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Abstract. Productconfigurationis a key technologyin today’s highly special-
ized economy. Within the scopeof state-of-the-artB2B frameworks andePro-
curementsolutions,various initiatives take into accountthe provision of con-
figuration services.However, they all are basedon the idea of definingquasi-
standardsfor many-to-many relationshipsbetweencustomersandvendors.When
moving towardsnetworked markets,wheresuppliersdynamicallyform supply-
sideconsortia,moreflexible approachesto B2B integrationbecomenecessary.
Theemergingparadigmof Webserviceshasthereforeahugepotentialin business
applicationintegration.This paperpresentsanapplicationscenariofor configu-
rationWebservices,that is currentlyunderdevelopmentin the researchproject
CAWICOMS1. An ontology-basedapproachallowstheadvertisementof services
anda configurationspecificprotocoldefinestheoperationalprocesses.However,
the lack of standardsfor thesemanticannotationof Webservicesis still a major
shortcomingof currentWebtechnology.

1 Intr oduction

Theeasyaccessto vastinformationresourcesofferedby theWorld WideWeb(WWW)
opensnew perspectives for conductingbusiness.State-of-the-artelectronicmarket-
placesenablemany-to-many relationshipsbetweencustomersandsuppliers,thus re-
placinginflexible one-to-onerelationsdatingto thepre-interneteraof EDI (electronic
datainterchange).Theproblemof heterogeneityof productandcataloguedescriptions
aswell asinter-company processdefinitionsis resolvedby imposinga commonstan-
dardon all market participants.Thenon-existenceof a singlestandardfor conducting
B2B electroniccommerceconstitutesa major obstacletowardsinnovation.Examples
for competingandpartly incompatibleB2B frameworksareOBI, RosettaNet,cXML
or BizTalk [25]. They all employ XML 2 asa flexible dataformatdefinition language,
thatallows to communicatetreestructureswith a linearsyntax;however, contenttrans-
formation betweenthosecatalogand documentstandardsis far from being a trivial
task[8]. The issueof marketplaceintegrationmechanismsfor customizableproducts

1 CAWICOMS is the acronym for ”Customer-Adaptive Web Interfacefor the Configuration
of ProductsandServiceswith Multiple Suppliers”.This work waspartly fundedby the EC
throughtheIST ProgrammeundercontractIST-1999-10688(http://www.cawicoms.org).

2 Seehttp://www.w3c.org/xml for reference.



is far morecomplex, becauseproductshave characterizingattributesthatoffer a range
of differentchoices.Customersareenabledto configuregoodsandservicesaccording
to their individualneedsatno extracostfollowing theparadigmof masscustomization
[23]. Productconfigurationsystems(configurators)supportsalesengineersand cus-
tomersin copingwith thelargenumberof possiblevariantsandproductconstellations.
Thegoalof theresearchprojectCAWICOMSis to enableconfigurationsystemsto deal
simultaneouslywith configuratorsof multiple suppliersover theWeb. This allows for
end-to-endselection,orderingandprovisioningof complex productsandservicessup-
plied by an extendedvaluechain.We employ an ontology-basedapproachthatbuilds
on theflexible integrationof theseconfigurationWeb services.Furthermore,it canbe
shownhow thecapabilityof eachconfigurationsystemcanbedescribedonthesemantic
levelusinganapplicationscenariofrom thetelecommunicationdomain.For representa-
tion of thesemanticdescriptionstheevolving languagestandardof the’SemanticWeb’
initiative [3], [12], OIL resp.DAML+OIL [9] is employed.
In Section2 westartby giving anoverview on theapplicationdomain.In Section3 we
describetheWebservicearchitectureandin Section4 amulti-layerontologydefinition
for ourapplicationdomainis given.TheinteractionprocessesbetweentheWebservice
providersandrequestorsarediscussedin Section5.

2 Application scenario

Easyaccessto the corporatenetwork andsecureconnectionsto businesspartnersis
crucial in today’s economy. Virtual PrivateNetworks (VPN) extendthe intranetof a
possiblymulti-nationalcompany andarecapableof meetingtheaccessrequirementsat
reducedcostusingthe worldwide IP network servicesanddedicatedserviceprovider
IP backbones.VPN infrastructuresaredesignedto beflexible andconfigurablein order
to be able to copewith a rich variety of possiblecustomerrequirements.Therefore,
the establishmentof someconcreteVPN involvesdifferentstepsafter determination
of customerrequirementslike locationsto be connectedor specificationof required
bandwidth:selectionof adequateaccessfacilitiesfrom thecustomersiteto someentry
point to theVPN backbone,reservationof bandwidthwithin thebackbone,aswell as
configurationof routinghardwareandadditionalserviceslike installationsupport.
Note,thatit is veryunlikely thatall theseproductsandservicesneededfor theprovision
of sucha VPN can be suppliedby onesingleorganization,but are in generalmade
availableby differentspecializedsolutionproviders,e.g., InternetServiceProviders,
telecommunicationcompaniesor hardwaremanufacturers(seeFigure 1). Therefore,
VPNsaretypically marketedby specializedresellers(or telecommunicationcompanies
like two of our applicationpartners)that integratethe servicesof individual suppliers
andoffer completeVPN solutionsto theircustomers.

