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Abstract: Softwae componentare a usefulabstiactionto manaye softwae systemsluring
their whole lifecycle from early analysisto maintenance Componentgan be combinedin
orderto build more comple componentsr “composedsoftwae systems” Howerer, compo-
nentsdo not exist independentlyf componenplatformswhich provide themwith a runtime
ervironment.Theefore, developingcomponentmeansdevelopingcomponent thecontext
of a dedicatedcomponenplatform and in manycasesin the contet of a supportingcom-
ponentframevork too. However, there is a rapidly growing numberof moderntecnolagy
platformswhich haveto coexist with matuse but legacytechnolagy. To copewith that chal-
lenge the Model-DrivenArchitectue (MDA™) paradigmwascreated. Theideais to usea
hierarchy of platform-independdrmodelsof applicationsand applicationdomains. Trans-
formationrules allow the geneation of platform-dependentodefrom models. That might
work well for newly built systemsbut howto includelegacysystem®r off-the-shelfcompo-
nentsin this paradigm? We will discussa mudc simplerapproadc - a platform-independent
markup-languge for componentanda setof toolsto supportclassicalround-tripengineer

ing.

1. Intr oduction

During the last thirty yearstherehave beena lot of discussionsaabouthow to copewith the increasing
compleity of software systemsandinfrastructuresAlthoughit is nota “silver bullet”, Component-Based
Software Engineering([CBSE)is bestpracticewhich helpsto reducecompleity. It is primarily concerned
with

e developingsoftwarefrom pre-producegbarts,

¢ theability to reusethosepartsin otherapplicationsandcontets
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e easymaintenanceandcustomizatiorof partsto producenew functionsandfeatures.

In this context acomponents anindependentinit with a specifictaskor functionality Componentgan
becombinedn orderto build morecomplex component®r “composedsoftwaresystems”.

Onepropertyof asoftwarecomponents thatit canbe usedsolelyon thebasisof its publishednterfaces
andwithout knowledgeof implementatiordetails.

Unfortunatelyto build softwarefrom componentsthe dichotomyof componentnodelsandcomponent
platformshasto be takeninto account.A componenplatform separatesomponentgrom the underlying
operatingsystemandhardware ,enableshecommunicatiormamongcomponentsndprovidesnon-functional
servicedor them.A componenplatformimplementdedicategrotocolsanddefinescontractse.g.in form
of callbackinterfaceswhich componenthiave to implement. Thoseinterfacesenablea platformto manage
thecomponens lifecycle, i.e. thereareno universalcomponentsunningon ary possiblecomponenplat-
form. Componentarealwaysdevelopedwith respecto a particularcomponenplatform. Most component
platformsprovide supportfor generaihon-functionakervicedike load balancingtransactionsecurity and
persistenceAnd modernobject-orientegblatformslik e e.g. EnterpriseJavaBeangEJB,2001)allow devel-
opersto usetheseservicegleclaratiely insteadof invoking themprogrammaticallyBasedon the declared
usageof a servicethe implementatiorof the componenplatform generateshe correspondingalls auto-
matically However, thereare applicationsrequiringdomain-specificservicesg.g. writing specialhistory
files or the ability to clienteleprocessingn finance. Until how, commercialcomponenplatformscannot
be extendedto provide suchdomainspecificservices,even thoughthereare first ideashow to do that.
Sotheseserviceshave to be provided by a non-standargupportingframenork on which the components
additionallydepend As aresult,their portability is reducedwvhichin turn preventsthemfrom beingreused.
Thereis alarge numberof componenplatformsrangingfrom well-knovn mainframetransactiormonitors
to object-orienteglatformslike COM+, CORBA andEnterpriseJavaBeans.On a very high level of gran-
ularity even ERPsystemdike SAP canbe considereccomponenplatformswith a very limited numberof
parameterizableomponents.

