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Abstract. This paperdescribesour efforts to provide a collaborative problem
solving architecturedriven by semantic-basedwork�o w orchestrationandcon-
straintproblemsolving.Thesetechnologiesarebasedon a sharedontologythat
allows two opensystemsof very differentnaturesto communicate,performspe-
cialisedtasksandachieve commongoals.We give an accountof our approach
andthesemanticbasisof thework�o w andconstraintlanguages.We arguethat
having opensystemsbuilt onSemanticWebstandardsis aneffective way to pro-
vide inter-operableWebservices.However, muchcaremustbeexercisedbefore
correctsemanticsmaybeexchangedandcollaborationsoccursmoothly.

Keywords: Virtual Organisation,ConstraintSatisfaction,BusinessProcessMod-
elling, BusinessModelling, IDEF3, Ontology, NIST PSL, SemanticWeb, Semantic
Grid.

1 Intr oduction

Modern organisationsare virtual entitiescomposedof heterogeneousresourcesthat
spanacrossgeographicalspace.Peopleworking in organisationsmaybelocatedin dif-
ferentplacesbut needto work collaboratively to achievecommonorganisationalgoals.
The tasksthey mustaccomplishareoften non-trivial, requiringspecialisedexpertise
and resourcesthat are distributed acrossthe organisation.The ability to collaborate
andutilise thisdistributedknowledgeandresourcesto achieveacommongoalrequires
smoothandeffectiveco-ordination.

Work�o w andBusinessProcessModellingarewell-recognisedtechniquesfor pro-
motingandachieving effectivenessandef�ciency in theco-ordinationof distributedor-
ganisationaloperations[16]. Work�o w technologyoriginatedfrom data(control) �o w
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diagrams.Thesetechnologiesarealsowidely deployedandre�ned in the�elds of elec-
trical andmanufacturingengineeringwhereformal processesarecommonlyavailable.
It wasonly recentlyrecognisedthat informal businessprocessesdo sharemany com-
moncharacteristicsandthey toomaybeformalisedanddescribedusingsimilarprocess
technologies[17]. This recognitionandadvancementin this areaexplainsthepopular-
ity of businessprocessre-engineeringandchangemanagement[24,21]. Until recent
years,mostwork�o w systemslacked an explicit representationof an underlyingpro-
cessmodel(�rst-generationwork�o w systems).Newer work�o w systemsuseprocess
modelbaseddesignandmanipulationandarethesecondgenerationof work�o w sys-
tems[8]. We argue that a third generationwork�o w systemmay be one that under-
standsandmanipulatessemanticsrich processesandinformationandcanoperatein a
distributedagentbasedsystemarchitecture.

On the otherhand,while coordinationis importantwithin an organisation,it rep-
resentsonly onesideof collaborative problem-solving.As sub-tasksareprogressively
createdandorganised,we still needspecialisedproblemsolversthat �nd solutionsto
problems.To achieveameaningfultask,onealsohasto exchangetask-speci�csemantic
knowledgebetweena work�o w systemandproblemsolvers.This requirementof se-
manticknowledgeexchangebetweenknowledge-utilisingcomponentsbecomesmore
importantastasksgetsemanticallyricherandinteractionsbecomemoresophisticated.

Agent basedwork�o w systemsthat understandprocessmodelsat different levels
of abstractionsimplify managingrun-timeexecutionaswell asmonitoringprogress.
On the other hand,semantic-basedwork�o w covers internal as well as external or-
ganisationaloperations,enablingthemto be groundedon the explicit semanticsthat
typeddata�ow provides.Theemergenceof SemanticWeb(SW) technologiesprovides
a �e xible infrastructurefor theexchangeof semanticknowledgethatenablessystems
to communicate,recon�gureandcollaborateamongthemselves[25]. By providing a
semantic-web-compliantgateway, asystemcanbeofferedasawebservice,thusallow-
ing it to openlycommunicatewith any otherwebservicesprovidersandclients.

