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Abstract

Thetrendtowardshighly specializedsolutionproviderscooperatiely offering con-
figurable productsand servicesto their customersrequiresthe extensionof current
(standalonegonfigurationtechnologywith capabilitiesof knowledgesharinganddis-
tributedconfigurationproblemsolving. Onthe onehand,a standardizedepresentation
languageis neededn orderto tackle the challengesmposedby heterogeneousep-
resentatiorformalismsof state-of-the-artonfigurationervironments(e.g.description
logic or predicatdogic basedconfigurators)pn the otherhandit is importantto inte-
gratethe developmentand maintenancef configurationsystemsnto industrial soft-
waredevelopmeniprocessedNe shov how to supportbothgoalsby demonstratinghe
applicability of the Unified Modeling Language(UML) for configurationknowledge
acquisitionandby providing a setof rulesfor transformingUML modelsinto config-
uration knowledgebasesspecifiedby languagesuchas OIL or DAML+OIL which
representhefoundationfor the descriptionof configurationweb services.

1 Intr oduction

Thereis an increasingdemandfor applicationsproviding solutionsfor configuration
tasksin variousdomains(e.g. telecommunicationgndustry automotve industry, or
financialservicesyesultingin asetof correspondingonfiguratoimplementationge.g.
[3,12,17,28)). Informally, configurationcanbe seenasa specialkind of designactivity
[22], wherethe configuredproductis built of a predefinedsetof componentypesand
attributes,which canbe composedonformto a setof correspondingonstraints.
Triggeredby the trendtowardshighly specializedsolutionproviderscooperatiely
offering configurableproductsand services,joint configurationby a set of business
partnerdss becomingakey applicationof knowledge-basedonfigurationsystemsThe
configurationof virtual privatenetworks (VPNSs) or the configurationof enterprisenet-
work solutionsareapplicationexamplesfor distributedconfigurationprocessedn the
EC-fundedresearclproject CAWICOMS! the paradigmof Web servicess adoptedo

1 CAWICOMS is the acrorym for CustomerAdaptive Web Interfacefor the Configurationof
productsandserviceswith Multiple Suppliers(EU-fundedprojectIST-1999-10688).



accomplishthis form of businessapplicationintegration.In orderto realizea dynamic
matchmakingoetweenservicerequesteraindserviceproviders,configurationservices
arerepresente@s\Web servicesdescribingthe capabilitiesof potentially cooperating
configurationsystemsin the following we shov how the conceptsieededor describ-
ing configuratiorknowledgecanberepresentedsingsemantianarkuplanguagesuch
asOIL [11] or DAML+OIL [26].

Fromtheviewpointof industrialsoftwaredevelopmenttheintegrationof construc-
tion and maintenancef knowledge-basedystemss an importantprerequisitefor a
broaderapplicationof Al technologiesWhenconsideringconfigurationsystemsfor-
mal knowledgerepresentatiotanguagesre difficult to communicatedo domainex-
perts.The so-calledknowledgeacquisitionbottleneckis obvious, since configuration
knowledgeacquisitionandmaintenanceareonly feasiblewith the supportof a knowl-
edgeengineerwho can handlethe formal representatiotanguageof the underlying
configurationsystem.

The Unified Modeling Language(UML) [21] is a widely adoptedmodelinglan-
guagein industrialsoftwaredevelopmentBasedon our experiencesn building config-
urationknowledgebasesusingUML [9], we shov how to effectively supportthe con-
structionof SemanticWeb configurationknowledgebasesusing UML asknowledge
acquisitionfrontend.The provided UML conceptsonstitutean ontologyconsistingof
conceptscontainedin de facto standardconfigurationontologies[9,24]. Basedon a
descriptionlogic baseddefinition of a configurationtaskwe provide a setof rulesfor
automaticallytranslatingUML configurationmodelsinto a correspondindIL repre-
sentatioR.

The approactpresentedn this paperenhanceshe applicationof Software Engi-
neeringtechniqueso knowledge-basedystemsy providing a UML-basedknowledge
acquisitionfrontendfor configurationsystemsVice versa,reasoningsupportfor Se-
manticWeb ontologylanguagesanbe exploitedfor checkingthe consisteng of UML
configurationmodels.The resultingconfigurationknowledgebasesnableknowledge
interchangebetweenheterogenousonfigurationervironmentsas well as distributed
configurationproblemsolving in differentsupply chain settings.The presentedton-
ceptsareimplementedn a knowledgeacquisitionworkbenchwhich is a major part of
the CAWICOMS configurationervironment.

