAutomakemake�le de�nesthatlibfoo.a will betheresultof thebuild pro-
cess.This library is de�ned in libfoo.c , usingthesingledependency Bar . By
usingGNU Autoconf,a properbuild-level con�guration interfacecanbeautomat-
ically generatedfrom thefollowing configure.ac �le:

AC_INIT(foo,0.1,you@your.organization)
AM_INIT_AUTOMAKE
AC_PROG_CC
AC_ARG_WITH([bar], AS_HELP_STRING(...), [BAR=${withval}])
AC_SUBST([BAR])
AC_CONFIG_FILES([foo/Makefile])
AC_OUTPUT

This con�guration �le speci�es the name,version,and maintainerof the build-
level component.Of further importanceis the de�nition of the dependency pa-
rameterfor componentBar . Theresultingcon�gurationscriptwill understandthe
--with-bar switchandpassesthevalueto themake�le via thevariableBAR.

5 Linking Koalamodulesto build-level components

In thissectionweshow how theKoalacompilerfront-endcanbeusedtogetherwith
anew back-endto form acompositiontool for build-level components.Thisunites
the desireto have an ADL for describingcompositionsand managingdiversity
with the desireto adoptthird-party software. Sincebuild-level componentsare
fairly easyto construct(andthedesignrulesof [4] aregoodto applyanyway), the
effort of integratingthird-partysoftwareat thebuild-level is reduced.Theessential
ideais to:

� De�ne interfaces,components,componentcompositions,componentbindings,
anddiversitybindingsin theKoalaADL.

� Usethe Koalafront-endtools to managediversity, analyzecorrectness,andto
bringacompositioninto normalform.

� Given the normalizedcompositionspeci�cation,generatea build-level realiza-

7



de Jonge

A

b c m4

m1 d m3

m2

Fig. 1. Koalacomponentcon�gurationandcorrespondingcompositiontree.

tion of thiscomposition.

Realizingabuild-level compositioninvolvescreatingadirectoryhierarchy contain-
ing a setof componentinstances,integratingbuild processesin a top-level build
processde�nition, andintegratingcomponentcon�gurationby synthesizingbind-
ingsfor requiresinterfacesanddiversityparameters.Thesewill bedescribedbelow.

5.1 A build-level compositionhierarchy

A normalizedcompositionspeci�cation de�nes a compositiontreewherenodes
representcomponentsand leaves representmodules. At the build-level we will
follow this compositiontree. Directorieswill representcomponentsandmodules.
A Koala modulemapsto a build-level component. A build-level componentis
placedin thedirectoryof thecorrespondingmodule.A directoryfor a component
is acontainerwhichdelegatesall build-level operationsto its subdirectories.

Figure1 shows a Koalacon�gurationandthecorrespondingcompositiontree.
At the build level the samestructureis created:the four build-level components,
correspondingto themodulesareplacedin thedirectoriesm1, m2, m3, andm4; the
directoriesb, c, andd arecontainerswhichaddstructureto thebuild-level. 3

5.2 Build-level componentinstances

A build-level componentinstanceis a directorycontainingthecontentsof a build-
level component.For everyKoalamoduleaseparatedirectoryis createdin whicha
build-level componentis stored.Thatis, eachdirectorythatcorrespondsto aKoala
modulecontainsaninstanceof a build-level component.This meansthatmultiple
instancesof build-level componentsmay exist. The ability to have multiple in-
stancesof a build-level component,enablessimultaneoususeof differentversions
of thesamecomponent,andtheuseof differentcon�gurationsof thesamecompo-
nent.However, it dependsonhow componentinstancesareused,whethermultiple
instancewill work or not. For example,a singleexecutablemaytypically not use

3 In [3] we describedanapproachfor build-level componentcompositionwherethecomposition
treeis always�at. A �at componentstructurehindersrealabstraction,becauseacomponentcannot
embedanothercomponentinstance.The structuringin (sub)directories,that we proposenow, is
muchmore�e xible andallows for compositecomponentsat thebuild-level.
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two differentversionsof a library at thesametime.