In this “TechnologyIntegrationExperiment” (TIE) supportedby AKT [1], weshow
how agent-basedwork�o w managementandconstraintreasoningsystemscanbecon-
nectedusing SemanticWeb technologiesto achieve collaborative tasks.While this
paperfocuseson the collaborationbetweenthe two systems,we brie�y describeour
semantic-basedwork�o w languagethathasbemappedto anddeployedthroughagent-
basedsystems.It involvestwo complimentaryaspectsof semantics,thedataandprocess
layers.Theseconnectto thedataandprocesslayersin FDM, a FunctionalDataModel
usedin KRAFT (section4.2)andin databaseinteroperation.FDM datatypesaremod-
elledasentitytypeswith subclassesandobjectinstances,while constraintknowledgeis
modelledin �rst-order logic.Thismathematicalsimilarity to theFBPML work�o w lan-
guage(section3.1)greatlyeasescommunicationof semantics.It underliesour �rst step
towardsasemantic-basednetwork for non-trivial collaborationbetweenwebservices.

2 A Moti vating Scenario

Considera computercompany that builds andsellsPCsto customers,with eachde-
partmentin thecompany possessingspeci�c andlocalexpertise.Thesalesdepartment,
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whichhandlesuserorders,mayhaveknowledgeof budgetandcostcontrol.Thetechni-
cal department, on theotherhand,is responsiblefor building theorderedPCsandhas
theexpertiseof puttinghardwarecomponentsinto a workablesystem.Figure1 shows
a conceptualview of thetwo departmentsconnectedthroughawork�o w system.

While a work�o w systemcoordinatesthe information �o w inside the company,
thereis a distinctive �o w of “user requirements”and“PC con�guration” in the form
of semanticknowledgebetweenthetwodepartments.Forexample,thesalesdepartment
maypassanorderto thetechnicaldepartmentwith theuserrequirementsasconstraints,
andthetechnicaldepartmentusesits expertiseonhardwareto con�gureausablePCthat
meetstheuser's need.Thecompletescenariorequiresthecollaborationof a work�o w
systemanda constraintsolversothatbothcostandtechnicalconstraintsaresatis�ed.
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Fig.1. Anopensystemsarchitecture allowsparticipantsto bene�t oneanothervia collaboration

This systemsarchitectureallows participantsto bene�t oneanotherwhile allowing
their full potentialto be exploited via collaboration.This systemarchitectureis also
an openone.In this example,two work�o w systemscoordinateinformation�o w be-
tweenthesalesandtechnicaldepartmentswhile thetechnicaldepartmentconnectsto a
problemsolver1. However, moreagentsmaybeaddedto this architecturewhenappro-
priate.In general,thereis nolimit to thenumberof systemsbeingconnected.Onebasic
problemto resolve,however, is theexchangeof semanticknowledgebetweensystems
of potentiallyvery differentnatures.To provide a betterunderstandingfor the taskat
hand,Section3 describestheenablingtechnologies.

3 Background Technologies

3.1 Formal BusinessProcessModelling Language(FBPML)

FBPML [6] adaptsandmergestwo recognisedprocessmodellinglanguages:NIST PSL
(theProcessSpeci�cationLanguage)[22] andIDEF3[18]. NIST PSLprovidesformal
semanticsfor commonlysharedprocessmodellingconceptsaswell astheories,such

1 Otherdepartmentsareomittedfrom the�gure for simplicity.
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assituationcalculus,thatsupporttheuseof suchconcepts.As it wasdesignedto bean
interchangelanguagebetweendifferentprocesslanguages,it coversthecoreconcepts
requiredfor processmodels,but doesnot provide visual notationsor modeldevelop-
mentmethods.

IDEF3 originatedfrom concurrentengineeringdisciplinesandis oneof therichest
methodsavailablefor processmodelling.It providesvisual notations,rich modelling
methodandguidelines.Nevertheless,its semanticsis informalandits modelstherefore
areopento interpretation.Combiningthe two differentmethodsretainsIDEF3's rich
visualandmodellingmethodsandprovidestheformal semanticsandtheoriesof PSL,
sothatreasoningmechanismsandformal analysescanbeperformedon thosemodels.
In addition,preciseprocessexecutionlogic hasbeendevisedsuchthata virtual work-
�o w machinesmaybecreatedandprocessenactedat run-time,whichwasnotpossible
beforefor IDEF3. A FBPML descriptionmakesuseof a datalanguage,theFBPML-
DL, that providesdescriptionsfor dataconstructsandbecomesan integral part of a
FBPML (process)description.This datalanguagemaybeusedon its own to describe
a domain[5] andhasbeenmappedto theKRAFT representation(SeeSection3.3 ) to
describethePCcon�gurationdatamodel.