The paperis organizedas follows. In Section2 we give an example of a UML
configuratiorknowledgebasewhichis usedfor demonstratiopurposeshroughouthe
paper In Section3 we give a descriptionlogic baseddefinitionof a configurationtask
- this definition senesasbasisfor the translationof UML configurationmodelsinto a
correspondingIL-basedrepresentatiofSectiond). Section5 discusseselatedwork.

2 Configuration knowledgebasein UML

The Unified Modeling Languagg UML) [21] is the resultof anintegrationof object-
orientedapproache®f [4,16,20] which is well establishedn industrial software de-
velopment.UML is applicablethroughoutthe whole software developmentprocess

2 Notethat OIL text is usedfor presentatiopurposes the usedconceptsansimply be trans-
formedinto aDAML+OIL representation.



from the requirementsanalysisphaseto the implementatiorphase.In orderto allow
therefinemenbf thebasicmeta-modeWith domain-specifienodelingconceptslML
providesthe concepbof profiles- the configurationdomainspecificmodelingconcepts
presentedhn thefollowing arethe constitutingelementf a UML configuation profile
which canbe usedfor building configurationmodels.UML profilescanbe compared
with ontologiesdiscussedn the Al literature,e.g.[6] definesan ontology as a the-
ory aboutthe sortsof objects,propertieof objects,andrelationshipshetweenobjects
that are possiblein a specificdomain.UML steeotypesare usedto further classify
UML meta-modeklementqe.g.classesassociationsgependencieshtereotypesire
the basicmeango definedomain-specifianodelingconceptgor profiles(e.g.for the
configurationprofile). In thefollowing we present setof rulesallowing the automatic
translationof UML configurationmodelsinto a correspondin@IL representation.

For thefollowing discussionshesimpleUML configuratiormodelshovnin Figure
1 will seneasaworking example.This modelrepresentthegenericproductstructure,
i.e.all possiblevariantsof a configurableC omputer. Thebasicstructureof theproduct
is modeledusingclassesgeneralizationandaggreyation.The setof possibleproducts
is restrictedthrougha setof constraintsvhich arerelatedto technicalrestrictionseco-
nomicfactors,andrestrictionsaccordingto the productionprocessThe usedconcepts
stemfrom connection-basefll9], resource-basefl 7], and structure-base{5] con-
figurationapproachesTheseconfigurationdomain-specificonceptsepresent basic
setusefulfor building configurationknowledgebasesandmainly correspondo those
definedin the defactostandardconfigurationontologieq9,24:

Componentypes. Componentypesrepresenthebasicbuilding blocksafinal product
canbehbuilt of. Componentypesarecharacterizedby attributes.A stereotypeCompo-
nentis introduced sincesomelimitations on this specialform of classmusthold (e.g.
thereareno methods).

Genealizationhierarchies. Componentypeswith a similar structurearearrangedn
ageneralizatiornierarchy(e.g.in Figurel a CPU1is a speciakind of CPU).

Part-wholerelationships. Part-wholerelationshipshetweencomponentypesstatea
rangeof how mary subpartsan aggreyatecanconsistof (e.g.a Computercontainsat
leastoneandat mosttwo motherboards MBs).

Compatibilitiesand requirements. Sometypesof componentsnust not be usedto-

getherwithin the sameconfiguration- they areincompatible(e.g.an SCSIUnitis in-

compatiblewith anMB1). In othercasesthe existenceof onecomponentf a specific
type requiresthe existenceof anotherspecialcomponentvithin the configuration(e.g

an IDEUNIt requiresan MB1). The compatibility betweendifferentcomponentypes
is expressedisingthe stereotypedassociationncompatible Requirementonstraints
betweercomponentypesareexpressedisingthe stereotypeaequires