5.3 Top-levelbuild-processde�nition

A build-level compositionis a build-level componentitself. This implies that the
compositionhasits own build processde�nition. This build processis simplebe-
causethetop level directorymerelyservesascontainer. Hence,mostbuild actions
aresimplydelegatedto thesubdirectories.Thedist anddistcheck actionsare
specialandcannotbedelegated.Theseactionsconstructa distribution by packag-
ing all needed�les from thecomposition.

A compositebuild processis a sequentialcompositionof build processes.In-
dividual build processescannotbe executedin arbitrary order. They must take
componentdependenciesinto account.A sequentialbuild processis formedfrom
a compositiontreeby traversingthetreein depth�rst order, in sucha way thatif a
build-level componentin thesubtreerootedat x hasa dependency on a build-level
componentin the subtreerootedat y, theny is traversedbeforex. This ensures
that a build-level componenthasbeenbuilt before it is used. Observe that for
componentswith circular dependenciesit is not possibleto determinea correct
build-order. Suchcomponentshave to berefactored[4].

5.4 Build-level interfacebindings

Koalahasthreetypesof interfaces: provides interfaces,requiresinterfaces,and
diversity interfaces.All threetypescanbeconnectedto modules.A Koalaback-
endtakescareof realizinginterfacebindings. In caseof build-level components,
thisamountsto bindingrequiresinterfacesanddiversityparameters.

Binding a requiresinterfacer , implies specifyinga valuefor the --with-r
switch of a component's con�guration process.Binding a diversity interfaced,
impliesspecifyinga valuefor --with-v for eachinterfaceelementv of d (e.g.,
--with-v=value ).

In casea binding is static (i.e., when its value evaluatesto a constantwhen
runningtheKoalacompiler),bindingis straightforward. It is similar to thebinding
mechanismdescribedin [3], andamountsto runningthe con�gure tool with the
particularbindingin theform of a --with- switch.

In Koala,con�guration canbe morecomplex becausealsorun-timeinterface
bindingis supported.In caseof C, run-timeinterfacebindingmeansthatat execu-
tion time a switchconditionis evaluatedto determinea functionbinding. In case
of build-level components,run-timemeanswhenrunningthecon�gure tool. The
valuesto the --with switchesare thensynthesizeddynamicallywhenrunning
configure . In thenext sectionwewill discussthetechnicaldetails.

TheC-versionof theKoalacompilerrequiresthattop-level componentscannot
haveinterfacesthemselves(suchcomponentsarecalledcon�gurations).This is es-
sentialbecausethecompilerproducesexecutablesandwithout specialtechnology,
compilingandlinking anapplicationwith unboundrequiresinterfaceswill resultin
unresolvedsymbolserrors. In caseof build-level components,this requirementis
not needed.Therefore,every build-level compositionis itself a component,which
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Fig. 2. Compositionof run-timecomponentsof theKoalacompiler(productline).

canhaveasmany provides,requires,anddiversityinterfacesasneeded.

By linking Koala modulesto build-level components,we obtain a powerful
meansto constructbuild-level compositions.It enablesthe constructionof soft-
waresystemsfrom coarse-grainedbuild-level components.It forms a consistent
wayof constructingsoftwaresystems,insteadof building themfrom collectionsof
individual, yet dependent,blocks,which needto bebuilt andcon�gured indepen-
dently, or for whichintegrationimpliesmanuallydevelopingcomplex build scripts.
It doesnotoffer the�ne granularityasKoalafor composingC modules,though.

6 Implementation

WedevelopedaprototypeKoalacompilerto experimentwith theKoalacomponent
architectureand concepts. It was implementedas a pipeline of transformations
usingStrategoXT [2]. Eachtransformationtakescareof a particularcompilation
step. This enabledus to easilyexperimentwith new languageconstructs,andto
adapt/extendthe pipelineto our needs.The compiler is a productline wherethe
inputprocessingmechanismandtheproducedoutputarevariationpoints.Figure2
depictsthecompositionof run-timecomponentsof theKoalacompiler. Thegray-
colorednodesform thepipelinefor realizingbuild-level componentcompositions.

