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Abstract. Productconfigurationis a key technologyin todays highly special-
ized economy Within the scopeof state-of-the-arB2B frameworks and ePro-
curementsolutions,various initiatives take into accountthe provision of con-
figuration services.However, they all are basedon the idea of defining quasi-
standard$or mary-to-mary relationshipdetweercustomersndvendorsWhen
moving towardsnetworked markets, wheresuppliersdynamicallyform supply-
side consortia,more flexible approacheso B2B integration becomenecessary
Theemeging paradigmof Webserviceasthereforeahugepotentialin business
applicationintegration. This paperpresentsan applicationscenaridfor configu-
ration Web servicesthatis currentlyunderdevelopmentin the researctproject
CAWICOMS!. An ontology-basedpproactallowstheadvertisemenbf services
anda configuratiorspecificprotocoldefineshe operationaprocesseddowever,
thelack of standardgor the semanticannotatiorof Web servicesds still amajor
shortcomingof currentWebtechnology

1 Intr oduction

Theeasyaccesso vastinformationresourcesfferedby the World Wide Web (WWW)
opensnew perspecties for conductingbusiness.State-of-the-arelectronic market-
placesenablemary-to-mary relationshipsbetweencustomersand suppliers,thus re-
placinginflexible one-to-oneelationsdatingto the pre-interneteraof EDI (electronic
datainterchange)The problemof heterogeneityf productandcataloguelescriptions
aswell asinter-compaly procesdefinitionsis resoled by imposinga commonstan-
dardon all market participants.The non-existenceof a single standardor conducting
B2B electroniccommerceconstitutesa major obstacletowardsinnovation. Examples
for competingand partly incompatibleB2B frameworks are OBI, RosettaNetc XML
or BizTalk [25]. They all employ XML ? asa flexible dataformat definition language,
thatallows to communicateéreestructureswith alinearsyntax;however, contenttrans-
formation betweenthosecatalogand documentstandardgs far from beinga trivial
task[8]. Theissueof marketplaceintegration mechanismgor customizablgroducts

1 CAWICOMS is the acrorym for "CustomerAdaptive Web Interface for the Configuration
of Productsand Serviceswith Multiple Suppliers”.This work was partly fundedby the EC
throughthe ST Programmaeindercontractl ST-1999-1068&http://www.cavicoms.og).

2 Seehttp://mww.w3c.og/xml for reference.



is far morecomple, becauseroductshave characterizingattributesthat offer arange
of differentchoices.Customersareenabledo configuregoodsandservicesaccording
to theirindividual needsat no extra costfollowing the paradigmof masscustomization
[23]. Productconfigurationsystems(configurators)supportsalesengineersand cus-
tomersin copingwith thelarge numberof possiblevariantsandproductconstellations.
Thegoalof theresearctproject CAWICOMS s to enableconfiguratiorsystemgo deal
simultaneouslywith configuratorsof multiple suppliersover the Weh This allows for
end-to-endselectionprderingandprovisioning of complex productsandservicessup-
plied by an extendedvalue chain.We employ an ontology-base@pproactthat builds
on the flexible integrationof theseconfigurationWeb servicesFurthermorejt canbe
shavn how thecapabilityof eachconfiguratiorsystencanbedescribednthesemantic
level usinganapplicationscenaridrom thetelecommunicatiodomain For representa-
tion of thesemantiaescriptionghe evolving languagestandardf the’Semanticweb’
initiative [3], [12], OIL resp.DAML+OIL [9] is employed.

In Section2 we startby giving anoverview ontheapplicationdomain.In Section3 we
describegheWebservicearchitectureandin Section4 a multi-layerontologydefinition
for ourapplicationdomainis given. Theinteractionprocessebetweerthe Web service
providersandrequestorsirediscussedn Section5.

