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Abstract. This paperdescribesour efforts to provide a collaboratve problem
solving architecturedriven by semantic-basediork ow orchestratiorand con-

straintproblemsolving. Thesetechnologiesarebasedon a sharedontologythat

allows two opensystemsf very differentnatureso communicateperformspe-
cialisedtasksand achieve commongoals.We give an accountof our approach
andthe semanticdbasisof the work o w and constrainianguagesWe arguethat

having opensystemsuilt on SemantidNVebstandardss an effective way to pro-

vide inter-operabléWeb servicesHowever, muchcaremustbe exercisedbefore
correctsemanticsnay be exchangedandcollaborationccursmoothly
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1 Intr oduction

Modern organisationsare virtual entitiescomposedf heterogeneousesourceghat
spanacrosgyeographicaspacePeopleworking in organisationsnaybelocatedin dif-
ferentplacesbut needto work collaboratvely to achieze commonorganisationaoals.
The tasksthey mustaccomplishare often non-trivial, requiring specialisedexpertise
and resourceghat are distributed acrossthe organisation.The ability to collaborate
andutilise this distributedknowledgeandresources$o achieze acommongoalrequires
smoothandeffective co-ordination.

Work o w andBusinessProcesdviodelling arewell-recognisedechniquedor pro-
motingandachieving effectivenessandef ciency in the co-ordinatiorof distributedor-
ganisationabperationg16]. Work o w technologyoriginatedfrom data(control) o w
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diagramsTheseechnologiesrealsowidely deplojedandre ned in the elds of elec-
trical andmanugcturingengineeringvhereformal processearecommonlyavailable.
It wasonly recentlyrecognisedhatinformal businesgrocesseslo sharemary com-
moncharacteristicandthey too maybeformalisedanddescribedisingsimilar process
technologie§17]. Thisrecognitionandadvancemenin this areaexplainsthe popular
ity of businesgprocessre-engineeringand changemanagemenf24,21]. Until recent
years,mostwork o w systemdacked an explicit representatioof an underlyingpro-
cessmodel( rst-generationwork o w systems)Newer work o w systemaiseprocess
modelbaseddesignandmanipulationand arethe secondyeneratiorof work o w sys-
tems[8]. We argue that a third generationwork o w systemmay be one that under
standsandmanipulatesemanticgich processeandinformationandcanoperatein a
distributedagentbasedsystemarchitecture.

On the otherhand,while coordinationis importantwithin an organisationjt rep-
resentonly onesideof collaboratie problem-solving As sub-tasksareprogressiely
createdandorganisedye still needspecialisecroblemsolversthat nd solutionsto
problemsTo achieveameaningfukask,onealsohasto exchangdask-speci csemantic
knowledgebetweena work o w systemand problemsolvers. This requiremenbf se-
manticknowledgeexchangebetweerknowledge-utilisingcomponentdecomesnore
importantastasksgetsemanticallyricherandinteractionsbecomemoresophisticated.

Agentbasedwork o w systemshat understangrocessmodelsat differentlevels
of abstractionsimplify managingrun-time executionaswell as monitoring progress.
On the other hand,semantic-basedork o w coversinternal as well as external or-
ganisationabperationsgnablingthemto be groundedon the explicit semanticghat
typeddata ow provides.Theemegenceof SemantidNVeb (SW) technologiegprovides
a e xible infrastructurefor the exchangeof semantidknowledgethat enablesystems
to communicaterecon gure and collaborateamongthemseles[25]. By providing a
semantic-web-compliamgfatevay, a systemcanbeofferedasawebservice thusallow-
ing it to openlycommunicatevith ary otherwebservicegprovidersandclients.

In this“ Technology Integration Experimerit (TIE) supportedy AKT [1], we shav
how agent-basedork o w managemendndconstraintreasoningsystemscanbe con-
nectedusing SemanticWeb technologiesto achieve collaboratie tasks.While this
paperfocuseson the collaborationbetweenthe two systemswe brie y describeour
semantic-basedork o w languagehathasbe mappedo anddeployedthroughagent-
basedsystemsilt involvestwo complimentanaspect®f semanticsthedataandprocess
layers.Theseconnecto the dataandprocesdayersin FDM, a FunctionalDataModel
usedin KRAFT (sectiond.2) andin databasénteroperationFDM datatypesaremod-
elledasentity typeswith subclasseandobjectinstancesywhile constrainknowledgeis
modelledin rst-order logic. Thismathematicasimilarity to the FBPML work o w lan-
guage(section3.1) greatlyeasesommunicatiorof semanticslt underliesour rst step
towardsa semantic-basedetwork for non-trivial collaboratiorbetweenvebservices.