The integrator/resellercompany contractswith the customeranddetermines- ac-
cordingto thegeographiclocationof thedifferentsitesandthequalitativerequirements
with regardsto bandwidth,quality of serviceor costlimits - thelayoutof thenetwork
service.Thisconfigurationtaskincludestheselectionof adequateaccessfacilitiesfrom
the customersite to someentry point of a VPN backbone,reservation of bandwidth
within thebackbone,aswell asparametersettingfor routinghardwareandconfigura-
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Fig.1. IP-VPN sketch

tion of additionalserviceslike installationsupport.Considerablepartsof this service
packagewill thenbesourcedfrom thespecializedsolutionproviders[7].

3 CAWICOMS envir onment

In thegivenapplicationscenario,problemsolvingcapabilitiesaredistributedoversev-
eral businessentitiesthat needto cooperateon a customerrequestfor joint service
provision. This Peer-to-Peer(P2P)interactionapproachamonga dynamicsetof par-
ticipantswithout a clear assignmentof client and serverroles asksfor applying the
paradigmof Webservices[17]. It standsfor encapsulatedapplicationlogic thatis open
to acceptrequestsfrom any peerover theWeb.

3.1 Webservices

Basically, a Web Servicecanbe definedasan interfacethat describesa collectionof
providedoperations.In thefollowing we interprettheapplicationlogic thatconfigures



aproductasastandardizedWebservice.It canbeutilizedby interfaceagentsinteracting
with humanusersin a Webshopaswell asby agentsthatoutsourceconfigurationser-
vicesaspartof their problemsolvingcapabilities.Whenimplementinga WebService
thefollowing issuesneedto beaddressed[17]:

– Servicepublishing- theproviderof aservicepublishesthedescriptionof theservice
to a serviceregistry which in our caseare configurationagentswith mediating
capabilities.Within this registry the basicpropertiesof the offeredconfiguration
servicehaveto bedefinedin suchawaythatautomatedidentificationof thisservice
is possible.

– Serviceidentification- the requestorof a serviceimposesa set of requirements
which serve asthebasisfor identifying a suitableservice.In our case,we have to
identify thosesuppliers,thatarecapableof supplyinggoodsor servicesthatmatch
thespecificcustomerrequirements.

– Serviceexecution- oncea suitableservicehasbeenidentified the requirements
needto becommunicatedto theserviceagentthatcanbecorrectlyinterpretedand
executed.UDDI, WSDL, andSOAP aretheevolving technologicalstandardsthat
allow theinvocationof remoteapplicationlogic basedon XML syntax.

Following thevision behindtheSemanticWeb effort [3,12], thesharingof semantics
is crucial to enablethe WWW for applications.In orderto have agentsautomatically
searching,selectingandexecutingremoteservices,representationstandardsareneeded
thatallow theannotationof meaningof aWebservicewhichcanthenbeinterpretedby
agentswith thehelpof ontologies.

3.2 Ontologies

In ordertodefineacommonlanguagefor representingcapabilitiesof configurableprod-
uctsandserviceswe usea hierarchicalapproachof relatedontologies[11,4]. Ontolo-
giesareemployedto setasemanticframework thatenablesthesemanticdescriptionof
Webservicesin thedomainof productconfiguration.Furthermore,we follow thepro-
posalof [10] to structuretheontologicalcommitmentsinto threehierarchylevels(see
Figure 2), namelythe generic ontology level, the intermediatelevel and the domain
level.

– Genericontology level - Most modeling languagesinclude somekind of meta-
modelfor representingclassesandtheir relationships(e.g.the frameontologyof
Ontolingua[11], theUML meta-model[24] or therepresentationelementsof ontol-
ogy languagessuchasOIL or DAML+OIL). Suchameta-modelcanbeinterpreted
asa genericlevel ontology. Examplemodelingconceptsincludedin thoseontolo-
giesareframe,class,relation,association,generalization,etc.

– Intermediateontologylevel- thebasicmodelingconceptsformulatedonthegeneric
ontologylevel canberefinedandusedin orderto constructanintermediateontol-
ogy which includeswide-spreadmodelingconceptsusedin the domain.Suchan
ontologyfor theconfigurationdomainis discussedin [26] who introducecompo-
nent types,function types,port typesanddifferent kinds of constraintsasbasic
configurationdomainspecificmodelingconcepts.



– Domainontology level - finally, usingthe modelingconceptsof the intermediate
level, weareableto constructapplicationdomainspecificontologies(e.g.network
services),whichcanalsobedenotedasaconfigurationmodels.

