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The CAKE systemcombineswork�o w technologywith agentandCBR technologiesfollowing a new and
innovativeconcept.CAKE introducesa light-weightwork�o w andagentmanagementapproachbackedby CBR,
allowing to leveragearbitraryknowledgesourcesandquerymechanismsalreadyavailablewithin anorganisation.
Hence,organisationscanbeeffectivelysupportedin performingtheirrealworld activitiesataslittle effort aspossi-
ble,with establishedtoolsandpractisesbeingintegratedratherthanreplaced.Informationaccessandinformation
routingcanbeseamlesslyintegratedinto collaborativeactionsbetweenhumans,or betweenhumansandmachines
throughthe inclusionof softwareagentsthat feedknowledgerelevant to therequiredactionfrom heterogeneous
sources.New collaborationandknowledgedistribution strategiescanbe developedasrequiredusingwork�o w
representationsthat areeasyto comprehend.Furthermore,CBR technologyprovidesef�cient retrieval facilities
thatareneededto design�e xible applications.

As a key feature,CAKE offerssophisticatedstrategiesfor informationaccessandinformationrouting. These
strategiesaddressthe challengethat in many domains,organisationalknowledgeis scatteredover a rich setof
heterogeneousinformation sources,and that individuals requiring the knowledgemight not even be aware of
thesesources.Anotherkey aspectcoveredby CAKE is the formal representationandexecutionof light-weight
processes.Ontheonehand,providing thenecessaryknowledgeduringprocessexecutionrequiresacertainformal
foundation,on the otherhandprocessdescriptionsshouldbe easyto comprehendby the endusers,andshould
provideahighdegreeof �e xibility . CAKE provesauniquesolutionby combiningwork�o w andagenttechnologies
backedby CBR,tacklingthefollowing:

� integrationof structuredandunstructuredknowledgesources

� usingagenttechnologyto integratedifferentkindsof knowledgesystemslike clusteringtools,datamining
tools,or searchengines

� CBRbasedagentselectionusingcontext information

� CBRbasedwork�o w selectionusingcontext information

� dynamicagentcollaborationusingwork�o w technology

� dynamicredesignof collaborationduringruntime

� dynamicagentsociety

CAKE Ar chitecture

CAKE is a generaldomain-independentarchitecturethatcanbeusedfor developingdomain-speci�capplications
[FMS05]. It providesa verygeneraldataandprocessmodelthatcanbeexpandedby domain-speci�cdataclasses
and processes,leadingto domainspeci�c ontologies. For copingwith knowledgeintensive tasksrequiredfor
context-basedinformationsupportCAKE useswork�ow technology. It additionallymakesuseof agenttechnology
to enableandmediatearbitraryaccessandcommunicationto differentagent-basedservices.For combinationof
work�o w andagenttechnologya needfor anappropriatesearchfacility is encountered.Therefore,a CBR-based
searchengineis integratedin CAKE for searchingon work�o w andagentcharacterisations.This is thethird key
technologyprovidedby CAKE. An overview of CAKE'sarchitecture,showing theinteractionsof thedifferentkey
technologies,is shown in Figure1. All usedtechnologiesareexplainedin moredetail in thefollowing.
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Figure1: CAKE SystemArchitecture

CAKE Data Model

All componentsin the CAKE systemusethe samedatarepresentation.As CAKE shouldbe applicablein sev-
eral very differentapplicationscenarios,a �e xible anduni�ed datarepresentationconceptfor all componentsis
paramount.This is put into practisewith a datamodelandcorrespondingdataobjects.

TheCAKEData Modeldescribesall kindsof datathatcanoccurin thesystem.It is anobject-orientedmodel
using specialisationand aggregation to de�ne the dataclasses. Available dataclassesare atomic classeslike
boolean,integer, double,date,or timeaswell ascompounddataclasseslikeaggregates,collections,andintervals.
Thesesystemclassescanbeusedto de�ne anapplicationspeci�c datamodel.Eachspecialisationof asystemclass
is calleduserclassthatagaincanbespecialisedor usedlikeany otherclass.Eachdataclassof thedatamodelcan
be instantiatedasa CAKE dataobject. Consequently, eachdataobjecthasexactly onecorrespondingdataclass
thatde�nes thepossiblevalue(s)of theobject.Additionally to the“main value”of a dataobject,eachdataobject
canhavepropertiesto storeadditionalinformationabouttheobject.