2 A Motivating Scenario

Considera computercompaty that builds and sells PCsto customerswith eachde-
partmentn thecompaly possessingpeci ¢ andlocal expertise . Thesalesdepartment



which handlesuserorders mayhave knowledgeof budgetandcostcontrol. Thetecdni-
cal departmenton the otherhand,is responsibldor building the orderedPCsandhas
the expertiseof putting hardwarecomponenténto a workablesystem Figurel shows
aconceptualiew of thetwo departmentsonnectedhroughawork o w system.
While a work ow systemcoordinateghe information o w inside the compayy,
thereis a distinctive o w of “user requirements”and“PC con guration” in theform
of semantiknowledgebetweerthetwo departmentszor example thesalesdepartment
maypassanorderto thetechnicaldepartmentvith theuserrequirementasconstraints,
andthetechnicaldepartmentisests expertiseonhardwareto con gure ausablePCthat
meetsthe users need.The completescenariaequiresthe collaborationof awork o w
systemanda constrainsolver sothatboth costandtechnicalconstraintsaresatis ed.
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Fig. 1. Anopensystemsirchitectuie allows participantsto bene t oneanothervia collaboration

This systemsarchitectureallows participantdo bene t oneanothemwnhile allowing
their full potentialto be exploited via collaboration.This systemarchitectures also
anopenone.In this example,two work o w systemscoordinateinformation o w be-
tweenthesalesandtechnical departmentsvhile thetedhnical departmentonnectgo a
problemsolvert. However, moreagentamay be addedo this architecturavhenappro-
priate.In generalthereis nolimit to the numberof system$eingconnectedOnebasic
problemto resohe, however, is the exchangeof semantidknowledgebetweensystems
of potentially very differentnatures.To provide a betterunderstandindor the taskat
hand,Section3 describesheenablingtechnologies.

3 Background Technologies

3.1 Formal BusinessProcesdModelling Language(FBPML)

FBPML [6] adaptsandmergestwo recognisegrocessnodellinglanguagesNIST PSL
(theProcesspeci cationLanguage)[22] andIDEF3[18]. NIST PSL providesformal
semanticfor commonlysharedprocesamodellingconceptsaaswell astheories,such

! Otherdepartmentsreomittedfrom the gure for simplicity.



assituationcalculus thatsupportthe useof suchconceptsAs it wasdesignedo bean
interchangdanguagebetweendifferentprocesdanguagesit coversthe coreconcepts
requiredfor processmodels,but doesnot provide visual notationsor modeldevelop-
mentmethods.

IDEF3 originatedfrom concurrenengineeringlisciplinesandis oneof therichest
methodsavailable for processmodelling. It providesvisual notations rich modelling
methodandguidelinesNeverthelessits semanticss informal andits modelstherefore
areopento interpretation Combiningthe two differentmethodsretainsIDEF3's rich
visualandmodellingmethodsandprovidesthe formal semanticandtheoriesof PSL,
sothatreasoningnechanismandformal analysesanbe performedon thosemodels.
In addition,preciseprocessexecutionlogic hasbeendevisedsuchthata virtual work-
o w machinesnaybe createdandprocessnactedht run-time,which wasnot possible
beforefor IDEF3. A FBPML descriptionmakesuseof a datalanguagethe FBPML-
DL, that providesdescriptionsfor dataconstructsand becomesan integral part of a
FBPML (processdescription.This datalanguagemay be usedon its own to describe
adomain[5] andhasbeenmappedo the KRAFT representatioiSeeSection3.3) to
describethe PCcon gurationdatamodel.

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

1. FoundationalModel provides concepts predicatesand functions of background
theoriesthatare usedin the languageThe primitive predicategrovided hereare
usedto de ne otherpredicatesn the otherpartsof FBPML.

