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Abstract

This paperdescribeshe KRAFT architecturavhich supportghefusionof know-
ledgefrom multiple, distributed, heterogeneousources. The architectureuses
constraint@sacommonrknowledgeinterchangdormat,expressedgainstcom-
monontology Knowledgeheldin local sourcexanbetranformednto the com-
mon constraintlanguage,and fusedwith knowledge from other sources. The
fusedknawledgeis thenusedto solve someproblemor deliver someinformation
to auser Problem-solvingn KRAFT typically exploits pre-eisting constraint
solvers. KRAFT usesanopenandflexible agentarchitecturen whichknowledge
sourcesknowledgefusing entities,andusersareall representetty independent
KRAFT agents,communicatingusinga messagingrotocol. Facilitator agents
performmatchmakingandbrokerageservicedbetweerthevariouskindsof agent.
KRAFT is beingappliedto anexampleapplicationin thedomainof network data
servicegesign.

1 Introduction and Motivation

Most modernorganisation$iave a numberof on-line knowledgesourcesdistributed
amongthe nodesof their informationsystemaetworks. To exploit theseknowledge
sourcedo thefullestextent,organisationsieedio beableto combineknowledgefrom
disparatesourcesn a highly dynamicway: we call this knowledge fusion. Therehas
beenanenormousmounif work in distributedinformationmanagemendnthetopic
of distributeddatabaseguerying.An importantfeatureof thesesystemss thatthey use
somekind of integration schema to provide acommornrepresentatioacrossheentire
distributedsystem.ndividual datasourcesnustmapbetweertheirlocal schemasind
theintegrationscheman orderto combineinformationin acommonform.



A distributed databasejueryretrievesdata instances, but this is not enoughfor
knowledgefusion. To combineinformationin a meaningfulway, datainstancesieed
associatednowledgeof their context: how they shouldbe interpretedandhow they
canbeused.This kind of knowledgecanoftenbethoughtof as“small print”, andis
typically expressibldn theform of constraints. As anexample,consideradistributed
designsystemfor PersonalComputers.One on-line resourcemay be a databasef
informationon availablePC operatingsystemsWith a distributeddatabasguery we
could discover that one of the available OSesis called “Windows NT”; however, to
usethis OS instancein a PC design,we would alsoneedto know the “small print”
constraint*Windows NT requiresa minimumof 32MB of RAM".

In aknowledgefusionsystemtheinformationinstancesndassociatedonstraints
needto be mappedto a commonrepresentationo allow meaningfulfusion. This
requiresacommon languagefor representingnstancesindconstraintsandacommon
setof definitionsof theterminology of theknowledgedomain:a shared ontology [12].

Considerthe following small print constraintwhich saysthat“all PC operating
systemgalled'winNT’ needatleast32MB of RAM™:

constrain each o in pc_os such that name(o)="w nNT"
to have menory_requirenment (o) >= 32

This constraintis expressedn CoLan[2], which cansene asa relatively readable,
commonconstraintanguageTheterminologyused(for example theconceppc_os,
meaningall PCoperatingsystemstheattributesof this conceptnane andnenory_
r equi r enent ) mustbe definedin the sharedontologyfor the PC designdomain.
Note that, to allow datainstancedo be representedthe sharedontology musthave
schema-leel informationin additionto conceptual-leel definitions.For example the
ontologydefinesthe conceptpc _os asasub-concepof pc_sof t war e, whichisin
turnasub-concepdf sof t war e. It alsodefinespc_os ashaving anane attribute,
the valueof which is represente@sa string datastructure. This is schema-leel in-
formationwhich permitsinstancef pc_os to be representedstored,manipulated,
andtransmittedacrosghe network.

Constraintssuchasthe exampleabove will not generallybe storedin this form
within the individual resource.They could appearas databaséntegrity constraints,
rulesin a rule-basedsystem,slot valuerestrictorsin a frame-baseaystem,or con-
straintsin someother constraintlanguage. Similarly, the terminologyusedwithin
theindividual resourcewill generallynot conformto the sharedontology For these
reasonsknowledgein individual resourcesieedsto be transformed to the common
languageandsharedntology beforeit canbefused.

