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Abstract: Softwareagentsareoneof themeanso relieve userfrom searchingsorting
andfiltering informationin their daily work. For fastand efficient implementationof
agentghereneedgo bea powerful infrastructuresupportingcollaborationrandcoordina-
tion betweeragentsandtheir users.In this documentve proposesuchaninfrastructure
wherethemainfocusis onmodularity efficiengy, realtime-communicatioandresilience.
Typical scenarioghatcanefficiently berealizedwith our systemarediary-systemsvith
integratedroom-reserationservice team-assemblgndworkflow systemsr evenvideo-
conferencingvith advancedconferencesstablishmentWe introducethe concepiof aso
calledAgentClusterwhich containsall personahgentof oneuserandcanbesegmented
into subclustersThis clusteris build aroundasoftwarebusandcontainamary supportve
agentdor standardasks.Thecurrentstatusandthe on-goingdevelopmenbf our project
arediscussedat the endof the paper

Keywords: DistributedSystemsMiddleware,SoftwareAgents,SoftwareBus, Com-
puterSupportedCooperatie Work (CSCW)
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1 INTRODUCTION

With theadventof moderncommunicatiorsystemsuseroftenfaceadramaticchange
of theirworkingbehavior. Todaythequestiorisn’t anymoreif samekind of information
is availablesomeavhereor if acommunicatiorpartnercanbereachednline but rather
whele theinformationis storedor whele the partneris located. A lot of time is spent
with browsing,searchingsortingandfiltering of information. It is commonlybelieved
that intelligent and personalizedoftware agentsare a way for solving the resulting
problemsandmakingdaily work moreefficient. Agentsareproactive, personalized,
adaptve 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 cooperatehemseles. In orderto facilitate the cooperationand easethe design
and implementationof single agents,a commonervironmentfor collaborationand
coordinationas proposedwithin this paperwould obviously be helpful. Solutionsto
commontasksshouldbe deliveredby the infrastructureinsteadof beingreinvented
within eachagent.

All agentsbelongingto one userform the so called Agent Clusterwhere every
singleagentrepresents certainaspecor skill of its user Within sucha clusterthere
are powerful servicesthat supportthe developerof agentsat variouscommontasks
like communicationpersistanstorageof objects,securityaspectetc.

2 SCENARIOS

While developing our architecturewe have several applicationscenariosin mind

which influenceour designdecisions.A very basicscenariadhatdoesnt imposetoo

mary difficulties is a distributed calendarservicewhere peopleusediary agentsto

negotiatedateswith eachother Additional valueis addedby servicedik e automated
conference-roomesenation using a room-reseration service. Figure 1 shaws a

typical communicatiorpatternin sucha scenario.First the originating AgentCluster
(B) contactsadirectoryservicein orderto lookupthe clusterof userC (stepl). Then

adirectconnectiorbetweerthetwo clusterscanbe establisheénda dateis arranged
(step2). Next clusterB asksa traderserviceto lookup the room-reserationservice
(step3). Finally clusterB canrequestroomresenation(step4).

Next we planto realizea team-assemblyandworkflow-scenariaovhereagentsan
be usedfor fastanddynamicassemblyof workgroupsthat canbe coordinatedusing
the workflow service. This requiresintelligent white- and yellow-pageservicesfor
location of task specific servicesand users,basednot only on namesbut also on
capabilitiesanddynamicroleswithin the workflow.

Finally we will integrate audio-/video-conferencmand cooperatie application
supportin our system. This requiresefficient communicatiorsystemssowe have to
dealwith real-timeandQoSenabledniddleware. Againwe neednamingservicesand
searchstratgiesfor assemblingonferenceandthelike.
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Figure 1 The 3-Layer Model

3 SYSTEM ARCHITECTURE
3.1 3-Layer Model

As showvn in Figure 1 our agentinfrastructureis composedof threelogical layers
thatwill be discussedn the next subchaptersAll agentsbelongingto one userare
combinedin a so called Agent Clusterthatresidesn the agentlayer Thedirectory,
broker andtraderservicesare situatedin the so calledDBT-Layer. Finally theres a
servicelayer, wheretaskspecificservicedik etheroom-reserationservicementioned
above canbefound.

3.2 The Agent Cluster

Eachuserbuilds his own Agent Clustertailoredto his specificneeds. For example
mostuserswill probablywantto usea diary agentwhereasnot everyoneneedsan
agentfor managementf a frequentflier account. Agentscandynamicallyenteror
leave thecluster drivenby userrequesbr by oneof separate€ontrolagentgpresentn
eachcluster

Within a clusteragentscancommunicatevia a software bus which we call Agent
Bus. The busis divided into separatesubject-specifichannels.Clientscanjoin or
leavethesechannelsn adynamicmannelandeventssentto aspecificchannebreseen
by all its participants.Synchronousequest-replgtylecommunications implemented
ontopoftheAgentBus. Currentlywe examinedifferentrealizatiorsfor suchasdtware
buse.g.basedbn CORBA’s EventChannel[2], Java’s Jini Technology[3] or iBus [4]
particularlywith regardto performancerealtimeaspectstesilienceandexpandability
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Figure 2 The Agent Cluster

At the sametime we investigatevhetherwe shoulduseeventsor text messagéor
agentcommunicatiorandfor communicatiorbetweerclustersandservices.Our first
prototypeusesamessagéormatsimilarto IETF's RFC822usedwith SMTR. Now we
arebuilding a secondprototypebasedon theiBus technologysowe will switchto an
eventorientedcommunicatiorschemewithin thewhole system.

