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Abstract

Thetrendstowardproductline developmentandtowardadoptingmorethird-partysoftware
arehardto combine.Thereasoris thatproductinesdemandne controloverthesoftware
(e.g..for diversitymanagement)yhile third-partysoftware(almostby de nition) provides
only little or no control.

A growing useof third-partysoftwaremaytherefordeadto lesscontrolover theproduct
developmentprocessr, vice-versarequiringlarge controlover the softwaremaylimit the
ability to usethird-partycomponentsSincebotharemeango reducecostsandto shorten
time to market, the questions whetherthey canbe combinedeffectively.

In this paper we describeour solutionto this problemwhich combineshe Koalacom-
ponentmodeldevelopedwithin Philips with the conceptof build-level components.We
shaw thatby lifting componengranularityof Koalacomponent$rom individual C les to
build-level componentshothtrendscanbeunited. TheKoalaarchitecturabescriptiorian-
guagsis usedto orchestrat@roductcompositiorandto managediversity, while build-level
componentgorm the unit of third-partycomponentomposition.

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

1 Intr oduction

Costreductionandtime to marketaredriving factorsfor developingsoftwareprod-
uctlines. Oftenproprietarytechnologiesreusedfor managingliversityto 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,
namely by adoptingmore third-party software, including open sourcesoftware.
The expectationis that by adoptingthird-party software, the software quality and
time to market canbeimproved, while keepingthe developmentcostsdown.
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Unfortunately third-party software usually doesnot integrate well with pro-
prietaryproductline technology Product-linetechnologytypically demandspe-
cially avoredcomponent&nd ne-grainedcontrol over softwareartifacts. Since
product-linetechnologyis not standardizedit is very likely thatthird-party soft-
waredoesnot t, andthatit is notallowedor possibleto make it t. As aresult,
eitherthe useof third-partysoftwareis preferredover product-linetechnology or
the otherway around.Clearly, this is notanoptimalsituation.

Koala[10,11] is sucha proprietarycomponentechnologyfor creatingproduct
lines. It hasbeenusedsuccessfullyor about10yearsfor de ning andconstructing
a large variety of products. Its key featuresare diversity managemeniby means
of compositionandvariation,andthe architecturadescriptionlanguaggADL) to
de ne componentompositionsaandto drive codegeneration.

Despiteits provensuccessKoalais currentlynotsufciently capabldor adopt-
ing externalsoftware. Becauset is proprietarytechnology it is not anindustrial
standard As it assumespeciallytailoredcomponenimplementationsit requires
effort to make third-partycomponents. Moreover, sinceit operatesatthelevel of
individual C les, it is dif cult to integratemorecoarse-grainedomponentsCon-
sequentlyin its currentform Koalais not capableof orchestratinghe composition
for productgsthatconsistof both proprietaryandthird-partycomponents.

Independentlyof Koala, the conceptof build-level component§4] hasbeen
developed.A build-level componentonsistof sourcecodetogetherwith instruc-
tionsto build (e.g.,compile/link)it. It providesa build andcon gurationinterface
to abstractover the component-speci duild and con guration processesAs a
consequenceyuild-level componentan be composedand boundin a uniform
way, similar to componentsn othercomponenimodels. Build-level components
aresimpleto developandcomplywith standardechnologiesThereforethey are
promisingto improve the composabilityof third-partysoftwareat the build-level.

In this paperwe explore theideato combinethe Koalacomponeninodeland
build level componentgo enableproductline developmentwith third-party soft-
ware.We shav how we canuseKoalato orchestratéhe compositiorandvariabil-
ity of build-level componentsby leveragingthe granularityof componentgrom
C modulesto build-level components.This way, we canadaptto the trendto use
third-partycomponentstatherthanusingonly proprietarysoftware. With this ap-
proach,we canbene t from Koala's architecturalanguagegdiversity mechanism,
andtooling. This way, the useof Koalafor productline developmentcanbe con-
tinued,evenin the heterogeneousrvironmentsof tomorrow.

