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Abstract

Theformationandoperationof dynamicandopenvirtual organisationss a centralconcern
in business-to-bsines®-commerceVirtual organisationgnablepartnercompanieso develop
andmanufcturecustomisegroductswith low costsandrapiddelivery. Agent-basedrchitec-
turesarean effective platformfor suchvirtual organisationdbecauséhey provide mechanisms
to allow organisationgo adwertisetheir capabilities,exchangerich information,and synchro-
niseworkflows at a high-level of abstraction.In this paper we examinethe KRAFT architec-
tureandits featuredor supportingvirtual organisationsin particular we focusuponKRAFT's
agent-basedrchitectureandits useof constrainteasaknowledgeexchangenedium.We shov
how constrainffusion supportghedesignof customisegroducts.

1 Introduction

Oneof the mostpromisingareasof electroniccommercge-commerce)s improved management
of the supply chain, to streamlinethe productionof goods,enablethe rapid productionof cus-
tomisedgoods,and coordinatebusinessprocesseamongcooperatingorganisationg15]. In ef-
fect, suppliersmanugcturersandretailersare enabledto actasa singlevirtual organisation the
membercompaniesntegratetheir complementaryesourcedo createa more competitve whole.
Providing technologyto supportvirtual organisationss the primary themeof business-to-siness
e-commercd25]. Successfulntegrationrequiresthat the membersof the virtual organisationat
leastagreeon mechanismgo exchangeelectronicdocumentsndsynchroniseheir workflows [19].

To minimise productiontimesand productcosts,the virtual organisationshouldbe agile: re-
lationshipsbetweermemberseedto be dynamicandflexible [21]. Re-ngotiationsbetweensup-
pliers, manufcturersandretailerswill occurregularly. In this kind of agile organisationthereis
competitionbetweenmembersandmembergoin andleave the organisationmoreregularly. The
supportof agile organisationss technologicallychallengingbecausehe communicatiormecha-
nismsmustcopewith boththe cooperatie andthe competitive natureof the enterprise.

The commonly-acceptelife-cycle for virtual organisationss asfollows [8]:

1. needsdentification: definition of the servicesor productsprovided by the virtual organisa-
tion;

2. partnerselection:compositionof thegroupof partnerghat,together canmeettheidentified
needs;

3. opeimtion: conductof thetransaction®y which the servicesor productsareprovided by the
partners;



4. dissolution:disbandingpf thegroupof partnersincludingary final settlemenbf paymentor
otherclosingtransactions.

In current practice,the main technologiesoffered to supportvirtual and agile organisations
are Electronic Data Interchange(EDI) and Extranets. EDI supportsthe exchangeof structured
documentalongthe supplychain(from requestdor quotationgo invoices).Unfortunately current
EDI systemsare largely proprietaryand limited in the form of informationthey can exchange;
they arelimited to the exchangeof relatively simple relationaldata. The never XML standard
promisedo addressheformerproblem(for representate examplesse€5] and[24]), butit will not
solve thelatter: to befully “self-describing”,businesslataneedgo have attachedneta-knaledge
in the form of rulesor constraintson how the information can be usedand combinedwith other
information[13].

Extranetsprovide the low-level communicatiomprotocolsto exchangeEDI messagesecurely
betweenthe internal networks (Intranets)of the individual companies.CurrentExtranettechnol-
ogy is moreconcernedvith basicmessagexchangeandsecuritythanwith supportinghigherlevel
businessoperations.Recentstandardgor supportingopentransactionsuchasthe CORBA Ser
vices and EnterpriseJavaBeand20] provide a useful higherlevel communicationinfrastructure,
but rely oncorventionalrigid electronicdatatransactionsnodelsthatcannotcopewith therequired
flexibility demandedby agile organisation$26].

The KRAFT project(KnowledgeReuseandFusion/Tansformationhasan architecturahatis
well-suitedto supportvirtual organisationsn which membersxchangeinformationin theform of
constraintexpressedgainstan objectdatamodel[22]. The constraintsallow membercompanies
to designnew productsfrom componentsn their individual cataloguesandalsoto adwertisethe
contentof their cataloguesConstraintareexchanged/ia messagesxpressedn anagentcommu-
nicationlanguagesupportingfexible transactionsThe KRAFT supportghelife-cycle of avirtual
organisatiorasfollows:

1. needddentification: customersrequirementganbe expressedeadilyandnaturallyasa set
of constraintsjikewise, the capabilitiesof serviceand productproviders can be expressed
usingconstraints;

2. partnerselection:by combiningandcheckingheconstraintgrom customersindservice/product
providers,avirtual organisatiorcanbecomposedhathasthepotentialto meetthecustomers’
requirements;

3. opemtion: additionalconstraintswill appearduringthe procesof working to satisfya spe-
cific customess requirements— thesemay comefrom the customeiitself, or from ary of the
suppliers;the constraint-solvingprocescaneasilyaccommodatéheseconstraintsgdynami-
cally;

4. dissolution:theconstrainsolvingprocessvill yield asetof resultsthatincludetheconditions
thatmustbe metwhenthevirtual organisatioris disbanded.