Note, thatsimilar approachesto structureontologiesarealreadyimplementedin a set
of ontologyconstructionenvironments(e.g.[11]). Our contribution in thiscontext is to
illustratetheir applicationfor integratingconfigurationsystems.

3.3 Interaction scenario

In thefollowingwesketchourWebservicescenariothatfocusesonenablingautomated
procurementprocessesfor customisableitems(seeFigure2). Basicallythereexist two
differenttypesof agents,thosethatonly offer configurationservices(L) andthosethat
actassuppliersaswell asrequestorsfor theseservices(I). Thedenotationof agenttypes
derivesfrom viewing theinformationalsupplychainof productconfigurationasatree3,
wherea configurationsystemconstituteseitheran inner node(I) or a leaf node(L).
Agentsof typeI havethereforethemediatingfunctionalityincorporated,thatallowsthe
offeringagentsto advertisetheirconfigurationservices.Matchmakingfor serviceiden-
tification is performedby themediatingcapabilitythat is internalto eachconfigurator
ataninnernode.It is doneonthesemanticlevel thatis easedby multi-layeredontolog-
ical commitments(asdiscussedin the precedingsubsection)amongparticipants.It is
assumedthatsuppliersshareapplicationdomainontologiesthatallow themto describe
thecapabilitiesof theirofferedproductsandservicesonthesemanticlevel.An approach
thatabstractsfrom syntacticalspecificsandproposesareasoningon thesemanticlevel
alsoexistsfor transformingstandardizedcatalogrepresentationsin [8]. An abstractser-
vice descriptioncanbe interpretedasa kind of standardizedfunctionaldescriptionof
theproduct4. Furthermore,agentsin therole of customers(servicerequestors)canim-
poserequirementson adesiredproduct;theserequirementscanbematchedagainstthe
functionalproductdescriptionprovidedby the suppliers(serviceproviders).If oneor
more supplierdescriptionsmatchwith the imposedrequirements,the corresponding
configurationserviceproviderscanbecontactedin orderto finally checkthefeasibility
of therequirementsandgeneratea customizedproduct/servicesolution.

4 Multi-lay er Ontology Definition

As sketchedin Figure2 thesemanticdescriptionsof theofferedconfigurationservices
arebasedon thethreelayerapproachof [10]. Thecreationof serviceprofilesfor each
involved configurationsystemis supportedby a set of knowledgeacquisitiontools,
thatallow thedefinitionof theproductstructurewith a graphicalUML-basednotation
with precisesemantics[5]. Usingtranslatorstheseimplementationindependentmodels
aretranslatedinto proprietaryknowledgebasesof problemsolvingenginessuchasthe

3 Note,thatonly therequiredconfigurationservicesareorganizedin atreestructure,whichmust
nothold for theinvolvedcompaniesin thevaluechainof a product.

4 In [18] thiskindof descriptionisdenotedasafunctionalarchitectureof theconfiguredproduct.
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Fig.2. Webservicescenario

Java-basedJConfigurator from ILOG5 [14].
However, in thefollowing we will describeour approachemploying DAML+OIL asa
languagefor theSemanticWebwith precisemodeltheoreticsemantics.Thecorrespon-
dencebetweenrepresentationconceptsneededfor modelingconfigurationknowledge
basesand DAML+OIL is shown in [6]. The uppermostlayer of our ontology is the
genericontology level. At this level the basicrepresentationconceptsandontological
modelingprimitivesareintroduced.Theseareinherentto theconceptsof themodeling
languagesuchasclassandslot definitionsin OIL. Therefore,it meetstheexpectations
towardstheuppermostlayerandin thefollowingsubsectionwemoveonto show which
configurationdomainspecificmodelingprimitivesareto beprovidedon the intermedi-
ateontologylevel. For reasonsof readabilityOIL text [1] is usedfor representation,i.e.
no RDFS-basedrepresentationof DAML+OIL is used.

4.1 BasicConfiguration Ontology

A generalontology for the configurationdomainis importantin order to allow easy
configurationknowledgereuseand the integrationof complex configurableproducts
within marketplaceenvironments.Theontologiesproposedby [26] and[5] serve asa

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



basisfor the constructionof applicationdomainspecificontologieswhich allow the
descriptionof configurationserviceson a semanticlevel. Refinedconceptsof classes
suchas componenttypes, resource types, port types, or function typesare the basic
modelingconceptsusefulfor building thebasicproductstructure.Theontologydefined
in [26] is basedon theframeontologyof Ontolingua[11] andrepresentsasynthesisof
resource-based,function-based,connection-based,andstructure-basedapproachesfor
representingconfigurationproblems.A similarsetof conceptsis discussedin [5], where
the configurationontologyis representedasa UML profile with additionalfirst order
formalizationsguaranteeinga precisesemanticsfor theprovidedmodelingconcepts.