1.1 Operationson a Knowledge Fusion System

Therearetwo mainkinds of operationuserswould wish to performon a distributed
knowledgefusionsystem:

o Knowledge Retrieval: here,usersoften simply wantto find out everythingthe
organisatiorknows aboutsomething The knowledgefusion systemextractsall



relevantinstancesand associate@onstraint§rom all availableresourcesand
deliversthesein acommonform to theuser

In the PC designdomain,for example,the usermight askfor all known PC
OSesjncludingary “small print” constraints.

e Problem-Solving: here,usersnot only wantthe systento fuseknowledge,but
alsoto usethefusedknowledgeto solve someproblem.The systemonceagain
extractsthe relevantinstancesand constraintspbut now usestheseasthe basis
of adynamically-constructedonstrainsatishctionproblem.

In the PC designdomain,for example,the usermight specifythatthey wanta
PCfor real-timevideoediting;thesystenmwill needto extractcandidatesolution
componentsvith attachedsmall print” constraintsandsolve theseto construct
asuitablePCconfiguration.

1.2 Servicesof aKnowledge Fusion System

Fromthe above discussionijt is clearthata knowledgefusion systemneedsthe fol-
lowing services:

o Knowledge location services: theremustbe mechanism$y which a user and
othercomponents;zanlocaterelevantknowledgeon the network.

¢ Knowledge transformation services: theremustbe mechanismdo transform
knowledgein individual resourcesnto a commonrepresentatiofanguageand
ontology

e Knowledge fusion services: theremustbe mechanisms$o combineknowledge,
andprocesst — conjoining,simplifying, andfinding solutionsthatsatisfycon-
straints.

Theseservicesarethe basicrequirement®f an architecturefor building knowledge
fusion systems.By implementingsoftware componentshat provide theseservices,
developerscan:

e bring new knowledgesourceson-line so thatthey announceheir presenceo
the network, adertisetheir servicesandcommitto providing informationin a
commonrepresentatiofanguageandontology;

o createnew knowledge-processintacilitiesto filter, fuse,adapt,andotherwise
addvalueto theknowledgein theon-linesources;

e constructqueryinginterfacesfor usersthat give themreadyaccesgo the rich
servicef theknowledgefusionsystem.

The KRAFT project(KnowledgeReuseAnd Fusion/Tansformationpimsto provide
suchan architecture.The following sectionpresentsan overviewn of the KRAFT ar-
chitecture;subsequensectionsexaminethe operationf individual component®f
thearchitecture.



2 Overview of the KRAFT Architecture

The KRAFT systemhasan agent-basedrchitecturejn which all knowledge pro-
cessingcomponentsrerealisedassoftwareagents. An agent-basedrchitecturevas
choserfor KRAFT for thefollowing reasons:

e Agentarchitecturesre designedo allow software processeso communicate
knowledge acrossnetworks, in high-level communicationprotocols;as con-
straintsarea sub-typeof knowledge,this wasseenasan importantfeaturefor
KRAFT.

e Agent architecturesare highly dynamicand open, allowing agentsto locate
otheragentsat run-time,discover the capabilitiesof otheragentsandform co-
operatve alliancesasKRAFT is concernedvith the fusionof knowledgefrom
availableon-linesourcesthesefeaturesvereseenasbeingof greatvalue.

The designof KRAFT is consistentwith several emepging agentstandardsnotably
thedefactoKQML standard11] andthedejure FIPA standard6]. Agentsarepeers;
ary agentcancommunicatevith ary otheragentwith whichit is acquaintedAgents
becomeacquaintedy registeringtheir identity, network location,andan adwertise-
mentof their knowledge-processingapabilitieswith a specifictype of agentcalleda
facilitator (essentiallyanintelligentyellow pagesservice).

When an agentneedsto requesta servicefrom anotheragent,it asksa facilit-
ator to recommencdhn agentthat appeargo provide that service. The facilitator at-
temptsto matchthe requestedserviceto the adwertisedknowledge-processingap-
abilities of agentswith which it is acquainted. If a matchis found, the facilitator
caninform the service-requestinggentof the identity, network location,andadwert-
isedknowledge-processincapabilitieof theserviceprovider. Theservice-requesting
agentandservice-preiding agentcannow communicatelirectly.