Theremaindeof this paperis organisedasfollows: thenext sectiondescribesheway in which
the KRAFT architectureusesconstraint€o supporta network or customersandsuppliersin a vir-
tual organisation;Section3 describegshe KRAFT architectureasa whole; Section4 examinesthe
constraint-solvingrocessat the coreof a KRAFT system;Section5 presentanexampleKRAFT
applicationwhereavirtual organisationis createdo provide network dataservicesn thetelecom-
municationgdomain;Sectionss and7 presentelatedwork andfuturedirections respectiely.



2 Constraintsin Virtual Organisations

The KRAFT architecturevasconceved to supportconfigurationdesignapplicationsamongmul-
tiple partnerorganisationsith heterogeneousnovledgeanddatamodels. This makesit suitable
for the supportof virtual organisationsvherethe serviceor productto be suppliedneedsto be
composedrom componentsuppliedby multiple componenvendors.This modelturnsout to be
very general supportingnot only the obvious manufcturing-typeapplicationgfor example,con-
figurationof personakcomputersor telecommunicationaetwork equipment)ut alsoservice-type
applicationssuchastravel planning(for example,composingpackageholidaysor businesdrips
involving flights, groundtravel connectionsandhotels)andknovledgemanagemen(for example,
selectingandcombiningbusinessulesfrom multiple heterogeneousnovledgeanddatabasesna
corporatdntranet).

Configurationdesignproblemswereoriginally tackledby rule-basedystemgthe best-knavn
beingDEC’s XCON system usedfor configuringVAX computers)now, they aremorecommonly
seenasconstraintsatishction problemg[9]. In the KRAFT architecturethe domainsof mary of
the variablesareentitiesstoredin local databasekeld by individual partnerdn avirtual organisa-
tion [12]. Constrainton theseentity typesmay be setby their malkers,andstoredwith themin the
databaseKRAFT providesmechanism$y which local databaseontentscanbe adwertisedon the
network, sothat constraintscanbe selectedand fusedtogetherby specialisedniddle agentsand
passedo a constraintsolver. The solver thenhasto find feasiblevaluesto satisfythe constraints.
However, the problemis complicatedby constraintghatrefer to relatedinstancesf otherentity
types,whosevaluesmustbe extractedfrom somedatabasendchecled for compatibility

In manufcturing-typeapplications KRAFT solvesthe problemof finding a numberof parts
thatfit togetherto make someproduct,or thatwork togetherin someway to deliver someservice.
Suppliersof theseparts malke their cataloguesjn the form of databasdables,available on the
network. Locally to eachsupplier the tableswill belikely to have differentsemanticandhidden
assumptionsin printedcataloguesheseassumptionsftenappeagasasteriskdfootnotesor “small
print” in the catalogueFor example the productcatalogudor (fictitious) disk drive vendorStorage
Inc may have the following smallprint associatedavith eachof its rangeof Zip disk drives:this Zip
diskdrive requiresa PC with a USB-typeport. Thiskind of smallprint canreadilybe expressedis
constraintsn adatabaseatalogueFor example:

forall z in zip_drives
port _types(connected pc(z)) nust include "USB";

This constraintwould be storedin Storagelnc’s cataloguedatabasebut note thatit refersto a
property of the PC (port _t ypes) to which the drive would be connectedn a configuredPC
system(storedastheconnect ed_pc attribute of the Zip disk drive z). In configuringa designto
meeta customers requirementsit is notenoughjust to make a distributeddatabasejueryto find a
list of possiblecomponentsit is alsonecessaryo ensurghatthecomponentsatisfyattachedsmall
print constraints.