2 Application scenario

Easyaccesgo the corporatenetwork and secureconnectiondo businesspartnersis
crucial in today’s economy Virtual Private Networks (VPN) extendthe intranetof a
possiblymulti-nationalcompaly andarecapableof meetingtheaccessequirementst
reducedcostusingthe worldwide IP network servicesand dedicatedserviceprovider
IP backbonesVPN infrastructuresredesignedo beflexible andconfigurablen order
to be ableto copewith a rich variety of possiblecustomerrequirementsTherefore,
the establishmenof someconcreteVPN involves different stepsafter determination
of customerrequirementdik e locationsto be connectedr specificationof required
bandwidth:selectionof adequateccesdgacilitiesfrom the customessiteto someentry
pointto the VPN backboneresenation of bandwidthwithin the backboneaswell as
configurationof routing hardwareandadditionalservicedik e installationsupport.
Note,thatit is veryunlikely thatall theseproductsandservicesieededor theprovision
of sucha VPN canbe suppliedby one single organization,but are in generalmade
available by differentspecializedsolution providers, e.g., InternetServiceProviders,
telecommunicatiorcompaniesor hardware manufcturers(seeFigure 1). Therefore,
VPNsaretypically marketedby specializedesellerdor telecommunicatioeompanies
like two of our applicationpartners}hatintegratethe servicesof individual suppliers
andoffer completeVPN solutionsto their customers.

The integrator/resellecompaty contractswith the customerand determines ac-
cordingto thegeographidocationof the differentsitesandthe qualitatve requirements
with regardsto bandwidth,quality of serviceor costlimits - thelayoutof the network
service.This configuratiortaskincludestheselectiorof adequataccesdacilitiesfrom
the customersite to someentry point of a VPN backboneresenation of bandwidth
within the backboneaswell asparametesettingfor routing hardwareandconfigura-
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Fig. 1. IP-VPN sketch

tion of additionalservicedik e installationsupport.Considerablgartsof this service
packagewill thenbesourcedrom thespecializedsolutionproviders[7].

3 CAWICOMS ervironment

In thegivenapplicationscenarioproblemsolving capabilitiesaredistributedover sev-

eral businessentitiesthat needto cooperateon a customerrequestfor joint service
provision. This Peerto-Peer(P2P)interactionapproachamonga dynamicsetof par

ticipantswithout a clear assignmentf client and serverroles asksfor applying the
paradigmof Webserviceqd17]. It standgor encapsulatedpplicationlogic thatis open
to acceptrequestsrom arny peerovertheWeh

3.1 Websewices

Basically a Web Servicecanbe definedasan interfacethat describesa collection of
provided operationsin thefollowing we interpretthe applicationlogic thatconfigures



aproductasastandardizetiVebservicelt canbeutilized by interfaceagentsnteracting
with humanusersin a Web shopaswell asby agentshatoutsourceconfigurationser
vicesaspartof their problemsolving capabilities Whenimplementinga Web Service
thefollowing issueseedto beaddressefil7]:

— Servicepublishing- theproviderof aservicepublisheghedescriptiorof theservice
to a serviceregistry which in our caseare configurationagentswith mediating
capabilities.Within this registry the basicpropertiesof the offered configuration
servicehaveto bedefinedn suchawaythatautomateddentificationof thisservice
is possible.

— Serviceidentification- the requestorof a serviceimposesa setof requirements
which sene asthe basisfor identifying a suitableservice.ln our case we have to
identify thosesuppliersthatarecapableof supplyinggoodsor serviceghatmatch
the specificcustomerequirements.

— Serviceexecution- oncea suitableservicehasbeenidentified the requirements
needto be communicatedo the serviceagentthatcanbe correctlyinterpretedand
executed UDDI, WSDL, and SQAP arethe evolving technologicaktandardshat
allow theinvocationof remoteapplicationlogic basedn XML syntax.

Following the vision behindthe SemantidVeb effort [3, 12], the sharingof semantics
is crucial to enablethe WWW for applicationsIn orderto have agentsautomatically
searchingselectingandexecutingremoteservicesrepresentatiostandardsireneeded
thatallow theannotatiorof meaningof a Web servicewhich canthenbeinterpretedy
agentswith the help of ontologies.

