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Abstract

The paperdescribesexperiencesve have earnedfrom implementinga multi-
agentarchitectureusedto supportcooperatre software engineering.Before start-
ing to implementa multi-agentarchitectureimportantdecisionsandconsiderations
mustbe takeninto account.You have to decidehow to provide efficient inter-agent
communicatiorsupportwhatlanguageshouldthe agentdalk, shouldthe agentshe
stationaryor mobile, andwhat technologyshouldbe usedto build the architecture.
This paperdescribeson we implementedour multi-agentsystem,andthe experi-
enceswe gainedfrom building it.

Keywords: Coopentive Softwae Engineering Agents Multi-agentsystemKQML,
XML, Aglets,JATLite, CORBA.

1 Intr oduction

Thelastcoupleof years distributedcomputingandagenttechnologyhave becomemore
and more popular When researchersre developing prototypes,the choice of tech-
nologiesand how to usedifferenttechnologieds getting more and more complicated.
This paperdescribesxperiencedrom designingandimplementinga Multi-Agent Sys-
tem (MAS) that providessupportfor Cooperatre Software Engineering(CSE).CSEis
a researchareawherefocusis on how to supportparticipantsin cooperatre processes
working in distributedorganisationsin our MAS, agentsareusedto provide supportfor
cooperatie processeascoordinationandnegotiation. The agentscommunicatehrough
a definedlanguage andthe MAS offers the infrastructurefor the agentsto talk to each
otheraswell asto users.
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Beforewe startedto implementa multi-agentsystem,a theoreticalstudy on distributed
architecturesandagenttechnologiesvas conductedoy Joar@yen,a diplomastudentat
the Departmenbf ComputerScienceat the Norwegian University of Scienceand Tech-
nology. Theoutcomeof this studywasareport[18] thatgave usguidelinesfor building a
multi-agentarchitecture We have usedtheseguidelinesasa startingpoint for ourimple-
mentation.

We have beensearchingor relatedwork thatfocuseson experiencegrom implementing
multi-agentsystemusing differenttypesof technology It seamdike thereis nothing
or at leastvery little publishedcoveringtheseissues.Therearea lot of publicationson
high-level descriptionsof multi-agentarchitecturessuchas|[3, 9, 2], but detailsabout
technologyusedor experiencegrom implementingthesesystemsareleft out.

We have usedthe multi-agentparadigmto implementour system,but thereare alter
native approaches.JasaSpace$12] basedon Java RMI and JINI, recentlyintroduced
by SUN, provide an alternatve approactfor exchangingdistributedobjects.JavzaSpaces
technologyis a unified mechanisnfor dynamiccommunicationcoordination,andshar
ing of objectsbetweenlaratechnology-basedetwork resourcedik e clientsandseners.
A JavaSpacds a virtual spacebetweenproviders and requester®f network resources
or objects. This allows participantsn a distributedsolutionto exchangetasks,requests,
andinformationin the form of Java technology-basedbjects. Therearefour primary
operationg/ou caninvoke on a JavaSpace:

1. write Write anentryinto a JavaSpace
2. readReadanentryfrom a JaraSpacehatmatchesomespecifiedparameters

3. take Readanentryfrom a JavaSpacehatmatchesomespecifiedparametersand
removeit from this space

4. notify Notify aspecifiedobjectwhenentriesthatmatchsomespecifiedparameters
arewritteninto this JasraSpace

An entryis in JavaSpacderminologya typedgroup of objects,expressedn a classfor
the Java platform. JavraSpacdechnologyoffers muchof the samefunctionality asmulti-
agentsystemsaasmovementof objects messagéandling,sharingof objects,etc. Maybe
the mostusefulfunctionalityin this respectjs the supportfor searchingor objectswith
certainproperties.

