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Abstract: Software componentsarea usefulabstractionto manage software systemsduring
their whole lifecyclefrom early analysisto maintenance. Componentscan be combinedin
order to build morecomplex componentsor “composedsoftwaresystems”.However, compo-
nentsdo not exist independentlyof componentplatformswhich provide themwith a runtime
environment.Therefore, developingcomponentsmeansdevelopingcomponentsin thecontext
of a dedicatedcomponentplatform and in manycasesin the context of a supportingcom-
ponentframework too. However, there is a rapidly growing numberof moderntechnology
platformswhich haveto coexist with mature but legacytechnology. To copewith that chal-
lenge theModel-DrivenArchitecture (MDATM) paradigmwascreated.Theidea is to usea
hierarchy of platform-independent modelsof applicationsand applicationdomains.Trans-
formationrules allow the generation of platform-dependentcodefrom models. That might
work well for newly built systems,but howto includelegacysystemsor off-the-shelfcompo-
nentsin this paradigm? We will discussa much simplerapproach - a platform-independent
markup-language for componentsanda setof toolsto supportclassicalround-tripengineer-
ing.

1. Intr oduction

During the last thirty yearstherehave beena lot of discussionsabouthow to copewith the increasing
complexity of softwaresystemsandinfrastructures.Althoughit is not a “silver bullet”, Component-Based
SoftwareEngineering(CBSE)is bestpracticewhich helpsto reducecomplexity. It is primarily concerned
with

� developingsoftwarefrom pre-producedparts,

� theability to reusethosepartsin otherapplicationsandcontexts
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� easymaintenanceandcustomizationof partsto producenew functionsandfeatures.

In thiscontext acomponentis anindependentunit with aspecifictaskor functionality. Componentscan
becombinedin orderto build morecomplex componentsor “composedsoftwaresystems”.

Onepropertyof asoftwarecomponentis thatit canbeusedsolelyonthebasisof its publishedinterfaces
andwithout knowledgeof implementationdetails.

Unfortunately, to build softwarefrom components,thedichotomyof componentmodelsandcomponent
platformshasto be taken into account.A componentplatformseparatescomponentsfrom theunderlying
operatingsystemandhardware,enablesthecommunicationamongcomponentsandprovidesnon-functional
servicesfor them.A componentplatformimplementsdedicatedprotocolsanddefinescontracts,e.g.in form
of callbackinterfaceswhich componentshave to implement.Thoseinterfacesenablea platformto manage
thecomponent’s lifecycle, i.e. thereareno universalcomponentsrunningon any possiblecomponentplat-
form. Componentsarealwaysdevelopedwith respectto aparticularcomponentplatform.Mostcomponent
platformsprovide supportfor generalnon-functionalserviceslike loadbalancing,transaction,security, and
persistence.And modernobject-orientedplatformslikee.g.EnterpriseJavaBeans(EJB,2001)allow devel-
opersto usetheseservicesdeclaratively insteadof invoking themprogrammatically. Basedon thedeclared
usageof a service,the implementationof thecomponentplatformgeneratesthecorrespondingcallsauto-
matically. However, thereareapplicationsrequiringdomain-specificservices,e.g. writing specialhistory
files or the ability to clienteleprocessingin finance.Until now, commercialcomponentplatformscannot
be extendedto provide suchdomainspecificservices,even thoughtherearefirst ideashow to do that1.
So theseserviceshave to be provided by a non-standardsupportingframework on which thecomponents
additionallydepend.As aresult,theirportability is reducedwhich in turnpreventsthemfrom beingreused.
Thereis a largenumberof componentplatformsrangingfrom well-known mainframetransactionmonitors
to object-orientedplatformslike COM+, CORBA andEnterpriseJavaBeans.On a very high level of gran-
ularity evenERPsystemslike SAPcanbeconsideredcomponentplatformswith a very limited numberof
parameterizablecomponents.