FBPML Data Language(FBPML-DL) The FBPML DataLanguage(FBPML-DL)
hasa strongbasisin logic [4]. It is basedon �rst-order predicatelogic andsettheory.
Its syntaxis in Prologsocanbeeasilymanipulatedby software.FBPML-DL hasfour
parts:

1. FoundationalModel provides concepts,predicatesand functionsof background
theoriesthatareusedin the language.Theprimitive predicatesprovidedhereare
usedto de�ne otherpredicatesin theotherpartsof FBPML.

2. CoreDataLanguageintroducescorepredicatesandfunctionsfor conceptsthatare
commonto many applications.Their semanticsarede�ned usingconstructsfrom
theFoundationalModel.

3. ExtensionDataLanguageincludespredicatesandfunctionsthat areadditionalto
theCoreDataLanguageandareoftenapplicationanddomain-dependent.

4. Meta-predicatesmayde�ne axiomsof anapplicationmodel.

Predicatesmay be usedto describeinstancesof classessuchas processors,disk
controllers,slots;subclassrelationsandotherrelationssuchasallocate,andattributes
suchascapability, lengthandpower. Given this, a FBPML processor constraintthus
mayinstantiateits attributesusingFBPML-DL constructs.Figure2 givesa staticcon-
straintdescriptionin FBPML with two arguments:preconditionof the constraintand
theconstraintcontent.This constraintrestrictsthetotal costandtheallowedallocation
of differentboardsin the slots.This includesinstancesof the coredatalanguageof
FBPML-DL aspartof predicatesthatarede�ned in theFBPML processmodel.

3.2 I-X technology

I-X [23] is arich systemsintegrationarchitecture.It storesprocessmodelsandsupports
dynamicinstantiationandviewingof processes.Differentcommunicationstrategiescan
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static_constraint(
[ instance_of(processor_x, processor),

instance_of(disk_controller_x,
disk_controller),

instance_of(io_x, io) ],
[ allocate(processor_x, slot1),

allocate(disk_controller_x, slot2),
allocate(io_x, slot3),
instance_of(slot1, slot),
instance_of(slot2, slot),
instance_of(slot3, slot),
total_cost(_M)] )

Fig.2. ExampleFBPMLConstraint

be installedthatenablecommunicationbetweenmultiple I-X agentsaswell asnon-I-
X (web servicescompliant)agents.Somecommunicationmethodsaremodi�able at
run time.Variouswork hasbeenproposedandcarriedout in differentapplicationareas
which will seekto creategenericapproaches(I-Tools) for thevarioustypesof taskin
whichusersmayengage.Examplecomponentsare:

– I-DE - A Multi-PerspectiveDomainEditorproviding amodellingenvironmentthat
allows theuserto usedifferentmethodologiesandtoolsvia plug-ins.

– I-P
�

- I-X ProcessPanelsto supportdynamicprocesschangeandmanagementof
activity enactment.

– I-Plan- An IntelligentPlanningSystem,whichwill beusedasa work�o w process
planningaid in theoverallapproach.

As the I-P
�

componentsupportshierarchicalprocessdecomposition,it is suitable
for ourexperimentandhasbeenusedto providethedynamicinstantiationandmanage-
mentof processinstancesaswell asstoragefor processmodels.It hasalsobeenused
asa communicationmediumbetweenI-X anda constraintsolver, theKRAFT system.
As I-X is basedupona conceptualframework of 
 I-N-C-A� that comprisesissues,
nodes/activities, processes,constraintsandannotations,conceptualmappingbetween
FBPML, 
 I-N-C-A � andKRAFT thereforehasbeencarriedoutandwill bediscussed
in Section4.1.

3.3 KRAFT and Constraint Solving

KRAFT (KnowledgeReuseAnd Fusion/Transformation)is a distributed information
systemthat emphasizesthe useof mobile constraintknowledgeto dynamicallycom-
poseprobleminstancesandtailor themto suit problemsolvers [15,19]. It usescon-
straintsasauniformformalismto representdomain-speci�cknowledge,partiallysolved
solutionsandintermediateresults.