3.3 Suppor tive Agents

Supportie agentse.g.for managemenipgging or persistenbbjectstoragearepro-
vided to keepthe functionalagentssmallandeasyto implement. We try to keepthe
whole architectureas modularas possibleand use a separateagentfor every basic
task. As every single aspectof our systemis representedby its own agent,we can
bestdescribethe functionality of our architectureby describingsomeof the different
agentscontained.

TheClusterControl Agent(CCA) managesheAgentBus. It controlstheinitializa-
tion of thewhole system startingof new agentsor stoppingof unneedeadnes.When
e.g.auserwantsto negotiateadateandnodiary agentis running,the CCA detectghe
requeststartsoneandasksthe MLA (seebelow) to deliverthemessag®nceagain.

Theres a Messae Log Agent (MLA) responsiblefor collecting and logging all
eventsonthe AgentBus. TheMLA canreplayselectedaventswhich is importantin
respecto delayedagentstartup(seeabove) or clustersplits discussediater.
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Agentscanstorethemselesor the datathey produceusingthe PersistentObject
Space(POS),which is againanotheragentresponsibldor storingserializedobjects.
We considerusingJasaSpacegasa technologybasefor this task.

ThesocalledClusterSecurityAgent(CSA) implementsall authenticationauthori-
zationandencryptionfunctionality neededor secureandprivatecommunication.

In specialcasest is desirableto move agentsto otherclusters,sothey canfulfill
their function at the remoteplaceandcomebacklater with a compressedesultthus
reducingthenetwork load. TheresaspecialClusterDodking Agent(CDA) thatallows
a securedaccesdor mobile agents(we call it Foreign Agents- FA) similar to the
sandboxconcepftfor Web-Applets.

SpecialMedia Corversion Agents(MCASs) will solve the problemof incompatible
mediaformats. Theres one specialagentfor any major mediacategory (like text,
videoetc.). Whenconnectingo otherclustersherelevantMCAs first try to negotiate
the availablemediaformatsavailable on eachsideof the communication.The "best"
formatavailableon bothsidesis choserusinga quality metric.

All thecommunicatiorbetweertheuserandhis agentclustertakesplaceby way of
the User CommunicatiomAgent (UCA). This agentprovidesa very flexible interface
that other agentscan use to interactwith their user In our prototypewe use a
simple WWW-sener and a specificJaza appletfor implementingthe UCA. Agents
candynamicallydescribeandmodify their partof thegraphicalinterfacedisplayedy
theapplet. They canuploadintrinsic GUI-componentso the UCA. Eventsgenerated
by userinputin the appletaresentthrougha chainof eventproxiesthateitherhandle
the eventlocally or forwardthemto the next proxy in the UCA or finally to theagent.
We have modified the Java event model so that remoteevent handlerscanbe called
usingRMI.

Whenanagentclusterconsistof severalagentsubclustersheseareconnectedia
ClusterBridge Agents(CBAs). The CBAs constantlymonitorthelinks betweerthem
sothey candetectnet-splitsinstantly In caseof suchsplitsthey notify the CCAsso
specialservicedik e the CSA thatarevital for functionalityarerestartedn thevacant
subclusterAfter re-join, the CBA initiatesthere-synchronizatiowf all agents.

Thereare several proxy agentsfor communicationbetweenclustersor even for
corverting clustereventslik e datesfrom the diary agentinto emails(e.g. with dates
corvertedto vcalendarstandard). Theseare called Cluster Proxy Agent (CFA; for
clusterto clusteror clusterto servicecommunication)Mail Proxy Agent (MPA; for
emailcorversion)andthelike.

3.4 The DBT and Service Layers

In the DBT-Layer you find distributed white andyellow pageservices. Using these
servicesagentwithin aclusteror servicesanlocateotheragentlustersearchindor
specialusernamesr specifyingcertainskills thatthe communicatiorpartnershould
have. Of courseservicesanbe searchedor, too.

All servicesnot boundto a specificuserare situatedas external servicesin the
ServicelLayer. Differentscenariosvheresuchservicesare usedwere describedn
section2.
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4 STATUS AND ON-GOING DEVELOPMENT

Up to now we have designedhe major partsof our infrastructureandimplemented
a very basicprototypeconsistingmerely of a CCA, a CPA anda dummy-agenfor
performancéestsetc. This prototypeis implementedn Java andis usingthe CORBA
eventchannelstheimplementatiorbasefor the agentous.

Our ongoingdesign-andimplementation-wrk will leadto new prototypesmple-
mentingmoreof the mentionedsupportve agentsandthusaddingmorefunctionality
to the framework. By spring’99 we want to finish a first real-world application,a
distributed calendamwith room-reseration functionality basedon a diary androom-
resenationagentandservice. Advancedscenariodik e workflow managemeranda
conferencingsystemwill bestudiedafterwards.

Ourfocusfor theongoingresearchvill beonsecurityissuegauthenticatiomndesp.
authorisatiorfor agents)on resilienceanddistributed operationof our agentcluster
(applyingnetworking techniquedik e repeatershridgesandroutersto softwarebuses)
andfinally on theimplicationsof real-timeprocesseg¢videoconferencingworkflow)
for agentsystems.
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