As abrief conclusion,todaytheideaof building softwaresystemson thebasisof universaloff-the-shelf
components(COTS)cannotberealizeddueto thetechnologicalrestrictionsgivenabove. Component-based
softwareengineering(CBSE)is possibleonly in thecontext of a componentplatformand,whereappropri-
ate,of adomain-specificsupportingframework. Thereareblueprintsfor platform-specificcomponent-based
enterprisearchitectures,e.g. theJava EnterpriseArchitecture(seee.g. (J2E,2001)),which canbeusedto
develop new component-basedsoftwaresystems.However, it becomesa real challengeif legacy systems
have to be encapsulatedascomponentsand includedin an applicationor if componentshave to run on
differenttypesof componentplatforms.Thatchallengebecomesmuchstrongerif largeheterogeneoussoft-
wareinfrastructuresmustbeadaptedto new or changingrequirements.Thereasonsfor suchrequirements
aremanifold andrangefrom modificationsin thebusinessmodelor the introductionof new technologies
to the reconfigurationof the software infrastructureof two companiesdueto a merger. In the following
we will discusstwo approachesto tacklethis problem,the “Model DrivenArchitecture(MDATM)” initia-
tive of theObjectManagementGroup(OMG) (Wasciewicz, 2002),(Soley, 2000)anda morelightweight
approach,elaboratedin thecontext of theresearchproject“ContinuousSoftwareEngineering:Continuous
Engineeringfor EvolutionaryInformation-andCommunicationInfrastructures(CSEproject)”2.

2. The Model-Dri ven Ar chitecture

It’s a well-establishedpracticeto usemodelsandformal specificationsthroughoutthewholesoftwarede-
velopmentprocessfrom the inceptionup to the implementationandmaintenancephases.The main aims

1In thecontext of theCSEproject(seebelow) andasdiplomathesesthereareongoinginvestigationsonhow to extendEnterprise
JavaBeanscontainers.

2This work wassupportedby theGermanFederalMinistry of EducationandResearchundergrant01IS901.
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of MDA are to overcomethe problemsresultingfrom the increasingnumberof componentmodelsand
platforms(Wasciewicz, 2002).TheOMG proposesanew andconsistentway to specifyandbuild software
systems.Thespecificationis basedon theenhancedandmodifiedUnified ModelingLanguage(UML 2.0)
(UML, 2002). A hierarchyof platform-independent (PIM) andplatform-specificmodels(PSM)combined
with their metadataanda strictly specifiedUML semanticshall give full lifecycle supportfor a complete
softwaresystem.Basedon thesemodelsall artifactsnecessaryfor building anexecutablesoftwaresystem
shouldbegeneratedautomaticallyvia asequenceof modeltransformations.SincethePIMsandPSMsserve
asaveryhigh-level programminglanguage,it is statedthatthereis noneedfor aniterative andincremental
softwaredevelopmentprocess(Björkander, 2002).Thesoftwaredevelopmentprocessmodeledin UML2.0
correspondsto thewell-known waterfall model(Royce,1970).Developmentshallbedoneonly onthebasis
of thesemodels.Sincethestandardizationprocessfor UML 2.0 is not yet finishedandthespecificationof
transformationsis still underdevelopment,MDA in its platform-bridgingeleganceis notyetavailable.Nev-
ertheless,therearealreadytoolssupportingcertainpartsof theMDA process,e.g.theexecutionof models3

or code-generationfor J2EE-compliantplatforms4. It will be moreor lessa questionof time that MDA
becomesa reality. However, oneshouldnot underestimatetheexpenditureconnectedwith introductionor
useof MDA. MDA cannotcoexist with othersoftwaredevelopmentprocesseswhich areat leastpartially
code-centric.So MDA requiresthe replacementof establishedprocessesfor implementationandmainte-
nance.Whenmaintaininglegacy systemswith MDA, onecannotneglect the re-engineeringeffort needed
to createthecorrespondingPIMs andPSMs.Weclaim thatat leastfor thenext few yearsmorelightweight
processesandmethodsintegratingestablishedprocessesandtoolswill coexist with MDA asdevelopment
paradigms.

3. The ContinuousSoftware Engineering Paradigm

Thedemandfor continuouspreservation of softwareandtheir quality during long periodsleadsto a view
on softwareaslong-living infrastructure.Evolution of suchinfrastructuresconsistsof gradualmodification
stepsover all levelsof thesoftwaredevelopmentprocessdepictedin Fig. 1.
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Fig. 1 The Continuous Software Engineering ReferenceModel

In general,everymodificationstepin analysis,designor implementationwill requirefurtherconsistency-
preservingmodificationstepswithin eachlevel of thedevelopmentprocess.

3As an example,statechartscanbe executedin Rhapsody(seehttp://www.ilogix.com/products/rhapsody)andPoseidon(see
http://www.gentleware.de.