Resouceconstrints. Partsof aconfiguratiortaskcanbe seemasaresourcéalancing
task,wheresomeof the componentypesproducesomeresourcegndothersarecon-
sumerge.g.,the consumedard-diskcapacitymustnot exceedthe provided hard-disk



capacity).Resourcesiredescribedy a stereotypeResouce, furthermorestereotyped
dependencieareintroducedfor representinghe producer/consumeelationshipse-
tweendifferentcomponentypes.Producingcomponentypesarerelatedto resources
usingthe producesdependeng furthermoreconsumingcomponentypesare related
to resourcesusing the consumeslependeng Thesedependencieare annotatedvith
valuesrepresentinghe amountof productionandconsumption.
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Fig. 1. Exampleconfigurationmodel

Port connectionsIn somecasesheproducttopology- i.e.,exactly how thecompo-
nentsareinterconnected is of interestin thefinal configuration.The concepif a port
(stereotypePort) is usedfor this purpose(e.g.seethe connectionbetweenvideocad
andScieenrepresentelly thestereotyp&onnandtheportsvideoport andscreenport).

3 Description logic baseddefinition of a configuration task

Thefollowing descriptionogic basedefinitionof a configurationtask[10] sernesasa
foundationfor theformulationof rulesfor translatingJML configuratiormodelsinto a
correspondingIL representatioh The definitionis basedon aschema=CN, RN,
IN) of disjoint setsof namesfor conceptsyoles,andindividuals[5], whereRN is a
disjunctive unionof rolesandfeatures.

3 A detaileddiscussionon the equivalenceof configurationproblemsdefinedin description
logicsandthosedefinedin predicatdogic canbefoundin [10].



Definition 1 (Configuration task): In generalwe assumea configurationtaskis de-
scribedoy atriple (DD, SRS, CLANG). DD representthedomaindescriptiorof the
configurableproductand SRS specifiegheparticularsystenrequirementslefiningan
individual configurationtaskinstance C LANG comprisesa setof conceptCcon fig
C CN andasetof rolesRoonfig C RN which sene asa configurationlanguagefor
thedescriptionof actualconfigurationsA configuratiorknowledgebaseK B= DD U
SRS is constitutebf sentences adescriptionanguaged

In additionwe requirethatrolesin CLANG are definedover the domainsgiven
iN Ccongig, €. range(R;) = CDom anddom(R;) = C Dom musthold for eachrole
R; € Rconfig, WhereCDom = |_|0 €Cuon iy C;. We imposethis restrictionin order
to assurethataconf|gurat|0nresultonly containsindividualsandrelationswith corre-
spondingdefinitionsin Ccongig aNdRconygig. Thederivationof DD will bediscussed
Section4, anexamplefor SRS couldbe”two CPU s of type CPU1 andoneC PU of
typeCPU?2", i.e. SRS={(instance-ofcl, C PU1), (instance-ot2, C PU1), (instance-
of ¢3, CPU2)}, whereCLANG={CPU1,CPU2,...}.

Basednthisdefinition,acorrespondingonfiguratiorresult(solution)is definedas
follows[10], wherethesemantic®f descriptiortermsaregivenusinganinterpretation

= (AT, (-)T), where AT is adomainof valuesand(-)? is a mappingfrom concept

descriptiongo subset®f AL andfrom role descriptiongo setsof 2-tuplesover AZ.

Definition 2 (Valid configuration): LetZ = (AZ, (-)%) be a modelof a config-
uration knowledgebase K B, CLANG = Cconsig U Reonyfig @ configurationlan-
guageandCONF = COMPS U ROLES adescriptionof a configuration.COMPS
is a setof tuples (C;, INDIVS ¢,) for every C; € Cionsig, Where INDIVS ¢, =
{ci1,...,cin, } = C¥ isthesetof individualsof conceptC;. Theseindividualsidentify
componentén anactualconfiguration ROLES is asetof tuples(R;, TUPLES g, ) for
every R; € Reonypig Where TUPLES g; = {(rj1,841),-- -, (rjm;, 8jm;)} = R} isthe
setof tuplesof role R; definingthe relationof componentsn anactualconfiguration.
m|

A valid configuratiorfor our exampledomainis CON F={{(CPU1, {c1, ¢2}

)a (CPUQ, {63}), (MB]-a {ml})a <MBQ, {m2}>a <mb'0f'CpI7I{<m]-a C]-)’ (m]-a 02)a
(m2,c2)}),...}.