A further complicationarisesfrom the fact that the locally-storedconstraintswill typically be
expressedhgainsialocal datamodelfor the productcatalogueln orderto fusetogetherconstraints
from multiple heterogeneouproductcataloguesit is necessaryo translatethe constraintsto a
commonconstaint interchange format expressedn thetermsof a shaedontolayy asis commonly
donein knowledge-sharingystemg18]. Thefollowing constraintshovs the above smallprint Zip
disk constrainttranslatedrom Storagelnc’s local constraintlanguageto the KRAFT Constraint
Interchangd~ormat (CIF) language gxpressedn the termsof a sharedontology for PC system
configuration:

constrain
each d in disk_drive
such that nane(vendor(d)) = "Storage Inc"
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Figurel: Fusionof constraintdrom multiple sources.

and type(d) = "z p"
at least 1 p in ports(host_pc(d))
to have type(p) = "USB";

KRAFT CIF is basedon the CoLanlanguageausedto expresssemanticsn the objectdatabase
P/FDM[11]. Someof thetransformationmeedecherewere:

e Addition of contextual information. In the local Storagelinc databaseall constraintsmplic-
itly referto this vendors products;in the sharedontology the nameof the vendorof the
componentnustbe statedexplicitly.

e Mapping classesto attribute values. In the local Storagelnc databasethe type Zip disk
is representedby the classzi p_dri ves; in the sharedontology “Zip” is the value of the
attribute type of elementsn theclassdi sk_dri ve.

e Copingwith different granularities of description. In the local Storagelnc databasethe
connectedPCis modelledin lessdetail, with the typesof portsbeingstoredin the attribute
port _t ypes of theconnect ed_pc entity;in thesharedntology theconnectedPC of the
disk drive (attribute renamedo host _pc) is modelledin moredetail, with individual ports
asentitiesin their own right, andt ype asanattribute of thepor t entity.

Thesetransformationsnustbeimplementedy special-purpossoftwarefor theindividual vendor
aspartof the priceto be paidfor joining thevirtual organisation.The architecturaframework that
incorporatesheseransformationasoftwareis describedn Section3 belon. Oncetransformedthe
smallprint constraintcanbe fusedtogetherwith otherconstraintdrom varioussourcesasshavn
in Figurel.

In thevirtual organisationsomeconstraintwill be providedby the customerptherswill come
fromthevendorsasdiscusse@bore; therewill alsobeconstraint&omingfrom the partnemwhowill
act asthe configuratorof the productor serviceprovided by the organisation. Typically, the con-
figuratorpartnerwill beavalue-addingesellerfrom the point-of-view of the componenvendors.
Notethattheremaybemultiple configuratompartnerseachproviding a differentproductor service;
also,the supplychainmay have additionalstageswhereoneresellersellsto anothemreseller each
addingtheir own constraintgo the final productor service. Details of how the constraintfusion
procesoperatesvithin the KRAFT architecturearegivenin Sectior4.



3 TheKRAFT System Architecture

The KRAFT systemhasan agent-basedrchitecturejn which all knowledgeprocessingcompo-
nentsarerealisedassoftware agents.An agent-basedrchitecturevaschoserfor KRAFT for the
following reasons:

e Agent architecturesare designedto allow software processeso communicateknowledge
acrossnetworks, in high-level communicationprotocols; as constraintsare a sub-typeof
knowledge,thiswasseemasanimportantfeaturefor KRAFT.

e Agentarchitecturesre highly dynamicandopen,allowing agentsto locateotheragentsat
run-time,discover the capabilitiesof otheragentsandform cooperatie alliancesasKRAFT
is concernedvith thefusionof knowledgefrom availableon-linesourcesthesefeaturesvere
seerasheingof greatvalue.

The designof KRAFT is consistentwith seseral emepging agentstandardsnotably the de facto
KQML standard17] andthedejure FIPA standard4]. Agentsarepeers;ary agentcancommu-
nicatewith ary otheragentwith which it is acquainted Agentsbhecomeacquaintedy registering
their identity, network location, and an adwertisementof their knovledge-processingapabilities
with a specifictype of agentcalledafacilitator (essentiallyanintelligentyellow pagesservice).

Whenanagentheeddo request servicefrom anotheragent,t asksafacilitatorto recommend
anagentthatappeargo provide thatservice.Thefacilitatorattemptdo matchtherequestedervice
to theadwertisedknowledge-processmcapabilitiesof agentswith whichit is acquaintedIf amatch
is found,thefacilitatorcaninform theservice-requestinggentof theidentity, network location,and
adwertisedknowledge-processingapabilitiesof the serviceprovider. The service-requestinggent
andservice-preiding agentcannov communicatelirectly.