This article is structuredasfollows. Section2 givesa brief overview of the
Koala componentmodel. In Section3 we zoom into Koala’s module concept,
which is of key importancefor this article. Section4 givesa quick overvien of
build-level componentsln Section5 we explainhow Koalaandbuild-level compo-
nentscanbe combined.In Section6, we discusgheimplementatiorof build-level
compositionwith Koala. In Section7, we discussthe developmentof the Koala
compilerasa compositionof build-level componentsin Section8 we drav nal
conclusions.
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2 Koalain anutshell

Koala[10,11] is acomponenmodelconsistingof anarchitecturadescriptionan-
guage(ADL) andtool support. The ADL senesto de ne interfaces,datatypes,
basic componentsand compositions(which are componentdhemseles). The
tooling senesto generatgroductsfrom componentompositions Koalawaspri-
marily designedor resource-constrainesbftwareandis appliedin the consumer
electronicddomain.

Koalais a hierarchicalcomponentmodel wherelarger componentsare con-
structedby instantiatingsmallercomponentsThe leavesof a compositiorntreeare
formed by Koalamodules,which correspondo individual C les. > The Koala
tooling includesa compilerwhich createsbindingsbetweencomponentscreates
codeto managaunboundliversity parametersandwhich generatea scriptto com-
pile/link acomposition Belov we will brie y describeasubsebf theKoalaADL.

Interface de nitions
In its simplestform, a Koalainterfacede nition consistf asequencef function
prototypesparametersandconstantsn a C-like syntax.For example:

interface IFooBar {
int  foo(void);
int  bar(int c, int )
int a constant = 10;
int a_parameter;

}

This interfacede nestwo functions(foo andbar ), a constant(a_constant ),
andaparametefa_parameter ).

Componentde nitions
A componente nition consistf anameandalist of sectionsFor example:

component FooBar {
provides IFooBar p;
requires IFoo rFoo;
IBar rBar;
contains
component Foo foo;
component Bar bar;
module m;
connects
p
m
m

m;
rFoo;
rBar;

}

This componentde nition de nesthe componentooBar . It speci esthreein-
terfaceinstances:one provided interfaceof type IFooBar , andtwo requiresin-
terfacesof typelFoo andIBar , respectrely. The componente nition further

2 Conceptuallythe Koalacomponenmodelis not boundto the C languaggseeSection3), but in
practiceonly C is supportedy Koalatooling andall existing componentsrewrittenin C.
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containstwo componentnstancegoneinstanceof Foo andoneinstanceof Bar )
andonemodulem Obsenre that,in contrastto interfacesand componentsmod-
uleshave notypeandareimplicitely instantiatedFinally, thecomponentle nition
speci eshow interfacesareconnectedTheprovidedinterfacep is connectedo the
modulem This meanghateachfunctioncall to interfacep is routedto themodule
m This modulemustimplementthesefunctions. Module mis connectedo rFoo
andrBar . This meanghatmodulemcanusethe functionsfrom theseinterfaces,
althoughit is still unde nedwherethesefunctionsareimplemented.Connections
of modulesareuntyped.Hence ary interfacecanbe connectedo a module.

Con gurations

In orderto build a productfrom a setof componentsa con guration hasto be
de ned. A con guration is a componenide nition without providesor requires
interfaces.It mustbindall unboundequiresnterfacesof its constituentomponent
instancesln theexampleabove, thismeansdindingtherFoo andrBar interfaces.

Modules

A moduleis Koala'satomicunit of composition .t typically correspondto aC le.
A KoalamodulecannotbeinstantiatedA C le correspondingo a Koalamodule
mustmeetafew rules:it shouldhave exactly onespeci c #includestatementandit
shouldusea speci ¢ namingcornventionfor implementingunctionsfrom provides
interfacesandfor accessingunctionsfrom requiresinterfacesfor 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 this example functionsfrom interfacesarepre x edwith their
instancename.Thesearecalledlogical namesn Koala.In its simplestform, com-
pilation of a Koalacompositionconsistsof binding C functioncallsto C function
de nitions accordingo theinterfacebindingsin the Koalacomposition A binding
Is accomplishedy mappingthe logical namesof a functioncall andde nition to
acommonphysicalname.Thesebindingshave theform of:

#define  logical_name physical_name
The single le thateachC modulemustinclude, contains,amongstothers,such

bindings.This le is generatedby the Koalacompiler The le FooBar.h inthe
examplemightincludethefollowing bindings:

#define p_foo Main_FooBar foo
#define r_foo Main_Comp_Demo_foo
#define r_bar Main_Test Bar_bar

Diversity
Diversityis, amongsbthers,supportedsia the switch construct.For example:
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switch  expr

in {i1 i2}
out {ol1,02} on vl
{03,04}  otherwise

This switchconnectdhe pair of interfacesl andi2 to eitherol ando2 in case
expr evaluatedovl, orto o3 ando4 otherwise.
TheKoalacompilerperformspartialevaluationin orderto evaluateswitchcon-
ditionswhenererpossible If aswitchconditioncanbestaticallydeterminedbased
on parametebindingsin interfaces)the correspondingoutethroughthe switchis
lifted into a staticbinding, andthe remainingroutesareremoved. This formsan
importantoptimization,which allows de ning a hugecon guration spacein the
ADL, withouthaving signi cant impactontherun-timebehaior and/orsizeof the
resultingexecutable sincemostvariationpointsfor a productareboundstatically
andoptimizedaway. For variationpointswhich arenot staticallybound,the Koala
compilergeneratesodeto dealwith thevariationpointatruntime.

3 A closerlook at Koalamodules

A Koalamoduleis untyped. This meanghatary interfacecanbe connectedo a
module. Thereasonis thata moduleforms the connectiorbetweenthe architec-
tural level andtherealizationlevel. SinceKoalahasno notionaboutC, it cannot
typechecka C le to verify thata bindingto the le is correct. Hence,atthe ar

chitecturallevel, we are concernedwith interfacesandcomponent@andhow they

areconnectedAt therealizationlevel we areconcernedvith C les (andto some
extent, libraries)andhow they have to be compiledinto an executable. Sincea
Koalamodulecorresponds$o a concretepieceof sourcecode,modulescannotbe
instantiatedbecausehatwould imply purecodeduplication.

TheKoalalanguaggandconceptspandthe Koalacompiler(producingC code)
are developedand usedtogether As a consequencehey are often seenasone,
integral combination.Actually, thereis hardlyarny experiencewith decouplingthe
Koalalanguagerom its compilerandfrom the C programminganguage.How-
ever, conceptuallyKoalais a hierarchicacomponenarchitecturewheremodules
arethe atomicunit of composition.Thus,Koalacomponentompositionamounts
to composingKoalamodules. By associatingKoalamodulesto a concretecom-
posabletype of artifact, Koalabecomesa componentrchitecturdor thattype of
artifact. The associatiorof Koalamodulesto C source les is just one possible
associationlt is importantto understandhatthe Koalalanguagds agnosticfor a
particularassociationit is the Koalacompilerwhichis awareof it.

Essentially the Koalacompilerconsistsof two parts: a front-endanda back-
end. The front-endis concernedwith the Koalalanguage. This includestype
checking,synthesizingnterfacebindings,andpartial evaluation. Theresultof the
front-endis a Koalacompositiomnormalizednto somecanonicaform. Theback-
endis concernedvith codegeneration.Given a normalizedKoalacompositionit
generateproperbindingsfor thetargetlanguagge.g., #includesin caseof C).
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all Build all build tamgets

clean Remae (intermediateuild targets -help Shaw con gurationswitches
install Install build tagets --prefix=<p> Install softwarein <p>
uninstall Remae installedbuild targets --disable-<f> Turn off feature<f>

check Build andexecuteregisteredests --enable-<f> Turnonfeature<f>

dist Build a softwaredistribution --with-<f>=<v> Bind feature<f> to value<v>
distcheck Build andtesta distribution b: Con gurationinterface.

a: Build interface.

Tablel
Build interfaceandcon gurationinterfaceof build-level components.

Thus,it is thecompilerback-endvhichis awareof a particularmoduleassoci-
ation. This split-upenablesheuseof the Koalalanguageandfront-endto drive the
compositiorof otherartifactsthanC sourceles. It isthisobserationthatgaverise
to theideaof this paperto extendthe applicationof Koalato morecoarse-grained
componentgo enableadoptionof third-party software. For this purposewe will
proposebuild-level componentgsatomicunitsof composition.