Theautomaticderivationof an OlL-basedconfiguratiorknowledgebaserequiresa
cleardefinition of the semanticof theusedUML modelingconceptsin thefollowing
we definethesemantic®f UML configuratiormodelsby giving a setof corresponding
translationrulesinto OIL. The resultingknowledgebaserestrictsthe setof possible
configurationsj.e. enumeratethe possibleinstancemodelswhich strictly correspond
to the UML classdiagramdefiningthe productstructure.

4 Translation of UML configuration modelinto OIL

For the modelingconceptsdiscussedn Section2 we now presenta set of rules for
translatingthoseconceptsnto an OlL-basedrepresentationThis mappingis a basis
for therepresentatioof configuratorcapabilitiesasconfigurationWeb service.

In thefollowing G RE P denoteghegraphicalrepresentationf the UML configu-
rationmodel.



Rule 1 (Componenttypes): Letc beacomponentype,a anattribute of ¢, andd be
thedomainof a in GREP, thenD D is extendedwith

class-det.

slot-defa.

c: slot-constraint cardinalityl d.

For thosecomponentypesc;, ¢; € {c1,-..,cm } (¢; # ¢;), which do not have ary
supertypein GREP, DD is extendedwith
disjointc;, c;. O

Example 1 (Componenttype CPU): class-deC'PU.

slot-defclockrate.

CPU: slot-constraintlockrate

cardinalityl ((min 300)and(max500)).

disjoint CPU M B. disjoint M B Screen. ...O

Subtypingin the configurationdomainmeansthat attributesandroles of a given
componentype are inherited by its subtypesIn most configurationervironmentsa
disjunctive andcompletesemanticss assumedor generalizatiotierarchieswherethe
disjunctive semanticsanbeexpressedisingthedisjoint axiomandthecompleteness
canbe expressedy forcing the superclasso conformto oneof thegivensubclasseas
follows.

Rule 2 (Generalization hierarchies): Let« andd,,...,d, be classegcomponent
types)in GREP, whereu is thesuperclassf dy, ..., d,, thenDD is extendedwith

dy, ..., dy: subclass-of.

u: subclass-ofd; or...ord,).

vd;, dj S {dl, ,dn} (dl 75 dj) . disjointdi dj. O

Remark 1: Attribute androle inheritancemust not be addressedhn the translation
rulesfor OIL sincethey aredefinedin OIL. O

Example2 (CPU1, CPU2 subclassesf CPU): CPU1: subclass-oC'PU.

CPU?2: subclass-oC PU.

CPU: subclass-ofCPU1 or CPU?2).

disjointCPU1 CPU2.0

Part-wholerelationshipsare importantmodel propertiesin the configurationdo-
main. In [1,23 it is pointedout that part-wholerelationshipshave quite variablese-
manticsdependingn the regardedapplicationdomain.In mostconfigurationerviron-
ments a part-wholerelationships describedy thetwo basicrolespartof andhaspart
Dependingon theintendedsemanticsdifferentadditionalrestrictionscanbeplacedon
theusageof thoseroles.

UML providestwo differentfacetsof part-wholerelationshipsvhich arealsowidely
usedfor configuratiorproblemrepresentatiomamelycompositendshaedpart-whole
relationshipslf acomponents acompositionapartof anothercomponenthenstrong
ownershipis required,i.e., it cannot be part of anothercomponentt the sametime.
If a components a non-compositiona(shared)part of anothercomponentjt canbe



sharedbetweendifferentcomponentsMultiplicities usedto describea part-wholere-
lationshipdenotehow mary partsthe aggreyatecanconsistof andbetweerhow mary
aggreyatesa partcanbesharedf the aggreyationis non-compositeln our Computer
configurationexamplewe only usecompositepart-wholerelationships.