3.2 Ontologies

In orderto defineacommonlanguagédor representingapabilitiesof configurableprod-
uctsandserviceswe usea hierarchicalapproachof relatedontologies[11,4]. Ontolo-
giesareemployedto seta semantidramenork thatenableghe semantialescriptionof
Web servicesn the domainof productconfiguration Furthermorewe follow the pro-
posalof [10] to structurethe ontologicalcommitmentsnto threehierarchylevels (see
Figure 2), namelythe generic ontolagy level, the intermediatelevel and the domain
level

— Genericontolagy level - Most modelinglanguagesnclude somekind of meta-
modelfor representinglassesandtheir relationshipqe.g.the frame ontology of
Ontolingug11], theUML meta-mode]24] or therepresentatiorlement®f ontol-
ogylanguagesuchasOIL or DAML+OIL). Suchameta-modetanbeinterpreted
asa genericlevel ontology Examplemodelingconceptsncludedin thoseontolo-
giesareframe,class relation,associationgeneralizationetc.

— Intermediateontologylevel - thebasicmodelingconceptsormulatedonthegeneric
ontologylevel canberefinedandusedin orderto constructanintermediateontol-
ogy which includeswide-spreadnodelingconceptausedin the domain.Suchan
ontologyfor the configurationdomainis discussedn [26] who introducecompo-
nenttypes,function types, port typesand differentkinds of constraintsas basic
configurationdomainspecificmodelingconcepts.



— Domainontology level - finally, using the modelingconceptf the intermediate
level, we areableto constructapplicationdomainspecificontologiege.g.network
services)which canalsobe denotedasa configurationmodels.

Note, that similar approache$o structureontologiesare alreadyimplementedn a set
of ontologyconstructiorervironmentg(e.g.[11]). Our contributionin this contet is to
illustratetheir applicationfor integratingconfigurationsystems.

3.3 Interaction scenario

In thefollowing we sketchour Webservicescenaridhatfocusesonenablingautomated
procuremenprocessefor customisabléems(seeFigure?2). Basicallythereexist two
differenttypesof agentsthosethatonly offer configurationserviceqL) andthosethat
actassuppliersaswell asrequestor$or theseserviceql). Thedenotatiorof agentypes
derivesfrom viewing theinformationalsupplychainof productconfiguratiorasatre€?,
wherea configurationsystemconstituteseitheran inner node(I) or a leaf node(L).
Agentsof typel havethereforehemediatingfunctionalityincorporatedthatallowsthe
offering agentgo adwertisetheir configuratiorservicesMatchmakingor serviceiden-
tification is performedby the mediatingcapabilitythatis internalto eachconfigurator
ataninnernode.lt is doneonthesemantidevel thatis easedy multi-layeredontolog-
ical commitmentgasdiscussedn the precedingsubsectionpmongparticipantslt is
assumedhatsuppliersshareapplicationdomainontologieshatallow themto describe
thecapabilitiesof theirofferedproductsaandservicenthesemantidevel. An approach
thatabstract§rom syntacticakpecificsandproposes reasoningn the semantidevel
alsoexistsfor transformingstandardizedatalogrepresentationis [8]. An abstracser
vice descriptioncanbe interpretedasa kind of standardizedunctional descriptionof
the product. Furthermoreagentsn therole of customergservicerequestorsganim-
poserequirement®n a desiredoroduct;theserequirementganbe matchedagainsthe
functional productdescriptionprovided by the suppliers(serviceproviders).If oneor
more supplierdescriptionsmatchwith the imposedrequirementsthe corresponding
configurationserviceproviderscanbe contactedn orderto finally checkthefeasibility
of therequirementgandgeneratea customizedroduct/serviceolution.