4 Build-level componentsin a nutshell

The build-level is concernedwith building software productsfrom source les.
Thisis calleda softwarebuild processandtypically includestaskslike compiling
andlinking. Thebuild-level is thereforeconcernedvith (source)les, their struc-
turing in directoriescompilers(andrelatedtools andtheir settings) dependencies
(i.e., whatothersoftwareis needed)andcon guration (i.e., controllingwhat fea-
turesneedto bebuilt, andhow to build them).

The build processs inherentlydif cult becauseaherearemary differentpro-
gramminglanguagesequiringdifferentstepsin the constructiorprocesspecause
therearenumerougoolsavailable, becausstandardizatiors missing,andbecause
thebuild processs (mostoften) notdesignedor composition Build processeare
thereforeoften custom-madend extremely dif cult to understandand maintain.
Moreover, they oftenwork only in very speci ¢ environments(dueto implicit de-
pendencies is hardto reconstrucsuchenvironments) Finally, they cannoteasily
beintegratedin anotheruild process.

The motivation for build-level componentss to improve this situation. Build-
level componentsntroducea few developmentrules,which bring principlesfrom
component-basesbftwareengineeringCBSE)to thebuild-level [4]. In particular
a build-level components a unit of independentleployment,a unit of third-party
compositionandhasno (externally) obsenablestate] 8].

The conceptof build-level componentpromotesdecomposindarge software
systemsanto smallerreusablebuilding blocks. Thesecanbe composedn a sys-
tematicway to form comple softwaresystems.They abstractfrom theirinternal
details(e.g.,how they areexactly built, andtheirsourcele organizationin directo-
ries) by offeringabuild, acon guration,andarequiresnterface.A build interface
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speci esthe stepsneededo build the componenta con guration interfacespec-
I es the variationpointsof the componentanda requiresinterfacesspeci esthe
needsf a componen(i.e., its dependencies)n [4], we proposedo complywith

the opensourcecommunity and adoptthe syntaxof autotools[12] for de ning

build and con guration interfaces(seeTable 1laand 1b). Requiresinterfacesare
boundvia --with-  switchesof acomponens con gurationinterface.

Below we give a small exampleof a build-level componentvhich makesuse
of GNU Automale and Autoconf. The componenis calledFoo and consistsof
asinglelibrary libfoo.a . Its implementationis containedn the C source le
libfoo.c . ThecomponenhasonedependenconthecomponenBar . Its build
interfaceis generatedby Automale from thefollowing build processlescription:

lib_LIBRARIES = libfoo.a
libfoo_a SOURCES = libfoo.c
libfoo_a CPPFLAGS = -I$(BAR)/include

ThisAutomale malke le de nesthatlibfoo.a  will betheresultof thebuild pro-
cess.Thislibrary is de nedin libfoo.c  , usingthe singledependencBar . By
usingGNU Autoconf,a properbuild-level con gurationinterfacecanbe automat-
ically generatedrom 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([BARY])

AC_CONFIG_FILES([foo/Makefile])
AC_OUTPUT

This con guration le speci esthe name,version,and maintainerof the build-
level component. Of further importanceis the de nition of the dependeng pa-
rameterfor componenBar . Theresultingcon gurationscriptwill understandhe
--with-bar switchandpasseshevalueto themake le viathevariableBAR

5 Linking Koalamodulesto build-level components

In thissectionwe shav how theKoalacompilerfront-endcanbeusediogethemith
anew back-endo form acompositiortool for build-level componentsThis unites
the desireto have an ADL for describingcompositionsand managingdiversity
with the desireto adoptthird-party software. Sincebuild-level componentsare
fairly easyto constructandthe designrulesof [4] aregoodto applyanyway), the
effort of integratingthird-partysoftwareatthebuild-level is reduced Theessential
ideais to:

De ne interfaces,componentsgcomponentompositionscomponenbindings,
anddiversitybindingsin the KoalaADL.

Usethe Koalafront-endtools to managediversity, analyzecorrectnessandto
bring acompositioninto normalform.

Giventhe normalizedcompositionspeci cation, generatea build-level realiza-
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Fig. 1. Koalacomponenton gurationandcorrespondingompositiortree.

tion of this composition.

Realizingabuild-level compositionnvolvescreatingadirectoryhierarcly contain-
ing a setof componeninstancesjntegratingbuild processe# a top-level build
procesgle nition, andintegratingcomponenton guration by synthesizingind-
ingsfor requirednterfacesanddiversityparametersThesewill bedescribedelow.