It is worthemphasisinghat,while thismodelis superficiallysimilarto thatusedn
distributedobjectarchitecturesuchasCORBA andDCOM, theimportantdifference
is the semantidevel at which interactiongtake place: In distributedobjectarchitec-
tures,objectsadwertisetheir presencédy registeringmethodsignatureswith registry
servicesand communicateéby remotemethodinvocations. In agent-basedystems,
adwertisementsf capabilitiesaremuchricher, beingexpressedn a declaratve know-
ledgerepresentatiotanguage and communicatiorusesa high-level corversational
protocolbuilt from primitive corversationakctionssuchasask, tell, advertise, and
recommend. Distributedobjectarchitecturegrein facthighly suitablefor implement-
ing agent-basedrchitecturegfor example the ADEPT systemusedCORBA [9]) but
thecorverseis nottrue.

A conceptualiew of the KRAFT architectureis shawvn in Figurel. KRAFT
agentsareshowvn asovals. Therearethreekinds of these:wrappersmediatorsand
facilitators.All of thesearein someway knowledge-processingntities.

Wrappers are agentsthat act as proxiesfor external knowledge sources typic-
ally databaseandknowledge-basedystemsTheseareoftenlegag systemssoone
taskof a wrapperis to provide a bridgebetweerthe legag/ systeminterfaceandthe
KRAFT agentinterface.For example thelegag interfaceof arelationaldatabasevill
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Figurel: A conceptualiiew of the KRAFT architecture.

typically be SQL/ODBC;the KRAFT wrappemwill accepincomingrequesimessages
from otheragentsn theKRAFT agentcommunicatiodanguagetransfornthesento
SQL queriesrun themon the databaseandtransformthe returnedresultsto an out-
goingmessagén the KRAFT agentcommunicatiorlanguage.

Wrappersalsoprovide entry-pointanto the KRAFT systemfor user agents. User
agentsallow end-usersaccesdo a KRAFT knowledgeprocessingsystem. A user
agentwill offer somekind of userinterface,with which theuserwill presentjueries
to the KRAFT network. The useragentwill transformthe users’queriesinto the
internalknowledgerepresentatiofanguageof the KRAFT system,andinteractwith
otherKRAFT agentdo answerthe queries.A useragentwill typically alsodo some
local processingn knowledge atleastto transformit for presentation.

Mediators arethe internal knowledge-processinggentsof the KRAFT system:
every mediatoraddsvalue in someway to knowledgeobtainedfrom otheragents.
Typical mediatortasksincludefiltering, sorting,andfusing knowledgeobtainedfrom
otheragents.

Facilitators have alreadybeenmentionedabove: theseare the “matchmaler”
agentghatallow agentgo becomeacquainteé@ndtherebycommunicateFacilitators
are fully-fledged knowledge-processingentities: establishinghat a servicerequest
“matches”a serviceadwertisementequireseasoningvith thedeclaratve representa-
tionsof requestindadwertisement.

KRAFT agentcommunicate&ia messagessinganestedorotocolstack. KRAFT
messagesre implementedas characterstringstransportedy a suitableunderlying
protocol(for example,CORBA IIOP or TCPvia soclets).A simplemessagg@rotocol
encapsulatesachmessagavith low-level headeiinformationincluding a timestamp
andnetwork information.

Thebodyof themessageonsistf two nestedrotocols:theouterprotocolis the
agentcommunicatiorlanguageCCQL (Constraint Command and Query Language)
whichis a subsebf theKnowledgeQueryandManipulationLanguagd KQML) [11].



Nestedwithin the CCQL messagés its content,expressedn the CIF protocol(Con-
straint Interchange Format) — a supersebf the CoLanconstrainfanguageshovn in
Sectionl.