As abrief conclusiontodaytheideaof building softwaresystemson the basisof universaloff-the-shelf
component$COT S) cannotberealizeddueto thetechnologicatestrictionggivenabosre. Component-based
softwareengineerind CBSE)is possibleonly in the context of a componenplatformand,whereappropri-
ate,of adomain-specifisupportingramevork. Thereareblueprintsfor platform-specificomponent-based
enterprisearchitecturese.g. the Java EnterpriseArchitecture(seee.g. (J2E,2001)),which canbe usedto
develop new component-basesbftware systems.However, it becomesa real challengeif legag/ systems
have to be encapsulateés componentsandincludedin an applicationor if componenthave to run on
differenttypesof componenplatforms.Thatchallengdoecomesnuchstrongeiif large heterogeneousoft-
wareinfrastructuresmustbe adaptedo new or changingrequirementsThe reasondor suchrequirements
are manifold andrangefrom modificationsin the businesamodelor the introductionof new technologies
to the reconfiguratiornof the software infrastructureof two companiesddueto a meger. In the following
we will discusswo approacheso tacklethis problem,the “Model Driven Architecture(MDA™)” initia-
tive of the ObjectManagemenGroup (OMG) (Wasciavicz, 2002),(Soley, 2000)and a morelightweight
approachelaboratedn the contet of theresearchproject“ContinuousSoftware Engineering:Continuous
Engineeringor Evolutionarylnformation-andCommunicatiorinfrastructure§CSE project)2.

2. The Model-Driven Ar chitecture

It's a well-establishegbracticeto usemodelsandformal specificationghroughoutthe whole software de-
velopmentprocessrom the inceptionup to the implementationrand maintenancghases.The main aims

!In thecontext of the CSEproject(seebelav) andasdiplomatheseshereareongoinginvestigationsn how to extendEnterprise
JaraBeangontainers.
2This work wassupportedy the GermanFederaMinistry of EducationandResearctundergrant011S901.
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of MDA areto overcomethe problemsresultingfrom the increasingnumberof componenimodelsand
platforms(Wasciavicz, 2002). The OMG proposes new andconsistentvay to specifyandbuild software
systems.The specificationis basedon the enhancecndmodified Unified Modeling LanguaggUML 2.0)

(UML, 2002). A hierarchyof platform-independdnPIM) andplatform-specifionodels(PSM) combined
with their metadataanda strictly specifiedUML semanticshall give full lifecycle supportfor a complete
softwaresystem.Basedon thesemodelsall artifactsnecessaryor building an executablesoftware system
shouldbegeneratedutomaticallyia a sequencef modeltransformationsSincethe PIMsandPSMssene

asavery high-level programmindanguageit is statecthatthereis no needfor aniterative andincremental
softwaredevelopmentprocesqBjorkander2002). The softwaredevelopmentprocessmodeledn UML2.0

correspondso thewell-knowvn waterfll model(Royce,1970). Developmentshallbedoneonly onthebasis
of thesemodels.Sincethe standardizatioprocessor UML 2.0is not yet finishedandthe specificatiorof

transformationss still underdevelopmentMDA in its platform-bridgingelegances notyetavailable. Nev-

erthelesstherearealreadytoolssupportingcertainpartsof the MDA processe.g. theexecutionof models

or code-generatiofor J2EE-complianplatformg. It will be moreor lessa questionof time that MDA

becomes reality. However, one shouldnot underestimatéhe expenditureconnectedvith introductionor

useof MDA. MDA cannotcoexist with othersoftware developmentprocessesvhich areat leastpartially

code-centric.So MDA requiresthe replacemenbf establishegrocesse$or implementatiorand mainte-
nance.Whenmaintaininglegag/ systemswith MDA, onecannotneglectthe re-engineeringffort needed
to createthe correspondind?IMs andPSMs.We claim thatat leastfor the next few yearsmorelightweight
processeandmethodsintegrating establishegrocesseandtoolswill coexist with MDA asdevelopment
paradigms.

3. The Continuous Software Engineering Paradigm

The demandfor continuouspreseration of software andtheir quality during long periodsleadsto a view
on softwareaslong-living infrastructure Evolution of suchinfrastructureconsistof gradualmodification
stepsover all levels of the softwaredevelopmentprocessepictedn Fig. 1.
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CONTINUOUS ENGINEERING

Fig. 1 The Continuous Software Engineering ReferenceModel

In generalgvery modificationstepin analysisdesignorimplementatiorwill requirefurtherconsisteng-
preservingnodificationstepswithin eachlevel of the developmentprocess.