It is worth emphasisinghat, while this modelis superficiallysimilar to thatusedin distributed
objectarchitecturesuchasCORBA andDCOM [20], theimportantdifferenceis the semantidevel
at which interactionstake place: In distributed object architecturespbjectsadwertisetheir pres-
enceby registeringmethodsignatureswith registry servicesand communicateéy remotemethod
invocations.

In agent-basedystemsadwertisementof capabilitiesare muchricher, beingexpressedn a
declaratie knowledge representatioanguage,and communicationusesa high-level corversa-
tional protocol build from primitive corversationalactionssuchas ask tell, advertise and rec-
ommend Distributed objectarchitecturesrein facthighly suitablefor implementingagent-based
architecturegfor example,the ADEPT systemusedCORBA [14]) but the converseis nottrue.

3.1 Typesof KRAFT Agent

An overview of thegenericKRAFT architecturds shavn in Figure2. KRAFT agentsareshavn as
ovals. Therearethreekindsof these:wrappersmediatorsandfacilitators.All of thesearein some
way knowledge-processingntities.We describeeachonebelow.

Wrappers Theseareagentghatactasproxiesfor externalknowledgesourcestypically databases
and knowledge-basedystems. Theseare often legag/ systems,so one task of a wrapperis to
provide abridgebetweerthelegag systeminterfaceandthe KRAFT agentinterface.For example,
thelegag interfaceof arelationaldatabasevill typically be SQL/ODBC;the KRAFT wrappewill
accepincomingrequestmessagesom otheragentsn theKRAFT agentcommunicatiodanguage,
transformtheseinto to SQL queriesyunthemon the databaseandtransformthereturnedresultsto
anoutgoingmessagén the KRAFT agentcommunicatioranguage.

In avirtual organisationwrappersareusedto provide accesgo vendors’productdatabaseas
explainedin Section2. The wrappersoftwareimplementgshe constraintransformationsmiecessary
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Figure2: Overview of thegenericKRAFT architecture.

to move small print constraintsrom the local productdatabaséo the CIF interchangdormatand
sharedntology

Wrappersalsoprovide entry-pointsinto the KRAFT systemfor useragents.Useragentsallow
end-usersiccesgo a KRAFT knowledge processingsystem. A useragentwill offer somekind
of userinterface,with which the userwill presenggueriesto the KRAFT network. The useragent
will transformtheusers’queriesinto theinternalknowledgerepresentatiofanguagef theKRAFT
system,andinteractwith otherKRAFT agentsto answerthe queries.A useragentwill typically
alsodo somelocal processingon knowledge,at leastto transformit for presentation.

In a virtual organisation,customersnput their requirementonstraintsvia useragents. Cus-
tomerswould not be expectedo write the constraintshemseles;rather a friendly interfacewould
allow themto enterthe elementsof the constraints from which the useragentsoftware would
generatahe correspondingIF constraints.

Mediators Thesearetheinternalknowledge-processinggentof the KRAFT system:every me-
diator addsvaluein someway to knowledge obtainedfrom otheragents. Typical mediatortasks
includefiltering, sorting,andfusingknowledgeobtainedirom otheragents.

In avirtual organisationthe mediatorsaretypically agentsof the configuratorpartnersor re-
sellers.They performconstrainselectionandfusion,andinvoke the servicesof constraintsolvers.

Facilitators Thesehavealreadybeemmentionedabove: thesearethe“matchmaler” agentghatal-
low agentgo becomeacquaintecndtherebycommunicateFacilitatorsarefully-fledgedknowledge-
processingentities: establishinghat a servicerequest'matches”a serviceadwertisementrequires
reasoningnith the declaratie representationsf requestindadwertisement.

In avirtual organisationthe facilitatorsacceptadwertisementgrom vendorsandresellersand
broker connectiondbetweercustomersandresellersandresellersandvendors.

3.2 KRAFT Communication Protocols

KRAFT agentscommunicatevia messagesising a nestedprotocol hierarchy KRAFT messages
areimplementedas characterstringstransportedy a suitableunderlyingprotocol (for example,
CORRBA 1IOP or TCP via soclets). A simple messagerotocol encapsulatesachmessagevith
low-level headeiinformationincluding a timestampandnetwork information.



Thebodyof the messageonsistof two nestedorotocols:the outerprotocolis the agentcom-
municationlanguageCCQL (Constaint Commandand QueryLanguae) which is a subsebf the
Knowledge Query and ManipulationLanguagg KQML) [17]. Nestedwithin the CCQL message
is its content,expressedn the CIF protocol (Constaint Interchange Formaf) — a supersebf the
ColLanconstrainfanguageshavn in Section2.