4 Multi-lay er Ontology Definition

As sketchedn Figure?2 the semantiadescription®f the offeredconfigurationservices
arebasedon the threelayerapproactof [10]. The creationof serviceprofilesfor each
involved configurationsystemis supportedby a setof knowledgeacquisitiontools,
thatallow the definition of the productstructurewith a graphicalUML-basednotation
with precisesemantic$5]. Usingtranslatorgheseémplementatiorindependentnodels
aretranslatednto proprietaryknowledgebasesf problemsolvingenginesuchasthe

3 Note,thatonly therequiredconfiguratiorservicesareorganizedn atreestructurewhichmust
not hold for theinvolved companiesn the valuechainof a product.
4 In [18] thiskind of descriptioris denotedasafunctionalarchitecturef theconfiguredoroduct.
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Fig. 2. Webservicescenario

Java-basedConfiguator from ILOG® [14].

However, in thefollowing we will describeour approactemploying DAML+OIL asa

languagdor the SemantiaMebwith precisemodeltheoreticsemanticsThecorrespon-
dencebetweernrepresentatioiconceptsneededor modelingconfigurationknowledge
basesand DAML+OIL is showvn in [6]. The uppermostayer of our ontology is the

genericontolagy level At this level the basicrepresentatiowonceptsandontological

modelingprimitivesareintroduced Theseareinherentto the conceptf themodeling

languagesuchasclassandslot definitionsin OIL. Therefore jt meetsthe expectations
towardstheuppermostayerandin thefollowing subsectiorwe move onto shav which

configurationdomainspecificmodelingprimitivesareto be providedon theintermedi-
ateontology level. For reason®f readabilityOIL text [1] is usedfor representation,e.

no RDFS-basedepresentatioof DAML+OIL is used.

4.1 BasicConfiguration Ontology

A generalontologyfor the configurationdomainis importantin orderto allow easy
configurationknowledgereuseand the integration of complex configurableproducts
within marketplaceervironments.The ontologiesproposedy [26] and[5] sene asa

5 Seehttp://www.ilog.comfor reference.



basisfor the constructionof applicationdomainspecificontologieswhich allow the

descriptionof configurationserviceson a semantidevel. Refinedconceptsof classes
suchas componentypes resouce types port types or function typesare the basic
modelingconceptsisefulfor building the basicproductstructure Theontologydefined
in [26] is basedon theframeontologyof Ontolingua[11] andrepresents synthesisof

resource-basediinction-basedconnection-base@ndstructure-basedpproachegor

representingonfiguratiorproblemsA similarsetof conceptss discussedh [5], where
the configurationontologyis representedsa UML profile with additionalfirst order
formalizationsguaranteein@ precisesemanticgor the providedmodelingconcepts.

4.2 Product Domain Ontology for Network Sewices

While the intermediateconfigurationontology containsonly the basic conceptsfor
modelingproductstructuresit allows the constructionof more specializedntologies
for specificapplicationdomains.Furthermore axiomsand slot constraintsprovided
in OIL canbe employedto formulateconstrainton the configurationmodel. Exactly
theseconceptswill be refinedin the following for representindapplication)domain
specificontologiesthat canbe interpretedasa kind of functional productdescription
[18], whichis usedasa basicframework for formulatingcapabilitiesof suppliersand
requirement®f customersFigure 3 representfragmentsof an ontologyfor defining
configurationservicesfor IP-basedVirtual Private Networks (IP-VPN)°. For our ex-
amplewe will concentrateon the provision of AccessLineshat connecta customer
location(slot pop- 'point of presence’}o a BadkBoneSectiorThe choserprotocol (a
refinemenbf the HasRart decompositiomelationshipin the configurationdomain)can
be either performedvia a router, via a modemor via an internetconnectionto some
accesgjatavay (RouterAccesModemAccesandinternetAccesarethereforespecial-
ized Accesshatocolg. In addition,an AccessLinés characterizedy a bandwidthand
latencypropertythatit inheritsfrom its superclassineServicewhich is in turn a re-
finementof the Functionconcept(abstracttharacteristiof a productor service)from
thebasicconfigurationontology(intermediateontology level). Theinstancegontained
in the ontologyshawn in Figure3 canbeinterpretedasbasiccatalogentriesrepresent-
ing commonknowledge(e.g., British towns or zip codes)which areassignedo base
classe®f theapplicationdomainontology(in this caseManchesteris providedasbasic
instanceof the classTown).