4.2 Product Domain Ontology for Network Services

While the intermediateconfigurationontology containsonly the basicconceptsfor
modelingproductstructures,it allows theconstructionof morespecializedontologies
for specificapplicationdomains.Furthermore,axiomsand slot constraintsprovided
in OIL canbeemployedto formulateconstraintson the configurationmodel.Exactly
theseconceptswill be refinedin the following for representing(application)domain
specificontologiesthat canbe interpretedasa kind of functionalproductdescription
[18], which is usedasa basicframework for formulatingcapabilitiesof suppliersand
requirementsof customers.Figure3 representsfragmentsof an ontologyfor defining
configurationservicesfor IP-basedVirtual PrivateNetworks (IP-VPN)6. For our ex-
amplewe will concentrateon the provision of AccessLinesthat connecta customer
location(slot pop - ’point of presence’)to a BackBoneSection. Thechosenprotocol (a
refinementof theHasPart decompositionrelationshipin theconfigurationdomain)can
be eitherperformedvia a router, via a modemor via an internetconnectionto some
accessgateway(RouterAccess, ModemAccessandInternetAccessarethereforespecial-
izedAccessProtocols). In addition,anAccessLineis characterizedby a bandwidthand
latencypropertythat it inheritsfrom its superclassLineService, which is in turn a re-
finementof theFunctionconcept(abstractcharacteristicof a productor service)from
thebasicconfigurationontology(intermediateontology level). Theinstancescontained
in theontologyshown in Figure3 canbeinterpretedasbasiccatalogentriesrepresent-
ing commonknowledge(e.g.,British townsor zip codes),which areassignedto base
classesof theapplicationdomainontology(in thiscaseManchesteris providedasbasic
instanceof theclassTown).

5 Webservicescenario

The interactionbetweenserviceproviding agentscanbe differentiatedinto the three
areasservicepublishing,identificationandexecution.As depictedin the scenarioin
Figure2, only thoseagentscanrequestaservicethathavethemediatingcapabilitiesto
receiveserviceadvertisementsandperformserviceidentification.

6 The complete example ontology in DAML+OIL can be downloaded from
http://www.cawicoms.org/ontology/ipvpn.rdfs.



begin-ontology 
ontology-container 
title Product Domain Ontology  
description  IP-based Virtual Private Networks

�
 

� 
language "OIL" 
 

ontology-definitions  
 

slot-def protocol�  
subslot-of 
  HasPart   //defined in Configuration Ontology  
 

class-def AccessProtocol
�

 
subclass-of  
  Function  
�

//defined in Configuration Ontology  
� 
 

class-def RouterAccess  
subclass-of  
  AccessProtocol  
 

class-def ModemAccess
 

 
subclass-of  
  AccessProtocol
�

 
 

class-def InternetAccess  
subclass-of  
  AccessProtocol  
 

class-def defined  Country 
� 
 

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

class-def LineService  
subclass-of  
  Function  
�

//defined in Configuration Ontology  
  slot-constraint  bandwidth

�
 cardinality  1 integer 

  slot-constraint  latency cardinality  1 integer 
  slot-constraint  identifier has-value integer 
 

class-def BackBoneSection
!

 
subclass-of  
  LineService  
  slot-constraint  access_from has-value AccessLine 
� 
 

class-def defined  AccessLine
�

 
subclass-of  
  LineService  
  slot-constraint  protocol�  cardinality  1 AccessProt ocol 
  slot-constraint  access_to cardinality  1 BackBoneSection  
  slot-constraint  pop�  cardinality  1 Town 
 

instance-of UK Country 
� 
 

instance-of Manchester
 

 Town 
related town_of  Manchester UK

 
 

 

end-ontology   

Fig.3. Domainontologyfor IP-VPNservices

5.1 Servicepublishing

Now we will show how the ontologiesdefinedin Section4 areusedto semantically
describetheofferedconfigurationservices.Semanticdescriptionof thedemandedser-
vicesallowsusto implementefficientmatchmakingbetweensupplyanddemand.Within
thesesemanticannotations,restrictionson the domainand cardinality of slots,con-
straintson connectionsandstructure,aswell asthepossibletypesof classesarepossi-
ble.Furthermore,offeredcomponentinstancescanberepresentedassubconcepts(e.g.
readfrom a catalog)of the classesof the servicedomain-specificconfigurationon-
tology. Additional supplier-specificconstraintsare introduced.Consequently, for the
semanticdescriptionof the capabilityof a configurationserviceof a specificsupplier
the productdomainontology level provides the necessarybaseconceptsthat can be
further refined.Figure 4 containsthe semanticdefinition of the AccessLineservices



thatareofferedby the fictitious telecommunicationserviceprovidersBTT andLuton.
BTT servescustomerslocatedin the UK andIreland(constrainton the slot pop) and
canprovide accessto BackBoneSections1 through10 with a maximumbandwidthof
2000. In contrastLuton offers connectionsfrom towns in Franceand the UK. Only
modemor internetareofferedprotocolchoices,a lower bandwidthis supportedand
fewer BackBoneSectionsareaccessible.For tailoring the applicationdomainspecific

class-def defined BTT_AccessLine 
subclass-of  
  AccessLine 
  slot-constraint access_to value-type  
    ((slot-constraint identifier value-type (min 1)) and  
    (slot-constraint identifier value-type (max 10))) 
  slot-constraint pop"  value-type ((slot-constraint town_of