Rule 3 (Composite part-whole relationships): Letw andp be componentypesin
GREP, wherep is acompositionapartof w andub,, is theupperbound, b, thelower
boundof the multiplicity of the part,andub,, is the upperbound,lb,, thelower bound
of themultiplicity of thewhole.Furthermordet w-of-pandp-of-wdenotethe namef
therolesof the part-wholerelationshipbetweeny andp, wherew-of-pdenotegherole
connectingthe part with the whole and p-of-w denoteghe role connectingthe whole
with the part,i.e., p-of-wC haspart, W-0f-p C partofeomposite, aNAparto feomposite
C partof.
DD is extendedwith
slot-defw-of-psubslot-ofparto f.omposite
inversep-of-wdomainp rangew.
slot-defp-of-wsubslot-ofhaspartinversew-of-p
domainw rangep.
p: slot-constraintv-of-pmin-cardinalitylb,, w.
p: slot-constraintv-of-pmax-cardinalityub,, w.
p: slot-constrainpartof cardinalityl w.
w: slot-constrainp-of-wmin-cardinalitylb,, p.
w: slot-constrainp-of-wmax-cardinalityub, p. O

Remark 2: Thesemantic®f sharedpart-wholerelationshipgpartofspareq C partof)
are definedby simply restrictingthe upperboundand the lower boundof the corre-
spondingroles,i.e., the constrainton the partof role cardinality (seeRule 3) canbe
omitted - this constraintexpresseghe fact that whenintroducingan exclusive part-
wholerelationshipthe partcomponentustbe connectedo exactly onewholeandno
additionalpart-wholerelationshipsf the partareallowed. O

Example 3 (M B partof Computer): slot-defcomputerof-mb
subslot-ofparto feomposite
inversemb-of-computer
domainM B rangeComputer.

slot-defmb-of-computesubslot-ofhaspart
inversecomputerof-mb
domainComputer rangeM B.

M B: slot-constraintomputerof-mb
min-cardinalityl Computer.

M B: slot-constraintomputerof-mb
max-cardinalityl Computer.

M B: slot-constrainparto f
cardinalityl Computer.

Computer: slot-constraintnb-of-computer
min-cardinalityl M B.



Computer: slot-constraintnb-of-computer
max-cardinality? M B. O

Assumptionsoncerningpartof structues. In the following we shov how the con-
straintscontainedn a UML productconfiguratiormodel(e.g.,anID EUnit requires
an M B1) canbetranslatednto a correspondind@IL representationf-or a consistent
applicationof thetranslatiorrulesit mustbe ensuredhattheinvolvedcomponentsre
within the samesub-configurationw.r.t. the part-ofhierarchyi.e., theinvolvedcompo-
nentsmustbe connectedo the sameinstanceof the componentypethatrepresentthe
commornrootfor thesecomponentdn orderto allow a correctderivationof constraints,
theinvolved componentypesmusthave a uniguecommoncomponentype asprede-
cessoandauniquepathto thecommorrootin GREP (in Figure2 thecomponentype
Computeris the uniguecommonroot of the componentypesIDEUnit andCPUY). If
thisuniquenessgropertyis not satisfiedthe meaningof theimposedgraphicallyrepre-
sentedconstraintdbecomeambiguoussinceonecomponentanbe partof morethan
onesubstructureandconsequentlyhe scopeof the constraintbecomesambiguous.

For thederivationof constraint®ntheproductmodelwe introducetheabbreviation
navpath representing navigationexpressiorover roles.For thedefinitionof navpath
theUML configuratiormodelcanbeinterpretedasadirectedgraph,wherecomponent
typesarerepresentetly verticesandpart-wholerelationshipsarerepresentetly edges.
Becausef theinheritancepropertiesof roles,partof (haspart) rolesareinheritedby
the leaf nodesof generalizatiorhierarchiesConsequentlygeneralizatiorhierarchies
do notinfluencethe constructiorof navigationpaths.

Definition 3 (Navigation expression): Let path(ci,c,) be a pathfrom a compo-
nenttype ¢; to a componentype ¢,, in GREP representedhrougha sequenceof
expression®f the form haspart(C;, C;, Namec;) denotinga direct partof relation-
ship betweerthe componentypesC; andC;, where Namec; representshe nameof
thecorrespondindiaspart role,i.e., path(ci,c,) =
< haspart(ci, ca, namect),
haspart(ca, c3,namecs), ...,
haspart(cp—1,Ccp,namecn—1) >
Basedonthedefinitionof path(c1, ¢,,) we candefinenavpath(ci, ¢c,) for DD as
c1: slot-constrainbame,,
has-alue(slot-constraintame, ...
has-alue(slot-constraintame,,_1
has-aluecy)...).0

Example4 (navpath(Computer, CPU1)): Computer: slot-constraininb-of-computer
has-alue(slot-constraintpu-of-mb
has-alueCPU1). O
Theconcepif acommorrootis basedn thedefinitionof navpath asfollows.