4Thetool ArcStyler(seehttp://www.arcstyler.com)generatesJ2ee-compliantapplications.
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Up to this point we are conform with the intention of the MDA initiative – supportfor long-living
softwareinfrastructures.However, we have chosena lightweight technologyto reachthatgoal. Especially
for legacy systems,thereareoftenno UML-conformantmodelsandsometimesthereareno modelsat all.
If thesemodelscannotbecreated,MDA methodologycannotbeapplied.To supporttheevolution of such
systemstoo, we focusedon the ideaof “instruction leaflets”which areassignedto eachcomponentin the
developmentprocess.Sincecomponentscanbe usedsolely on the basisof their publishedinterfaces,in
contrastto MDA we do not considera component’s action semanticsand the processof its realization.
It is only requiredthat thereis an implementationof the component’s body which can be boundto the
component’s publishedinterfaces.Theseleafletscontainrelevant metadata5 concerninga componentand
will be updatedin every evolution step. To representtheseleafletsin a platform-independent format, a
componentmarkup languagecalled “ComponentML” (Kriegel, 2002) was designedin the CSE project
which reflectsandgeneralizesthecomponentstructuredescribedin section4. Storingthe leafletsin form
of ComponentMLexpressionsin a repository, eithertools canbe developedor existing commercialtools
canbe adaptedto supportthe CSEprocessshown in Fig. 1. Insteadof having oneMDA-awaretool and
oneMDA process,acompany canusetheirestablishedprocessesandtoolsfor building componentsandthe
wholeprocesswill beassistedby ComponentML-awaretools.

4. The CSE ComponentModel

In the context of the CSEprojectit wasdiscussedhow continuoussoftwareengineeringcanbenefitfrom
componenttechnology. First a commonabstractcomponentmodelwasdefinedto beusedin all stagesof
softwaredevelopmentandmaintenance(Mannetal., 2000).
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Fig. 2 A Systemof Components

Fig. 2 givesa generalizedview of a componentsystemcomposedof suchcomponents.A component
consistsof threeparts:

� Exportinterface
A component’s export interfacedescribestheexternallyvisible functionalityin form of methodsand

5Thereis anobviousneedfor additionalinformationthatgoesbeyondwhatis possibleusingcommonlanguageconstructslike
interfacedefinitionsor comments.As anexample,theEnterpriseJavaBeans(EJB,2001)specificationrequiresbeandevelopersto
augmentcomponentswith metainformationin theXML-baseddeploymentdescriptor.
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definitionsof typesaparticularcomponentprovidesto its environment.It canbesplit upinto different
sub-interfaces.

� Body
A component’s bodyimplementstheexportedfunctionalityon thebasisof theimportedfunctionality
providedby othercomponentsandthecomponentsruntimeenvironment.

� Import interface
An import interfacedescribestherequirementsof a componentto its environment,i.e. theservicesa
componentneedsto operateproperlyandto provide thefunctionalityspecifiedin its export interface.

4.1. ComponentContainer and ComponentPlatform

As shown in Fig.2, componentsCi resideoncontainersCP whichconformto acomponentplatformP. A
componentplatformP specifiesprotocolswhichacontainerhasto implementanddefinescontractsbetween
componentsandcontainers,e.g. ascallbackinterfaceswhich componentsCi have to implementin order
to enablea containerto provide thespecifiedservices.A containerCP is a standardizedruntimeenviron-
mentthatprovidesspecificcomponentservicesdefinedin thespecificationof thecomponentplatformP. It
separatescomponentsfrom theunderlyingoperatingsystemandhardware,enablescommunicationamong
componentsdevelopedfor thesameplatformandprovidesnon-functionalservicesfor them,e.g. security
andtransactionmanagement.

4.2. Connectors

In general,programminglanguagesdo not provide meansto realizea component’s import with the
semanticsdescribedabove. Thereforeconnectionsbetweentwo componentsCi andCj may be mediated

by a connectorCij which is considereda very specialkind of component.Its functionality is restrictedto

mappingtheexport of a componentCj to the requiredimport of anothercomponentCi. The locationof a

connectoris transparentto therespective clientandserver components.

5. ComponentML - A ComponentMarkup Language

In order to representinformation about componentsin a platform-independentformat, an XML-based
markuplanguagecalled“ComponentML” (Com,2002)(Kriegel, 2002)which reflectsandgeneralizesthe
componentstructuredescribedin section4.,wasdesigned.Storingcomponentmetadatain form of Compo-
nentMLexpressionsin a repository, toolscanbedevelopedto supportcontinuoussoftwareengineering.