3As an example, statechartscan be executedin Rhapsody(seehttp://wwwi.ilogix.com/products/rhapsodgnd Poseidon(see
http://www.gentlavare.de.
“Thetool ArcStyler(seehttp://www arcstylercom)generates2ee-complianapplications.
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Up to this point we are conformwith the intention of the MDA initiative — supportfor long-living
softwareinfrastructuresHowever, we have chosera lightweighttechnologyto reachthatgoal. Especially
for legag systemsthereareoftenno UML-conformantmodelsandsometimeghereareno modelsat all.
If thesemodelscannotbe created MDA methodologycannotbe applied. To supportthe evolution of such
systemgoo, we focusedon the ideaof “instruction leaflets”which areassignedo eachcomponenin the
developmentprocess.Sincecomponentgan be usedsolely on the basisof their publishedinterfaces,in
contrastto MDA we do not considera componens action semanticsand the processof its realization.
It is only requiredthat thereis an implementationof the componens body which can be boundto the
componens publishedinterfaces. Theseleafletscontainrelevant metadat concerninga componentand
will be updatedin every evolution step. To representheseleafletsin a platform-independdnformat, a
componentmarkup languagecalled “ComponentML (Kriegel, 2002) was designedin the CSE project
which reflectsandgeneralizeshe componenstructuredescribedn section4. Storingthe leafletsin form
of ComponentMLexpressionsn arepository eithertools canbe developedor existing commercialtools
canbe adaptedo supportthe CSE processhavn in Fig. 1. Insteadof having one MDA-awaretool and
oneMDA processacompaly canusetheir establishegrocesseandtoolsfor building componentandthe
wholeprocesill beassistedy ComponentML-&aretools.

4. The CSE ComponentModel

In the context of the CSE projectit wasdiscussedown continuoussoftware engineeringcanbenefitfrom
componentechnology First a commonabstraccomponenmodelwasdefinedto be usedin all stagesof
softwaredevelopmentandmaintenancéMannetal., 2000).
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Import Interface

I

Fig. 2 A Systemof Components

Fig. 2 givesa generalizedriew of a componensystemcomposedf suchcomponents A component
consistof threeparts:

e Exportinterface
A componens exportinterfacedescribeghe externally visible functionalityin form of methodsand

Thereis anotvious needfor additionalinformationthatgoesbeyondwhatis possibleusingcommonlanguageconstructdik e
interfacedefinitionsor comments As an example,the EnterpriseJavzaBeans(EJB2001)specificatiorrequiresbeandevelopersto
augmentomponentsvith metainformatiorin the XML-baseddeploymentdescriptor
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definitionsof typesaparticularcomponenprovidesto its ervironment.It canbesplit upinto different
sub-interaces.

e Body
A componens bodyimplementgheexportedfunctionalityon the basisof theimportedfunctionality
provided by othercomponentaindthe componentsuntimeenvironment.

e Importinterface
An importinterfacedescribeghe requirement®f a componento its ervironment,i.e. the servicesa
componenheeddso operatgproperlyandto provide the functionality specifiedn its exportinterface.

4.1. ComponentContainer and ComponentPlatform

Asshavnin Fig. 2, components, resideon container<C, which conformto acomponenplatformP. A
componenplatformP specifieprotocolswhichacontainethasto implementanddefinescontractdetween
componentsandcontainersg.g. ascallbackinterfaceswhich component<C; have to implementin order
to enablea containerto provide the specifiedservices.A containerCP is a standardizeduntimeenviron-
mentthatprovidesspecificcomponenservicesdefinedin the specificatiorof the componenplatformP. It
separatesomponentgrom the underlyingoperatingsystemandhardware,enablessommunicatioramong
componentslevelopedfor the sameplatform and provides non-functionalservicesfor them, e.g. security
andtransactiormanagement.

4.2. Connectors

In general,programminglanguagesio not provide meansto realizea componens import with the
semanticslescribedabore. Thereforeconnectiondbetweentwo components, ande may be mediated
by a connectorCij which is considered very specialkind of component.Its functionality is restrictedto
mappingthe export of acomponenCj to the requiredimport of anothercomponent,. Thelocationof a
connectolis transparento therespectie clientandsener components.

5. ComponentML - A ComponentMarkup Language

In orderto representnformation aboutcomponentsn a platform-independentormat, an XML-based
markuplanguagecalled“ComponentML (Com, 2002) (Kriegel, 2002)which reflectsandgeneralizeshe
componenstructuredescribedn sectiond., wasdesigned Storingcomponenmetadatan form of Compo-
nentML expressionsn arepositorytools canbe developedto supportcontinuoussoftwareengineering.

Theroot of a ComponentMLdocumenis formedby a cml-documenelementwhosestructureis shavn
in fig. 3. To be compatiblewith differenttypesof componenplatforms,types,interfaces,componentand
connectorarespecifiedseparatelynsidea cml-documenglement.

Instancesf the specificationsshavn in fig. 3 have a unigue namewhich canbe usedfor referential
purposes.