Syntactically KRAFT messageareimplementedasPrologterm structures An examplemes-
sageis shavn belav. The outermoskr af t _nmsg structurecontainsacont ext clause(low-level
headerinformation)anda ccql clause.The messagés from anagentcalledst or age_i nc to
an agentcalledpc _confi gurat or. Theccql structurecontains,within its contentfield, an
encodedCIF expressionhere,we seea “pretty-printed” CIF constraintjn theimplementationCIF
expressionareactuallytransmittedn a compiledinternalformat).

kraft_msg(
context(1,id(19), pc_configurator, storage_inc,
ti me_stanp(date(29,9,1999), tinme(14,45,34))),
ceql (tell, [
sender : storage_inc,
recei ver : pc_configurator,
reply_with : id(18),
ontol ogy : shared,
| anguage : cif,
content : [
constrain
each d in disk_drive
such that nane(vendor(d)) = "Storage Inc"
and type(d) = "z p"
at least 1 p in ports(host_pc(d))
to have type(p) = "USB"

1)
)

Use of Prologterm structuresis chiefly for corvenience,as most of the currentknowledge-
processinggcomponentsn the KRAFT implementatiorarewritten in Prolog. However, the Prolog
term structuresare easily parsedby non-PrologkRAFT componentscurrently thereare several
componentsmplementedn Java, for example. (It is likely that the next versionof the KRAFT
implementatiorwill useXML insteadof PrologtermstructuresasXML retainsthe easeof parsing,
while beinga moreopeninterchangestandard.)

As explainedin Section2, thetermsusedin the CIF partof themessagaredefinedin theshared
ontology To supportthe representatiorstorage andtransmissiorof datainstancesthe ontology
hasschema-ieel informationin additionto conceptual-ieel definitions.

4 Constraint Fusion Example

To demonstrateonstrainfusionfrom differentsourcego supportthe manufcturingactiities of a
virtual organisationconsidera configurationproblemwherea PCis built by areselley combining
componentgrom vendors. As shavn in Figure 1, constraintscomefrom the userrequirements,
“small print” restrictionsattachedo componentérom differentvendorsandtheresellers configu-
ration designknowledgegoverninga workableconfiguration.The customerspecifytheir require-
mentsin the form of constraintshrougha useragent.In this example,a customerspecifieghatthe
PCmustusea“Pentium3” processobut notthe OSnamed‘Windows 2000":

constrain each p in pc
to have cpu(p) = "Pentium 3"
and nanme(has_os(p)) <> "Wndows 2000"

7



For the componentdo fit togetherthey mustsatisfycertainconstraintslefiningvalid configu-
rations.For example thesizeof the OSmustbe smalleror equalto theharddisk spacefor a proper
installation:

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

Now the candidatecomponentgrom differentvendorsmay have “small print” conditionsat-
tachedto themasconstraintsin the vendordatabasef operatingsystemsthe OS named-‘Linux”
requiresa memoryof atleast32 megabytes:

constrain each p in pc
such that nane(has_os(p)) = "Linux"
to have menory(p) >= 32

In the virtual organisationtheresellerpartneremploys a constraint-fusingnediatorwhich ex-
tractsandcombinesconstraintgrom customerandvendorsor problem-solvingourposesThecon-
straintsareassemblety thefusionmediatorandpre-processetb compose constrainsatisaction
problem(CSP),whichis thenanalysedindsolvedby a combinationof distributeddatabasegueries
andconstraintiogic programs.With the help of a facilitator, this approachallows the mediatorto
tailor its executionplanin a dynamicenvironment,dependingon the capabilityandavailability of
onlineresources.

Thesampleconstraint@abore canbepre-processetb give thefollowing fusedconstraintwhich
describeshe overall requiremenbn the variablesinvolved:

constrain each p in pc
to have cpu(p) = "Pentium 3"
and nanme(has_os(p)) <> "W ndows 2000"
and size(has_os(p)) <= size(has_disk(p))
and i f name(has_os(p)) = "Linux"
then nmenory(p)) >= 32
el se true

Thereasorfor fusingthe constrainfragmentss to provide thebasisfor exploring how the CSP
canbestbedivided into sub-problem®f distributed databasejueriesandsub-CSP$11]. Whena
singlepieceof constrainis insufiicientto solve a CSPeffectively, thefusionmediatorcancombine
informationfrom multiple constraintfragmentgo arrive at a moresolhablesolution. It is from the
fusionprocesghatusefulinformationcanbeinferredandcapturedor problemsolving purposes.