Therestof the paperis organisedasfollowing. Section2 briefly describeshearchitecture
we wantedto build andwhatcomponentshe architectureconsistof. A scenarids also
presentedo shav how the prototypecanbe used.Section3 outlinesthe requirementso
thetechnologyto be usedto implementour architecture Section4 describegechnolog-
ical guidelinesto be followed whenimplementinga multi-agentarchitecture Section5,
describegxperiencesve have achievedfrom implementinga multi-agentarchitecturan
two versionsDIAS | andDIAS Il. Section6 concludeshepaper



2 CAGIS Multi-Agent Ar chitecturefor Cooperative Soft-
ware Engineering

This sectionis a shortintroductionto the CAGIS' Multi-Agent Architecturefor Coop-
eratve Software Engineering. This is an architecturethat usesagentsto represento-
operatve participantsan a cooperatre effort andsupportscoordination,negotiationand
communicatiorof agents.A moredetaileddescriptionof this architecturecanbe found
in [16].

2.1 CAGIS Multi-Agent Ar chitecture components

Software agentsare useful for supportingcooperatre actvities, since software agents
can act as humanagentson behalfof humans. Our architectureusesthis property of

software agentsto model data- and control flow, which can be usedto implementa

self-optimisingor self-improving process.The maincomponentsn this architectureare
agentsworkspacesAgentMeetingPlace(AMP) andrepositories:

e Agent A pieceof autonomousoftware createdoy andactingon behalfof a user
The agentis setup to achieze a modestgoal, with the characteristicef autonomy
interaction,reactvity to the ervironment,aswell as pro-actveness. Agentsare
groupednto threemaingroups.Thefirst group,Systenagents areusedto execute
administratve tasksof the multi-agentarchitecture This canbeto monitorhuman
and software agentactiity, dealwith repositoriesand managingAMPs (seethe
third point). The secondgroup, Local agents assistusersin work within local
workspaces. The last and mostimportantagentgroup, Interaction agents help
usersin their cooperatre work (coordination,negotiation,communication).Note
thatmediationagentsarealsoprovidedto suggessolutionsfor locked negotiation
processebasedn prior experiences.

e Workspace (WS) A temporarycontainerfor relevant datain a suitableformat,
togethemith the processindools. Workspacesanbe privateaswell asshared.

e Agent Meeting Place(AMP) AMPs arewheresoftwareagentameetandinteract.
AMPsarebuilt onunderlyingcommunicatioomechanismsyut provide agentswith
moreintelligentmeangto facilitatetheir interaction. An AMP canalsowork asa
market placewhereagentscan“trade” informationandservicesThemainpurpose
of the AMP is to facilitatecooperatre supportfor softwareagents.

e Repository A persistentstorageof datathat canbe local, global or distributed.
Repositoriecanbe accessee@itherby tools or by agents.Onespecificrepository
is very importantin the CAGIS multi-agentarchitecturethe experiencebase.An
experiencebasecanbe usedasthe communitymemory anda mediatoragentcan
utilise prior storedexperiencego solve negotiationconflicts.

LCAGIS (Cooperatie Agentsin GlobalInformationspace)s the nameof a Norwegianresearclproject
(1998-2000)with main focuson software supportfor distributedcooperatiorfor humanproblemsolvers.
More informationaboutthe CAGIS projectcanbefoundat:http://wwwidi.ntnu.noA-cagis.
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Next subsectiorwill give anexampleof how the CAGIS multi-agentarchitecturecanbe
used.

2.2 Example of a multi-agent architecture

Figurel shovs how the CAGIS multi-agentarchitecturecanbe usedin a simplified soft-

waredevelopmentscenario.This exampledescribes coordinatedsoftwaredevelopment
processinvolving multiple department®of an organisation. Eachdepartments repre-
sentedby aworkspacé, andan AMP is usedasa placewherethe departmentsancoop-
eratethroughsoftwareagents.
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planning
g
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Figurel: An exampleof anagentarchitectureapplication

This scenariademonstratelow it is possibleto supporta situationwherelimited human
resourcesn the developmentdepartmentausetrouble for a Maintenanceplanningde-
partmentandan Update/eleaseplanningdepartment Both departmentsre competing
for humanresourcesn the Developmentepartmentbecausehe two departmentsvant
to sene requestand complaintsfrom customersand to improve the software product
respectrely. If a neggotiation processbetweenfor instanceMaintenanceplanning and
Update/eleaseplanningtakesto muchtime, the mediatoragent(shavn in figure 1) will
breakinto the negotiationprocesg¢o make an agreement.The mediatoragentcanbase
its judgemenbn experience$rom prior projects(e.g.,we lost alostthe biggestcustomer
becausef too mary bugsin the productlast year),on compary guidelinesor through
interactionwith thecompary’s management.