5 Websewice scenario

The interactionbetweenserviceproviding agentscan be differentiatedinto the three
areasservicepublishing,identificationand execution.As depictedin the scenarioin
Figure2, only thoseagentanrequesh servicethathave the mediatingcapabilitiesto
receve serviceadwertisementandperformserviceidentification.

®The complete example ontology in DAML+OIL can be downloaded from
http://www.cavicoms.og/ontology/ipvpn.rdfs.



begi n-ont ol ogy

ont ol ogy - cont ai ner

title Product Domain Ontol ogy

description |P-based Virtual Private Networks

| anguage "QL"
ont ol ogy - definitions
sl ot - def protocol
subsl ot - of
HasPar t //defined in Configuration Ontol ogy
cl ass -def AccessProtocol
subcl ass - of
Function //defined in Configuration Ontol ogy

cl ass-def RouterAccess
subcl ass - of
AccessPr ot ocol

cl ass-def MdemAccess
subcl ass - of

AccessProt ocol
class-def InternetAccess
subcl ass - of

AccessProt ocol

class-def defined Country

class-def defined Town
slot -constraint town_of cardinality 1 Country

class-def LineService

subcl ass - of
Function //defined in Configuration Ontol ogy
slot -constraint bandwidth cardinality 1 integer
slot -constraint latency cardinality 1 integer
slot -constraint identifier has-value integer

cl ass - def BackBoneSection

subcl ass - of
Li neServi ce
slot -constraint access_from has-value AccessLine

class-def defined AccessLine

subcl ass - of
Li neServi ce
slot -constraint protocol cardinality 1 AccessProt ocol
sl ot -constraint access_to cardinality 1 BackBoneSection
slot -constraint pop cardinality 1 Town

instance - of UK Country

i nstance - of Manchester Town
rel ated town_of Manchester UK

end- ont ol ogy

Fig. 3. Domainontologyfor IP-VPN services

5.1 Sewice publishing

Now we will shav how the ontologiesdefinedin Section4 are usedto semantically
describethe offeredconfigurationservices Semantiadescriptionof the demandeder
vicesallows usto implementefficientmatchmakindetweersupplyanddemandWithin
thesesemanticannotationsyestrictionson the domainand cardinality of slots, con-
straintson connectiongandstructure aswell asthe possibletypesof classearepossi-
ble. Furthermorepfferedcomponeninstancexanbe representedssubconceptée.g.
readfrom a catalog)of the classesf the servicedomain-specifiaconfigurationon-
tology. Additional supplierspecificconstraintsare introduced.Consequentlyfor the
semanticdescriptionof the capability of a configurationserviceof a specificsupplier
the productdomainontology level providesthe necessarnpaseconceptsthat can be
further refined. Figure 4 containsthe semanticdefinition of the AccessLineservices



thatare offeredby thefictitious telecommunicatiorserviceprovidersBTT and Luton
BTT senescustomerdocatedin the UK and Ireland (constrainton the slot pop) and
canprovide accesso BadkBoneSections through10 with a maximumbandwidthof
2000. In contrastLuton offers connectiondrom towns in Franceandthe UK. Only
modemor internetare offered protocol choices,a lower bandwidthis supportedand
fewer BadkBoneSectionare accessibleFor tailoring the applicationdomainspecific

cl ass-def defined BTT_AccessLine
subcl ass - of
AccessLi ne
sl ot -constraint access_to value-type
((slot -constraint identifier value-type (min 1)) and
(slot-constraint identifier value-type (max 10)))
sl ot -constraint pop value-type ((slot -constraint town_of value-type (one-of UK))
or (slot-constraint town_of value-type (one-of Ireland)))
sl ot -constraint bandwi dth value-type (max 2000)

cl ass-def defined Luton_AccessLine
subcl ass - of
AccessLi ne
sl ot -constraint pop value-type ((slot -constraint town_of value-type (one-of France))
or (slot -constraint town_of value-type (one-of UK)))
sl ot -constraint access_to value-type
((slot-constraint identifier value-type (nin 5)) and
(slot-constraint identifier value-type (max 8)))
sl ot -constrai nt bandwi dth value-type (max 1200)
sl ot -constraint protocol has-value ( ModemAccess or InternetAccess)

