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The CAKE systemcombineswork o w technologywith agentand CBR technologiedollowing a nev and
innovative concept.CAKE introducesa light-weightwork o w andagentmanagemerapproactbacledby CBR,
allowing to leveragearbitraryknowledgesourcesaandquerymechanismslreadyavailablewithin anorganisation.
Hence prganisationganbeeffectively supportedn performingtheir realworld actiities ataslittle effort aspossi-
ble, with establishedoolsandpractisebeingintegratedratherthanreplacedInformationaccesandinformation
routingcanbe seamlesslyntegratedinto collaboratve actionsbetweerhumanspr betweerhumansandmachines
throughtheinclusionof softwareagentshat feedknowledgerelevantto the requiredactionfrom heterogeneous
sources.New collaborationand knowledgedistribution stratgies can be developedas requiredusingwork o w
representationthat are easyto comprehend Furthermore CBR technologyprovidesef cient retrieval facilities
thatareneededo design e xible applications.

As akey feature,CAKE offers sophisticatedtratgiesfor informationaccesandinformationrouting. These
stratgjies addresshe challengethatin mary domains,organisationaknowledgeis scatteredbver a rich setof
heterogeneoumformation sources,and that individuals requiring the knowledge might not even be aware of
thesesources.Anotherkey aspectcoveredby CAKE is the formal representatiomnd executionof light-weight
processesOntheonehand providing the necessarknowledgeduring proces®xecutionrequiresa certainformal
foundation,on the otherhandprocessdescriptionsshouldbe easyto comprehendy the end users,and should
provideahighdegreeof e xibility. CAKE provesauniquesolutionby combiningwork o w andagentechnologies
bacledby CBR,tacklingthefollowing:

integrationof structuredandunstructurecknowledgesources

usingagenttechnologyto integratedifferentkinds of knowledgesystemdik e clusteringtools, datamining
tools,or searchengines

CBR basedgentselectionusingcontext information
CBRbasedwvork o w selectionusingcontext information
dynamicagentcollaborationusingwork o w technology
dynamicredesigrof collaborationduringruntime
dynamicagentsociety

CAKE Architecture

CAKE is ageneraldomain-independemtrchitecturghatcanbe usedfor developingdomain-speci capplications
[FMSO05. It providesavery generaddataandprocessnodelthatcanbe expandedby domain-speci cdataclasses
and processesleadingto domainspeci ¢ ontologies. For copingwith knowledgeintensive tasksrequiredfor
contet-basednformationsupportCAKE usesvork ow technology. It additionallymakesuseof agenttechnolagy
to enableand mediatearbitraryaccessand communicatiorto differentagent-basedervices.For combinationof
work o w andagenttechnologya needfor an appropriatesearchacility is encounteredTherefore a CBR-based
searchengineis integratedin CAKE for searchingon work o w andagentcharacterisationsThis is thethird key
technologyprovidedby CAKE. An overview of CAKE's architectureshaving theinteractionsof thedifferentkey
technologiesis shavn in Figurel. All usedtechnologiesireexplainedin moredetailin thefollowing.
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Figurel: CAKE SystemArchitecture

CAKE Data Model

All componentsn the CAKE systemusethe samedatarepresentationAs CAKE shouldbe applicablein sev-
eral very differentapplicationscenariosa e xible anduni ed datarepresentatiowonceptfor all componentss
paramountThisis putinto practisewith a datamodelandcorrespondinglataobjects.

The CAKE Data Modeldescribesll kinds of datathatcanoccurin the system.lt is anobject-orientednodel
using specialisatiorand aggreation to de ne the dataclasses. Available dataclassesare atomic classedike
booleanjnteger, double,date,or time aswell ascompoundiataclassedik e aggrgatescollections andintervals.
Thesesystentlassesanbeusedto de ne anapplicationspeci ¢ datamodel. Eachspecialisatiorof a systenclass
is calleduserclassthatagaincanbe specialisear usedlik e ary otherclass.Eachdataclassof thedatamodelcan
be instantiatecasa CAKE data object Consequentlyeachdataobjecthasexactly onecorrespondinglataclass
thatde nesthe possiblevalue(s)of the object. Additionally to the “main value” of a dataobject,eachdataobject
canhave propertiesto storeadditionalinformationaboutthe object.