Dueto spacelimitations,we will only discussthecodegenerationpartof this
pipelinewhich is performedin the koala-stc backend. This back-endcreates
adirectorystructure,downloadsandunpacksbuild-level componentsin thisdirec-
tory structure,createsAutomake make�les for eachKoalacomponentde�nition,
andit createsa top-level Autoconfcon�gurationscript.

Build-level componentsareunpackedin thedirectoriescorrespondingto Koala
modules(seeSection5). After synthesizingthe build orderfrom moduledepen-
dencies,make�le generationis trivial. Eachmake�le consistsof asinglestatement:

SUBDIRS = A B C

WhereA, B, andCdenotesubdirectoriesin thecorrectbuild order. Synthesizingthe
build orderis a recursive process,whereat eachnodein thecompositiontreethe
sibling nodesareplacedin theright orderdependingon themoduledependencies
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in thecorrespondingsubtrees.
Themorecomplicatedpartof theback-endis generatinga top-level Autoconf

con�gurationscript thatdrivesthecon�gurationof all build-level components.In
general,anAutoconfcon�gurationscriptprocessescon�gurationswitches,drives
theexecutionof con�gurationprocessesin subdirectories,andgeneratesmake�les.
It alsoperformsplatformchecks,but thesearenotrelevantfor ourdiscussion.Gen-
eratinga con�guration script for our purposesis not trivial becauseit hasto deal
with realizinginterfacebindingsbetweenbuild-level components,andbecauseit
hasto dealwith managinganddelegating(dynamic,con�guration-time)bindings.

Unbound interfaces
Unboundrequiresanddiversityinterfaces(of thetop-level component)areaddedto
thetop-level con�guration interface.For unboundrequiresinterfacesthis involves
addingthe interfaceinstancenameto the con�guration interface. For unbound
diversity interfaces,it amountsto addingfor eachelemente of the interfaced
theparameterd-e to thecon�guration interface. This way, elementsof diversity
interfacescanbeboundindividually. An elemente from diversity interfaced can
be boundto v with the switch --with-d-e=v . A requiresinterfacer canbe
boundto v by passingtheswitch--with-r=v at con�gurationtime.

Realizingbuild-level bindings
Bindingsof build-level componentsarerealizedat con�guration time by passing
bindingsin the form of --with- switchesto the individual con�guration pro-
cesses.Requiresinterfacesareboundto modulesat theendof correspondingcon-
nectionchains.Theseconnectionend-pointsaresynthesizedby thekoalanormal-
izer. Diversityinterfacesareboundto thevaluessynthesizedby theKoalacompiler.
In casea requires/diversity interfaceis not boundby theKoalacompiler, its bind-
ing canbespeci�edat con�guration time via thetop-level con�guration interface.
Con�guration-timebindingsmustbede�ned for mandatoryrequiresinterfacesor
elseanerror is raised.For diversityandoptionalrequiresinterfacessuchbindings
canbeleft out.

Dynamic diversity
Sinceconnectionchainsmayhaveforksdueto switches,realizationof bindingshas
to becarriedoutdynamicallyby evaluatingswitchconditionsatcon�gurationtime.
If forkedchainscannotbereducedto singleend-points,becauseswitchconditions
cannotbeevaluated,abindingcannotberealizedandanerroris raised.

We implementedthis behavior for GNU Autoconf via a set of M4 macro's.
Thesemacro's can expressthe Koala binding structureof a composition. The
macro's expandto chainsof function calls which representthe dynamicbehav-
ior of Koalabindings.For instance,for a simpleswitchstatementthatconnectsan
interfacer3 to r1 or r2 dependingon the debug �eld in an diversity interface
A config , the following codeis generated(usingthe macro's KOALASWITCH
andKOALASWITCHOUT):

KOALA_SWITCH(
[A_switch],
[expr=$(A_config debug)],

11



de Jonge

Fig. 3. Thestructureof theKoalacompilerin termsof build-level components.