The constraintfusion procescomposes concretedescriptionof the overall CSPin a declara-
tive form. To solve a composedCSPefficiently, thefusion mediatorfeedsit into a problemdecom-
posemwhichextractsselectiorinformationfrom the CSPdescriptiorto generataistributeddatabase
guerieswith theremainingconstraintforming a smallersub-CSPThe mediatorthensendshese
databasegueriesin multiple messaget differentdatabasevrappergo retrieve candidatedataval-
ues.

Databasejuerygeneratiorconstitutesanimportantphaseof pre-processingt shiftspartof the
problemsolving procesdo the distributed databaseby composingdatafilters asdatabasegueries.
This preventsunnecessargransportatiorof irrelevantdataacrosgshe KRAFT domain,andthereby
reducesnetwork traffic in the distributed system. However, datafiltering by databasejuerygen-
erationis not sufficient to resole all constraints.The amountof selectioninformationwhich can
be representedsdatabasejueriesdependn the expressienessf the databasejuerylanguage.
Theremainingsub-CSFhasto be resoled by a more powerful constraintsolver in the next stage.
Thefinal stageof the problemsolvingprocesss to feeddataandconstraintsnto a constraintsolver
so that solutionsto the CSP canbe obtained. In the currentdemonstratiorsystem,describedn
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Section5, we usethefinite domainconstraintsolver in the ECLiIPSeconstrainfogic programming
(CLP) systemt

5 An Example KRAFT Application

To demonstratgroof-of-conceptthe KRAFT architecturenasbeentestedon a realistic applica-
tion in the domainof telecommunicationsetwork dataservicesdesign;this applicationhasbeen
provided by BT. The network dataservicesdesignproblemconsideredy KRAFT is in the phase
of network configurationfrom the viewpoint of a customerat a singlesite, allowing a BT network
designetto selectto meetthe customerstrequirementsy1) a suitablePoint of Presenc€POP)at
which to connectto the BT network and (2) suitableCustomerPremisesEquipment(CPE) with
which to servicethe connectiontypesof CPEincluderouters,bridges,andFRADs, thoughit was
decidedo focusinitially solelyon routerproducts).This scenarideststheapplicabilityof KRAFT
to supportingvirtual organisations CPEvendorscanjoin the network andadvertisetheir products
to thevalue-addingesellerof network dataservices.Thereselleroffersits servicego thecustomer
by meansf useragents.

A conceptualiew of the applicationarchitectureis shavn in Figure 3(a). In the currentim-
plementationall KRAFT agentgmediatorsfacilitators,andwrappersareimplementedn Prolog.
Theuserinterfaces(useragentandmessagenonitor) areJava applications.Thedatabaseesources
aremanagedy independeninstance®f the P/FDM DBMS?, eachwith its own local schemaThe
constrainsolveris ECLiPSe.Interagentcommunications implementedy asynchronoumessage
passingusingthe Linda model[3].

The prototypeapplicationemplgys threesourcef constraints:

e adatabasef POPinformation;
¢ two databasesf CPEinformation: onefor eachof two competingroutervendors.

Theseinformation sourcesare consideredo be pre-«isting legag/ databasesFor the purposes
of the prototype,simplified versionsof thesedatabasesvere created;however, carewastaken to
ensurethatthe databasesf CPEinformationwerecreatedndependentlyso asto ensurerealistic
heterogeneityEachof thedatabasewaspopulatedvith dataandconstraintsfor example,avendor
databasevaspopulatedwith dataon the vendors CPE products,andconstraintdefiningthe valid
usageof eachproduct. The main aim of creatingthe threeresourcesvasto testthe feasibility
of creatingwrapperagentsto transformbetweenthe internalknowledgerepresentatioridataand
constraintspndthe KRAFT CIF language.

In the prototype,the tasksof identifying potential POPsand CPEsare the responsibility of
mediators.As the two tasksareindependenin practice(it is possibleto selecta CPEon the basis
of acustomess LAN andWAN requirementswithout knowving which POPwill be used,andvice
versa),t wasdecidedo provide a separatenediatorfor eachtask.