Syntactically KRAFT messageareimplementedas Prologterm structures.An
examplemessagés shovn belov. The outermostkr af t _nsg structurecontainsa
cont ext clause(low-level headerinformation)anda ccql clause. The message
is from an agentcalledos_vendor to anagentcalledpc_desi gner. Theccql
structurecontains,within its cont ent field, an encodedCIF expression(here,we
seea “pretty-printed”CoLanconstraintactually CIF expressiongretransmittedn a
compiledinternalformat).

kraft_nsg(
context(1,id(19), pc_designer, os_vendor,
ti me_stanp(date(21,5,1999), tine(15, 35,10))),
cceql (tell, [
sender : os_vendor,
recei ver : pc_designer,
reply_with : id(41),
ontol ogy : shared,
| anguage : cif,
content : [
constrain each o in pc_os
such that nanme(o0)="w nNT"
to have nenory_requirenent (o) >= 32

1)
)

Useof Prologtermstructureds chiefly for corvenience asmostof the knowledge-
processingomponentsirewrittenin Prolog.However, the Prologtermstructuresre
easilyparsedy non-Prologk RAFT componentsgurrentlythereareseveralcompon-
entsimplementedn Java, for example.

As explainedin Sectionl, thetermsusedn the CIF partof themessagearedefined
in thesharedntology To supportherepresentatiorstorageandtransmissiomf data
instancesthe ontologyhasschema-leel informationin additionto conceptual-leel
definitions.

The remainderof this paperis organisedas follows: Section3 explains how the
KRAFT facilitator agentswork; Section4 decribesthe role of wrapperagentsand
the commonontology; Section5 descibesiow mediatorsperformknowledgefusion
andassociateghroblem-solvingoperations Section6 discussesin exampleKRAFT
systemin a telecommunicationdesignapplicationdomain;Section7 concludeghe
paper

3 Facilitator Agents

As introducedabove, facilitatorsprovide variousrouting serviceswithin a KRAFT
network. As therearemary differentdefinitionsof facilitatorsin theliterature[1, 3, 4,



10, 14, 16], andtherangeof servicegprovidedby theseacilitatorsvariesconsiderably
this sectionlooksin moredetailat exactly how facilitatorsareusedin KRAFT.

In the KRAFT project, the facilitator providesrouting functionalitiesto agents’
queries.Thesebasicfunctionsare:

Advertisement handling Whenthe facilitator recevesan adwertisemenfrom a re-
source,it is ableto processandstorethis informationfor furtheruse. An ad-
vertisements a (setof) capabilitiesthata resourcecommitsto provide. These
capabilitiesare definedin a formalism commonto the facilitator and the re-
sourcegseeSection3.2).

Facilitation For a givenquery this is the action of finding a (setof) resourceghat
comply with a satisfiability (or suitability) criterion. In otherwords, it is the
actionof finding a resourcewhosead\ertisedcapability matcheshe require-
mentsderivedfrom thequery This satisfiabilitycriteriondepend®nthesearch
stratgly adoptedfor the resolutionof the querybut it is alwayssomevherein
the spectrumboundedby “the mostexactmatch” on onehandandby “the set
of all approximatematches’on the otherhand. In otherwords, the satisfiab-
ility criterionis a tradeof betweencorrectnessind completeness the setof
solutions.

3.1 CCQL Facilitation Performatives

As statedn Section2, CCQLis asubsebf KQML [11]. Thetwo mainfunctionalities
describedn the previoussectionaresupportedy thefollowing CCQL operations:

Advertisement Every resourcewilling to adwertiseits capabilitiesdoesso first by
registeringwith a facilitator (by sendingar egi st er messageontainingthe
referenceandlocationof theresource)thenby sendinganadverti se mes-
sagecontainingthe formal descriptionof its capabilities(seeSection3.2). No
repliesareissuedto the originatorsof thesemessagesnlessan error hasoc-
cured.

Facilitation Theprotocolencapsulatinghefacilitationmechanisnhastwo variants:

Forwarding: onreceving aqueryenclosedn ar econmend_one (or
reconmend_al |1 ) messagethe facilitator will reply to the agentat the ori-
gin of the query a singleton(or a list) of matchingadwertisementgincluding
thereferencedo the correspondingesource).The replied adwertisement(sis
containedn af or war d message.