ComponentMLis a specificatiodanguagainderdevelopment.To ensurea stablestructureandpresere
flexibility, every languageelementcanbe extendedby meansof properties i.e. triplets containinga key,
avalue,anda constraintwhich is a propertyby definition. By thesemeans not yet specifiedcomponent-
relateddatacan be annotatedvithout modifying the structureof ComponentME. For that reasona cml-
documentaswell asary of the containedspecificationsanbe specifiedfurther by optional property ele-
ments.

SLater, in a refinementprocessxisting specificationsvill be searchedor recurringuniversalpropertieswhich thencould be
promotedo languageelements.
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<<element>>
cml-document

<<element>> <<seguenceGroup>> <<element>>
properties cml-document_grp 0.1 description

o.* [K* \\ 0.* 0.*

<<element>> <<element>> <<element>> <<element>>
connector-spec component-spec interface-spec type-spec

Fig. 3 The Structur e of a ComponentML Document

A type-specificatiomlescribes type which itself canbe composedf othertypesor be a specialization
of anotherntype. Typescanhave namedattributes(accessedtby reader andwriter-methods)and methods,
e.g. to represenimplicit attributes. In ComponentMLa methodis characterizedy its signaturewhich
consistof

e aname,
e areturnvalue,
¢ its formal parameters,

e raisedsignals,

andby additionalinformation,lik e adescriptiorandproperties(seeabove). A signalraisedby amethodcan
eitherbeanexceptionor anevent,bothof whicharetypes.To describgparameterizablgypes,arudimentary
templatemechanisnwasintroducedwhich hasto be further elaboratedThe mappingof specifiedtypesto
platform-dependertypesis describedsia properties

An interface specificationhas an unique nameand containsbesidean optional descriptiona set of
method-declarationsProperty elementscan be usedto specify methodsfurther, e.g. with pre- and post
conditions.

<<element>>
component-spec <<element>>

<<element>> description
properties 0.1
0.1 /
1
<<element>> 1 <<sequenceGroup>> <<element>>
technology-section component-spec-grp component-name

<<element>>
runtime-environ-| 1
ment-section

<<element>>
export-section

1 1

<<element>> <<element>>
configuration-section import-section

Fig. 4 The Structur e of a Component-Specification

Fig. 4 sketchesthe generalstructureof a componentspecification. A componentalways hasa hame
(component-namewhich is a uniqueidentifier An optional descriptioncan be attachedto explain the
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purposeof the component. A more detaileddescriptionof the componens functionality is given in the
otherspecificatiorsections.

In contrasto othercomponentlescriptiorlanguageg¢see(Medvidovic andTaylor, 2000)for anoverview),
ComponentMLis intendedto be usedin all stagesof a developmentprocessandnot only for codegener
ation. For thatreasonit is discriminatedbetweena componens import anda componens configuration.
Duringtheearlyphase®f thedevelopmentprocesst is possibleto describeservicesacomponentvill need
from othercomponent$o operateproperlywithout specifyingtherequiredcomponentsTheimport-section
senesthatpurpose.Later, whenthe collaboratingcomponentsreknown, theimport of a componentan
bedescribedn moredetailin the configuation-sectbn asa prerequisitdor generatingplatform-dependent
glue codefor a componentapplication. As alreadymentionedin section4., connectorsare usedto map
exportsandimportsof componentsiespectiely. Thereforeheconfiguation-sectbn consistof asequence
of reference$o componenbr connectoispecificationseachof themhaving animportandanexport spec-
ification. The configuation-sectio itself is divided into two parts, one describingthe simple usageof
componentandanotherone,describingthe compositionof components.

The previous threesectionsare only concernedvith interfaces,which provide a black box view on a
componentand can be usedto trace dependenciebetweencomponents. Additional dependenciesxist
betweera componentndits runtimeenvironment. Thesearedescribedn theruntime-erironment-setton
in termsof

e pairsof keys andvaluesasanabstractiorof ervironmentparameters,

e requiredexternalresourcese.g.adatabaselriver or aspecialconnectoito anexternalsystem,

e securityrules,and
e transactiorrequirements.

Interface specificationsand runtime requirementsre the contracta componenimplementatiorhasto
fulfill. Thetechnolayy-sectiorcontainanformationaboutoneor mary suchimplementationsywhich canbe
usedto deplgy andmaintaina certaincomponentThedataprovidedin this sectionmay containadditional
runtimerequirement®r concretizehe abstracspecificationgnclosedn the othersections As opposedo
MDA, we donotfocuson actionsemanticsComponentareconsiderecntitieswhich provide servicesput
how theseservicesareimplementeds of no concern.Insteadwe assumehatthereis animplementatiorof
thecomponengtvailablewhichis boundto the specificatiorin thetechnologysection.