2. CoreDatalLanguagéntroducescorepredicatesandfunctionsfor conceptghatare
commonto mary applicationsTheir semanticsarede ned usingconstructsrom
the FoundationaModel.

3. ExtensionDatalanguagdancludespredicatesandfunctionsthat are additionalto
the CoreDatalLanguageandareoftenapplicationanddomain-dependent.

4. Meta-predicatemayde ne axiomsof anapplicationmodel.

Predicatesnay be usedto describeinstancesof classessuchas processorsgisk
controllers,slots;subclasselationsandotherrelationssuchasallocate,andattributes
suchascapability lengthandpower. Giventhis, a FBPML processor constraintthus
may instantiatdts attributesusingFBPML-DL constructsFigure?2 givesa staticcon-
straintdescriptionin FBPML with two argumentspreconditionof the constraintand
the constraintcontent.This constraintrestrictsthe total costandthe allowedallocation
of differentboardsin the slots. This includesinstancesof the core datalanguageof
FBPML-DL aspartof predicateshatarede nedin the FBPML processnodel.

3.2 I-X technology

I-X [23] is arich systemsntegrationarchitecturelt storesprocessnodelsandsupports
dynamicinstantiatiorandviewing of processe®ifferentcommunicatiorstrateiescan



static_constraint(
[ instance_of(processor_x, processor),
instance_of(disk_controller_x,
disk_controller),

instance_of(io_x, io) 1,

[ allocate(processor_x, slotl),
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. ExampleFBPML Constaint

be installedthat enablecommunicatiorbetweenmultiple I-X agentsaswell asnon-I-
X (web servicescompliant)agents.Somecommunicatiormethodsare modi able at
runtime. Variouswork hasbeenproposedandcarriedoutin differentapplicationareas
which will seekto creategenericapproachegl-Tools)for the varioustypesof taskin
which useramayengageExamplecomponentsire:

— |-DE - A Multi-Perspectie DomainEditor providing amodellingenvironmentthat
allows theuserto usedifferentmethodologiesndtoolsvia plug-ins.

— I-P - 1-X ProcessPanelsto supportdynamicproceshangeandmanagemenbf
activity enactment.

— I-Plan- An Intelligent PlanningSystemwhich will beusedasawork o w process
planningaid in the overallapproach.

As thel-P componensupportshierarchicalprocesslecompositionit is suitable
for our experimentandhasbeenusedto provide the dynamicinstantiatiorandmanage-
mentof procesdnstanceaswell asstoragefor procesamodels.lt hasalsobeenused
asa communicatiormediumbetween-X anda constraintsolver, the KRAFT system.
As I-X is basedupona conceptuaframevork of |-N-C-A that comprisesssues,
nodes/actiities, processes;onstraintsand annotationsconceptuamappingbetween
FBPML, I-N-C-A andKRAFT thereforehasbeencarriedoutandwill bediscussed
in Sectiord.1.

3.3 KRAFT and Constraint Solving

KRAFT (KnowledgeReuseAnd Fusion/Tansformation)s a distributedinformation
systemthat emphasizeshe useof mobile constraintknowledgeto dynamicallycom-
poseprobleminstancesandtailor themto suit problemsolvers[15,19]. It usescon-
straintsasauniformformalismto representlomain-speci cknowledge partially solved
solutionsandintermediataesults.

The KRAFT architecturecontains‘wrappers”that map constraintsand datafrom
heterogeneousesource®nto a commonsharedontology namedintegration schema



Whenexpressedgainsia KRAFT domain-wideintegration schema thesemobilecon-
straintsbecomeself-containedabstractknowledge objectswhich can move within a
KRAFT-awareagentetwork.

pc A o0s

s
model(pc) -> _String name(os) -> string
cpu(pc) -> string size(os) -> integer

memory(pc) -> integer

has_os(pc) -> os hard_.disk .
has_disk(pc) ->> hard_disk model(hard_disk) -> string

size(hard_disk) -> integer

Fig. 3. ThisschemashowshreeentityclassesThesinglearrowindicatesead pc mayhaveonly
oneos installed.A doublearrow indicatesa pc mayhavemultiple hard-disk