Theroot of a ComponentMLdocumentis formedby acml-documentelementwhosestructureis shown
in fig. 3. To becompatiblewith differenttypesof componentplatforms,types,interfaces,componentsand
connectorsarespecifiedseparatelyinsideacml-documentelement.

Instancesof the specificationsshown in fig. 3 have a uniquenamewhich canbe usedfor referential
purposes.

ComponentMLis aspecificationlanguageunderdevelopment.To ensureastablestructureandpreserve
flexibility, every languageelementcanbe extendedby meansof properties, i.e. triplets containinga key,
a value,anda constraintwhich is a propertyby definition. By thesemeans,not yet specifiedcomponent-
relateddatacanbe annotatedwithout modifying the structureof ComponentML6. For that reasona cml-
documentaswell asany of thecontainedspecificationscanbe specifiedfurther by optionalpropertyele-
ments.

6Later, in a refinementprocessexisting specificationswill besearchedfor recurringuniversalproperties,which thencouldbe
promotedto languageelements.
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o..*o..* o..*o..*

Fig. 3 The Structur e of a ComponentML Document

A type-specificationdescribesa typewhich itself canbecomposedof othertypesor bea specialization
of anothertype. Typescanhave namedattributes(accessedby reader- andwriter-methods)andmethods,
e.g. to representimplicit attributes. In ComponentMLa methodis characterizedby its signaturewhich
consistsof

� aname,

� a returnvalue,

� its formalparameters,

� raisedsignals,

andby additionalinformation,likeadescriptionandproperties(seeabove). A signalraisedby amethodcan
eitherbeanexceptionor anevent,bothof whicharetypes.Todescribeparameterizabletypes,arudimentary
templatemechanismwasintroducedwhich hasto befurtherelaborated.Themappingof specifiedtypesto
platform-dependenttypesis describedvia properties.

An interface specificationhasan unique nameand containsbesidean optional descriptiona set of
method-declarations.Propertyelementscanbe usedto specifymethodsfurther, e.g. with pre- andpost
conditions.
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Fig. 4 The Structur e of a Component-Specification

Fig. 4 sketchesthe generalstructureof a componentspecification. A componentalwayshasa name
(component-name), which is a uniqueidentifier. An optionaldescriptioncanbe attachedto explain the
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purposeof the component.A moredetaileddescriptionof the component’s functionality is given in the
otherspecificationsections.

In contrasttoothercomponentdescriptionlanguages(see(Medvidovic andTaylor, 2000)for anoverview),
ComponentMLis intendedto beusedin all stagesof a developmentprocessandnot only for codegener-
ation. For that reason,it is discriminatedbetweena component’s import anda component’s configuration.
Duringtheearlyphasesof thedevelopmentprocessit is possibleto describeservicesacomponentwill need
from othercomponentsto operateproperlywithoutspecifyingtherequiredcomponents.Theimport-section
servesthatpurpose.Later, whenthecollaboratingcomponentsareknown, the import of a componentcan
bedescribedin moredetailin theconfiguration-section asaprerequisitefor generatingplatform-dependent
glue codefor a componentapplication. As alreadymentionedin section4., connectorsareusedto map
exportsandimportsof components,respectively. Thereforetheconfiguration-section consistsof asequence
of referencesto componentor connectorspecifications,eachof themhaving animport andanexport spec-
ification. The configuration-section itself is divided into two parts,one describingthe simple usageof
componentsandanotherone,describingthecompositionof components.

The previous threesectionsareonly concernedwith interfaces,which provide a black box view on a
componentand can be usedto tracedependenciesbetweencomponents.Additional dependenciesexist
betweenacomponentandits runtimeenvironment.Thesearedescribedin theruntime-environment-section
in termsof

� pairsof keys andvaluesasanabstractionof environmentparameters,

� requiredexternalresources,e.g.adatabasedriver or aspecialconnectorto anexternalsystem,

� securityrules,and

� transactionrequirements.

Interfacespecificationsandruntimerequirementsarethe contracta componentimplementationhasto
fulfill. Thetechnology-sectioncontainsinformationaboutoneor many suchimplementations,whichcanbe
usedto deploy andmaintaina certaincomponent.Thedataprovidedin this sectionmaycontainadditional
runtimerequirementsor concretizetheabstractspecificationsenclosedin theothersections.As opposedto
MDA, wedonot focusonactionsemantics.Componentsareconsideredentitieswhichprovideservices,but
how theseservicesareimplementedis of noconcern.Instead,weassumethatthereis animplementationof
thecomponentavailablewhich is boundto thespecificationin thetechnologysection.