#
 value-type (one-of UK))  

    or (slot-constraint town_of value-type (one-of Ireland))) 
  slot-constraint bandwidth

$
 value-type (max 2000) 

 
class-def defined Luton_AccessLine 
subclass-of  
  AccessLine 
  slot-constraint pop"  value-type ((slot-constraint town_of

#
 value-type (one-of France)) 

    or (slot-constraint town_of value-type (one-of UK
%

))) 
  slot-constraint access_to value-type  
    ((slot-constraint identifier value-type (min 5)) and  
    (slot-constraint identifier value-type (max 8))) 
  slot-constraint bandwidth

$
 value-type (max 1200) 

  slot-constraint protocol"  has-value (ModemAccess or InternetAccess)   

Fig.4. Semanticdescriptionof offeredservices

configurationontologyto supplier-specificcircumstancestool supportfor acquisition
andmaintenanceof configurationmodelsis needed.Within theCAWICOMSprojecta
KnowledgeAcquisitionWorkbench is developedthatprovidestherequiredtoolsfor de-
signingtheservicedescriptionswith agraphicalUML-basednotation.Thegenericand
the intermediateontologylevel asdescribedin Section4 areinherentto themodeling
primitivesofferedby the tool suiteandthereforestatic in our approach.The tool en-
vironmentsupportshumanexpertsin definingandmaintainingtheapplicationdomain
specificontologicaldescriptionsaswell asin integratingthem.The advertisementof
the offeredconfigurationservicesof differentsuppliersis thereforepart of an offline
setupprocess.Thefunctionaldescriptionsof theconfigurableproductsandservicesare
communicatedto all Webconfiguratorsthatmayactascustomersfor theirconfiguration
serviceandintegratedinto their domainontologiesby thehumanexperts.

5.2 Service Identification

Having describedservicepublication,we will now focuson the identificationof rele-
vant Web serviceprovidersfor a concretedemand.This taskhassimilaritieswith the
surgical or parametricsearch problem[16], e.g. ”a laptop with at least20GBhard-
disk,800MHzPentiumIII processoror better, manufacturedeitherby Dell or Compaq
and costinglessthan 2000USD”. However, for the configurationdomainwe require
evenmoreenhancedsearchcapabilitiesfor identifying theappropriatesupply. Therea-
son is, that requirementscannotonly be expressedassimple restrictionson product



attributes,but alsoasconstraintson the structure.The following exampleis basedon
theproductdomainontology(Figure3), requestorsareenabledto semanticallydescribe
the requestedserviceascanbe seenin Figure5. Let us assumethatwe searchfor an
AccessLineprovider that connectsus from Manchestervia InternetAccessprotocolto
BackBoneSection’3’ with a bandwidthof 1200.Herethebandwidthslot-constraintis
a simpleattribute restriction,but the constrainton the slot accessto navigatesto the
relatedclassBackBoneSectionandrestrictsthe structure.For this examplewe canin-

class-def defined Required_AccessLine  
subclass-of  
  AccessLine 
  slot-constraint bandwidth

&
 value-type (equal 1200) 

  slot-constraint pop'  value-type (one-of Manchester
(

) 
  slot-constraint protocol'  value-type InternetAccess 
  slot-constraint access_to has-value  
    (slot-constraint identifier has-value (equal 3))   

Fig.5. Semanticdescriptionof requiredservice

tuitively determinethat BTT is an appropriatesupplier for the requestedservice,as
the Required AccessLinequalifiesasa subclassto BTT AccessLine. However, for the
generalcaseidentificationof subsumptionrelationshipsbetweenofferedandrequired
conceptsis too restrictive. Considerthe casewherewe would needthis AccessLine
either from Manchesteror from Munich. Assumingall other restrictionsremainun-
changed,the modifiedconstrainton the slot pop is given in Figure67. Although BTT
still providesan appropriateservice,the constraintrelaxationmakesthe subsumption
of Required AccessLineby BTT AccessLineimpossible.Soformally thematchmaking

class-def definedRequired_AccessLine_1
subclass-of
AccessLine
)

�
  slot-constraintpop*  value-type ((one-of Manchester) or (one-of Munich))
�

Fig.6. Modified servicerequirement

taskfor identificationof anappropriateconfigurationservicecanbedefinedasfollows.

