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Abstract: Softwareagentsareoneof themeansto relieveusersfromsearching,sorting
andfiltering information in their daily work. For fastandefficient implementationof
agentsthereneedsto beapowerful infrastructuresupportingcollaborationandcoordina-
tion betweenagentsandtheir users.In this documentwe proposesuchaninfrastructure
wherethemainfocusisonmodularity, efficiency, realtime-communicationandresilience.
Typical scenariosthatcanefficiently berealizedwith our systemarediary-systemswith
integratedroom-reservationservice,team-assemblyandworkflow systemsor evenvideo-
conferencingwith advancedconferenceestablishment.We introducetheconceptof a so
calledAgentClusterwhichcontainsall personalagentsof oneuserandcanbesegmented
into subclusters.Thisclusterisbuild aroundasoftwarebusandcontainsmany supportive
agentsfor standardtasks.Thecurrentstatusandtheon-goingdevelopmentof ourproject
arediscussedat theendof thepaper.

Keywords: DistributedSystems,Middleware,SoftwareAgents,SoftwareBus,Com-
puterSupportedCooperative Work (CSCW)
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1 INTRODUCTION

With theadventof moderncommunicationsystems,usersoftenfaceadramaticchange
of theirworkingbehavior. Todaythequestionisn’t anymoreif somekindof information
is availablesomewhereor if acommunicationpartnercanbereachedonlinebut rather
where theinformationis storedor where thepartneris located.A lot of time is spent
with browsing,searching,sortingandfilteringof information.It is commonlybelieved
that intelligent andpersonalizedsoftwareagentsarea way for solving the resulting
problemsandmakingdaily work moreefficient. Agentsareproactive,personalized,
adaptive and autonomoussoftware entities that work at requestof their user, take
the initiative and submit intelligent proposalsfor problemsolving [1]. Especially
in environmentswith a lot of cooperationbetweenparticipantstheir agentsneed
to cooperatethemselves. In order to facilitate the cooperationandeasethe design
and implementationof singleagents,a commonenvironmentfor collaborationand
coordinationasproposedwithin this paperwould obviously behelpful. Solutionsto
commontasksshouldbe deliveredby the infrastructureinsteadof beingreinvented
within eachagent.

All agentsbelongingto one userform the so called Agent Clusterwhereevery
singleagentrepresentsa certainaspector skill of its user. Within sucha clusterthere
arepowerful servicesthat supportthe developerof agentsat variouscommontasks
like communication,persistantstorageof objects,securityaspectsetc.

2 SCENARIOS

While developing our architecturewe have several applicationscenariosin mind
which influenceour designdecisions.A very basicscenariothatdoesn’t imposetoo
many difficulties is a distributedcalendarservicewherepeopleusediary agentsto
negotiatedateswith eachother. Additional valueis addedby serviceslike automated
conference-roomreservation using a room-reservation service. Figure 1 shows a
typical communicationpatternin sucha scenario.First theoriginatingAgentCluster
(B) contactsadirectoryservicein orderto lookuptheclusterof userC (step1). Then
a directconnectionbetweenthetwo clusterscanbeestablishedanda dateis arranged
(step2). Next clusterB asksa traderserviceto lookup theroom-reservationservice
(step3). Finally clusterB canrequesta roomreservation(step4).

Next weplanto realizea team-assembly-andworkflow-scenariowhereagentscan
be usedfor fastanddynamicassemblyof workgroupsthat canbecoordinatedusing
the workflow service. This requiresintelligent white- andyellow-pageservicesfor
location of task specificservicesand users,basednot only on namesbut also on
capabilitiesanddynamicroleswithin theworkflow.

Finally we will integrateaudio-/video-conferencing and cooperative application
supportin our system.This requiresefficient communicationsystems,sowe have to
dealwith real-timeandQoSenabledmiddleware.Againweneednamingservicesand
searchstrategiesfor assemblingconferencesandthelike.
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Figure 1 The 3-Layer Model

3 SYSTEM ARCHITECTURE

3.1 3-Layer Model

As shown in Figure 1 our agentinfrastructureis composedof threelogical layers
that will be discussedin the next subchapters.All agentsbelongingto oneuserare
combinedin a socalledAgentClusterthat residesin the agentlayer. The directory,
broker andtraderservicesaresituatedin the socalledDBT-Layer. Finally there’s a
servicelayer, wheretaskspecificservicesliketheroom-reservationservicementioned
abovecanbefound.

3.2 The Agent Cluster

Eachuserbuilds his own Agent Clustertailoredto his specificneeds.For example
mostuserswill probablywant to usea diary agentwhereasnot everyoneneedsan
agentfor managementof a frequentflier account. Agentscandynamicallyenteror
leavethecluster, drivenby userrequestor by oneof separatecontrolagentspresentin
eachcluster.

Within a clusteragentscancommunicatevia a softwarebuswhich we call Agent
Bus. The bus is divided into separatesubject-specificchannels.Clientscanjoin or
leavethesechannelsin adynamicmannerandeventssentto aspecificchannelareseen
byall itsparticipants.Synchronousrequest-replystylecommunicationis implemented
ontopof theAgentBus.Currentlyweexaminedifferentrealizationsfor suchasoftware
buse.g.basedonCORBA’s EventChannel[2], Java’sJini Technology[3] or iBus [4]
particularlywith regardto performance,realtimeaspects,resilienceandexpandability.
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Figure 2 The Agent Cluster

At thesametime we investigatewhetherwe shoulduseeventsor text messagefor
agentcommunicationandfor communicationbetweenclustersandservices.Ourfirst
prototypeusesamessageformatsimilar to IETF’sRFC822usedwith SMTP. Now we
arebuilding a secondprototypebasedon theiBus technologysowe will switchto an
eventorientedcommunicationschemewithin thewholesystem.