2Workspacesare usedin this architectureto group people. It is however possibleto have personal
workspaces.



In the suggestedolution,workspacesreplacesvherehumansandagentscommunicate
andsharenformationandtools. AMPs arealsoplacesput they areindentedo bevirtual
marketswhereagentameetandinteractto facilitate cooperatre supportfor applications
andusers.In addition,repositoriesare specialplaceswhereinformationandknowledge
canbe permanentlystoredandlaterretrieved.

3 Requirementsto the technologyto be used

Thissectionwill outlinetheimplementatiorrequirement$or themulti-agentarchitecture
describedn section2. Thesearethe requirementgor a prototypeof the systemandnot
requirementdor a full-fledged system. The requirementgiven in this sectionshould
be quite general,and shouldalsobe applicableto mostmulti-agentsystemssupporting
mobile agents.

3.1 Generalrequirements

The overall goal of the proposedCAGIS multi-agentarchitecturevasto be flexible and
tailorableto mary differentneeds.Themainrequirements thereforeanopenarchitecture
thatcanevolve togethemwith therealworld it is supposedo support.

Sincea prototypeof thearchitecturewill bebuilt in ashortperiodof time, it is important
thatthe costof theimplementations keptata minimum,thatis freeandproventechnolo-
giesshouldbe usedwheneer appropriate.This meanghatthe solutionmustbefeasible
today

Performances notimportantfor this prototypearchitecture.

3.2 Systeminfrastructur e

The organisationghat the CAGIS multi-agentsystemsare intendedto support,arein-

herentlydistributed, a heterogeneousrvironment, and are continually changing. The
infrastructurethatis goingto be the foundationof the systemmustthusdefinean open,
flexible, and malleableervironment,which encompassesardware platforms,operating
systemsandnetworks.

A run-time ervironmentto implementworkspacesand AMPs mustbe provided by the
infrastructure Suchanervironmentmustprovide a numberof servicedo its inhabitants.
Nameregistrationand serviceadwertising allows agentsto be aware abouteachothers
properties.In addition,eventmechanismsvill allow monitoringagentsto registertheir
interestin specificevents.



3.3 Agentimplementation and configuration

Again,anopenmulti-platformsolutionis required.Thisincludestheability to shipbinary
executablebetweerdifferentplatforms,sothattheagentscanbe mobile.

Agentsare going to be built by experts, but it must be possibleto tailor agentsto the
specificneedof the differentusers.Somesortof agentscriptingor agentconfiguration
is thereforerequiredto let userdine-tunetheir system.

3.4 Agentcommunication

To beablefor agentdo communicatewe needaformatto represeninformation,aswell

assomecorversatiorpoliciesonhow agentcommunicateThearchitecturealsorequires
facilitiesfor userso communicatavith agentsandagentsaccesdo externalentitieslik e
repositoriesworkspacestools, AMPs etc..

Thebasiccommunicatiommechanismgstreamsmessagesvents,etc.) areprovided by
theunderlyingsysteminfrastructureandthe communicatiormechanismsisesheseser
vicesto provide more high-level facilities for inter-agentcommunication.Fir st, agents
mustbe ableto communicatewvith eachotherin a languagethatall involved partiesun-
derstandnot only syntaxof the languagebut alsosemanticandpragmaticof the con-
versation).Secongagentanustcollaboratewith eachotherto reachcommongoals.This
collaborationis controlledby processmodelsthat agentsmustinterpret. Third, agents
alsoneedmechanismgor coordinationand negotiationto handlemary commonsitua-
tions. Coordinatiormechanismsanbeusedto controltheconcurreng betweermmultiple
agentsaandto exchangenstructionghattell agentsvhatto do. Thesystenshouldprovide
anegotiationmodelwith adefinedcontext andmultiple negotiationstratejies. Agentsare
thusgiventhe possibility to find out whatis negotiatedfor andto selectan appropriate
strateyy to use.

3.5 Knowledgesharing

Communicatiormechanismdik e coordinationand negotiation operatein a cooperatre
context anddothereforeneedto sharecommongoals. The commongoalsrepresensome
form of groupawarenes®r communitymemory andarecontainedn awork context that
consistf informationresourcesindcontrolstructures.