5.1 A build-level compositiorhierarchy

A normalizedcompositionspeci cation de nes a compositiontree wherenodes
represenctomponentsand leaves representmodules. At the build-level we will
follow this compositiontree. Directorieswill representomponentandmodules.
A Koalamodulemapsto a build-level component. A build-level components
placedin the directoryof the correspondingnodule. A directoryfor acomponent
is acontainewhich delegatesall build-level operationgo its subdirectories.
Figurel shavs a Koalacon guration andthe correspondingompositiontree.
At the build level the samestructureis created:the four build-level components,
correspondingo themodulesareplacedin thedirectorieaml, m2 m3 andm4 the
directoriesh, ¢, andd arecontainersvhich addstructureto the build-level.

5.2 Build-level componeninstances

A build-level componentnstances a directorycontainingthe contentsof a build-
level componentFor every Koalamodulea separatelirectoryis createdn whicha
build-level components stored.Thatis, eachdirectorythatcorrespond$o aKoala
modulecontainsaninstanceof a build-level component.This meanghatmultiple
instancesof build-level componentsnay exist. The ability to have multiple in-
stance®f a build-level componentgnablesimultaneousiseof differentversions
of thesamecomponentandtheuseof differentcon gurationsof the samecompo-
nent.However, it depend®n how componentnstancesareused whethemultiple
instancewill work or not. For example,a singleexecutablemay typically not use

3 In [3] we describecanapproactfor build-level componentompositionwherethe composition

treeis always at. A at componenstructurehindersrealabstractionbecaus@a componentannot
embedanothercomponeninstance. The structuringin (sub)directories that we proposenow, is
muchmore e xible andallows for compositecomponentst the build-level.

8
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two differentversionsof alibrary atthe sametime.
5.3 Top-levelbuild-procesgde nition

A build-level compositionis a build-level componenitself. This impliesthatthe
compositionhasits own build processle nition. This build processs simplebe-
causehetop level directorymerelysenesascontainer Hence mostbuild actions
aresimply delegatedto thesubdirectoriesThedist anddistcheck actionsare
specialandcannotbe delegated. Theseactionsconstrucia distribution by packag-
ing all neededles from the composition.

A compositebuild processs a sequentiatompositionof build processesin-
dividual build processegannotbe executedin arbitrary order They musttake
componentdependenciemto account.A sequentiabuild procesds formedfrom
acompositiortreeby traversingthetreein depth rst order in suchaway thatif a
build-level componentn the subtreerootedat x hasa dependengcon a build-level
componenin the subtreerootedaty, theny is traversedbeforex. This ensures
that a build-level componenthasbeenbuilt beforeit is used. Obsenre that for
componentswith circular dependencieg is not possibleto determinea correct
build-order Suchcomponentfiave to berefactored 4].

5.4 Build-levelinterfacebindings

Koalahasthreetypesof interfaces: provides interfaces,requiresinterfaces,and
diversity interfaces.All threetypescanbe connectedo modules.A Koalaback-
endtakescareof realizinginterfacebindings. In caseof build-level components,
thisamountgo bindingrequiresnterfacesanddiversity parameters.

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

In casea binding is static (i.e., whenits value evaluatesto a constantwhen
runningtheKoalacompiler),bindingis straightforward. It is similarto thebinding
mechanisndescribedn [3], andamountsto runningthe con gure tool with the
particularbindingin theform of a--with-  switch.

In Koala,con guration canbe more comple becausealsorun-timeinterface
bindingis supportedln caseof C, run-timeinterfacebindingmeanghatat execu-
tion time a switch conditionis evaluatedto determinea function binding. In case
of build-level componentstun-time meanswvhenrunningthe con gure tool. The
valuesto the --with  switchesare then synthesizedlynamicallywhen running
configure . In thenext sectionwe will discusghetechnicaldetails.