Brokerage: onrecevingaqueryenclosedn abr oker _one (orbr oker _al |)
messagehefacilitatorwill sendtheenclosedjueryto themost(or all) relevant
resourceTheanswerto the queryis thenbroughtbackto the facilitator, which
in turn forwardsthereply to the originatorof thequery



3.2 Expressing capabilities

A resourceapabilitymustberepresentethtentionallyfor compactnesdut in away
thatminimisesimprecision.The abstractharacteristicef aresourcere:

¢ network informationto locateandquerythewrapperof theresource;
¢ the CCQL performatvesthatthewrappercanhandle;

¢ theintentionalcontentof theresourcgor a subsebf it);

e anabstractepresentatioof the functionality of theresource.

Advertisementsrethebasicdatastructureusedto communicatéhesecharacteristics.
Thetermsusedin the body of adwertismentsaredefinedin the sharedontology The
possiblecomponent®sf anadwertisemenare:

e list of allowed CCQL performatives;
o list of availableservices, whereeachserviceis definedin the sharedntology;

o list of domainsthatthedatabaseandealwith, whereeachdomainis definedin
thesharecbntology;

¢ specificatiorof a subsebf the CIF languagedelimiting the expressienessof
theresourcejuerylanguagewithin CIF asawhole.

Thefacilitatorencapsulatesdatabasef recevedadwertisementsvith theabose com-
ponentsthe CCQL facilitation operationgforwardingandbrokerage)areimplemen-
tedasquerieson this adwertisementatabase.

An exampleCCQL adwertisemenmessagédollows (the KRAFT messagdeader
is notshawn). This adwertisements from thewrapperof a PC softwarevendorcalled
os_vendor, sentto a facilitatorcalledyel | ow pages. Thecontentsaysthatthe
adwertisercanhandleCCQL ask_one andask_al I messagesxpressedn a sub-
setof CIF correspondingo SQL queries(from the servicedescription,definedin
the sharedontology), aboutontology conceptspc _os (PC operatingsystems)and
pc_util (PCutility software).

ccql (advertise, [
sender : os_vendor,
recei ver : yellow_pages,
reply_with : id(66),
ontol ogy : advertise_ontol ogy,
| anguage : cif,
content : [
adverti senent. performativelList =
[ ask_one, ask_all 7],
adverti senent.servicelList = [ <database, sql> ],
adverti senent.domainList = [ pc_os, pc_util ] ]

1



4 Wrapper Agentsand the Shared Ontology

Therearethreelevelsof heterogeneitghatinhibit the re-useof informationstoredin
resourceshatwe wishto connecto a KRAFT network:

1. interaction: different knowledge sourcescan be interactedwith in different
ways, e g. somesystemsonly allow the userto posequerieswhereasother
systemawill asktheuserfor information;

2. gyntactic: knowledgesourcesisedifferentrepresentatioformats;
3. semantic: variationsin terminologyacrossknowledgesources.

As outlinedin Section2, interactionandsyntacticheterogeneitareaddressedly the
useof the CCQL and CIF protocolswithin the KRAFT network and by providing
wrapperagentsthat translateall messageito andout of theseprotocols. Herewe
focusonthethird of theselevels.

To overcomethe problemof semanticheterogeneitya shared ontology is spe-
cified, which formally definesthe terminologyof the problemdomain. The content
of messagewithin aKRAFT network mustbe expressedisingtermsthataredefined
in thesharedontology For eachknowledgesourcealocal ontologyis specified.For
example,wherethe knowledgesourceis a databasethe local ontology definesthe
termsthatareusedin the databasschemaBetweena local ontologyandthe shared
ontology therewill be a numberof ontology mismatches, which areinstancesf se-
manticheterogeneityl5]. Theseancludetheuseof differenttermsto referto thesame
concepli.e. synoryms)andtheuseof thesamaermto referto differentconceptgi.e.
homoryms). To overcomethesemismatchesfor eachknowledgesourcean ontology
mapping is defined.An ontologymappings apartialfunctionthatspecifiesnappings
betweertermsandexpressionsiefinedin a sourceontologyto termsandexpressions
definedin a targetontology To enablebidirectionaltranslationbetweena KRAFT
network anda knowledgesource two suchontologymappingsnustbe defined.We
will now describeheformatthatwe useto specifyontologymappings.