Fig. 4. Semantiadescriptionof offeredservices

configurationontologyto supplierspecificcircumstancesool supportfor acquisition
andmaintenancef configurationmodelsis neededWithin the CAWICOMS projecta
Knowledg AcquisitionWbrkbend is developedthatprovidestherequiredtoolsfor de-
signingthe servicedescriptionsith a graphicalUML-basednotation.Thegenericand
theintermediateontologylevel asdescribedn Section4 areinherentto the modeling
primitivesoffered by the tool suite andthereforestaticin our approachThe tool en-
vironmentsupportshumanexpertsin definingandmaintainingthe applicationdomain
specificontologicaldescriptionsaswell asin integratingthem. The adwertisemenbf
the offered configurationservicesof differentsuppliersis thereforepart of an offline
setupprocessThefunctionaldescription®f the configurableproductsandservicesare
communicatedb all Webconfiguratorshatmayactascustomergor theirconfiguration
serviceandintegratedinto their domainontologiesby the humanexperts.

5.2 Sewice ldentification

Having describedservicepublication,we will how focuson the identificationof rele-
vant Web serviceprovidersfor a concretedemand.This task hassimilaritieswith the
suigical or parametricseach problem[16], e.g."a laptop with at least20GB hard-
disk,800MHzPentiumlll processoior better manufactuedeitherby Dell or Compaq
and costinglessthan 2000USD”. However, for the configurationdomainwe require
evenmoreenhancedearclcapabilitiesfor identifying theappropriatesupply Therea-
sonis, that requirementcannotonly be expressedas simple restrictionson product



attributes,but alsoas constraintson the structure.The following exampleis basedon
theproductdomainontology(Figure3), requestorareenabledo semanticallydescribe
therequestederviceascanbe seenin Figure5. Let us assumehat we searchfor an
AccessLingrovider that connectaus from Mandestervia InternetAccesgrotocolto
BadBoneSectior8’ with a bandwidthof 1200.Herethe bandwidthslot-constrainis
a simpleattribute restriction,but the constrainton the slot accessto navigatesto the
relatedclassBadkBoneSectiomandrestrictsthe structure.For this examplewe canin-

cl ass-def defined Required_AccessLine

subcl ass - of
AccessLi ne
sl ot -constraint bandwi dth value-type (equal 1200)
sl ot -constraint pop value-type (one-of Manchester)
sl ot -constraint protocol value-type |nternetAccess
sl ot -constraint access_to has-val ue

(slot-constraint identifier has-value (equal 3))

Fig. 5. Semantiaescriptionof requiredservice

tuitively determinethat BTT is an appropriatesupplierfor the requestedservice,as
the Requied AccessLingualifiesasa subclasgo BTT_AccessLineHowever, for the
generalcaseidentificationof subsumptiorrelationshipsetweenofferedandrequired
conceptsis too restrictve. Considerthe casewherewe would needthis AccessLine
eitherfrom Manchesteror from Munich. Assumingall other restrictionsremainun-
changedthe modified constrainton the slot popis givenin Figure6’. Although BTT
still providesan appropriateservice,the constraintrelaxationmakesthe subsumption
of Requied AccessLindy BTT_AccessLinémpossible Soformally the matchmaking

cl ass-def defined Required_AccessLine_1
subcl ass- of
AccesslLi ne

sl ot-constraint pop val ue-type ((oneof Manchester) or (one of Minich))

Fig. 6. Modified servicerequirement

taskfor identificationof anappropriateconfigurationservicecanbedefinedasfollows.

Given: A consistendescriptionlogic theoryT that representshe three ontological
layers of our marketplace a setof conceptsS = {Si,...,S5,} that describesupply
fromn differentsuppliess,anda conceptD representinghe demandedervice

Task: Identifythesetof concepts4, that containsall conceptsS, with S, € A, where
S, isanappropriateservicefor D andA C S.