CBR Technology

Themainpurposeof theCBR technologyis thesimilarity basedretrieval of dataobjects.For this purposea simi-
larity modelcanbede�ned on topof thedatamodelby combiningandcon�guring similarity functionsprede�ned
in a similarity library. Thelibrary alreadycontainsabout30 similarity measureslike HammingDistance,Simple
MatchingCoef�cient, or sigmoidfunction. More informationaboutthesimilarity measuresavailableis provided
by Bergmann[Ber02]. Theretrieval enginefeaturesa linearsimilarity-basedretrieval but thearchitecturehasbeen
designedwith moresophisticatedretrieval strategiesin mind,whichwill beavailablein thenearfuture.

Work�o w Technology

Thegoalof thework�o w systemis to modelandexecuteprocessesto managethecollaborationbetweenagents.In
CAKE, processesaredescribedusingwork�ow de�nitions thatareinstantiatedandexecutedin concretesituations.
Thesesituationsarerepresentedin thesocalledcontext of theprocess.

Eachwork�o w de�nition consistsof initial context values,a work�ow characterisation, a setof taskdescrip-
tions, andthe control �o w relationshipsbetweenthe taskdescriptions.The latter allow to arrangethe tasksin
sequence,in parallel,or in loops,but doesnot cover data�o w at all; dataexchangeis realisedby usingthecon-
text. Thework�o w characterisationis a semanticdescriptionof thework�o w de�nition representedwith CAKE
dataobjects.Thus,it enablesa semanticCBR-basedsearchfor anappropriatework�o w de�nition in a concrete
situation.A taskis technicallyrealisedasJava classandhencea taskdescriptionmainly consistsof a taskname,
thenameof theJava classthatimplementsthetask's functionality, anda setof parametersthatarerequiredfor its
execution,e.g. thenameof thecontext keys to accessandstoreinformation.Oneof thecapabilitiesof a taskis to
triggerfurtherwork�o w de�nitions, sohierarchicaldecompositionof complex activities is enabled.
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At runtime,thework�ow enginemanager initialisesawork�o w instanceof awork�o w de�nition. Eachwork-
�o w instanceis executedby anown work�ow engine(WE) thatcontrolsthe interpretationof thework�o w de�-
nition by executingthe tasksin thespeci�ed order. Separatingwork�o w de�nition andexecutionenablesmodi-
�cations on thework�o w instanceswithout doingchangeson their work�o w de�nitions. Beyondcontrollingthe
life cycleandcontrol�o w of tasks,eachWE administratesthelocal context assignedto its work�o w instanceand
facilitatesthecapturing,storing,andchangingof context-baseddata.

Agent Technology

The CAKE agentframework providesa uni�ed interfaceto coupleexternalknowledgesourcesaswell asuser
interfaceswith the coresystem.Technically, the framework distinguishesbetweeninformationagentsanduser
agents. Informationagentsprovide andmay alsochangeknowledgelike searchengines,databases,groupware
calendars,humanexperts,datamining tools,classi�ers,or dialoguestrategy tools.Useragentsrequestknowledge
andarein generalinterfacesto humansystemusers,e.g. graphicaluserinterfacesor naturallanguageinterfaces,
but canalsobe other computersystems.Eachagentis composedof a technology component, a wrapper, and
a competencepro�le . The technologycomponentis the externalknowledgesystemthat is madeaccessiblevia
CAKE. To enablethe communicationbetweenCAKE anddifferent technologycomponents,wrappersareused
asmediatorsthat ful�l two tasks:�rstly , to mapbetweenthe technologycomponents'ontologiesandtheCAKE
domainspeci�c ontologyandsecondly, to realisethetechnicalinterface.Thecompetencepro�le is a CAKE data
objectcharacterisingtheagents'competencies.

The�e xibility of thework�o wsis carriedforwardto theagentframework by providing adynamicsetof agents
whereasagentsare able to enterand leave the CAKE agent society. Therefore,the agentarchitectureis able
to manageheterogeneousagentsthathave completelydifferentpurposes,knowledgeandcapabilities[vEDA04].
Whenintendingto enterthe agentsocietyan agenthasto register its competencesthat arestoredinto a central
repositoryin theCAKE system.Hence,whenlooking for informationor for aspecialservicetheuseragentssend
their requestto thework�o w system.Basedon the requestandfurther informationthat is probablyavailablein
context oneor severalagentsaresearchedby usingtheCBR technologyandtheagentcompetencesascasebase.
How therequestsareforwardedto the retrievedagentsandhow theresultsaremergedor adaptedis completely
managedby thework�o w system.