Definition 4 (Common root): A componentype r is denotedas commonroot of
the componentypesc; andcs in GREP, iff thereexist navigation pathspath(r, ¢1),
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path(r, c;) andtheredoesnot exist acomponentyper’, wherer’ is adirector indirect
partof r with navigationpathspath(r', c1), path(r', c). O

Whenregardingthe exampleconfigurationmodelof Figurel, M B is thecommon
rootof C PU andVideocard. Conformto Definition 4 thecomponentype Computer
is notacommonrootof CPU andVideocard.

Requiesconstaints. A requiresconstraintbetweertwo componentypesc; andes in
G RE P denoteghefactthatthe existenceof aninstanceof componentypec; requires
thataninstanceof componentypec, existsandis partof the same(sub)configuration.

Rule 4 (Requiresconstraints): Given the relationshipc; requiresc, betweenthe
componentypesc; ande, in GREP with r ascommonroot of ¢; andes, thenD D is
extendedwith
r: ((not(navpath(r, c1))) or navpath(r,cs)). O
Theconditionpartof theimplication describes pathfrom the commonrootto the
component; ; the consequenceontainsa correspondingathto the requiredcompo-
nentes.

Example5 (IDEUnit requiresM B1): Computer: ((not(slot-constraint
hdunit-of-computehas-walueI D EUnit))
or (slot-constrainmb-of-computer
has-alueM B1)) O

Compatibility constaints. A compatibility constraintbetweena set of component
typesc={ci, ¢, ..., cp} iIn GREP denoteghe factthatthe existenceof a tuple of in-
stancesorrespondindo thetypesin ¢ is notallowedin afinal configuration(result).



Rule 5 (Compatibility constraints): Givenacompatibilityconstrainbetweerasetof
componentypesc={¢i, ¢s, ..., ¢, } iIn GREP with r ascommonrootof{cy, ca, ..., ¢, },
thenDD is extendedwith
r: (not((navpath(r,c;)) and
(navpath(r, c2)) and...and
(navpath(r, cy))...).0O

Example 6 (SCSTUnit incompatible with M B1): Computer: (not((slot-constraint
hdunit-of-computehas-walue SC SIUnit) and
(slot-constrainmb-of-computer
has-alueM B1))). O

Resouce constaints. Resourceconstraintscan be modeledin UML using stereo-
typedclassesepresentingypesof resourceandstereotypediependenciewith a cor
respondingtaggedvalue indicating resourceproductionand consumption Resource
balancingtasks[17] are definedwithin a (sub)tree(context) of the productconfigu-
ration model. To map a resourcebalancingtaskinto OIL, additionalattributes(res,
andres, in the following) have to be definedfor the componentypesactingas pro-
ducersand consumersAdditionally we have to introduceaggreyatefunctionsasrep-
resentatiorconceptswhich are currently neithersupportedn OIL nor DAML+OIL.
The following representatiorof aggreatefunctionsis basedon the formalism pre-
sentedn [2], wherea setof predicatesP; associatedvith binaryrelations(e.g.,<, >,
<, >) over avaluedomaindom(D) anda setof aggrgationfunctionsagg(D) (e.g.,
count, min, mazx, sum) aredefined.Whenregardingthe pathleadingto the concept
whosefeaturevaluesare aggreyated,[2] requirethat all but the last one of the roles
in the path mustbe features- this assumptioris taken into accountin the following
formalizationof resourceconstraints.

Rule 6 (Resourceconstraints): Letp={p1, p2, ---, pn} beproducingcomponentypes
andc = {¢y, ¢, -.., ¢y} be consumingcomponentypesof resourceres in GREP.
Furthermorelet res, beafeaturecommonto all componentypesin p, andres. bea
featurecommonto thetypesin ¢, wherethevaluesof res, andres, aredefinedby the
taggedvaluesof theconsumesindproduceslependencie GREP.