" Note, that the inherited cardinality constraintrestrictsslot pop to exactly one Town, which
givesthis constraintanexclusiveor semantics.



Definition (appropriate sewice): A serviceS, is an appropriate servicefor D, iff
S, U D are consistent.

Note, that this divergesfrom the approachesaken for matchmakingamongheteroge-
nousagentg27] or for Web serviceidentification[17].

As alreadymentionedn the previous subsectionthe configurationservicemodelsare
definedwithin a knowledgeacquisitionervironmentandautomaticallytranslatednto
the proprietaryknowledgerepresentatioiormalism of a configurationagent.In our
implementatiorthis matchmakingaskis thereforeperformedaspartof the searchpro-
cessfor a configurationsolutionof a constraint-basedonfiguratorengine.For thein-
ternalrepresentatiof the adwertisedservicemodelsaswell asthe servicerequests
anobject-orientedramework for constraintvariablesis employed[14]. Reasoningn
servicerequirementgaswell ason servicedecompositions performedby the underly-
ing Java-baseaonstrainsolver. Theformulationof servicerequest@ndtheir repliesis
enabledby a WebConnectocomponenthatowns an objectmodellayerthataccesses
theinternalconstraintrepresentationf the constraintengine.This objectmodellayer
representshe adwertisedconfigurationservicedescriptionsA servicerequestolagent
imposesits servicerequestia an edit-queryontothe object-modelayerandretrieves
the configurationserviceresultvia a publish-query

As will be alsopointedout in the next subsectionthe creationof standardgor the
definition of semanticof Web serviceswill allow applicationindependenimediating
agentsto acceptserviceadwertisementandto performthe serviceidentificationtask,
whichis notthecasein the currentsituation.

5.3 Sewice Execution

Requestdor serviceexecutionmustconformto an XML-based communicationpro-
tocol (WebConnectoprotocol)developedfor the configurationdomainin accordance
with the SOAP messagingtandardThis protocoldefines

— afixed setof methodswith definedsemanticdor the configurationdomain,like
creatingcomponentssettingvaluesfor parameterdnitiation of thesearctprocess,
or retrieving results,

— amechanismo exchangecomplex datastructuredik e configurationresultsanda
languagdor expressingnavigation expressionsvithin thesedatastructuregcom-
pareto XML-SchemaandXPath),and

— extensibility mechanismgor specialdomainsandsupportfor a sessiorconceptin
HTTP-basedransactions.

This way the semanticof the procesamodel of the configurationWeb serviceis de-
fined by a proprietaryprotocol. This assumptiorworksfor our specificrequiremenbdf
realizing collaboratve configurationsystemshut is only half way towardsthe vision
of Web servicesin the Semanticweh Therefore markuplanguagesrerequiredthat
enablea standardizedepresentationf serviceprofilesfor advertisementf servicesas
well asdefinitionsof the procesamodel. This way, the taskof identifying appropriate
servicesandthedecompositiornf aservicerequestnto severalseparateequestganbe



performedby domainindependenmediatorsDue to the lack of thesestandardsthis
mediatingfunctionality is in our caseperformedby applicationlogic integratedinto
the configurationsystemsDAML-S# is anexamplefor aneffort undervay thataimsat
providing sucha standardizegemantianarkupfor Web serviceshat builds on top of
DAML+OIL.

6 RelatedWork

Besidestandarddor representingoroductcatalogs[8], thereexists a numberof ap-
proachedor standardizingelectroniccommerceeommunicatior(e.g. CommerceXML