Given: A consistentdescriptionlogic theory + that representsthe threeontological
layers of our marketplace, a setof concepts,.-0/1,3254768686749,;:=< that describesupply
from > differentsuppliers,anda concept? representingthedemandedservice.
Task: Identifythesetof concepts@ , that containsall concepts,BA with ,BADCE@ , where
,BA is an appropriateservicefor ? and @GFH, .

7 Note, that the inheritedcardinality constraintrestrictsslot pop to exactly oneTown, which
givesthis constraintanexclusiveor semantics.



Definition (appropriate service): A service ,BA is an appropriate servicefor ? , iff
,BAJIK? are consistent.

Note, that this divergesfrom theapproachestaken for matchmakingamongheteroge-
nousagents[27] or for Webserviceidentification[17].
As alreadymentionedin theprevioussubsection,theconfigurationservicemodelsare
definedwithin a knowledgeacquisitionenvironmentandautomaticallytranslatedinto
the proprietaryknowledgerepresentationformalism of a configurationagent.In our
implementationthismatchmakingtaskis thereforeperformedaspartof thesearchpro-
cessfor a configurationsolutionof a constraint-basedconfiguratorengine.For the in-
ternal representationof the advertisedservicemodelsaswell as the servicerequests
anobject-orientedframework for constraintvariablesis employed[14]. Reasoningon
servicerequirementsaswell ason servicedecompositionis performedby theunderly-
ing Java-basedconstraintsolver. Theformulationof servicerequestsandtheir repliesis
enabledby a WebConnectorcomponentthatownsanobjectmodellayer thataccesses
the internalconstraintrepresentationof theconstraintengine.This objectmodellayer
representstheadvertisedconfigurationservicedescriptions.A servicerequestoragent
imposesits servicerequestvia anedit-queryontotheobject-modellayerandretrieves
theconfigurationserviceresultvia a publish-query.
As will be also pointedout in the next subsection,the creationof standardsfor the
definition of semanticsof Web serviceswill allow applicationindependentmediating
agentsto acceptserviceadvertisementsandto performthe serviceidentificationtask,
which is not thecasein thecurrentsituation.

5.3 ServiceExecution

Requestsfor serviceexecutionmustconformto an XML-basedcommunicationpro-
tocol (WebConnectorprotocol)developedfor theconfigurationdomainin accordance
with theSOAP messagingstandard.Thisprotocoldefines

– a fixed setof methodswith definedsemanticsfor the configurationdomain,like
creatingcomponents,settingvaluesfor parameters,initiation of thesearchprocess,
or retrieving results,

– a mechanismto exchangecomplex datastructureslike configurationresultsanda
languagefor expressingnavigationexpressionswithin thesedatastructures(com-
pareto XML-SchemaandXPath),and

– extensibility mechanismsfor specialdomainsandsupportfor a sessionconceptin
HTTP-basedtransactions.

This way the semanticsof the processmodelof the configurationWeb serviceis de-
finedby a proprietaryprotocol.This assumptionworksfor our specificrequirementof
realizingcollaborative configurationsystems,but is only half way towardsthe vision
of Web servicesin the SemanticWeb. Therefore,markuplanguagesarerequiredthat
enableastandardizedrepresentationof serviceprofilesfor advertisementof servicesas
well asdefinitionsof theprocessmodel.This way, the taskof identifying appropriate
servicesandthedecompositionof aservicerequestinto severalseparaterequestscanbe



performedby domainindependentmediators.Due to the lack of thesestandards,this
mediatingfunctionality is in our caseperformedby applicationlogic integratedinto
theconfigurationsystems.DAML-S8 is anexamplefor aneffort underwaythataimsat
providing sucha standardizedsemanticmarkupfor Webservicesthatbuilds on top of
DAML+OIL.