3.3 Suppor tive Agents

Supportive agentse.g.for management,loggingor persistentobjectstoragearepro-
vided to keepthefunctionalagentssmallandeasyto implement.We try to keepthe
whole architectureasmodularaspossibleandusea separateagentfor every basic
task. As every singleaspectof our systemis representedby its own agent,we can
bestdescribethefunctionalityof our architectureby describingsomeof thedifferent
agentscontained.

TheClusterControl Agent(CCA)managestheAgentBus. It controlstheinitializa-
tion of thewholesystem,startingof new agentsor stoppingof unneededones.When
e.g.auserwantsto negotiateadateandnodiaryagentis running,theCCA detectsthe
request,startsoneandaskstheMLA (seebelow) to deliver themessageonceagain.

There’s a Message Log Agent (MLA) responsiblefor collecting and logging all
eventson theAgentBus. TheMLA canreplayselectedeventswhich is importantin
respectto delayedagentstartup(seeabove)or clustersplitsdiscussedlater.
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Agentscanstorethemselvesor the datathey produceusingthe PersistentObject
Space(POS),which is againanotheragentresponsiblefor storingserializedobjects.
We considerusingJavaSpacesasa technologybasefor this task.

ThesocalledClusterSecurityAgent(CSA) implementsall authentication,authori-
zationandencryptionfunctionalityneededfor secureandprivatecommunication.

In specialcasesit is desirableto move agentsto otherclusters,so they canfulfill
their functionat the remoteplaceandcomebacklaterwith a compressedresultthus
reducingthenetwork load. There’saspecialClusterDockingAgent(CDA) thatallows
a securedaccessfor mobile agents(we call it Foreign Agents- FA) similar to the
sandboxconceptfor Web-Applets.

SpecialMediaConversionAgents(MCAs) will solve theproblemof incompatible
mediaformats. There’s one specialagentfor any major mediacategory (like text,
videoetc.).Whenconnectingto otherclusterstherelevantMCAs first try to negotiate
theavailablemediaformatsavailableon eachsideof thecommunication.The"best"
formatavailableon bothsidesis chosenusinga qualitymetric.

All thecommunicationbetweentheuserandhisagentclustertakesplaceby wayof
theUserCommunicationAgent (UCA). This agentprovidesa very flexible interface
that other agentscan use to interact with their user. In our prototypewe use a
simpleWWW-server anda specificJava appletfor implementingthe UCA. Agents
candynamicallydescribeandmodify theirpartof thegraphicalinterfacedisplayedby
theapplet.They canuploadintrinsic GUI-componentsto theUCA. Eventsgenerated
by userinput in theappletaresentthrougha chainof eventproxiesthateitherhandle
theeventlocally or forwardthemto thenext proxy in theUCA or finally to theagent.
We have modifiedthe Java event modelso that remoteevent handlerscanbe called
usingRMI.

Whenanagentclusterconsistsof severalagentsubclusterstheseareconnectedvia
ClusterBridgeAgents(CBAs). TheCBAs constantlymonitorthelinks betweenthem
sothey candetectnet-splitsinstantly. In caseof suchsplits they notify theCCAsso
specialserviceslike theCSAthatarevital for functionalityarerestartedin thevacant
subcluster. After re-join, theCBA initiatesthere-synchronizationof all agents.

Thereare several proxy agents for communicationbetweenclustersor even for
convertingclustereventslike datesfrom the diary agentinto emails(e.g. with dates
convertedto vcalendarstandard). Theseare called Cluster Proxy Agent (CPA; for
clusterto clusteror clusterto servicecommunication),Mail Proxy Agent (MPA; for
emailconversion)andthelike.

3.4 The DBT and Service Layers

In the DBT-Layer you find distributedwhite andyellow pageservices.Using these
services,agentswithin aclusterorservicescanlocateotheragentclusterssearchingfor
specialusernamesor specifyingcertainskills that thecommunicationpartnershould
have. Of courseservicescanbesearchedfor, too.

All servicesnot boundto a specificuserare situatedas external servicesin the
ServiceLayer. Differentscenarioswheresuchservicesareusedweredescribedin
section2.
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4 STATUS AND ON-GOING DEVELOPMENT

Up to now we have designedthe major partsof our infrastructureandimplemented
a very basicprototypeconsistingmerelyof a CCA, a CPA anda dummy-agentfor
performancetestsetc. Thisprototypeis implementedin Javaandis usingtheCORBA
eventchannelastheimplementationbasefor theagentbus.

Our ongoingdesign-andimplementation-work will leadto new prototypesimple-
mentingmoreof thementionedsupportiveagentsandthusaddingmorefunctionality
to the framework. By spring ’99 we want to finish a first real-world application,a
distributedcalendarwith room-reservationfunctionality basedon a diary androom-
reservationagentandservice.Advancedscenarioslike workflow managementanda
conferencingsystemwill bestudiedafterwards.

Ourfocusfor theongoingresearchwill beonsecurityissues(authenticationandesp.
authorisationfor agents),on resilienceanddistributedoperationof our agentcluster
(applyingnetworking techniqueslikerepeaters,bridgesandroutersto softwarebuses)
andfinally on the implicationsof real-timeprocesses(videoconferencing,workflow)
for agentsystems.
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