Figure 3 shavs an exampleschemaof a PC con guration domain,in which com-
ponentsare put togetherto form a workable PC. In KRAFT, domainknowledgeis
capturedasdatabaséntegrity constraintexpressedgainstthe integration schemaus-
ing the CoLanconstrainanguagd?]. CoLanconstrainthave evolved from database
staterestrictorsin theP/FDM databassystens into mobileproblemspeci cations[10].
Figure4 shavs exampleCoLanconstraintswith the secondonebeinga “small print
constaint”. “Smallprint constrints’ captureghesemantic®f instructionsattachedo
classdescriptoifor dataobjectsin a productcataloguedatabaseéWhena dataobjectis
retrieved, theseattachednstructionsmustalso be extractedto ensurethat the datais
properlyused.Thusthe attachedconstraintbbecomesnobile knowledgewhichis trans-
ported,transformedand processedn a distributedenvironment.This approachdiffers
from a corventionaldistributeddatabaseystemwhereonly databasejueriesanddata
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 stconstaint captuestherequirementhat* the sizeof the harddisk mustbelarge
enoughto storethe OS’. Thesecondoneis an exampleof “ smallprint’ constaint that condi-
tionally appliesonly whentheinstalledOSis “WinXP”. Semanticallythis constaint attachesto
theWInXP OS.

Knowledgeprocessingomponentén KRAFT arerealisedassoftwareagentshat
expressa subsetof KQML [9]. The underlyinglanguage Colan,hasevolvedinto an

2 http://www.csd.abdn.ac.uk/pfdm/



RDF-basedonstraininterchangd-ormat(CIF) [11,12]. At theheartof thesystems a

constrint fusingmediatorthatcombinesconstrainfragmentdrom distributedsources
(Figure5). The composecaonstaint satisfactionproblem(CSP)instances thenanal-

ysedandcompiledinto a combinationof distributeddatabasejueriesanda constraint
logic programming CLP) program.This approachenableghe systemto copewith the

dynamicnatureof both dataandconstraintknowledgein the distributedervironment.
A detailedexplanationof the constrainfproblemformulationandcompilationinto CLP

codecanbefoundin [14].

user probles =777 T T T TS
agent j- -~ Specification AN - database
soIL/tfc;r;g\* constraint Y
! fusing data objgcts
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/\/’ constggints .
solution : ' > -
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Fig. 5. Constaint fragmentdromdifferentsourcesare fusedby the constaint fusingmediator

4 Connectingl-X and KRAFT

4.1 Mapping KnowledgebetweenFBPML/I-X and KRAFT

Sales Technical
Department Department
User B
Req I-X Process Panel [+ I-X Process Panel
Comp [com i1 [« com k2 |
Spec T T I
BFM - 1 BPM - 2 KRAFT
Constraint
Com P-1 Com P-2 Solver
Workflow % 2 om F ¥
I I I
Concept
Mapping INCA-FEPML Constraint
Ontology 1 Mapped Cntology
|| Ontology |
Partial Domain Partial Domain
Ontology (sales) Ontology (tech)

Fig. 6. Conceptuakrchitectuse of collaboration betweernwo (sub)oganisationsin the PC con-
gur ationdomain



Figure6 givesanoverview for a conceptuahrchitecturahatenable<ollaborative
problemsolvingusingsemantic-basedork o w techniquesA horizontalline hasbeen
drawn to distinguishour work on the actualrealisationof work o w andthe underlying
conceptuaimapping As describegreviously, threetechnologiesreinvolved,FBPML,
I-X andKRAFT, eachunderpinnedy their own methodontologies.In this particular
case,l-X procesgpanelsare usedto sene two functions:to provide a process-aare
interfacefor usersupportandto provide a communicationmechanisnmbetweentwo
I-X agentsand betweenan I-X agentandthe KRAFT system(Figure 1). As I-X is
baseduponthe conceptuaframavork of I-N-C-A  that providesa human-machine
interactioninterfacefor FBPML, FBPML is rstly mappedo [|-N-C-A ,asindicated
in INCA-FBPMLontolagy in Figure6. This enable=BPML businesgrocesanodels
(BPM) to betranslatecandmanagedhroughl-X procespanels

On the other hand,the constaint ontology that underpinsthe KRAFT systemis
mappedvith theINCA-FBPML ontologythatallows communicatiorbetweer-BPML/IX
and KRAFT constaint solver. The processof conceptuamappingalsoindicatespat-
ternsneededor correspondenctnatform the bodiesof communicationThe commu-
nicationprocesse$ComP) arearecognisedype of processandareclearlylabelledin
anFBPML processnodel.