In definingan ontology mapping,we begin by specifyinga setof orderedpairs
or ontological correspondences. An ontologicalcorrespondencgpecifieghetermor
expressionin the target ontology that representss closely as possiblethe meaning
of the sourceontologyterm or expression.For eachtermin the sourceontology we
try to identify a correspondingerm in the targetontology It may not be possible
to directly mapall of the sourceontologytermsto a correspondindarget ontology
term. For someof thetermsin the sourceontologythatcannotbe mappedn thisway,
it may be possibleto includethemin the ontology mappingby definingcorrespond-
encedetweercompoundxpressionsThis leadsusto thefollowing classificatiorof
ontologicalcorrespondences:

1. classto-class: mapsa sourceontology classnameto a target ontology class
name;

2. attribute-type-to-attribute-type: mapsthe setof valuesof a sourceontologyat-
tributeto a setof valuesof atargetontologyattribute;



3. attribute-to-attribute: mapsa sourceontologyattribute nameto a target onto-
logy attributename;

4. relation-to-relation: mapsa sourceontologyrelationnameto a targetontology
relationname;

5. compound-expression-to-compound-expression: mapscompoundsourceonto-
logy expressiongo compoundargetontologyexpressions.

As thelocal andsharedontologiesare not representeth the sameformatthatis
usedfor the CIF, the semantidransformatiorof CIF expressiondy wrapperss not
basedlirectlyonontologymappingsTherelevantontologymappingsareusedaspart
of the specificationof a wrapperratherthandirectly by the wrapper Consequently
developershave completeautonomyin theimplementatiorof wrappersin thecurrent
KRAFT prototypedescribedn Section6, we have implementedhetransformatiorof
CIF expressiongisingrewrite rules[8].

A pair of termsand/orexpressionsn an ontologicalcorrespondencare not ne-
cessarilysemanticallyequivalent. However, whena wrappertranslates CIF expres-
sion,we needto ensurahatthetargetCIF expressioris semanticallyequivalentto the
sourceCIF expressionlf thiswerenotthecasegconstraintpassedo amediatomusing
termsdefinedin the sharedntologycould expressvery differentknowledgethanthe
original constraintexpressedn termsdefinedin thelocal ontology We ensurethat
thesemantic®f CIF expressiongremaintainedy definingpre- andpost-conditions
for eachontologicalcorrespondenceA wrapperthatimplementsan ontology map-
ping mustensurethattheseconditionsaresatisfiedwhentranslatinghetermsin CIF
expressiongrom the sourceto thetargetontology

5 Mediator Agentsand Constraint Fusion

5.1 Constraint Fusion

An applicationproblemin KRAFT is specifiedby constrainfragmentdistributedin
differentresourcesEachconstraintis part of a conjunctize statementiescribingthe
applicationproblemasa constraintsatishctionproblem(CSP).

Considerthe PC hardware configurationdomain: Problemsolving knowledge
comedrom theuserrequirementgiestrictionsattachedo hardwarecomponentérom
differentvendorsandgenericdesignknowledgegoverninga workableconfiguration.
Thefollowing exampleconstrainfrom the useragentspecifieghatthe PCmustusea
“pentium2” processobut notthe“win95” OS:

constrain each p in pc
to have cpu(p)="pentiunm2"
and name(has_os(p)) <> "w n95"

For the componentgo fit togetheythey mustsatisfy certainconstraints.For ex-
ample thesizeof the OSmustbe smalleror equalto the harddisk spaceor a proper
installation:

constrain each p in pc
to have size(has_os(p)) =< size(has_disk(p))



Now the candidatecomponentsrom differentvendorsmay have instructionsat-
tachedto themasconstraintsin the vendordatabasef operatingsystems;winNT”
requiresa memoryof atleast32 megabytes:

constrain each p in pc such that name(has_os(p))="w nNT"
to have nenmory(p) >= 32

TheKRAFT approacho thistaskemploys aconstraint-fusingnediatorwhich ex-
tractsandcombinegonstraintgrom distributedsourcedor problemsolvingpurposes.
Constraintsasabstractmobile objectsaretransportedandtransformedo composea
constraintsatisfction problem(CSP),which is thenanalysedand solved by a com-
binationof distributeddatabasegueriesandconstrainiogic programs.With the help
of afacilitator, thisapproactallows tailoring of anexecutionplanin a dynamicenvir-
onmentdependingn the capabilityandavailability of active onlineresources.