6 RelatedWork

Besidestandardsfor representingproductcatalogs[8], thereexists a numberof ap-
proachesfor standardizingelectroniccommercecommunication(e.g.CommerceXML
- cXML or CommonBusinessLibrary - CBL) - theseare XML-basedcommunica-
tion standardsfor B2B applications9, whichalsoincludebasicmechanismsfor product
datainterchangeandcanbeinterpretedasontologiessupportingstandardizedcommu-
nication betweene-Businessapplications.However, thesestandardsare restrictedto
the representationof standardizedproducts,i.e. thebasicpropertiesof complex prod-
ucts,especiallyconfigurableproductsarenotconsidered.Basicmechanismsfor product
dataintegrationarealreadysupportedby anumberof state-of-the-artB2B applications.
However, theintegrationof configurationsystemsinto electronicmarketplaceenviron-
mentsis still an openissue,i.e. not supportedby todayssystems.ProblemSolving
Methods(PSMs)[2] supportthedecompositionof reasoningtasksof knowledge-based
systemsinto setsof subtasksandinferenceactionsthat areinterconnectedby knowl-
edgeroles.Thegoalof theIBROW project[20] is thesemiautomaticreuseof available
problemsolving methods,wherea softwarebroker supportsthe knowledgeengineer
in configuringa reasoningsystemby combiningdifferentPSMs.A similarity to the
work of [20] existsin thesensethat theselectionof suppliers(andcorrespondingcon-
figurationsystems)is a basicconfigurationtask,whereconfiguratorsmustbeselected
which are capableof cooperatively solving a distributedconfigurationtask.The ap-
proachis different in the sensethat the major focus is on providing an environment
whichgenerallysupportsasemi-automatedreuseof problemsolvingmethods,whereas
our approachconcentrateson theautomatedintegrationof configurationservicesin an
e-businessenvironment.TheInfomastersystem[15] providesbasicmechanismsfor in-
tegratingheterogeneousinformationsourcesin order to provide a uniqueentry point
for theusersof thesystem.Comparedto our approachthereis no supportfor theinte-
grationof configurableproductsandtheunderlyingconfigurationsystems.Thedesign
of large scaleproductsrequiresthe cooperationof a numberof differentexperts.In
the SHADE (SharedDependency Engineering)project [22] a KIF-basedrepresenta-
tion [21] wasusedfor representingengineeringontologies.This approachdiffersfrom
theapproachpresentedin this paperin thesensethat theprovidedontologyis majorly
employedasa basisfor thecommunicationbetweenthedifferentengagedagents,but
is not usedasa meansfor describingthe capabilitiesof agents.The STEPstandard
[13] takesinto accountall aspectsof a productincludinggeometryandorganisational

8 Seehttp://www.daml.org/servicesfor reference.
9 An overview on existing e-Commerceframeworks for businessto businesscommunication

canbefoundin [25].



data[19]. Theideaof STEPis to provide meansfor definingapplicationspecificcon-
ceptsfor modelingproductsin a particularapplicationdomain.Theseapplicationspe-
cific conceptsarestandardisedinto partsof STEPcalledApplicationProtocolswhich
are definedusing the EXPRESSdatadefinition language(Application Protocolsare
EXPRESSschemas).EXPRESSitself includesa setof modelingconceptsuseful for
representingconfigurableproducts,however thelanguagecannot beusedto definean
enterprisespecificconfigurationmodelwithout leaving theSTEPstandard.Similarities
to ourapproachcanbeseenin theroleof applicationprotocolsin STEPwhicharevery
similar to thedomainontologylevel discussedin this paper.

7 Conclusions

The SemanticWeb [3] is the vision of developingenablingtechnologiesfor the Web
which supportsaccessto its resourcesnot only to humansbut aswell to applications
often denotedasagent-basedsystemsproviding servicessuchas informationbroker-
ing, informationfiltering, intelligent searchor synthesisof services[20]. This paper
describesan applicationscenariofor semanticWeb servicesin the domainof config-
uring telecommunicationservices.It demonstrateshow to apply SemanticWeb tech-
nologiesin orderto supporttheintegrationof configurableproductsandservicesin an
environmentfor distributedproblemsolving.DAML+OIL-basedconfigurationservice
descriptionscanbeusedin orderto matchthemwith givencustomerrequirementsand
thematchmakingtaskto determinethe adequacy of a serviceis defined.DAML+OIL
formalismsare well suitedfor representingthe componentstructureof configurable
products,i.e. part-of associationsand simple associationsbetweencomponenttypes
andcorrespondingbasicconstraints.However, technologiessupportingthe vision of
theSemanticWebarestill underdevelopment.In orderto supportafull scenarioof dis-
tributedconfigurationWeb services,languageslike DAML+OIL have to be extended
with languageelementssupportingtheformulationof serviceadvertisementsaswell as
processdefinitionsfor theinteraction.

References

1. S.Bechhofer, I. Horrocks,C. Goble,andR. Stevens.OilEd: A Reason-ableOntologyEditor
for the SemanticWeb. In Proceedingsof Joint Austrian/GermanConferenceon Artificial
Intelligence(KI), pages396–408,Vienna,Austria,2001.

2. R.BenjaminsandD. Fensel.. Specialissueonproblem-solvingmethodsof theInternational
Journalof Human-ComputerStudies, 49(4),1998.

3. T. Berners-Lee.WeavingtheWeb. HarperBusiness,2000.
4. B. Chandrasekaran,J.Josephson,andR. Benjamins.WhatAre Ontologies,andWhy do we

NeedThem?IEEEIntelligentSystems, 14,1:20–26,1999.
5. A. Felfernig,G. Friedrich,andD. Jannach.UML asdomainspecificlanguagefor thecon-

structionof knowledge-basedconfigurationsystems.InternationalJournal of Software En-
gineeringandKnowledge Engineering(IJSEKE), 10(4):449–469,2000.