In the currentstateof developmentof ComponentMLwe only considerfunctional connectorswhich
areableto maptheexport of oneoremorecomponentsto the import of anothercomponent.Therefore,a
connectorspecificationis aspecializationof acomponentspecification.In additionto thelatter, it containsa
so-calledpropagation-section whichdescribesmappingsfrom methodsdeclaredin theconnector’sexported
interfacesto methodsdeclaredin the connector’s importedinterfaces. Basedon the discussionin (Smith
et al., 1998) we decidednot to focus on automaticaltransformations. Instead,the implementerof the
connector’s bodyis responsiblefor therealizationof thecorrecttransformation.

XML waschosenasan externalrepresentationlanguagefor ComponentML.An XML schemadefini-
tion existswhich canbe usedto validatecomponentspecificationsusinganexisting validatingparser, i.e.
Xerces(XER,2001).For moredetailedinformationonComponentMLwereferto theComponentMLhome
page(Com,2002)wheretheschemaandanUML representationaswell asadditionalpapersandexamples
canbefound.

6. A Proposalfor a ComponentWorkbench

Fig. 5 conceptualizesacomponentworkbenchwhichsupportsthedevelopmentprocessgivenin Fig. 1. The

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



ComponentML- 
Repository

other Tools

AnalyzerGenerator

baz

<<Component>>

foo

<<ComponentFrame>>

Platform 
Model

Fig. 5 Conceptualizationof ComponentML-basedworkbench.

centralpartof theworkbenchis a repositorywhich managescomponentspecificationsin conjunctionwith
otherartifactsof thedevelopmentprocess. Differenttoolscanaccesstheinformationstoredin thatrepos-
itory in orderto assistdevelopersin building andmodifying component-basedapplications.If components
arebuilt on thebaseof a givenprogrammingmodelusingdefinedprogrammingidiomsandtherealization
languagesupportsmeansfor introspectionthereshouldbe no problemto constructanalyzingtoolswhich
extractinformationaboutrealcomponents.As averificationfor this,aprototypicalanalyzerwasbuilt which
generatesoutputin ComponentMLformatfrom existing EnterpriseJavaBeans.

6.1. GeneratingPlatform-DependentCodeFrames

To supportbasicround-trip engineering,a generatorwhich takes a platform-independent component
specificationandgeneratesasmuchplatform-specificcodeaspossibleto assistdevelopersimplementingor
modifying componentsis underdevelopment.

To facilitatefuturedevelopments,it is alsodesirableto factoroutpartsof thegenerator’s implementation
andmake themavailableto othertools. In particular, Java-basedrepresentationsfor thedatathegenerator
operateson (i.e. meta-modelsfor CSE componentsand the platform-specificcomponentmodel) might
prove usefulto othertoolsthatdealwith CSEcomponentsandtheir platform-specificincarnationsin some
wayor other. Therefore,thegeneratorwasdividedinto severalparts,asdepictedin Fig. 6
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Fig. 6 Implementation of the EJB Generator
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Theplatform-independent representation(PIR)containsan“internalized”representationof theessential
datamodelof theComponentMLdocuments.It servesthepurposeof providing thegeneratorwith aview on
its input thatis convenient,consistent,andindependentof theexternalrepresentation(XML). Wecurrently
useCastor(Cas,2002) for creatingthe PIR; JAXB (JAX, 2002)-compliantXML binding frameworks or
similar toolswould besuitable,too. As anaside,thePIR couldbereusedin thefuture for othertools that
alsooperateon ComponentMLdocumentsor on CSEcomponentsin general.Tools that manipulateand
modify componentsdirectly on themodellevel (asopposedto a platform-specificlevel) areimaginableas
well.

Similar in conceptto thePIR, theplatform-specificrepresentation(PSR)containsJava-basedstructure
descriptionsof theessentialartefactsthatgointo thegeneratedplatform-specificcode.Again,thePSRmight
bereusedin othertools,in this casetoolsdealingwith meta-descriptionsof platform-specificcomponents.

The mostdemandingpart of the generatoris the mappingcodewhich implementsthe transitionfrom
the ComponentMLmeta-modelto the platform-specificartifacts. It actuallydefinesthe semanticsof the
mappingfrom theplatform-independentComponentMLdescriptionto theplatform-specificdatamodel.