Commoninformationcanbestoredin threedifferentplacesin thearchitecture:

1. In repositoriesThe mainpartof knowledgeis containedn repositories.

2. In AMPs Meta-informatiomaboutagentsarecontainedn the AMPs, but the actual
informationis containednsidetheagentghemseles.

3. In agentsAgentsmay be usedasinformationcarriersof processnformationand
results.



The mostimportantcommonrequirementis however thatinformationis storedin a for-
mally definedformatthatmakesit accessibléy agents.

3.6 Designproposalfor the prototype

Figure2 shovsanoveralldesignproposafor how the prototypeshouldbe structured We
have useda multi-tier architecturebasedon the agent,places andthingsparadigm.The
lower partof the figure (componeninfrastructureandagentinfrastructure)will definea
foundation,basedon available standardmplementationsyhich will provide function-
ality andservicesto the prototypeof the multi-agentarchitecture.In the shovn archi-
tecture,the facilitatorsare centralcomponentdothin workspaceand AMP. Facilitators
simplify theimplementatiorof agentcommunicatiorandthe coordinatormoderatorand
monitorcomponentsThe reasorfor this is thatthe interactionbetweernvariousentities
canbe controlledfrom one centralpoint. The dravbackwith this solutionis of course
thatthefacilitatorsmight becomebottleneckof the system.
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Figure2: Designarchitecture

4 Technologicalguidelines

This sectionwill give adviceon whattechnologyto useto implementa prototypeof the

multi-agentsystemproposedn section2 accordingo therequirementso thetechnology
useddescribedn section3.



1. UseJava and Java IDL [13] asthe componentinfrastructur e becausdl) Java
providescodeportability, garbagesollection,object-orientation(2) Javais abroadly
acceptedtandard(3) Freeimplementations availablenow, (4) Many agent-related
technologiesrecloselyassociatedo Java.

2. Usethe facilitators in the designarchitecture to implement the trader, event,
lifecycle, and relationship sewices as needed By choosingJava IDL for the
componentnfrastructurewe have to usethis CORBA implementatiorfor therest
of the systemaswell. This givesus a major dravback, becauselava IDL only
providesthe namingserviceof the CORBA servicesshownn in figure 2. Sincethe
designshawn in figure 2 hasseveral servicesthat are not supportedn Java IDL,
theseservicegnustbedevelopedn Javaif required.Theseservicesanbereplaces,
if JavalDL will offer themin thefuture.

3. UseAglets to implement the mobility support for the agents Mobility support
shouldideally be implementedoy OMG’s Mobile Agent Facility, but dueto the
factthatthis standards underconstruction Agletswill berecommendethsteac.
Aglets[10, 14, 11] areJava objects,developedat IBM’ s Research.aboratorythat
canmove from onehoston a computemetwork to another Agletssenersprovide
distribution of agletsto agletsviewers.Theviewersaretheuserggraphicalinterface
to theaglets.Fromthis interfacethe userscancreate activate,dispatch andretract
agents.

Using Aglets shouldprovide an easytransitionto the Mobile Agent Facility later,
becauseAglets are one technologythat is usedas a basisfor the Mobile Agent
Facility. Anotheradvantagewith the Aglets-technologys that userinterfacesfor
controllingthe operationof theagentsareprovidedasa partof thetechnology

4. UseKQML and JATLite for agentcommunicationand asa foundation for im-
plementing workspacesand AMP. The Java Agent TemplateLite (JATLite)[8]
is a technologythat providesa Java implementatiorthat lets agentscommunicate
with eachother possiblyby usingKnowledgeQueryandManipulationLanguage
(KQML). We recommendisingKQML [4] asthe agentcommunicatiodanguage,
becauset is an extensiblestandardthat hasmary of the advantageoudeatures
thatan agentcommunicatiodanguageshouldhave. JATLite is alsoatechnology
thatcanbeusedto implementworkspacesandAMPSs, becauseachJATLite-router
definesanervironmentthatfacilitatethe administratiorof andcommunicatiorbe-
tweenagroupof relatedagents.

5. UseXML to representinformation and work-pr oductsin the architecture. eX-
tensibleMarkupLanguaggXML)[7] doesnot putary restrictionson theformatof
theinformationis shallrepresentAlso toolsto supportXML areavailablein Java.