- ¢cXML or CommonBusinessLibrary - CBL) - theseare XML-based communica-
tion standardgor B2B application$, which alsoincludebasicmechanismgor product
datainterchangendcanbeinterpretedasontologiessupportingstandardizedommu-
nication betweene-Businessapplications.However, thesestandardsare restrictedto
the representationf standardizeghroducts,.e. the basicpropertiesof complex prod-
ucts,especiallyconfigurablgproductsarenot consideredBasicmechanism$or product
dataintegrationarealreadysupportedy anumberof state-of-the-arB2B applications.
However, theintegrationof configurationsystemsnto electronicmarketplaceerviron-
mentsis still an openissue,i.e. not supportedby todayssystems.ProblemSolving
Methods(PSMs)[2] supporthedecompositiorof reasoningasksof knowledge-based
systemsnto setsof subtasksandinferenceactionsthat areinterconnectedby knowl-
edgeroles.Thegoalof theIBROW project[20] is the semiautomaticeuseof available
problemsolving methods wherea software broker supportsthe knowledgeengineer
in configuringa reasoningsystemby combiningdifferent PSMs.A similarity to the
work of [20] existsin the sensehatthe selectionof suppliers(andcorrespondingon-
figurationsystems)s a basicconfigurationtask,whereconfiguratoranustbe selected
which are capableof cooperatrely solving a distributed configurationtask. The ap-
proachis differentin the sensethat the major focusis on providing an ervironment
which generallysupportsasemi-automatereuseof problemsolvingmethodswhereas
our approactconcentratesn the automatedntegrationof configurationservicesn an
e-husinesernvironment.The Infomastersystem{15] providesbasicmechanismsor in-
tegrating heterogeneoumformation sourcesn orderto provide a uniqueentry point
for the usersof the system.Comparedo our approactthereis no supportfor the inte-
grationof configurableproductsandthe underlyingconfigurationsystemsThe design
of large scaleproductsrequiresthe cooperationof a numberof differentexperts.in
the SHADE (SharedDependeng Engineering)project[22] a KIF-basedrepresenta-
tion [21] wasusedfor representingngineeringontologies.This approactdiffersfrom
theapproactpresentedn this paperin the sensahatthe provided ontologyis majorly
employed asa basisfor the communicatiorbetweenthe differentengagedigents put
is not usedas a meansfor describingthe capabilitiesof agents.The STEP standard
[13] takesinto accountall aspect®of a productincluding geometryandorganisational

8 Seehttp://www.daml.og/servicegor reference.
9 An overview on existing e-Commercdramenorks for businessto businesscommunication
canbefoundin [25].



data[19]. Theideaof STEPIs to provide meandor definingapplicationspecificcon-
ceptsfor modelingproductsin a particularapplicationdomain.Theseapplicationspe-
cific conceptsare standardiseihto partsof STEPcalled Application Protocolswhich
are definedusing the EXPRESSdatadefinition language(Application Protocolsare
EXPRESSschemas)EXPRESSItself includesa setof modelingconceptausefulfor
representingonfigurableproducts however the languagecannot be usedto definean
enterprisespecificconfigurationrmodelwithout leaving the STEPstandardSimilarities
to ourapproacttanbeseenin therole of applicationprotocolsin STEPwhich arevery
similar to thedomainontologylevel discussedn this paper

7 Conclusions

The SemanticWeb [3] is the vision of developingenablingtechnologiedor the Web
which supportsaccesdo its resourcesiot only to humansbut aswell to applications
often denotedas agent-basegystemsproviding servicessuchasinformation broker-
ing, information filtering, intelligent searchor synthesisof serviceg[20]. This paper
describesan applicationscenariofor semanticWeb servicesin the domainof config-
uring telecommunicatiorservices It demonstratefiown to apply SemanticWeb tech-
nologiesin orderto supporttheintegrationof configurableproductsandservicesn an
ervironmentfor distributedproblemsolving. DAML+OIL-basedconfigurationservice
descriptionsanbe usedin orderto matchthemwith givencustomerequirementsnd
the matchmakingaskto determinethe adequag of a serviceis defined.DAML+OIL
formalismsare well suitedfor representinghe componentstructureof configurable
products,i.e. part-of associationsand simple associationdbetweencomponentypes
and correspondingasic constraints However, technologiessupportingthe vision of
theSemantidVebarestill underdevelopmentin orderto supportafull scenarioof dis-
tributed configurationWeb servicesJanguagedike DAML+OIL have to be extended
with languageelementsupportingheformulationof serviceadwertisementsiswell as
procesdglefinitionsfor theinteraction.
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