CBR Technology

Themainpurposeof the CBR technologyis the similarity basedetrieval of dataobjects.For this purposea simi-
larity modelcanbe de ned ontop of thedatamodelby combiningandcon guring similarity functionsprede ned
in asimilarity library. Thelibrary alreadycontainsabout30 similarity measuredike HammingDistance Simple
MatchingCoefcient, or sigmoidfunction. More informationaboutthe similarity measureswvailableis provided
by Begmann[Ber02. Theretrieval enginefeatureslinearsimilarity-basedetrieval but thearchitecturdhasbeen
designedvith moresophisticatedetrieval stratgjiesin mind, whichwill beavailablein thenearfuture.

Work o w Technology

Thegoalof thework o w systems to modelandexecuteprocesset managehecollaboratiorbetweeragentsin
CAKE, processearedescribedisingwork ow de nitions thatareinstantiatecandexecutedn concretesituations.
Thesesituationsarerepresenteéh the so calledcontext of theprocess.

Eachwork ow de nition consistsof initial context values,awork ow characterisation a setof taskdescrip-
tions, andthe control o w relationshipsbetweenthe task descriptions. The latter allow to arrangethe tasksin
sequencein parallel,or in loops,but doesnot cover data o w at all; dataexchanges realisedby usingthe con-
text. Thework o w characterisations a semantiadescriptionof thework o w de nition representeavith CAKE
dataobjects. Thus,it enablesa semanticCBR-basedsearchfor anappropriatevork o w de nition in a concrete
situation. A taskis technicallyrealisedasJava classandhencea taskdescriptionrmainly consistsof ataskname,
thenameof the Java classthatimplementghetask’s functionality, anda setof parametershatarerequiredfor its
execution,e.g.the nameof the contet keysto accesandstoreinformation. Oneof the capabilitiesof a taskis to
triggerfurtherwork o w de nitions, sohierarchicaldecompositiorof complex activities is enabled.



At runtime,thework ow enginemanager initialisesawork o w instanceof awork o w de nition. Eachwork-
o w instanceis executedby anown work ow engine(WE) that controlsthe interpretationof the work ow de -
nition by executingthe tasksin the speci ed order Separatingvork o w de nition andexecutionenablesnodi-
cations on thework o w instancesvithout doing change®n their work o w de nitions. Beyond controllingthe
life cycleandcontrol o w of tasks,eachWE administrateshelocal contet assignedo its work o w instanceand
facilitatesthe capturing storing,andchangingof context-basedata.

Agent Technology

The CAKE agentframework providesa uni ed interfaceto coupleexternalknowledgesourcesaswell asuser
interfaceswith the core system. Technically the framework distinguishesetweeninformationagentsanduser
agents Informationagentsprovide and may also changeknowledgelik e searchenginesdatabasesggroupware
calendarshumanexperts,dataminingtools, classi ers,or dialoguestratey tools. Useragentsequesknowledge
andarein generalinterfacesto humansystemuserse.g. graphicaluserinterfacesor naturallanguagenterfaces,
but canalso be other computersystems. Eachagentis composedf a technology componenta wrapper, and
a competenc@ro le. The technologycomponentis the externalknowledgesystemthatis madeaccessiblevia
CAKE. To enablethe communicatiorbetweenCAKE anddifferenttechnologycomponentswrappersare used
asmediatorghatful | two tasks: rstly, to mapbetweerthe technologycomponentsbntologiesandthe CAKE
domainspeci ¢ ontologyandsecondlyto realisethetechnicalinterface. The competencero le is a CAKE data
objectcharacterisinghe agents'‘competencies.

The e xibility of thework o wsis carriedforwardto theagentramework by providing adynamicsetof agents
whereasagentsare ableto enterand leave the CAKE agent society Therefore,the agentarchitectureis able
to manageheterogeneouagentshat have completelydifferentpurposesknowledgeandcapabilities VEDAO4].
Whenintendingto enterthe agentsocietyan agenthasto registerits competenceshat are storedinto a central
repositoryin the CAKE system Hence whenlooking for informationor for a specialservicethe useragentssend
their requestto the work o w system.Basedon the requestandfurther informationthatis probablyavailablein
contet oneor severalagentsaresearchedy usingthe CBR technologyandthe agentcompetenceascasebase.
How therequestsareforwardedto the retrieved agentsandhow the resultsare memgedor adapteds completely
managedy thework o w system.