A useragentsenesasthe front-endto thetestsystemwith a graphicaluserinterfaceallowing
aBT network designeto enterthe customers requirementsandlaunchtwo kinds of queryinto the
KRAFT system:

1. For a POPquery the userspecifiesthe location of the customers’site, andthe customers’
requiredwide-areanetwork (WAN) serviceqfor example,FrameRelayandISDN). Theuser
agentformulatesthe POPqueryasa KRAFT messageandattemptgto locatean agentthat
cananswerthe query It doesthis by contactinga facilitator, which in turn putsit in contact
with the POP Mediator Upon receiptof the useragents query the POP mediatorobtains

‘htt p: / / www. ecrc. de/ ecl i pse/
2htt p: // www. csd. abdn. ac. uk/ -pf dm
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a list of POPsfrom the POPDB, andfilters theseaccordingto the users requirements.It

thensendsareply to the useragent.If oneor moresuitablePOPswerefoundthesewill be
displayedto the user rankedin orderof proximity to the customerssite. Theseinteractions
areshavn in Figure3(b).

2. For a CPEquery the userspecifiesadditionalconstraintson the type of equipmentieeded,
including supportfor variousLAN protocolsusedwithin the customess site (TCP/IR Ap-
pleTalk, 10 baseT Ethernetgetc)andsupportfor therequiredWAN serviceshatdetermined
thechoiceof POP(FrameRelay ISDN, etc). Having acquiredheseconstraintstheuseragent
issuesa queryto the KRAFT network asabore. Thistime, the CPEMediatorinteractswith
vendorgo selectapparently-suitablproductstogethemwith any “small print” constrainton
these.Fusingtheseconstraintswvith thosefrom the customeis requirementsthe CPEMedi-
atorthencalls upona constraintsolver to identify actually-suitableCPE products. Theseit
relaysbackto the useragent.Theseinteractionsareshavn in Figure3(c).

The implementedapplicationwas testedto demonstrateéhe essentiafunctionality of all the
componentgfacilitation, constraintransformationandconstraintfusion), andalsoto testthe per
formanceof awide-areaKRAFT network (with agentgunningatall four of the projectsitesacross
the UK). Thetestsshaved thata virtual organisatiorof vendorsconfiguratorandcustomercould
indeedform at run-time,andcoordinateits actvities to put togethera workable,multi-vendorso-
lution to the customes problem,without ary of the partieshaving ary prior knowledge of one
another Thefacilitation/matchmakig mechanisnallows ary partyto dynamicallyjoin or leave the
KRAFT network.

While thefunctionalityof a KRAFT network wasprovensatisfctorily, the performanceroved
to berathersluggish duelargely to the choicesof platform (PrologandJava). Furtherdetailsof the
testbedapplicationareavailablein[7].

6 Redated Work

Agent-basedrchitecturesre proving to be an effective approacho developingdistributed infor-
mationsystemg?2], asthey supportrich knowledgerepresentationsneta-leel reasoningaboutthe
contentof on-line resourcesand openenvironmentsin which resourcegoin or leave a network
dynamically[28]. KRAFT emplo/s suchanagent-basedrchitecturgo provide therequiredexten-
sibility andadaptabilityin a dynamicdistributedenvironment.Unlike mostagent-basedistributed
information systems howvever, KRAFT focuseson the exchangeof dataand constraintsamong
agentsn thesystem.

Recentresearchn the areaof software agenttechnologyoffers promisingwaysof supporting
new kindsof distributedinformationsystemapplicationsput theareais still farfrom mature.Early
projectssuchasPACT [6] andSHADE [16] shavedthatagenttechnologycould supportexchange
of rich businessnformation— usingthe Knowledgelnterchangd-ormat(KIF) — betweerprgan-
isationsusingheterogeneougchnologiesyith alimited amountof organisationahgility — basic
“matchmaking”brokerageconnectingsupplierso consumersWhile demonstratinghe promiseof
the agent-basedpproachtheseprojectsrevealedproblems:the compleity of the KIF representa-
tion haspreventedit from gainingwidespreadise,while the limited brokeragemodelshindersthe
implementatiorof flexible negotiationschemes.

The ADEPT project offers a flexible ervironmentfor agile organisationswith an emphasis
on the dynamicmanagementf workflow betweerpartnerorganisationg14]. Serviceagreements
are ngyotiated,formed, and re-formedover time, supportingboth competitve and collaboratve
interactionsalbeitwith ratherlimited forms of informationexchange.