As afirst stepwerealizedamappingto theEnterpriseJavaBeansplatform.Eachcomponentspecification
from thePIRgetsmappedto oneEnterpriseJavaBean,consistingof

� EJBinterfaces:local, remote,localhome,remotehome(whatever is applicable),

� Java interfacesfor exportedtypes,

� aJava interfacefor theformal serviceimport,

� interfacesfor importedtypesdescribedin theformal typeimport,

� acodeframefor thebean’s implementationclass,

� if applicable,connectorbeans,and

� thedeploymentdescriptor.

In contrastto theMDA approachwegenerateonly platform-dependentgluecode,thecomponent’s body
mustbeimplementedwith othermeans.ThegeneratedEJB-specificartifactsensurethatthebeanprovider
canwrite animplementationfor thebeanthatdependsonly onthebean’s formal import. If connectorswere
specifiedfor thecomponent,appropriatedelegatorobjectswill becreatedtransparentlyto thebeanprovider.

Finally, the PSRhasto be translatedto real sourcecodeskeletonsanddeploymentdescriptorsfor use
by the beanprovider as a foundationfor the beans’implementations.This is doneusing Velocity (Vel,
2001),an opensourcetemplate-basedmacroprocessorwritten in Java by theJakartaProject(Jak,2002).
TheEJB generatorcontainsa setof velocity macroswhich performrelatively simpleandstraightforward
transformations.However, we tried to ensurethatthePSRonly containsthe“semanticallyrelevant” pieces
of informationabouttheEJBsto begenerated,while syntacticaltransformationsgointo theVelocitymacros.
For example,thereareno specialclassesin the PSRrepresentingEJB deployment descriptors.Instead,
otherinformationstoredin the PSR– e.g. objectsdescribingin detail the existing EJBsand(optionally)
theconnectorsbetweenthem– providestheVelocitymacroswith enoughinput to generatethedeployment
descriptors.

Parameterizationsfor otherplatforms,e.g.Jini(Kumaran,2001),areunderdevelopment.Thereareeven
discussionsto useComponentMLto produceglue codefor COBOL on a mainframe. As soonas these
areavailable, cross-platformgenerationexperimentscanbe performedto improve the expressivenessof
ComponentML.
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6.2. Conceptsfor Additional Tools

Codegenerationandanalysisis notsufficientto supportthewholeCSEprocess.Thereareotherconcepts
from CSEwhoserealizationsasassistanttoolsareunderdiscussionor alreadyunderconstruction:

� In order to tracedependenciesin component-basedsoftware systems,the conceptof a matrix of
propagationwasdeveloped(Berthomieu,2002).

� In general,component-basedsystemsmight be distributed acrossdifferent platformsanddifferent
locations. Designingand maintainingdistributed systemsrequiresconsiderationof dependencies
andinvariantsamongcomponents.To describethem,the conceptof context-basedconstraintswas
developed(Bübl, 2002)(LeicherandBübl, 2002).A prototypicaltool whichextendsUML diagrams
with a graphicalnotationof context-basedconstraintswasimplementedat theTechnicalUniversity
Berlin. ThesediagramscanbeexternalizedasComponentMLspecifications.

� Whenevolving systems,it mighthappenthatdifferentversionsof onecomponentcoexist temporarily.
The effort of configurationmanagementcanbe reducedif oneusesthe informationrepresentedin
ComponentMLto identify the newestversionof a componentwhoseexport is consistentwith the
requiredinput of anothercomponent.

7. Forthcoming Work

Thecomponentworkbenchsketchedabovegivesaninitial supportfor theCSEprocess.However, it mustbe
improvedin two directions.First,ComponentMLitself hasto beextended.Todaythemeansof describing
inter-componentdependenciesareinsufficient for automaticgenerationof connectors.Even relationships
betweena componentandits containeraredescribedonly on a very abstractlevel. The structureof the
configurationandruntimeenvironmentsectionhasto be further elaborated.Second,additionaltools and
assistantsareneededto especiallysupportevolutionstepsinsideaCSEprocess.ComponentMLcanbeused
to describeinvariantswhich mustbepreservedduringevery evolution step.Toolscouldbeimplementedto
checkinvariantsinsideoneevolution stepof theCSEprocessandacrossmany of them.This is plannedin
a forthcomingCSEproject.
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