A resourceconstraintfor DD canbeexpressedisr : P(X(navpath(r, p) o resp),
X(navpath(r, c) o res.), wherer representshe commonroot of theelementsn ¢ and
P.

Note, thatr : P(X(navpath(r,p) o res,), X(navpath(r, c) o res.) representshe

conceptP(rf ri ...rk_, D(rk oresy),r? r3 ..r2,_ X(rZ ores.)). O

Example 7 (Capacity neededby Software < Capacity provided by HDUnit):
DT PSoftware: slot-constrainCapacity
cardinalityl (equal50).
Textedit: slot-constrainCapacity
cardinalityl (equal100).

SCSIUnit: slot-constrainCapacity
cardinalityl (equal20000).



IDEUnit: slot-constrainCapacity
cardinality1 (equal10000).

Computer : lesseq
sumEw-of-computerCapacity),
sumndunit-of-computerCapacity). O

Port connections.Portsin theUML configuratiormodelrepresenphysicalconnection
points betweencomponentge.g.,a Videocard canbe connectedo a Screen using
the port combinationvideoport,; andscreenports). In UML we introduceportsusing
classewvith stereotypePort - theseportsareconnectedo componentypesusingpart-
wholerelationships.

In orderto represenport connectionsn OIL, we introducea conceptPort which
is describedby a role indicating the relatedcomponentconcept(role compnt) anda
role portname which describeshe portnameof the connectionFinally, therole conn
describegherelationto the secondnvolved port conceptNote, thatthe inverseof the
role conn is therole conn of theconnectegort.

Rule 7 (Port types): Let {a, b} be componentypesin GREP, {pa, pb} be the
correspondingonnectegborttypes {m,, m;} themultiplicities of theporttypesw.r.t.
{a, b}*, and{{ lbpa, ubpa }, {lbps, Ibys}} the lower boundand upperboundof the
multiplicities of the porttypesw.r.t. { pa, pb}, thenDD is extendedwith
class-defpa subclass-oPort.
class-defpb subclass-oPort.
pa: slot-constrainportname
cardinalityl (one-ofpa; ... pamg)-
pa: slot-constraintonn min-cardinalitylb,, pb.
pa: slot-constraintonn max-cardinalityub,, pb.
pa: slot-constraintonn value-typepb.
pa: slot-constraintompnt cardinalityl a.
pb: slot-constrainportname
cardinalityl (one-ofpb; ... pbmsp).
pb: slot-constraintonn min-cardinalitylb,, pa.
pb: slot-constraintonn max-cardinalityub, pa.
pb: slot-constraintonn value-typepa.
pb: slot-constraintompnt cardinalityl b. O

Example 8 (Videocard connectedto Screen): class-debideoport subclass-oPort.
class-dekcreenport subclass-oPort.
videoport: slot-constrainportname
cardinalityl one-of(videoport; videoports).
videoport: slot-constraintonn
min-cardinality0 screenport.
videoport: slot-constraintonn
max-cardinalityl screenport.

4 No differentlower boundsandupperboundsareallowed here.



videoport: slot-constraintonn
value-typescreenport.
videoport: slot-constraintompnt
cardinalityl Videocard. ...O
Note, thatthe above definitionsfor portsdo not guaranteehatthe connectionare
establishedvithin a sub-configurationin orderto formulatesuchrestrictionsyariables
areneededhsplaceholdergor the correspondingonnectiorindividuals- the usageof
variabless notsupportedn currentversionsof SemantidMebontologylanguagesuch
asOIL or DAML+OIL.
Usingthe definedstructurefor port connectionsthe constraint'a Videocard must
be connectedvia videoport, with a Screen via screenport,” canbe formulatedas
follows.