The KRAFT architecturecontains“wrappers”that mapconstraintsanddatafrom
heterogeneousresourcesontoa commonsharedontology, namedintegration schema.
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WhenexpressedagainstaKRAFT domain-wideintegrationschema, thesemobilecon-
straintsbecomeself-containedabstractknowledgeobjectswhich can move within a
KRAFT-awareagentnetwork.

os
name(os) -> string
size(os) -> integer

hard_disk
model(hard_disk) -> string
size(hard_disk) -> integer

model(pc) -> string
cpu(pc) -> string
memory(pc) -> integer
has_os(pc) -> os
has_disk(pc) ->> hard_disk

pc

Fig.3.Thisschemashowsthreeentityclasses.Thesinglearrowindicateseach pc mayhaveonly
oneos installed.A doublearrow indicatesa pc mayhavemultiplehard-disk .

Figure3 shows an exampleschemaof a PCcon�guration domain,in which com-
ponentsare put togetherto form a workablePC. In KRAFT, domainknowledgeis
capturedasdatabaseintegrity constraintsexpressedagainsttheintegration schemaus-
ing theCoLanconstraintlanguage[2]. CoLanconstraintshave evolvedfrom database
staterestrictorsin theP/FDMdatabasesystem2 into mobileproblemspeci�cations[10].
Figure4 shows exampleCoLanconstraints,with thesecondonebeinga “small print
constraint”. “Smallprint constraints” capturesthesemanticsof instructionsattachedto
classdescriptorfor dataobjectsin a productcataloguedatabase.Whena dataobjectis
retrieved, theseattachedinstructionsmustalsobe extractedto ensurethat the datais
properlyused.Thustheattachedconstraintbecomesmobileknowledgewhich is trans-
ported,transformedandprocessedin a distributedenvironment.This approachdiffers
from a conventionaldistributeddatabasesystemwhereonly databasequeriesanddata
objectsareexchanged.

constrain each p in pc
to have size(has_os(p))

=< size(has_disk(p))

constrain each p in pc
such that name(has_os(p))="WinXP"
to have memory(p)>=128

Fig.4. The�r st constraint capturestherequirementthat “ thesizeof theharddisk mustbelarge
enoughto storetheOS”. Thesecondoneis an exampleof “ smallprint” constraint that condi-
tionally appliesonlywhentheinstalledOSis “WinXP”. Semantically, thisconstraint attachesto
theWinXPOS.

Knowledgeprocessingcomponentsin KRAFT arerealisedassoftwareagentsthat
expressa subsetof KQML [9]. The underlyinglanguage,Colan,hasevolved into an

2 http://www.csd.abdn.ac.uk/� pfdm/
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RDF-basedConstraintInterchangeFormat(CIF) [11,12].At theheartof thesystemis a
constraint fusingmediatorthatcombinesconstraintfragmentsfrom distributedsources
(Figure5). Thecomposedconstraint satisfactionproblem(CSP)instanceis thenanal-
ysedandcompiledinto a combinationof distributeddatabasequeriesanda constraint
logic programming(CLP)program.This approachenablesthesystemto copewith the
dynamicnatureof bothdataandconstraintknowledgein thedistributedenvironment.
A detailedexplanationof theconstraintproblemformulationandcompilationinto CLP
codecanbefoundin [14].

database

databasesolution
database

constraint
fusing

mediator

user
agent

data objects
with

constraints

problem
specification

problem
solving

knowledge

constraint
satisfaction

problemsolutions

solutions

constraint
solver

Fig.5. Constraint fragmentsfromdifferentsourcesare fusedby theconstraint fusingmediator.

4 ConnectingI-X and KRAFT

4.1 Mapping KnowledgebetweenFBPML/I-X and KRAFT

Fig.6. Conceptualarchitecture of collaboration betweentwo (sub)organisationsin thePC con-
�gur ation domain
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Figure6 givesanoverview for a conceptualarchitecturethatenablescollaborative
problemsolvingusingsemantic-basedwork�o w techniques.A horizontalline hasbeen
drawn to distinguishour work on theactualrealisationof work�o w andtheunderlying
conceptualmapping.As describedpreviously, threetechnologiesareinvolved,FBPML,
I-X andKRAFT, eachunderpinnedby their own methodontologies.In this particular
case,I-X processpanelsareusedto serve two functions:to provide a process-aware
interfacefor usersupportand to provide a communicationmechanismbetweentwo
I-X agentsand betweenan I-X agentand the KRAFT system(Figure 1). As I-X is
basedupontheconceptualframework of 
 I-N-C-A � thatprovidesa human-machine
interactioninterfacefor FBPML,FBPML is �rstly mappedto 
 I-N-C-A � , asindicated
in INCA-FBPMLontology in Figure6. This enablesFBPML businessprocessmodels
(BPM) to betranslatedandmanagedthroughI-X processpanels.