Our sampleconstraintggive the following fusedconstraintwhich describeghe
overallrequiremenbn thevariablesnvolved:

constrain each p in pc
to have cpu(p)="pentiunm"
and nane(has_os(p)) <> "w n95"
and size(has_os(p)) =< size(has_disk(p))
and i f name(has_os(p))="w nNT"
then nenmory(p)) >= 32
el se true

Thereasorfor fusingthe constrainfragmentss to provide thebasisfor exploring
how theCSPcanbestbedividedinto sub-problemsf distributeddatabasequeriesand
sub-CSPsWhena singlepieceof constrainis insufiicientto solve a CSPeffectively,
we hopeto combineinformationfrom multiple constrainfragmentdo arriveatamore
solhvablesolution. It is from thefusionprocesghatusefulinformationcanbeinferred
andcapturedor problemsolvingpurposes.

52 CSP Solving

The constrainfusionprocessomposes concretedescriptiorof the overall CSPin a
declaratve form. To solve acomposed SPefficiently, amediatorfeedsit into aprob-
lem decomposewhich extracts selectioninformation from the CSP descriptionto
generatalistributeddatabasejuerieswith the remainingconstraintforming a smal-
ler sub-CSPThe mediatorthensendghesedatabasgueriesin multiple messageto
differentdatabasevrapperdo retrieve candidatedatavalues.

Databasejuery generationconstitutesan importantphaseof pre-processing.lt
shifts partof the problemsolving processnto thedistributeddatabaseby composing
datafilters asdatabaseueries.This preventsunnecessarransportatiorof irrelevant
datainto the KRAFT domainandrelievesnetwork traffic in adistributedsystem.Data
filtering by databasejuery generationhowever, is not sufficient to resolhe all con-
straints. The amountof selectioninformationwhich canbe representedsdatabase
queriedepend®ntheexpressienesof thedatabasguerylanguageTheremaining
sub-CSPhasto be resohed by a more powerful constraintsolver in the next stage.
The final stageof the problemsolving processs to feed dataand constraintsnto a



constraintsolver so that solutionsto the CSPcanbe obtained. In the currentproto-
type,describedn Section6, we usethefinite domainconstrainsolverin theECLiIPSe
constrainfogic programmingCLP) system.

To form theinitial valuedomainsof variablesin a CLP program,candidatedata
retrievedin the previous stageare compiledinto CLP datastructures.The sub-CSP
whichis formedby the problemdecomposeis thencompiledinto CLP programcodes
to imposeconstraint®n thesevariables Finally, themediatorsendg¢he CLP program
anddatato the constraintsolver andwaitsfor theresultto bereturned.

6 An Example KRAFT Application

TheKRAFT architectures beingtestedbnarealisticapplicationin thedomainof tele-
communicationmetwork dataservicesdesign;this applicationhasbeenprovided by
BT. Thenetwork dataservicesdesignproblemconsideredy KRAFT is in the phase
of network configurationfrom the viewpoint of a customerat a singlesite, allowing
a BT network designetto selectto meetthe customersrequirements(1) a suitable
Pointof PresencéPOP)at which to connecto the BT network and(2) suitableCus-
tomerPremise€quipmeni{CPE)with whichto servicetheconnectior(typesof CPE
includerouters,bridges,and FRADs, thoughit wasdecidedto focusinitially solely
onrouterproducts).

A conceptualiew of the applicationarchitecturas shown in Figure2(a). Note
thata more detaileddescriptionof the network dataservicesdesignapplicationap-
peardn [7]. In thecurrentimplementationall KRAFT agentdmediatorsfacilitators,
andwrapperspareimplementedn Prolog. Theuserinterfacequseragentandmessage
monitor) are Java applications.The databaseesourcesare managedy independent
instancesof the P/FDM DBMS!, eachwith its own local schema. The constraint
solveris ECLiPSe.Interagenttommunications implementedy asynchronoumes-
sagepassingusingthe Lindamodel[5].