In the currentstateof developmentof ComponentMLwe only considerfunctional connectorsvhich
areableto mapthe export of one ore morecomponentgo the import of anothercomponent.Therefore,a
connectospecificationis aspecializatiorof acomponenspecificationln additionto thelatter, it containsa
so-calledpropagation-sectia which describesnappingsrom methodsleclaredn theconnectos exported
interfacesto methodsdeclaredin the connectors importedinterfaces. Basedon the discussionn (Smith
et al., 1998) we decidednot to focus on automaticaltransformations. Instead,the implementerof the
connector bodyis responsibldor therealizationof the correcttransformation.

XML waschosenasan externalrepresentatiotanguagefor ComponentML.An XML schemadefini-
tion exists which canbe usedto validatecomponenspecificationaising an existing validatingparseri.e.
Xerces(XER, 2001).For moredetailedinformationon ComponentMLwe referto the ComponentMLhome
page(Com,2002)wherethe schemandan UML representatioaswell asadditionalpapersandexamples
canbefound.

6. A Proposalfor a ComponentWorkbench

Fig. 5 conceptualizea componentvorkbenchwhich supportghe developmentprocesgivenin Fig. 1. The

Journal of Integrated Designh and Process Science DECEMBER 2002, Vol. 6, No. 4, 58



<<ComponentFrame>: <<Component>>

foo baz

i !

Platform
Generator (: Model |:>

ComponentML- other Tools
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Fig. 5 Conceptualizationof ComponentML-basedworkbench.

centralpartof the workbenchis arepositorywhich managesomponenspecificationsn conjunctionwith
otherartifactsof the developmentprocess Differenttoolscanaccesghe informationstoredin thatrepos-
itory in orderto assistdevelopersin building andmodifying component-basedpplications.If components
arebuilt on the baseof a given programmingnodelusingdefinedprogrammingdioms andthe realization
languagesupportsmeansfor introspectiornthereshouldbe no problemto constructanalyzingtools which
extractinformationaboutrealcomponentsAs averificationfor this, aprototypicalanalyzemwasbuilt which
generatesutputin ComponentMLformatfrom existing EnterpriseJaszaBeans.

6.1. Generating Platform-DependentCode Frames

To supportbasicround-trip engineering,a generatomwhich takes a platform-independencomponent
specificatiorandgenerateasmuchplatform-specificodeaspossibleto assisideveloperamplementingor
modifying componentss underdevelopment.

To facilitatefuturedevelopmentsit is alsodesirableo factorout partsof the generatos implementation
andmale themavailableto othertools. In particular Java-basedepresentationfor the datathe generator
operateson (i.e. meta-modeldor CSE componentsand the platform-specificcomponentmodel) might
prove usefulto othertoolsthatdealwith CSEcomponentsandtheir platform-specifidncarnationsn some
way or other Thereforethegeneratorvasdividedinto severalparts,asdepictedn Fig. 6

engine
rL
N
N
% E%’ I Java

» <

ComponentML documents PIR PSR EJB artefacts

L.k

other tools

Fig. 6 Implementation of the EJB Generator
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Theplatform-independdrrepresentatior(PIR) containsan“internalized”representatioof theessential
datamodelof the ComponentMLdocumentslt senesthepurposeof providing thegeneratowith aview on
its input thatis corvenient,consistentandindependentf the externalrepresentatio(XML). We currently
useCastor(Cas,2002) for creatingthe PIR; JAXB (JAX, 2002)-complianiXML binding frameworks or
similar toolswould be suitabletoo. As anaside,the PIR couldbe reusedn the future for othertoolsthat
alsooperateon ComponentMLdocumentsr on CSE componentsn general. Tools that manipulateand
modify componentslirectly on the modellevel (asopposedo a platform-specifidevel) areimaginableas
well.

Similarin conceptto the PIR, the platform-specifiaepresentationPSR)containslava-basedstructure
description®f theessentiahrtefaictsthatgointo thegenerateglatform-specificode.Again, thePSRmight
bereusedn othertools,in this casetoolsdealingwith meta-descriptionsf platform-specificomponents.