[KOALA_SWITCH_OUT([${expr}],["yes"],[A_r1])
KOALA_SWITCH_OUT([],[],[A_r2])])

This codeis thenexpandedby GNU Autoconf into thefollowing shellscriptcode
thatwill bepartof thecon�gure script:

A_switch() {
expr=$(A_config debug)
if test "a${expr}" = "ayes"; then

echo $(A_r1 $* )
elif test "a" = "a"; then

echo $(A_r2 $* )
fi}

This fragmentshows thefunctionthatis generatedfor theswitchstatement.A call
to this functionresultsin anotherfunctioncall, to eitherA r1 or A r2 , depending
on theevaluationof theswitchexpression.This demonstrateshow thebindingof
r3 is dynamicallyevaluatedat con�gurationtime.

As indicatedbefore,theresultof a compositionof build-level componentsis a
build-level componentitself. Thegeneratedcon�gurescriptformsits con�guration
interface, the top-level make�le forms its build interface. The new component
formsa unit of compositionandhidesits internalstructure(i.e., its internalbuild-
level components).

7 CaseStudy

In this sectionwe demonstratehow we cande�ne our Koalacompilerin termsof
itself (i.e., asa compositionof Koalacomponents)andhow this compositioncan
be realizedby actually runningthe compiler. We show how Koalaallows struc-
turingcomponentsto ourneeds,how nestedcomponentscanbe(re-)usedin larger
compositions,andhow wecaneasilyintegratethird-partycomponents.
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Figure3 depictsthe build-level structureof the Koalacompiler. Observe that
this build-time structureis quite different from its run-timestructuredepictedin
Figure2. Essentially, the build-level structureconsistsof � ve building blocks: i)
theATermlibrary [9] for datarepresentationandexchange,ii) thesdf2component
for parsetechnology, iii) theStrategoXT programtransformationenvironment,iv)
a languagetoolspackage,andv) theKoalacompileritself.

Therearemultiple waysto organizethe structureof theseblocks. Our exam-
ple shows a compositionin termsof 4 �at components,and1 nestedcomponent
(sdf2 ). The nestedcomponentconsistsof a parser(sglr ), a parsergenerator
(pgen ), and several utility components(to improve readabilitywe omitted the
interfacebindingswithin componentsdf2 ). Sincesglr andpgen aremostly
usedtogether, they areplacedwithin thesamecomponent.Wedeliberatelydid not
export the interfacesof the utility componentsbecausewe considerthemas im-
plementationcomponents.In the rarecasethat they areneededelsewhere,Koala
allows to createadditionalinstancesof them.This is agoodexampleof how Koala
enablesstructuringof componentsto hidecomponentimplementations.Oncede-
�ned, the sdf2 componentcanbe instantiatedasa singlecomponent.All other
componentsof Figure3 arealsobeingusedindependently. Therefore,we did not
put theminto any nestedstructure.

Givena setof componentde�nitions, our Koalacompilercanperforma com-
positionin threeways:

(i) By specifyingasetof components,theKoalacompilersynthesizesacomposi-
tion by transitively �nding componentsthatimplementtherequiresinterfaces
of thecomponentsthatarepartof thecomposition.This is themostimplicit
form becauseno closedsetof componentsis speci�edandno interfacebind-
ingsarespeci�ed.

(ii) By explicitly specifyingwhich componentsshouldbepartof a composition,
theKoalacompilersynthesizescorrectbindingsbetweenthem. In this form
thesetof componentsis speci�ed,but thebindingsbetweenthemarenot.

(iii) By explicitly specifyingall components,andall their bindings. This is the
mostexplicit form becauseall ingredientsandbindingsarespeci�ed.