How therecommendetechnologiesreusedto implementhevariouspartsof thedesign
architecturas illustratedin 3.

3At thetime thesetechnologicatuidelinesvasworkedout, OMG's standardor Mobile AgentFacility
wasnotfinished,andtherewasnot ary implementatiorof OMG’s Mobile AgentFacility.
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Figure3: Implementatiorof the designarchitecture

It mustbe notedthatfigure 3 only looselydenotedvherethevarioustechnologieshould
be used,andmoreexperiences neededo decideexactly which of the technologieghat
arebestin the specificsituations.

5 Experiencesfrom implementing a MAS basedon the
guidelines

Theimplementatiorof our multi-agentarchitectures namedistributedintelligentAgent
System(DIAS). We have implementedwo versionsDIAS namelyDIAS | andDIAS IlI.
Both implementationsvere developedby last year studentsat the Dept. of Computer
andInformation Scienceat the Norwegian University of Scienceand Technology This
sectiondescribeshe work they have doneandexperiencegrom this work.

5.1 DIAS |

Spring 1999, four studentsusedabout1000 hoursto make the first versionof the im-
plementationof our multi-agentarchitecture[15]. Thesestudentswere skilled in Java-
programmingand XML. However, the areaof programmingagentsandimplementinga
multi-agentsystemwastotally new to them. DIAS | usedthe requirementdo technol-
ogy (describedn section3) andtechnologicalguidelines(describedn section4) asa
starting-pointfor the prototype.



5.1.1 Choiceof technology

We discoveredthat not everything from section3 and 4 could be useddirectly when
implementinghesystem.Thefirst problemwe encountereevashow to combineJATLite
andAgletsinto oneimplementationJATLite waswell suitedto implementfacilitatorsfor
workspacesAMPs andgenerallyfor agentcommunicationUnfortunately JATLite does
notsupportmobileagents Sincewe wantedto have supportfor mobileagentsye needed
to find away of makingJATLite mobile. The Agletsframevork wassuggestedb beused
to supportmobility, but thenwe hadto integrateJATLite with Aglets. We foundthatthis
was not an easytask. We choseto useAglets as the main implementingstandardfor
agentsand agentcommunicationandjust to usepartsof the KQML layerin JATLite.
This solutionmakesit possibleto usemobile agentsin all partsof the architecture. It
waspossibleto usepartsof JATLite becauselATLite is open-sourceThe partsmissing
in Agletscomparedo JATLite wasquite easyto implementusingthe functionalityfound
in Aglets. Anotherreasonfor usingAglets wasthat the documentatiorwas betterthan
JATLite.

Therequirementso technologyandtechnologyguidelinessuggestedhatwe shoulduse
CORERA (JavalDL) asthecommunicatiorbusin our architecture Whenwe workedwith

thefirst DIAS-project,the mobility supportover the ORB wasnot possiblebecause¢he
standardisatioMobile AgentSystemnteroperabilityFacility (MASIF) wasnotapprored
yet by the OMG. Sincewe wantedto keepthe mobility supportfor agentsAglets was
chosenfor communicationover TCP/IP Aglets was chosenbecauseAglets wasone of

theagentlanguageshat MASIF is basedon. This shouldmalke the transitionto MASIF

easieron alaterstage.

KQML wasrecommendedscommunicatiodanguagédor ourarchitecture SinceKQML
is themostusedstandardor agenttommunicationywe choseto useKQML for ourimple-
mentation.Partsof the KQML layerin JATLite wereusedto give thearchitecturekQML
support. Sincethe contentin a KQML messagean be whateser wanted,the designer
is free to choosethe representatioriormat of the contentof a KQML message XML
is a goodchoicewhenthe knowledgeis goingto be storedin a web-serer or in a file-
system.t is alsopossibleto useanotherformatfor knowledgerepresentatiorut for our
prototypewe choseXML. XML hasalsobecomea well know standardor information
representation.