On the other hand,the constraint ontology that underpinsthe KRAFT systemis
mappedwith theINCA-FBPML ontologythatallowscommunicationbetweenFBPML/IX
andKRAFTconstraint solver. The processof conceptualmappingalsoindicatespat-
ternsneededfor correspondencethatform thebodiesof communication.Thecommu-
nicationprocesses(ComP) area recognisedtypeof processandareclearlylabelledin
anFBPML processmodel.

Domainknowledgein the PC con�guration is divided andstoredin differentde-
partmentsof theorganisationby their functionalities.This domainknowledgeis based
uponindividual ontologies:thesalesandcostingontologyandthe technicalontology.
As thetwo departmentsoverlapin theiroperations,theirontologiesarepartiallyshared.
This sharedknowledgeassiststhecollaborationbetweendepartmentsof verydifferent
natures.This mimics real-life situationswherespecialisedexpertisecentresareoften
geographicallydisperseyet collaborationis requiredbetweenthem.The mappingof
the underlyingontologiesprovidesa rich andsoundfoundationtowardsexchangeof
preciseexecutionsemanticsaswell asensuringsmoothcooperation.

4.2 A RDF-basedCollaboration

To exchangesemanticsbetweenI-X andKRAFT, several typesof knowledgehave to
betransported:

– Two partially overlappingdomainmodelsdescribingthe semanticsandrelation-
shipsof objectsin theapplicationdomain,

– I-X issuesbeingpassedfrom the work�o w system,representingproblemsto be
solved,

– Constraintsrepresentingrequirementsto besatis�edfor a speci�c task,
– Problemsolvingresultsgiving speci�edrequirements.

Thesemanticsof a constraintis expressedagainsta datamodelin FBPML andthe
correspondingtranslationin a functionaldatamodelof the KRAFT system.An I-X
issueprovidesaconstructto includeaproblemdescriptionthatis passedto theKRAFT
CSPsolver for solutionsin which requirementsareexpressedin termsof constraints.
After the executionof the KRAFT constraintsolver, solutionsarepassedbackto the
I-X system3, otherwise“f ail” is returnedif nosolutionis found.

3 I.e. via thetechnicalto thesalesdepartment.
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Domain Models In the original KRAFT system,we modela domainby a database
schemabasedon a functionaldatamodel,which effectively servesasanontologythat
capturesknowledgeof classes,attributesandsubclassrelationshipsin thedomain.The
functionaldatamodelis an extendedER model,part of which is mappedinto a RDF
Schema(RDFS)speci�cation[3]. An interpreterreadsmeta-datafrom thedatabaseand
generatesacorrespondingRDFSdescription,makingmeta-knowledgeweb-accessible.
TheRDFSfragmentin Figure7 refersto theP/FDM databaseschemain Figure3.

<rdfs:Class rdf:ID="pc">
<rdfs:subClassOf rdf:resource=

"http://www.w3.org/2000/01/rdf-schema#Res ource" />
</rdfs:Class>

<rdfs:Class rdf:ID="os">
<rdfs:subClassOf rdf:resource=

"http://www.w3.org/2000/01/rdf-schema#Res ource" />
</rdfs:Class>

<rdf:Property rdf:ID="has_os">
<rdfs:domain rdf:resource="#pc"/>
<rdfs:range rdf:resource="#os"/>

</rdf:Property>

Fig.7. RDFSdescriptionof a P/FDM databaseschema

Mappinga P/FDM schemainto RDFS hasthe advantageof making the domain
modelavailableto RDFS-readysoftware.As wewill seein thenext section,thedomain
modelexpressedin RDFSplaysanimportantrole in specifyingthesemanticsof objects
in thedomain.A detaileddiscussioncanbefoundin [11].

Constraints In practice,human-readableCoLanconstraintssuchasthosein Figure4
arecompiledintoanintermediateformat,Constraint InterchangeFormat(CIF).CIFex-
pressionsaresyntacticallyPrologterms,whichareeasiertoprocessbysoftwarecompo-
nents.To makeCIF portable,weencodeCIF constraintsinto RDFby de�ning aschema
in RDFSfor theCIF language,servingasa meta-schema[11]. Onesatisfyingfeature
of this constraintinterchangeformat in RDF is that the(name)tagsusedmake a clean
separationbetweeninformationaboutlogical formulaewith theusualconnectives,and
informationaboutExpressionsdenotingobjectsin thedatamodel.Effectively CIF pre-
servesa layerof rich semanticinformationwhile providing theprocessingconvenience
of RDF.