The designof the KRAFT architecturebuilds uponrecentwork in agent-basedistributedin-
formationsystems.In particular therolesidentifiedfor KRAFT agentsaresimilar to thosein the
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InfoSleuthsystem[2]; however, while InfoSleuthis primarily concernedvith the retrieval of data
objects,the focusof KRAFT is on the combinationof dataand constraints.KRAFT alsobuilds
uponthework of the KnowledgeSharingEffort [18], in thatsomeof the facilitationandbrokerage
methodsareemployed, alongwith a subsebf the 1997KQML specificatior[17]. Unlike the KSE
work, however, which attemptedto supportagentscommunicatingn a diverserangeof knowl-
edgerepresentatiotanguagegwith attendantranslationaproblems) KRAFT takesthe view that
constraintsarea goodcompromiseéetweerexpressiity andtractability

In its emphasion constraints KRAFT is similar to the Xerox ConstraintBasedknowledge
Brokers project[1]; the differenceis that the Xerox work focussesupon the use of constraints
to supportqueryingof distributed datasourcesyatherthanthe extractionof constraints§rom dis-
tributed sourcesandthe useof theseconstraintan configurationdesignproblem-solving. Also,
KRAFT recogniseshe needto transformconstraintsvhenthey areextractedfrom local resources,
typically for reason®f ontologicalor schemanismatch12].

Constraintsarealsousedto adwertisecustomersrequirementandsuppliercapabilitiesin the
Matchmaler project, which is currently being appliedto supportingvirtual organisationg10].
Again, like the Xeroxwork, the Matchmaler projectdoesnotdealwith the extractionof constraints
from distributedsourcesandtheir usein problem-solving.

The SmartClientsproject[27] is relatedto KRAFT in the way they conductproblem-solving
onaCSPdynamicallyspecifiedoy the customerusingdataextractedfrom remotedatabasestheir
approachdiffers from KRAFT in thatonly datais extractedfrom the remotedatabasesyo small
print constraintomeattachedo thedata;also,all theproblem-solvings doneontheclient, rather
thanby mediatoragents.No constraintsare thereforetransmittedacrossthe network; corversely
it is the constraintsolverthatis transmittedto the client's computerto work with the constraints
specifiedocally by the customer

Finally, ongoingwork atIBM’ s T. J. WatsonResearclCenteris similarin concepto KRAFT's
useof “small print” constraintd23]. The differenceis thatthis work usesa rule-basedormalism
to specifycontractualfine print” in theform of businesgules.Logic programmingechniquesre
thenusedto reasorwith therules.

7 Conclusion

The KRAFT network architecturewas originally conceved to tackle the problemof gatheringa

specificatiorfor a configurationproblem,including potentialpartsandtheir constraints.lts agent
architecturethereforemakes it very suitableto supportvirtual organisationswherethe various
partnerg(suppliers resellerandcustomershlly themselestogetherbecausehey wish to interact
by exchangingconstraints.In orderto do this, they are preparedo map dataand constraintso

an ontology that is sharedbut monotonicallyextensible[12]. Therefore, KRAFT is essentially
restrictedto cooperatie interactiondbetweeragents.

Clearly thereis a costassociatedvith joining a KRAFT network, in thatmembergnustwrap
their knowledge sourcego conformto the sharedprotocolsand knovledge exchangelanguages.
However, KRAFT aimsto demonstrat¢hatthe useof constraintoffers an effective “middle way”
betweerthe off-putting compleity of KIF at oneextreme,andthe limited expressiity of the EDI
approachest the otherextreme. To becomesuccessfulthe KRAFT architecturewould needto
becomea standardor establishingrirtual organisationsn which constraintfusionwould be a pri-
marymechanisnior doingbusinessAn organisatiorcouldthencommitonceto providing KRAFT
wrapperdor its own enterprisesystemsin the knowledgethatthis would allow it to participatein
KRAFT virtual organisationsin this context, KRAFT would becomea layerthatcould exist above
lower-level businessnformationinterchangdormatsbasedn XML describedn Sectionl.

The prototypenetwork dataservicesapplicationhasproven the conceptof supportingvirtual
organisationsy constraintfusion. In doing so, it hasraiseda numberof issuesthat will be the

12



subjectof futurework:

e thesmallscaleof the prototypedoesnot provide corvincing evidenceof the scalabilityof the

KRAFT approachheededo copewith Internet-scalevirtual organisations— furthertesting
for scabilityon largervirtual organisationss needed,;

e interactionswithin aKRAFT domainarecurrentlyfundamentallycooperatie, exceptfor the

competitionbetweervendorsbuilt-into the adwertisingandfacilitationmodel— richerforms
of competitie interactionneedto beincorporatecandtested;

e control is decentralisedvithin the KRAFT network, and transactionsare overly loose at

presentmorerohbustnessandcontrolis neededo supportreal-world ecommercesituations.
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