For theimplicit form, we don't needa top-level componentde�nition. Instead,
wepassasetof mandatorycomponentsto theKoalacompiler, andlet thecompiler
synthesizea top-level composition.In ourexample,wecancreatesuchacomposi-
tion usingthefollowing command:

koala-stc --parser auto-pack -I . -d out -c KoalaCompiler

Thiscommandspeci�esthattheauto-pack tool for implicit componentcompo-
sitionhasto beused,thatcomponentde�nitions canbefoundrelativeto thecurrent
directory(`.'), thatoutputshouldbeplacedin `out', andthatKoalaCompiler is
amandatorycomponentin thecomposition.After theKoalacompileris ready, one
cancon�gure andbuild thecompositionby runningconfigure andmake in the
directoryout . To �nalize thecreationof a build-level componentfrom this com-
position,oneissuesthecommandmake dist . This bundlesall componentsinto
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asinglearchive �le, which is readyfor distribution.
Apart for the Koalacompiler, all componentsdepictedin Figure3, arethird-

party(opensource)components.They have beendevelopedat differentinstitutes,
they areimplementedin differentprogramminglanguages,andthey arebeingused
in many differentsoftwaresystems.Whatthecomponentshave in commonis that
they follow thebuild-level rulesde�ned in [4]. They arethereforedirectly usable
for build-level composition.

8 Concluding Remarks

Contrib utions
Thispaperaddressedtheproblemthatontheonehandagrowingneedisdeveloping
to adoptthird-party(opensource)software,andontheotherhand,that�ne control
is neededoverthesoftwareto enablequickandreliableproductdevelopment.Most
often, thesearecon�icting demands,becauseonehas(by de�nition) little control
over third-party-software, while to speedproductdevelopment,technologiesfor
e.g.,diversitymanagementandproductline developmentarerequiredthatdoneed
signi�cant control.

As a consequence,a potentialrisk existsthata growing useof third-partysoft-
waregoesin handwith lesscontrolover theproductdevelopmentprocess,or, the
otherwayaround,thatrequiringlargecontrolover thesoftwarelimits theability to
usethird-partysoftware.

Weobservedthistrendwithin Philips,wherethird-party(opensource)software
did not integrateseamlesslywith the successfulKoalacomponentmodel. In this
paper, we describea possiblesolution to this problemby combiningthe Koala
componentmodelandtheconceptof build-level components.We have shown that
by lifting componentgranularityof Koalacomponentsfrom individual C �les to
build-level components,bothdemandscanbeunited.TheKoalaADL canbeused
toorchestrateproductcompositionandtomanagediversity, build-level components
canform theunit of third-partycomponentcomposition.

In this paperwe explainedhow Koala modulesform the mappingfrom the
architecturallevel to therealizationlevel, andthatthey canrepresentarbitraryunits
of composition(in additionto plainC �les). Wethende�nedhow acompositionof
Koalamodulescanbemappedto a compositionof build-level components.Next,
weextendedourKoalacompilerproduct-linewith anew back-endto automatethe
realizationof compositionsatthebuild-level. Finally, weshowedhow ourapproach
canbeusedin practice,by de�ning theKoalacompilerin termsof a composition
of build-level components.

RelatedWork
Thereareseveral alternative compositionlanaguesto Koala. Seee.g.,Few tech-
nologiesexist whichaddressthetopicof orchestratingcompositionanddiversityof
third-party(opensource)components.For instance,typicalpackagemanagers,like
RPM [1], merelyaddressbuilding/installingsinglepackages.Therearetwo chal-
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lagingtoolsaroundthatcombinediversity, composition,andthird-partysoftware.
The�rst is GEARS[7]. Thisis asoftwareproductline developmenttool,whichex-
plicitly supportstheintegrationof existing(i.e.,unchanged)software.This implies
thatGEARScandealwith softwareover which no controlexists. Thesecondsys-
temis theNix deploymentsystem[6,5]. Nix is a promisingtool for safesoftware
deployment.Underneathis a functionallanguagethatprovidesadvanceddiversity
features.Nix wasexplicitly designedfor managingdiversityandsafeorchestration
of opensourcesoftwarecomposition.

Availability
TheKoalacompilerproductline isdistributedasopensource.It canbedownloaded
from http://www.program- transformation.org/Tools/KoalaCompiler .
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