The prototypeapplicationemploys threesourceof knowledge:

¢ adatabasef POPinformation;
¢ two databasesf CPEinformation:onefor eachof two competingoutervendors.

Thesenformationsourcesareconsideredo be pre-«istinglegag/ databased-or the
purposef the prototype,simplified versionsof thesedatabasewerecreated;how-
ever, carewastaken to ensurethat the databasesf CPE informationwere created
independentlysoasto ensurerealisticheterogeneityEachof the databasewaspop-
ulatedwith dataandconstraintsfor example,a vendordatabasevaspopulatedwith
dataon the vendors CPE products,and constraintslefiningthe valid usageof each
product. The main aim of creatingthe threeresourcesvasto testthe feasibility of
creatingwrapperagentso transformbetweenthe internalknowledgerepresentation
(dataandconstraintspndthe KRAFT CIF language.

In the prototype,the tasksof identifying potential POPsand CPEsare the re-
sponsibilityof mediators.As the two tasksareindependenin practice(it is possible

Lhttp: // ww. csd. abdn. ac. uk/ -pf dm
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to selecta CPEon the basisof a customers LAN andWAN requirementswithout
knowing which POPwill beusedandviceversa),t wasdecidedo provide aseparate
mediatorfor eachtask.

A useragentsenesasthefront-endto thetestsystemwith a graphicaluserinter
faceallowing aBT network designeto enterthe customersrequirementsandlaunch
two kindsof queryinto the KRAFT system:

1. For aPOPquery the userspecifieghe locationof the customerssite,andthe
customersrequiredwide-areanetwork (WAN) services(for example,Frame
RelayandISDN). The useragentformulateshe POPqueryasa KRAFT mes-
sageandattemptdo locateanagentthatcananswerthe query It doesthis by
contactinga facilitator, which in turn putsit in contactwith the POPMediator
Uponreceiptof the useragents query the POPmediatorobtainsalist of POPs
from the POPDB, andfilterstheseaccordingo the users requirementsit then
sendsareply to theuseragent.If oneor moresuitablePOPswerefoundthese
will bedisplayedo theuser rankedin orderof proximity to thecustomerssite.
Thesenteractionaareshavn in Figure2(b).

2. For a CPEquery the userspecifiesadditionalconstraintn the type of equip-
ment needed,including supportfor variousLAN protocolsusedwithin the
customers site (TCP/IR AppleTalk, 10 baseT Ethernet,etc) and supportfor
the requiredWAN servicesthat determinedhe choiceof POP (FrameRelay
ISDN, etc). Having acquiredtheseconstraintsthe useragentissuesa query
to the KRAFT network asabove. This time, the CPE Mediatorinteractswith
vendorsto selectapparently-suitablproducts togethemwith any “small print”
constraintson these. Fusingtheseconstraintswith thosefrom the customers
requirementsthe CPEMediatorthencalls upona constraintsolver to identify
actually-suitableCPE products. Theseit relaysbackto the useragent. These
interactionsareshowvn in Figure2(c).

Theprototypeapplicationhasbeenconstructedndis currentlyunderevaluation.Fur-
therdetailson the prototypeareavailablein [7].

7 Conclusion

ThispapethasdescribedheKRAFT architecturdor knowledgefusionandtransform-
ation. The genericframewvork of the architectures reusableacrossa wide rangeof
knowledgefusionsystemsin additionto thenetwork dataserviceslesignapplication
describedn the previoussection the framework of the KRAFT architecturéhasbeen
testedn prototypesystemgor advisingstudent®noptionsto transfetbetweeruniver
sities,andadvisinghealthcarepractitioneron drugtherapieg13]. Specificsoftware
component®f the KRAFT systemarealsoreusableincludingthe CCQL messaging
systemfacilitators,wrappershells,andseveralmediatorandsolving-relateccompon-
ents.Evaluationof the KRAFT architecturds ongoing,andrefinementsvill continue
to bemade.
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