The C-versionof the Koalacompilerrequireshattop-level componentsannot
have interfaceghemseles(suchcomponentarecalledcon gurations).Thisis es-
sentialbecausehe compilerproducesexecutableandwithout specialtechnology
compilingandlinking anapplicationwith unboundequireganterfaceswill resultin
unresoledsymbolserrors. In caseof build-level componentsthis requirements
not needed.Therefore every build-level compositionis itself acomponentyhich

9
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Fig. 2. Compositionof run-timecomponent®f the Koalacompiler(productline).

canhave asmary provides,requiresanddiversityinterfacesasneeded.

By linking Koala modulesto build-level componentswe obtain a powerful
meansto constructbuild-level compositions.It enableshe constructionof soft-
ware systemsrom coarse-grainedhuild-level components.It forms a consistent
way of constructingsoftwaresystemsinsteadof building themfrom collectionsof
individual, yet dependentblocks,which needto be built andcon guredindepen-
dently, or for whichintegrationimpliesmanuallydevelopingcomplex build scripts.
It doesnot offer the ne granularityasKoalafor composingC modulesthough.

6 Implementation

We developedaprototypeKoalacompilerto experimentwith theKoalacomponent
architectureand concepts. It wasimplementedas a pipeline of transformations
using StratgoXT [2]. Eachtransformatiortakescareof a particularcompilation
step. This enabledus to easily experimentwith new languageconstructsandto
adapt/atendthe pipelineto our needs. The compileris a productline wherethe
input processingnechanisnandthe producedutputarevariationpoints. Figure2
depictsthe compositionof run-timecomponent®f the Koalacompiler Thegray-
colorednodesform the pipelinefor realizingbuild-level componentompositions.

Dueto spacdimitations, we will only discusshe codegeneratiorpartof this
pipelinewhich is performedin the koala-stc ~ baclend. This back-endcreates
adirectorystructure downloadsandunpacksuild-level componentsn this direc-
tory structure createsAutomale make les for eachKoalacomponente nition,
andit createsatop-level Autoconfcon gurationscript.

Build-level componentsreunpacledin thedirectoriescorrespondingo Koala

modules(seeSection5). After synthesizinghe build orderfrom moduledepen-
denciesmake le generations trivial. Eachmalke le consistf asinglestatement:

SUBDIRS= A B C
WhereA, B, andC denotesubdirectories thecorrectbuild order Synthesizinghe

build orderis a recursve processwhereat eachnodein the compositiontreethe
sibling nodesareplacedin theright orderdependingon the moduledependencies

10
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in thecorrespondingubtrees.

The morecomplicatedoartof the back-ends generatinga top-level Autoconf
con guration scriptthatdrivesthe con guration of all build-level componentsin
generalan Autoconfcon guration scriptprocesseson guration switches drives
theexecutionof con gurationprocesses subdirectoriesandgeneratesale les.
It alsoperformsplatformchecksput thesearenotrelevantfor ourdiscussionGen-
eratinga con guration scriptfor our purposess not trivial becauset hasto deal
with realizinginterfacebindingsbetweenbuild-level componentsandbecauset
hasto dealwith managinganddelegating (dynamic,con guration-time)bindings.

Unbound interfaces

Unboundrequiresanddiversityinterfaceqof thetop-level componentareaddedo

thetop-level con gurationinterface.For unboundrequiresinterfacesthis involves
addingthe interface instancenameto the con guration interface. For unbound
diversity interfaces,it amountsto addingfor eachelemente of the interfaced

the parameted-e to the con gurationinterface. This way, elementf diversity
interfacescanbe boundindividually. An elemente from diversityinterfaced can
be boundto v with the switch --with-d-e=v . A requiresinterfacer canbe
boundto v by passinghe switch--with-r=v atcon gurationtime.

Realizing build-level bindings

Bindingsof build-level componentsrerealizedat con guration time by passing
bindingsin the form of --with-  switchesto the individual con guration pro-

cessesRequirednterfacesareboundto modulesat the endof correspondingon-
nectionchains.Theseconnectiorend-pointsaresynthesizedy the koalanormal-
izer. Diversityinterfacesareboundto thevaluessynthesizedy theKoalacompiler

In casea requires/drersity interfaceis not boundby the Koalacompilet its bind-

ing canbe speci ed at con gurationtime via thetop-level con gurationinterface.
Con guration-timebindingsmustbe de ned for mandatoryrequiresinterfacesor

elseanerroris raised.For diversity andoptionalrequiresinterfacessuchbindings
canbeleft out.