Domainknowledgein the PC con guration is divided and storedin differentde-
partmentf the organisatiorby their functionalities.This domainknowledgeis based
uponindividual ontologiesthe salesandcostingontologyandthe technicalontology
As thetwo departmentsverlapin their operationstheir ontologiesarepartially shared.
This sharedknowledgeassistghe collaboratiorbetweerdepartmentsf very different
natures.This mimics real-life situationswhere specialisedexpertisecentresare often
geographicallydisperseyet collaborationis requiredbetweenthem. The mappingof
the underlyingontologiesprovidesa rich and soundfoundationtowardsexchangeof
preciseexecutionsemanticsaswell asensuringsmoothcooperation.

4.2 A RDF-basedCollaboration

To exchangesemanticdhetween-X andKRAFT, severaltypesof knowledgehave to
betransported:

— Two partially overlappingdomainmodelsdescribingthe semanticsand relation-
shipsof objectsin theapplicationdomain,

— |-X issuesbeing passedrom the work o w system,representingoroblemsto be
solved,

— Constraintgepresentingequirementso be satis ed for a speci c task,

— Problemsolvingresultsgiving speci ed requirements.

The semanticof a constraintis expressedgainsta datamodelin FBPML andthe
correspondingranslationin a functionaldatamodel of the KRAFT system.An I-X
issueprovidesa constructo includea problemdescriptiorthatis passedo the KRAFT
CSPsolwer for solutionsin which requirementsre expressedn termsof constraints.
After the executionof the KRAFT constraintsolver, solutionsare passedackto the
I-X systend, otherwise'fail” is returnedf no solutionis found.

% |.e.via thetechnicalto the salesdepartment.



Domain Models In the original KRAFT systemwe modela domainby a database
schemabasedon a functionaldatamodel,which effectively sernesasan ontologythat
captureknowledgeof classesattributesandsubclasselationshipsn thedomain.The
functionaldatamodelis an extendedER model, part of which is mappednto a RDF
SchemdRDFS)speci cation[3]. An interpretereadsneta-datdrom thedatabasand
geneatesacorrespondingRDFSdescriptionmakingmeta-knevliedgeweb-accessible.
The RDFSfragmentin Figure7 refersto the P/FDM databasscheman Figure3.

<rdfs:Class rdf:ID="pc">
<rdfs:subClassOf rdf:resource=
"http://iww.w3.0rg/2000/01/rdf-schema#Res ource" />
</rdfs:Class>

<rdfs:Class rdf:ID="0s">
<rdfs:subClassOf rdf:resource=
"http://lwww.w3.0rg/2000/01/rdf-schema#Res ource" />
</rdfs:Class>

<rdf:Property rdf:ID="has_os">
<rdfs:domain rdf:resource="#pc"/>
<rdfs:range rdf:resource="#o0s"/>
</rdf:Property>

Fig. 7. RDFSdescriptionof a P/FDM databaseschema

Mappinga P/FDM schemainto RDFS hasthe advantageof makingthe domain
modelavailableto RDFS-readysoftware.As we will seein thenext sectionthedomain
modelexpressedn RDFSplaysanimportantrolein specifyingthesemantic®f objects
in thedomain.A detaileddiscussiorcanbefoundin [11].