6. A. Felfernig,G. Friedrich,D. Jannach,M. Stumptner, andM. Zanker. A Joint Foundation
for Configurationin theSemanticWeb. TechnicalReportKLU-IFI-02-05, 2001.



7. A. Felfernig,G. Friedrich,D. Jannach,andM. Zanker. Web-basedconfigurationof Virtual
PrivateNetworkswith Multiple Suppliers.In Proceedingsof the L7MON InternationalConfer-
enceonArtificial Intelligencein Design(AID), Cambridge,UK, 2002.

8. D. Fensel,Y. Ding, B. Omelayenko, E. Schulten,G. Botquin,M. Brown, andA. Flett. Prod-
uctDataIntegrationin B2B E-Commerce.IEEEIntelligentSystems, 16(4):54–59,2001.

9. D. Fensel,F. vanHarmelen,I. Horrocks,D. McGuinness,andP.F. Patel-Schneider. OIL: An
OntologyInfrastructurefor theSemanticWeb.IEEEIntelligentSystems, 16(2):38–45,2001.

10. A. Gangemi,D. M. Pisanelli,andG. Steve. An Overview of theONIONSProject:Applying
Ontologiesto theIntegrationof MedicalTerminologies.Data andKnowledge Engineering,
31(2):183–220,1999.

11. T. Gruber. A translationapproachto portableontologyspecifications.Knowledge Acquisi-
tion, 5:199–220,1993.

12. J.Hendler. AgentsandtheSemanticWeb. IEEEIntelligentSystems, 16(2):30–37,2001.
13. ISO. ISO Standard10303-1:Industrialautomationsystemsandintegration- Productdata

representationandexchange- Part1: Overview andfundamentalprinciples.1994.
14. U. Junker. Preference-programmingfor Configuration.In Proceedingsof IJCAI, Configura-

tion Workshop, Seattle,2001.
15. A. M. Keller and M. R. Genesereth.MultivendorCatalogs:SmartCatalogsand Virtual

Catalogs.TheJournalof ElectronicCommerce, 9(3),1996.
16. D.L. McGuinness.OntologiesandOnlineCommerce.IEEEIntelligentSystems, 16(2):9–10,

2001.
17. Sh.McIlraith, T.C. Son,andH. Zeng. Mobilizing theSemanticWebwith DAML-Enabled

WebServices.In Proceedingsof theIJCAI 2001WorkshoponE-BusinessandtheIntelligent
Web, pages29–39,Seattle,WA, 2001.

18. S.Mittal andF. Frayman.TowardsaGenericModelof ConfigurationTasks.In ProceedingsP7P MQN InternationalJointConf. onArtificial Intelligence, pages1395–1401,Detroit,MI, 1989.
19. T. Mnnist, A. Martio, and R. Sulonen. Modelling genericproduct structuresin STEP.

Computer-AidedDesign, 30,14:1111–1118,1999.
20. E. Motta,D. Fensel,M. Gaspari,andV.R.Benjamins.Specificationsof KnowledgeCompo-

nentsfor Reuse.In Proceedingsof
P7P MQN InternationalConferenceon Software Engineering

andKnowledge Engineering, pages36–43,Kaiserslautern,Germany, 1999.
21. R. Neches,R. Fikes,T. Finin, T. Gruber, R. Patil, T. Senator, andW. Swartout. Enabling

technologyfor knowledgesharing.AI Magazine, 12,3:36–56,1991.
22. G.R. Olsen,M. Cutkosky, J.M. Tenenbaum,andT.R. Gruber. Collaborative Engineering

basedon KnowledgeSharingAgreements.In Proceedingsof theACME DatabaseSympo-
sium, pages11–14,Minneapolis,MN, USA, 1994.

23. B.J. PineII, B. Victor, and A.C. Boynton. Making MassCustomizationWork. Harvard
BusinessReview, Sep./Oct.1993:109–119,1993.

24. J.Rumbaugh,I. Jacobson,andG. Booch. TheUnifiedModelingLanguage ReferenceMan-
ual. Addison-Wesley, 1998.

25. S.S.Y. Shim,V.S.Pendyala,M. Sundaram,andJ.Z.Gao. E-CommerceFrameworks. IEEE
Computer, Oct.2000:40–47,2000.

26. T. Soininen,J.Tiihonen,T. Mnnist,andR. Sulonen.TowardsaGeneralOntologyof Config-
uration.AI EngineeringDesignAnalysisandManufacturingJournal,SpecialIssue:Config-
uration Design, 12(4):357–372,1998.

27. K. Sycara,M. Klusch, andS. Widoff. DynamicServiceMatchmakingamongAgentsin
OpenInformationEnvironments.ACM SIGMODRecord, SpecialIssueon SemanticInter-
operability in Global InformationSystems, 1999.