Expressionsin the CIF languagestoremeta-knowledgeaboutentities,their sub-
types,attributesandrelationshipswhoseinstancesareexpressedin RDF. This enables
a rich datamodelthat is independentof the underlyingmanipulationmechanismthat
is suitablefor differentparadigmssuchasrelational,�at �les andobject-orientedstor-
age.This is advantageousfor interoperabilityacrossdifferentplatformsandsystems,as
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well asintegrationof datafrom differentsourcesover theWeb[11,20]. Thefull RDF
Schemaandexampleconstraintsareavailableat:http://www.csd.abdn.ac.uk/
 schalmer/schema/.

4.3 Communication Ar chitecture

Sales
Department

Technical
Department

KRAFT domain

agents,
solver,

etc.

I-X domain

adaptor
FDM/CIF/XML->
FDM/CIF/Prolog

mapper

FDM/CIF/Prolog->
FDM/CIF/XML

mapper

adaptor

INCA/FBPML/Prolog->
FDM/CIF/Prolog

mapper

FDM/CIF/Prolog->
FDM/CIF/XML

mapper

INCA/FBPML/Prolog->
FDM/CIF/Prolog

mapper

FDM/CIF/Prolog->
FDM/CIF/XML

mapper

issues, constraints & results
in FDM/CIF/XML

Fig.8. I-X andKRAFTareconnectedbytwobi-directionalAKT-Bus-compliantadaptors.Knowl-
edge transportedbetweenthetwosystemsis translatedasit goesthroughtheadaptors.

While Figure 6 illustratesa conceptualoverview of the integratedsystem,Fig-
ure 8 shows the systemarchitecturein which I-X andKRAFT areconnectedby two
AKT-Bus-compliantcommunicationgateways.4 Thesimplestform of interactiontakes
a client-servermodelwhereI-X sendsan“ issue” (thatcontainsa problemdescription)
to KRAFT to resolve andKRAFT sendsback the answer. Sucha simple interaction
assumesthatall requiredknowledgeis readilyavailableandthe“ issue” canberesolved
in oneinteraction.

Thesamearchitecture,however, cansupportsophisticatedargumentativecommuni-
cationlanguagesin which thetwo systemsarefreeto exchangemessagesof constraint
speci�cations,partially solvedproblemsandsolutionsto achievea morecomplex task.
Under this arrangement,the two peersystemscanbe viewed assoftwareagentsthat
proposeconstraints,counter-proposeconstraintsandpartially solve a CSP, thusmodi-
fying the initial problemspeci�cation.This is especiallyuseful if two departmentsin
a virtual organisationdisagreeand/orwish to negotiatenew possibilities.This is an
exampleof thepowerof AgentMediatedKnowledgeManagement[12].

4 AKT-Busis aHTTPandRDF-basedcommunicationprotocoldevelopedin theAKT projectto
supporttheintegrationof heterogeneoussystems.
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The inability to fully exchangeknowledgein a virtual organisationis a common
phenomena.Onepossibility is that differentdepartmentsdo not sharea commonbut
only usea partially overlappingontology. As a resultthey canonly exchangesemantic
knowledgethat is commonlyunderstood.For instance,the Technical Departmenthas
thetechnicaldetailsof hardwarecomponents,but maynot(norcareto) haveknowledge
of costingandsales.The SalesDepartment, on the contrary, may have somegeneral
knowledgeaboutPCcomponents,but is really only specialisedin costcalculationand
market prices.One commoncauseof only partially sharinginformation may be the
unwillingnessto discloselocalknowledge.A departmentmaywishto keepits informa-
tion privatefor commercialcon�dentiality reasons,e.g.calculationmethodsfor product
marketpricebasedoncost,or protectionfor advancedandcompetitivetechnologies.