CAKE System

The CAKE Architecturehasbeenusedasamodelto implementhe CAKE System.The CAKE Systenis realised
in Java andtheimplementatiorof the coresystemis nearly nished. Currently thefront endsanduserinterfaces
areunderdevelopment.The webinterfaceallows to hot-plugagentsn distributedervironmentsto visualisethe
actualagentsocietywith all registeredand available agents,andto browse available work ow de nitions. A
userfriendly modellingenvironmentis providedby the CAKE Editor thatis shovn in Figure2.

The CAKE Systemis currentlyappliedin thefollowing applicationdomains:

Fire Sewices: The AMIRA projectaimsto provide a multi-modal solutionthat will signi cantly improve the
accessibilityof available resourcego supporturgentand critical decisionsthat mustbe taken by mobile
workerslike re ghters. The solutionis currently underdevelopmentand usesCAKE as core system.
CAKE recevesrequestgrom speectdialoguesystemsandmakesuseof heterogeneousnowledgesources
in orderto provide informationsupportandpro-active informationdelivery.

Chip Design: TherecentlystartedURANOS projectwill useCAKE to supportthe designof microchips,aiming
to improve designef ciency andto enhanceroductquality.

Agile Software Engineering: During software developmentthe teammembersnvolved are facedwith highly
creatve andempiricalprocessesTheseprocessearemostly unpredictableynrepeatablandaresubjectto
changeasthey areenactedthusmanagingsoftwareprojectshasbeenprovento beachallengingask. CAKE
will supportsmalland medium-sizedeamsin adaptingand performingagile developmentmethodologies
[ASRWO02] to alleviate softwaredevelopment.

Work o w Support for GeographicalInformation Systems: As a commercialsolution provider for a German
federalstate,the rjm BusinessSolutionsGmbH manages long-termeGovernmentprojectto offer facts
andspatialinformationaboutmonumenprotectionto the public. In orderto supportthe participantsn this



Figure2: CAKE Editor

project,agroupof ve studentsisesCAKE to developa supportingsystemcalledGIS-DOKU[BOP* 05].
GIS-DOKUwill improve dataacquisitionandpublishingprocesseandwill provide automatedlocumenta-
tion and a w detection.

Conclusionand RelatedWork

In theliterature,severalde nitions of softwae agentscanbe found,andoftenthesede nitions differ or evenare
contradictory But oneundoubtedeatureof softwareagentss thatthey arecapableof independenfautonomous)
actionon behalfof their usersor ownersandthatthey are“capableof actingindependentlyexhibiting controlover
theirinternalstate”[Woo02. Onthe rst sight,theserequirementsrenotful lled by theagentswithin the CAKE
architecture put the autonomyis simulatedby the assignmenbf appropriatework o ws: Eachuseragentis in
generahssignedo awork o w instanceandthe WE monitorsall interactionsof theuseragentwith this particular
work o w instance.Consequentlybasedon the monitoredinteractionghe context-baseddataalreadycollectedis
enrichedwhich ultimately allows the WE to build a context. Thusby modellingcomplex work o ws, a behaiour
of the systemcanbe enforcedthatimpliesthatthe agentsareactingautonomously

Numeroussystemshave beendesignedbeforetargetingthe challengesf agentcollaboration,organisation-
wide knowledgemanagemeniandwork o w support. Jenningset al. [JNF" 0Q] point out the advantagesf ap-
plying agenttechnologyto work o w systemdlike e xibility, agility, and adaptability From a more technical
view, Loke andSaslasky [LS01] emphasiséurther advantagescomponenbasedextensibility, event/exception-
handling,remoteinstallation,and supportfor mobile devices. All the abore mentionedadvantagesare exactly
addressedy the CAKE agentframework.

Very similarto CAKE is Workbrain[WWT97] thatcombineswork o w andknowledgemanagemengiming
to built up anOrganisationaMemory. For structuralplanninga CBR applicationis integratedandcanbe utilised
by ahumanwork o w plannerbeforetherespectie work o w will beenactedBy providing retrieval onwork ow
characterisationthe CBR applicationallows usersto describea problemandretrievessimilar solutionsthat can
be usedto construchewx work o ws.Buta counterparto thelight-weightagentconcepts missing,which enables
CAKE to integrateitself with tools alreadydeployedin the organisation.Anothersimilar approachs presented
by Tony etal. [TSP04. Unlike atraditional,hierarchicalork o w system(thereareassignmentandauthorities
to reportto) their approachis a collaboratve multi-agentbasedwork o w system.But a counterparto the CBR
basedagentandwork o w selectionis missing,which enablesSCAKE to react e xibly to changingsituations.
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