Constraints In practice human-readabl€oLanconstraintsuchasthosein Figure4
arecompiledinto anintermediatdormat,Constaint Interchange Format(CIF). CIF ex-
pressiongresyntacticallyPrologterms whichareeasieito procesdy softwarecompo-
nents.To make CIF portable we encodeCIF constraintsnto RDF by de ning aschema
in RDFSfor the CIF languageservingasa meta-schem@l 1]. Onesatisfyingfeature
of this constraintnterchangdormatin RDF is thatthe (hame)tagsusedmake a clean
separatiorbetweerinformationaboutlogical formulaewith the usualconnectves,and
informationaboutExpressionslenotingobjectsin the datamodel.Effectively CIF pre-
senesalayerof rich semantidinformationwhile providing the processingorvenience
of RDE

Expressionsn the CIF languagestore meta-knavledge aboutentities, their sub-
types,attributesandrelationshipsvhoseinstanceareexpressedn RDF This enables
arich datamodelthatis independenbf the underlyingmanipulationmechanisnthat
is suitablefor differentparadigmssuchasrelational, at les andobject-orientedtor
age.Thisis advantageoufor interoperabilityacrosdifferentplatformsandsystemsas



well asintegrationof datafrom differentsourcesover the Web[11,20]. The full RDF
Schemandexampleconstraint@reavailableat: http://www.csd.abdn.ac.uk/schalmefscheméa

4.3 Communication Ar chitecture

I-X domain

KRAFT domain
o O

agents, Q
o= O
oe

Sales o
Department

/ adaptor \

INCA/FBPML/Prolog-> |:: INCA/FBPML/Prolog->
FDMI/CIF/Prolog FDM/CIF/Prolog i
mapper

adaptor
FDM/CIFIXML-> |,
FDM/CIF/Prolog |

FDM/CIF/Prolog-> f::
FDM/CIF/XML [

FDM/CIF/Prolog-> }::
FDM/CIF/XML

FDMICIF/Prolog-> }::
FDM/CIF/XML  F
mapper

issues, constraints & results
in FDM/CIF/XML

Fig. 8. -X andKRAFTare connectedby two bi-directional AKT-Bus-complianadaptos. Knowl-
edge transportechetweerthetwo systemss translatedasit goesthroughthe adaptos.

While Figure 6 illustratesa conceptualovervien of the integratedsystem,Fig-
ure 8 shaws the systemarchitecturan which I-X andKRAFT are connectedy two
AKT-Bus-compliantommunicatiorgatavays? The simplestform of interactiontakes
aclient-senermodelwherel-X sendsan“issué (thatcontainsa problemdescription)
to KRAFT to resole and KRAFT sendsbackthe answer Sucha simple interaction
assumethatall requiredknowledgeis readilyavailableandthe"issué canberesohed
in oneinteraction.

Thesamearchitecturehowever, cansupporisophisticate@rgumentatie communi-
cationlanguagedn which thetwo systemsarefreeto exchangemessagesf constraint
speci cations partially solved problemsandsolutionsto achieve a morecomplex task.
Underthis arrangementthe two peersystemscanbe viewed as software agentsthat
proposeconstraintscounterproposeconstraintsandpartially solve a CSR thus modi-
fying theinitial problemspeci cation. This is especiallyusefulif two departmentsn
a virtual organisationdisagreeand/orwish to negotiatenew possibilities.This is an
exampleof the power of AgentMediatedKnowledgeManagemen(12].

4 AKT-Busis aHTTP andRDF-based¢ommunicatiorprotocoldevelopedin the AKT projectto
supporttheintegrationof heterogeneousystems.
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The inability to fully exchangeknowledgein a virtual organisationis a common
phenomenaOne possibility is that differentdepartmentslo not sharea commonbut
only usea partially overlappingontology As aresultthey canonly exchangesemantic
knowledgethatis commonlyunderstoodFor instancethe Technical Departmenthas
thetechnicaldetailsof hardwarecomponentshut maynot (nor careto) have knowledge
of costingandsales.The SalesDepartmenton the contrary may have somegeneral
knowledgeaboutPC componentsbhut is really only specialisedn costcalculationand
market prices.One commoncauseof only partially sharinginformation may be the
unwillingnesgo disclosdocal knowledge A departmeninaywishto keepits informa-
tion privatefor commerciaton dentiality reasonse.g.calculationmethodgor product
market price basecbn cost,or protectionfor advancedandcompetitvetechnologies.

Our systemcopeswith this by passingobjectIDs and constraintgeferringto en-
tity typesdeclaredin the sharedpart of the ontology but it encapsulatem different
domains(seeFigure 8) the processeshat reasoraboutthemor accesspeci ¢ object
properties Thuswe only passbetweendomainsalongthe AKT-Bus informationthat
the otherend”needsto know”. The mappingof entity typesand constraintdbetween
thedifferentrepresentationapaceg!-X/FBPML andKRAFT/CIF) takesplacein the
mappershovn in Figure8.