CAKE System

TheCAKE Architecturehasbeenusedasamodelto implementtheCAKE System.TheCAKE Systemis realised
in Java andtheimplementationof thecoresystemis nearly�nished. Currently, thefront endsanduserinterfaces
areunderdevelopment.Thewebinterfaceallows to hot-plugagentsin distributedenvironments,to visualisethe
actualagentsocietywith all registeredand available agents,and to browseavailable work�o w de�nitions. A
user-friendly modellingenvironmentis providedby theCAKE Editor thatis shown in Figure2.
TheCAKE Systemis currentlyappliedin thefollowing applicationdomains:

Fir eServices: The AMIRA project aims to provide a multi-modalsolution that will signi�cantly improve the
accessibilityof available resourcesto supporturgentandcritical decisionsthat mustbe taken by mobile
workers like �re �ghters. The solution is currently underdevelopmentand usesCAKE as coresystem.
CAKE receivesrequestsfrom speechdialoguesystemsandmakesuseof heterogeneousknowledgesources
in orderto provide informationsupportandpro-active informationdelivery.

Chip Design: TherecentlystartedURANOSprojectwill useCAKE to supportthedesignof microchips,aiming
to improvedesignef�ciency andto enhanceproductquality.

Agile SoftwareEngineering: During softwaredevelopment,the teammembersinvolved arefacedwith highly
creativeandempiricalprocesses.Theseprocessesaremostlyunpredictable,unrepeatableandaresubjectto
changeasthey areenacted,thusmanagingsoftwareprojectshasbeenprovento beachallengingtask.CAKE
will supportsmall andmedium-sizedteamsin adaptingandperformingagiledevelopmentmethodologies
[ASRW02] to alleviatesoftwaredevelopment.

Work�o w Support for GeographicalInf ormation Systems: As a commercialsolutionprovider for a German
federalstate,the rjm BusinessSolutionsGmbH managesa long-termeGovernmentproject to offer facts
andspatialinformationaboutmonumentprotectionto thepublic. In orderto supporttheparticipantsin this
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Figure2: CAKE Editor

project,a groupof � ve studentsusesCAKE to developa supportingsystemcalledGIS-DOKU[BOP+ 05].
GIS-DOKUwill improvedataacquisitionandpublishingprocessesandwill provideautomateddocumenta-
tion and�a w detection.

Conclusionand RelatedWork

In theliterature,severalde�nitions of software agentscanbefound,andoftenthesede�nitions differ or evenare
contradictory. But oneundoubtedfeatureof softwareagentsis thatthey arecapableof independent(autonomous)
actiononbehalfof theirusersor ownersandthatthey are“capableof actingindependently, exhibiting controlover
their internalstate”[Woo02]. Onthe�rst sight,theserequirementsarenot ful�lled by theagentswithin theCAKE
architecture,but the autonomyis simulatedby the assignmentof appropriatework�o ws: Eachuseragentis in
generalassignedto awork�o w instance,andtheWE monitorsall interactionsof theuseragentwith thisparticular
work�o w instance.Consequently, basedon themonitoredinteractionsthecontext-baseddataalreadycollectedis
enriched,whichultimatelyallows theWE to build a context. Thusby modellingcomplex work�o ws,a behaviour
of thesystemcanbeenforced,thatimpliesthattheagentsareactingautonomously.

Numeroussystemshave beendesignedbeforetargetingthe challengesof agentcollaboration,organisation-
wide knowledgemanagement,andwork�o w support. Jenningset al. [JNF+ 00] point out the advantagesof ap-
plying agenttechnologyto work�o w systemslike �e xibility , agility, and adaptability. From a more technical
view, Loke andSaslavsky [LS01] emphasisefurtheradvantages:componentbasedextensibility, event/exception-
handling,remoteinstallation,andsupportfor mobile devices. All the above mentionedadvantagesareexactly
addressedby theCAKE agentframework.

Very similar to CAKE is Workbrain[WWT97] thatcombineswork�o w andknowledgemanagement,aiming
to built up anOrganisationalMemory. For structuralplanninga CBR applicationis integratedandcanbeutilised
by ahumanwork�o w plannerbeforetherespectivework�o w will beenacted.By providing retrieval onwork�o w
characterisationstheCBR applicationallows usersto describea problemandretrievessimilar solutionsthatcan
beusedto constructnew work�o ws.Buta counterpartto thelight-weightagentconceptis missing,which enables
CAKE to integrateitself with toolsalreadydeployed in theorganisation.Anothersimilar approachis presented
by Tony et al. [TSP04]. Unlike a traditional,hierarchicalwork�o w system(thereareassignmentsandauthorities
to reportto) their approachis a collaborative multi-agentbasedwork�o w system.But a counterpartto theCBR
basedagentandwork�o w selectionis missing,whichenablesCAKE to react�e xibly to changingsituations.
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