Example 9: Videocard: (slot-constrainvideoport-of-videocat has-alue

((slot-constrainportname has-alue

(one-ofvideoport,)) and
(slot-constraintonn has-alue
((slot-constraintompnt has-\alueScreen) and
(slot-constrainportname has-alue
(one-ofscreenport,)))))). O

Theapplicationof themodelingconceptgpresentedh this papethasits limits when
building configurationknowledgebases- in mostdomainsthere exist complex con-
straintsthatdo not have anintuitive graphicalrepresentatiorHappily, (with somemi-
nor restrictionsdiscussedn [10]) we areableto represensuchconstraintausinglan-
guagessuchasOIL or DAML+OIL. UML itself hasanintegratedconstrainianguage
(ObjectConstraintLanguage OCL [27]) which allows the formulationof constraints
on objectstructuresThetranslationof OCL constraintsnto representationsf Seman-
tic Web ontologylanguagess the subjectof future work, a translationinto a predicate
logic basedepresentationf aconfiguratiorproblemhasalreadybeendiscussedh [8].
The currentversionof our prototypeworkbenchsupportghe generatiorof OlL-based
configurationknowledgebasesrom UML modelswhich arebuilt usingthe modeling
conceptgresentedn this paper i.e. conceptdor designingthe productstructureand
conceptdor definingbasicconstraintge.g.requireg onthe productstructure.

5 RelatedWork

Thedefinitionof acommonrepresentatiofanguagdo supportknowledgeinterchange
betweernandintegrationof differentknowledge-basedystemsareimportantissuesn
the configurationdomain.In [24] oneapproacho collectrelevantconceptgor model-
ing configurationknowledgebasess presentedThe definedontologyis basedon On-
tolingua[15] andrepresenta synthesiof resource-basediinction-basedgonnection-
basedandstructure-basedonfigurationapproachesThis ontologyis a kind of meta-
ontologywhichis similarto the UML profile for configuratiormodelspresentedh this
paper Conformingto the definition of [6] a UML configurationmodelis anontology,
i.e.it restrictsthesortof objectsrelevantfor the domain,definesthe possibleproperties



of objectsandtherelationshipdetweerobjects Comparedo theapproactpresenteéh
this paper[24] donot provide aformal semanticgor the proposednodelingconcepts.

Thework of [7] shovs somesimilaritiesto thework presentedh thispaper Starting
with aUML ontology(whichis basicallyrepresentedsa classdiagram)corresponding
JAVA classeandRDF documentsregeneratedThework presentedh this papergoes
onestepfurtherby providing a UML profile for the configurationdomainanda setof
rulesallowing the automaticderivation of executableconfigurationknowledgebases.
The correspondencbetweenSemanticWeb ontology languagesand UML is shawvn
on the objectlevel aswell ason the constraintlevel, wherea setof domainspecific
constraintge.g.requireg areintroducedasstereotypes theconfiguratiorprofile - for
theseconstraintsanrepresentatiom OIL hasbeenshowvn.

Mostof therequiredmeandor expressingconfiguratiorknowledgearealreadypro-
vided by currentversionsof SemantidVebknowledgerepresentatiolanguagesHow-
ever, in orderto providefull fledgedconfiguratiorknowledgerepresentatiorgertainad-
ditional expressvity propertieamustbefulfilled - thisissueis discussedn [10], where
aggreyation functions, n-ary relationships,and the provision of variableshave been
identifiedasthe major requiredadd-onsfor ontologylanguagesuchas DAML+OIL.
Within the SemantidNeb communitythereare ongoingefforts to increasehe expres-
sivenes®f WebontologylanguagesDAML-L [18] is alanguagevhich builds uponthe
basicconceptoof DAML. XML Rules[14] and CIF (Constraintinterchangd~ormat)
[13] aresimilar approachesvith the goal to provide rule languagedgor the Semantic
Weh

6 Conclusions

In this paperwe presentedn approachto integratethe developmentof configuration
knowledgebasedor the SemanticWeb into standardndustrial softwaredevelopment
processed-oundedon a descriptionlogic baseddefinition of a configurationtask,we
presentec setof rulesfor translatingUML configurationmodelsinto a corresponding
OlL-basedrepresentatiornablingmodelcheckingfor UML configuratiormodelsand
knowledge sharingbetweendifferent configuratoran Web-basedernvironments.Our
approachsupportseffective sharingandintegration of configurationknowledgeon a
graphicallevel which becomesone of the major issuesin the context of distributed
configurationproblemsolving. The conceptgpresentedn this paperareimplemented
in acorrespondingonfiguratiorknowledgeacquisitionworkbench.
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