Our systemcopeswith this by passingobject IDs andconstraintsreferringto en-
tity typesdeclaredin the sharedpart of the ontology, but it encapsulatesin different
domains(seeFigure8) theprocessesthat reasonaboutthemor accessspeci�c object
properties.Thuswe only passbetweendomainsalongthe AKT-Bus informationthat
the otherend”needsto know”. The mappingof entity typesandconstraintsbetween
thedifferentrepresentationalspaces(I-X/FBPML andKRAFT/CIF) takesplacein the
mappersshown in Figure8.

4.4 Implementing the Work�o w

In this experiment,two I-X ProcessPanelshave beenused.This enableswork items
to bedescribedandtransferredbetweenorganisationsandassiststhecollaborationbe-
tweenthem.Thesalesandtechnicalunitsareeachrepresentedby the'Edinburgh' and
'Aberdeen'panelsindicatingtheir site locations.Oneof the tasksthatneedsto bere-
solvedon theEdinburghsiterequirestechnicalabilitiesin PCcon�guration.Thesales
unit of Edinburgh naturallypassesthis task to its technicalcounter-part in Aberdeen
for support.As this problemmay be resolved usingConstraintSatisfactionProblem
(CSP)solving techniques,the Aberdeensite makesusesof its local CSPsolver, the
KRAFT system,providing the necessarydetailsaboutthe problem.After execution,
theKRAFT systemreturnsthesolution(or acknowledgeof failure)to theAberdeenI-
X panel,which returnsthesolutionto theEdinburghsite.If a satisfactorysolutionwas
not found,thesalesdepartmentmaydecideto �nd alternativeanswersthroughnew en-
quiries.Figure9 givesa screenshotof thetwo I-X ProcessPanels,where[13] storesa
live recordingof asystemrun.

5 Conclusionsand Future Dir ections

“The SemanticWebis therepresentationof dataon theWorld WideWeb. It is basedon
theResourceDescriptionFramework(RDF),which integratesa varietyof applications
using XML for syntaxand URIs for naming.” – W3C SemanticWeb working group
[25].

TheSemanticWebis an extensionof thecurrentwebin which informationis given
well-de�nedmeaning, betterenablingcomputersandpeopleto work in cooperation.–
Tim Berners-Lee[25].
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Fig.9. Collaboration throughI-X ProcessPanels

Onevision of theSemanticWeb is to enablemachineprocessingon webinforma-
tion resources,andtherebyautomateexecutionof users'tasksontheweb. TheSemantic
Webitself, however, doesnotcreateor inventany semanticsbut providestheinfrastruc-
tureandmechanismsfor therepresentation,communicationandutilisationof semantic
knowledge.Thesemanticknowledgedoesnotcomefrom theSemanticWebbut comes
from the applicationsthat arebuilt uponthe SemanticWeb. While mucheffort is fo-
cusedon SemanticWeb languagesresearch,we believe that applicationson the web
alsoplaya crucialrole in pushingtheoveralldevelopment.

This “AKTTechnologyIntegrationExperiment” (TIE) demonstratesacollaboration
betweentwo systemsof very differentnatures:the I-X andKRAFT systems.Eachis
basedonwork�o w andconstraintsolvingtechnologiesthatarecomplimentaryin terms
of collaborativeproblemsolvingandtaskaccomplishment.By mappingdomainknowl-
edgewith SemanticWeb compliantlanguages,suchasRDF/RDFS,thesespecialised
systemscanbeofferedaswebservices.In encodingthesemanticknowledge,we have
thusdeployedaRDF-basedapproachin representingthedomainknowledgein KRAFT
aswell asits communicationlanguage,CIF.

Our work hasbeensuccessfulin the de�ned task,but much mappingeffort was
neededin theearlierstagesof theprojectasnot all modellingconceptscanbemapped
andfully translated,sopracticalsolutionsmustbefound.Thisechoesknowledgeshar-
ing andinteroperabilityproblemsbetweenany two or morepotentiallyvery different
but partially overlappingsystemsthatarewell-known in theknowledgesystemscom-
munity [7]. We thereforearguethat thedreamof theSemanticWeb vision is real,but
therearestill issuesthat requiremucheffort beforeits maturity. They arein particular
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relatedwith semanticsandoperation/reasoningthatareusedby a systembut maynot
befully understood,or understoodfrom adifferentperspective,by anothersystem.The
ultimategoalof theSemanticWebis to providewaysof connectingarbitraryopensys-
temsto achieve non-trivial tasksusingsemanticallyrich knowledge.The I-X-KRAFT
“TIE” is only a smallsteptowardsthisgoal.
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