The mostdemandingpart of the generatoiis the mappingcodewhich implementsthe transitionfrom
the ComponentMLmeta-modelo the platform-specificartifacts. It actually definesthe semanticsof the
mappingfrom the platform-independerffomponentMLdescriptiorto the platform-specifiadatamodel.

As afirst stepwerealizedamappingo the EnterpriselavzaBeangplatform. Eachcomponenspecification
from the PIR getsmappedo oneEnterpriselavaBean consistingof

e EJBinterfaces:local,remote localhome,remotehome(whateveris applicable),
e Javainterfacesfor exportedtypes,

e aJavainterfacefor theformal serviceimport,

e interfacesfor importedtypesdescribedn theformal typeimport,

e acodeframefor thebeansimplementatiorclass,

e if applicableconnectobeansand

e thedeploymentdescriptor

In contrasto the MDA approachwe generatenly platform-dependerglue code thecomponents body
mustbeimplementedvith othermeans.The generatede JB-specifiartifactsensurethatthe beanprovider
canwrite animplementatiorfor the beanthatdepend®nly onthebeans formalimport. If connectorsvere
specifiedor thecomponentappropriatalelegatorobjectswill becreatedransparentlyo thebeanprovider.

Finally, the PSRhasto be translatedo real sourcecodeskeletonsand deploymentdescriptordor use
by the beanprovider as a foundationfor the beans’implementations.This is doneusing Velocity (Vel,
2001),an opensourcetemplate-basecthacroprocessowvritten in Java by the JakartaProject(Jak,2002).
The EJB generatorcontainsa setof velocity macroswhich performrelatively simple and straightforvard
transformationsHowever, we tried to ensurehatthe PSRonly containsthe “semanticallyrelevant” pieces
of informationaboutthe EJBsto begeneratedyhile syntacticatransformationgjointo theVelocity macros.
For example,thereare no specialclassesn the PSRrepresenting=JB deployment descriptors. Instead,
otherinformationstoredin the PSR- e.g. objectsdescribingin detail the existing EJBsand (optionally)
the connectordetweerthem— providesthe Velocity macroswith enoughinputto generatéhe deployment
descriptors.

Parameterizationfor otherplatforms,e.g. Jini(Kumaran2001),areunderdevelopment.Thereareeven
discussiongo use ComponentMLto produceglue codefor COBOL on a mainframe. As soonasthese
are available, cross-platformgenerationexperimentscan be performedto improve the expressienessof
ComponentML.
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6.2. Conceptsfor Additional Tools

Codegeneratiorandanalysidgs notsuficientto supporthewhole CSEprocessThereareotherconcepts
from CSEwhoserealizationsasassistantoolsareunderdiscussioror alreadyunderconstruction:

e In orderto tracedependenciesh component-basedoftware systems,the conceptof a matrix of
propagatiorwasdeveloped(Berthomieu2002).

¢ In general,component-basegystemsmight be distributed acrossdifferent platformsand different
locations. Designingand maintainingdistributed systemsrequiresconsiderationof dependencies
andinvariantsamongcomponents.To describethem,the conceptof contet-basedconstraintsvas
developed(Bubl, 2002)(LeicherandBiibl, 2002). A prototypicaltool which extendsUML diagrams
with a graphicalnotationof context-basedconstraintsvasimplementedat the TechnicalUniversity
Berlin. Thesediagramscanbe externalizedasComponentMLspecifications.

¢ Whenevolving systemsit mighthapperthatdifferentversionsof onecomponentoexisttemporarily
The effort of configurationmanagementan be reducedif one usesthe informationrepresentedn
ComponentMLto identify the newestversionof a componentwhoseexport is consistentwith the
requiredinput of anothercomponent.

7. Forthcoming Work

Thecomponentorkbenclsketchedabove givesaninitial supportfor the CSEprocessHowever, it mustbe
improvedin two directions.First, ComponentMLitself hasto be extended.Todaythe meansof describing
intercomponentependencieareinsuficient for automaticgeneratiorof connectors.Even relationships
betweena componentandits containerare describedonly on a very abstractevel. The structureof the
configurationand runtime ervironmentsectionhasto be further elaborated.Second additionaltools and
assistantareneededo especiallysupportevolution stepsnsidea CSEprocessComponentMLcanbeused
to describenvariantswhich mustbe presered duringevery evolution step.Tools could be implementedo
checkinvariantsinsideoneevolution stepof the CSE processaandacrossmary of them. Thisis plannedin
aforthcomingCSEproject.
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