Dynamic diversity

Sinceconnectiorchainsmayhave forks dueto switchesyealizationof bindingshas
to becarriedoutdynamicallyby evaluatingswitchconditionsatcon gurationtime.
If forked chainscannotbereducedo singleend-pointspecausewitch conditions

cannotbe evaluated a bindingcannotberealizedandanerroris raised.

We implementedthis behaior for GNU Autoconfvia a setof M4 macros.
Thesemacros can expressthe Koala binding structureof a composition. The
macros expandto chainsof function calls which representhe dynamicbehar-
ior of Koalabindings.For instancefor a simpleswitch statementhatconnectsan
interfacer3 torl orr2 dependingonthedebug eld in andiversity interface
A _config , thefollowing codeis generatedqusingthe macros KOALASWITCH
andKOALASWITCHOUT):

KOALA_SWITCH(
[A_switch],
[expr=$(A_config debug)],
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Fig. 3. Thestructureof the Koalacompilerin termsof build-level components.

[KOALA_SWITCH_OUT([${expr}].["yes"]IA_r1])
KOALA_SWITCH_OUT((,0.[A_r2D)])

This codeis thenexpandedoy GNU Autoconfinto thefollowing shellscriptcode
thatwill bepartof thecon gure script:

A_switch() {

expr=$(A_config debug)

if test "a${expr}" = "ayes";  then
echo $(A r1 $x)

elif test "a" = "a"; then

echo $(A r2 $x)

fi}

This fragmentshaws the functionthatis generatedor the switchstatementA call
to this functionresultsin anotherfunctioncall, to eitherArl or Ar2 , depending
on the evaluationof the switch expression.This demonstratebow the binding of
r3 is dynamicallyevaluatedat con gurationtime.

As indicatedbefore,theresultof a compositionof build-level componentss a
build-level componenitself. Thegeneratedon gure scriptformsits 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 demonstratéon we cande ne our Koalacompilerin termsof
itself (i.e., asa compositionof Koalacomponentsandhow this compositioncan
be realizedby actually runningthe compiler We shav how Koalaallows struc-
turing componentso our needshow nesteccomponentganbe (re-)usedn larger
compositionsandhow we caneasilyintegratethird-partycomponents.
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Figure 3 depictsthe build-level structureof the Koalacompiler Obsenre that
this build-time structureis quite differentfrom its run-time structuredepictedin
Figure2. Essentiallythe build-level structureconsistsof ve building blocks: i)
the ATermlibrary [9] for datarepresentatioandexchangeji) thesdf2component
for parsetechnologyiii) the StratggoXT programtransformatiorervironment,iv)
alanguagedoolspackageandv) the Koalacompileritself.

Thereare multiple waysto organizethe structureof theseblocks. Our exam-
ple shavs a compositionin termsof 4 at componentsand 1 nestedcomponent
(sdf2 ). The nestedcomponentconsistsof a parser(sglr ), a parsergenerator
(pgen), and several utility componentgto improve readabilitywe omitted the
interface bindingswithin componentsdf2 ). Sincesglr andpgen are mostly
usedtogetherthey areplacedwithin the samecomponentWe deliberatelydid not
export the interfacesof the utility componentdecauseave considerthemasim-
plementatiorcomponentslin therarecasethatthey areneedecelsavhere,Koala
allowsto createadditionalinstance®f them. Thisis agoodexampleof how Koala
enablesstructuringof componentso hide componenimplementationsOncede-
ned, thesdf2 componentanbe instantiatedasa singlecomponent.All other
component®f Figure 3 arealsobeingusedindependently Therefore we did not
puttheminto any nestedstructure.

Givena setof componente nitions, our Koalacompilercanperforma com-
positionin threeways:

() By specifyingasetof componentgheKoalacompilersynthesizeacomposi-
tion by transitvely nding componentshatimplementtherequiresinterfaces
of the componentshatarepartof the composition.This is the mostimplicit
form becauseno closedsetof componentss speci ed andno interfacebind-
ingsarespeci ed.

(i) By explicitly specifyingwhich componentshouldbe partof a composition,
the Koalacompilersynthesizegorrectbindingsbetweenthem. In this form
the setof componentss speci ed, but the bindingsbetweerthemarenot.