4.4 Implementing the Work o w

In this experiment,two I-X ProcesdPanelshave beenused.This enablesvork items
to be describecandtransferreetweerorganisationsandassistghe collaborationbe-
tweenthem.The salesandtechnicalunitsareeachrepresentetly the 'Edinburgh’ and
'‘Aberdeen’ panelsindicatingtheir site locations.One of the tasksthatneedso bere-

solved on the Edinkurgh site requirestechnicalabilitiesin PC con guration. The sales
unit of Edinburgh naturally passeghis taskto its technicalcounterpartin Aberdeen
for support.As this problemmay be resohed using ConstraintSatisaction Problem
(CSP)solving techniquesthe Aberdeensite makes usesof its local CSP solwer, the
KRAFT system,providing the necessaryletailsaboutthe problem.After execution,
the KRAFT systemreturnsthe solution(or acknavledgeof failure)to the Aberdeenl-

X panel,which returnsthe solutionto the Edinlburgh site.If a satishctorysolutionwas
notfound,the salesdepartmenimaydecideto nd alternatve answerghroughnew en-
quiries.Figure9 givesa screershotof thetwo I-X Proces$anels where[13] storesa
live recordingof asystenrun.

5 Conclusionsand Futur e Dir ections

“The Semantid\ebis therepresentatiorof dataonthe World Wide Weh It is basedon
theResouce DescriptionFramevork (RDF), which integratesa variety of applications
using XML for syntaxand URIs for naming’ — W3C Semanticweb working group
[25].

TheSemantid\ebis an extensionof the currentwebin which informationis given
well-de nedmeaning betterenablingcomputes and peopleto work in coopeation.—
Tim Bernes-Leg[25].
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Fig. 9. Collaboration throughl-X ProcessPanels

Onevision of the SemantidMebis to enablemachineprocessingn webinforma-
tion resourcesandtherebyautomatexecutionof users'tasksontheweh TheSemantic
Webitself, however, doesnot createor inventary semanticdut providestheinfrastruc-
tureandmechanisméor the representatiorcommunicatiorandutilisation of semantic
knowledge.Thesemanticknowledgedoesnot comefrom the SemantidMebbut comes
from the applicationsthat are built uponthe SemanticWeh While mucheffort is fo-
cusedon SemanticWeb languagesesearchwe believe that applicationson the web
alsoplay acrucialrolein pushingthe overalldevelopment.

This“AKT Technology Integration Experimerit (TIE) demonstratea collaboration
betweentwo systemsof very differentnaturesthe I-X and KRAFT systemsEachis
basednwork o w andconstrainsolvingtechnologieshatarecomplimentaryin terms
of collaboratie problemsolvingandtaskaccomplishmenBy mappingdomainknowl-
edgewith SemanticWeb compliantlanguagessuchas RDF/RDFS thesespecialised
systemganbe offeredasweb servicesln encodingthe semantidknowledge,we have
thusdeployedaRDF-basedpproachn representinghedomainknowledgein KRAFT
aswell asits communicatiodanguageCIF.

Our work hasbeensuccessfuin the de ned task, but much mappingeffort was
neededn the earlierstageof the projectasnot all modellingconceptcanbe mapped
andfully translatedso practicalsolutionsmustbefound. This echoesknowledgeshar
ing andinteroperabilityproblemsbetweenany two or more potentiallyvery different
but partially overlappingsystemghatarewell-known in the knowledgesystemsom-
munity [7]. We thereforearguethatthe dreamof the SemantidNVeb vision is real, but
therearestill issueghatrequiremucheffort beforeits maturity. They arein particular
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relatedwith semanticandoperation/reasonintpatare usedby a systembut may not
befully understoodpr understoodrom adifferentperspectie, by anothersystemThe
ultimategoalof the SemantidMebis to provide waysof connectingarbitraryopensys-
temsto achieve non-trivial tasksusingsemanticallyrich knowledge.The I-X-KRAFT
“TIE” is only asmallsteptowardsthis goal.
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