(i) By explicitly specifyingall componentsandall their bindings. This is the
mostexplicit form becausall ingredientsandbindingsarespeci ed.

For theimplicit form, we don't needatop-level componentle nition. Instead,

we passa setof mandatorycomponentso the Koalacompiler andlet thecompiler

synthesizetop-level composition.In our example,we cancreatesucha composi-
tion usingthefollowing command:

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

Thiscommandspeci esthattheauto-pack tool for implicit componentompo-
sition hasto beused thatcomponente nitions canbefoundrelative to thecurrent
directory(".), thatoutputshouldbe placedin “out', andthatKoalaCompiler s
amandatorycomponentn thecomposition After the Koalacompileris ready one
cancon gure andbuild thecompositiorby runningconfigure  andmake in the
directoryout . To nalize the creationof a build-level componentrom this com-
position,oneissueshecommandmake dist . Thisbundlesall componentento
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asinglearchive le, whichis readyfor distribution.

Apart for the Koalacompilet all componentslepictedin Figure 3, arethird-
party (opensource)componentsThey have beendevelopedat differentinstitutes,
they areimplementedn differentprogrammindanguagesandthey arebeingused
in mary differentsoftwaresystemsWhatthe componentfiave in commonis that
they follow the build-level rulesde nedin [4]. They arethereforedirectly usable
for build-level composition.

8 Concluding Remarks

Contrib utions

Thispaperaddressetheproblemthatontheonehandagrowing needs developing
to adoptthird-party(opensource)software,andon the otherhand,that ne control
is neededverthesoftwareto enablequickandreliableproductdevelopment Most
often,thesearecon icting demandsbecaus®nehas(by de nition) little control
over third-party-softvare, while to speedproductdevelopment,technologiedor
e.g.,diversitymanagemerdndproductline developmentarerequiredthatdo need
signi cant control.

As a consequence potentialrisk existsthata growing useof third-partysoft-
waregoesin handwith lesscontrol over the productdevelopmentprocessopr, the
otherway around thatrequiringlarge controlover the softwarelimits the ability to
usethird-partysoftware.

We obsenredthistrendwithin Philips,wherethird-party(opensource)software
did not integrateseamlesslyvith the successfuKoalacomponenmodel. In this
paper we describea possiblesolution to this problemby combiningthe Koala
componentmodelandthe conceptof build-level componentsWe have shovn that
by lifting componengranularityof Koalacomponentgrom individual C les to
build-level componentshothdemandsanbeunited. The KoalaADL canbeused
to orchestrat@roductcompositiorandto manageliversity, build-level components
canform the unit of third-partycomponentomposition.

In this paperwe explainedhow Koala modulesform the mappingfrom the
architecturalevel to therealizationlevel, andthatthey canrepresenarbitraryunits
of composition(in additionto plainC les). Wethende ned how acompositiornof
Koalamodulescanbe mappedo a compositionof build-level componentsNext,
we extendedour Koalacompilerproduct-linewith anew back-endo automatehe
realizationof compositionsatthebuild-level. Finally, we shavedhow ourapproach
canbe usedin practice,by de ning the Koalacompilerin termsof a composition
of build-level components.

RelatedWork

Thereare several alternatve compositionlanaguedo Koala. Seee.g.,Few tech-
nologiesexist which addresshetopic of orchestratingompositioranddiversity of
third-party(opensource)xomponentskor instancetypical packagenanagerdik e
RPM [1], merelyaddressuuilding/installingsinglepackagesTherearetwo chal-
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lagingtools aroundthat combinediversity, composition,andthird-partysoftware.
The rst isGEARS[7]. Thisis asoftwareproductline developmentool, which ex-
plicitly supportgheintegrationof existing (i.e.,unchanged$oftware. Thisimplies
that GEARScandealwith softwareover which no controlexists. The secondsys-
temis the Nix deploymentsystem[6,5]. Nix is a promisingtool for safesoftware
deployment. Underneaths a functionallanguagedhat providesadvanceddiversity
featuresNix wasexplicitly designedor managingliversityandsafeorchestration
of opensourcesoftwarecomposition.

Availability

TheKoalacompilerproductine is distributedasopensource It canbedownloaded
from http://www.program- transformation.org/Tools/KoalaCompiler
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