5.1.2 Experiencesof use

Althoughthefirst versionof DIAS wasnotvery advancedthearchitecturevassuficient
to demonstratgartsof the scenariodescribedn section2.2. Negotiationagentdor the
groupsMaintenanceplanningand Update/eleaseplanningusedto negotiateaboutlim-

ited humanresourcesvereimplemented.The experimentshoved that suchnegotiation
processesvere supportedn our architecturethrough negotiation agentsand an Agent
Meeting Place. The agentswere able to move betweenworkspacesndthe AMP, and
they wereableto communicateisingKQML asa communicatiorlanguage The follow-

ing KQML performatveswere usingin our agent-languagéheseperformatves were
sufficientatleastto demonstrateur scenario):
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e ask-if Senderwantsto know if the sentences in the Virtual Knowledge Base
(VKB) of therecever.

e insert Thesendeiasksthereceverto addcontentto its VKB.

e registerThesendeicandeliver performatvesto somenamedagents.
¢ tell Thesentencés in the VKG of thesender

e unregisterA dery of aregisterperformatve.

e untell Thesentenceés notin theVKG of thesender

XML wasusedto representhe contentsof KQML-message.

We found someshortcomingsvith the DIAS | implementation First, it wasratherhard
to implementnew agents.The reasorfor this wasthatin orderto implementyour own

agent,you hadto know how the Aglets framevork works. The DIAS | implementation
did not managdo provide a high-level agent-APl,sothe agent-programmaetid not need
not be concernedhboutthe low-level technologicaissuesn Aglets. Becauseof this, it

was very hardto usethe architectureto createsupportfor variousscenarios.Second

theimplementatiorwaslacking of high-level supportfor interragentcommunicatiorand
inte-rAMP communicationThe lattermeantthatto supportseveral AMPs, the program-
mer of theagentshadto hard-codenow to dealwith the differentAMPs andagents.This

wasnot desirable.Third , the DIAS | implementationdid not provide supportfor inte-

gratingthe multi-agentsystemwith othersystems.

Becauseof the shortcomingsdescribedabore, we decidedto continuewith a DIAS 1l
project(seenext section)

5.2 DIAS I

After finishingimplementingDIAS I, two studentontinuedheDIAS projectasdiploma
thesiss, andspentaboutl000hoursto extendtheoriginalimplementatiorio DIAS 11 [6].
TheDIAS Il projectfocusedonmakingtheoriginal DIAS implementatiorbetter Thefol-
lowing problemswere addressedagentsecurity integrationwith othersystemshrough
CORRA, andmakinga higherlevel agentAPI.

5.2.1 Choiceof technology

In thefirst versionof the DIAS implementatiodevelopedin JavraJDK 1.1),agentsecu-
rity wasnot addresseat all. In JDK 1.2, the enhancedecuritymodelfor fine-grained
resourceaccesasbeenadded.Becausef this, JDK 1.2 would be a naturalchoicefor
DIAS Il. Unfortunately the Aglet Software DevelopmentKit, ASDK 1.1 doesnot sup-
portJDK 1.2. This meantthatwe hadto abandorthe new securityfeaturesn JDK 1.2 if
we would like to keepAgletsto supportmobility. By comparisonye foundthat ASDK
actuallyhadalmostthe samesecurityfeaturesasin JDK 1.2included,sowe choseto use
JDK 1.1.
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Sincewe wantedo addpossibilityto integrateour multi-agentsystemwith othersystems,
CORBA supportwas neededor our architecture. One way of giving our architecture
COREBA supportwasto changeAgletswith othermobileagentmplementationsupport-
ing CORBA. Both Odyssg [17] andVoyager[5] supportSCORBA hadprovide interest-
ing functionality for distributed systemsandinteroperabilitybetweendifferentcommu-
nication facilities. Another alternatve wasto continueusing Aglets andto implement
COREBA supportinto it. We choseto dothis, becausét requiredlesswork andthe Aglets
implementatiorhave bettersupportfor security OrbixWeb [1] wasusedasa CORBA
implementationpecausef its functionality and availability at the University. External
systemsannow communicatevith our multi-agentsystemsn the AgentMeetingPlaces
with CORBA support.The CORBA supportis implementedaccordingo OMG’s Mobile
Agent SysteminteroperabilityFacility (MASIF). MASIF is a standardo malke it possi-
ble for interoperabilitybetweernvariousmulti agentsystemsandhave four areaghatare
standardisedAgent managementAgent transfer Agent and agentsystemnames,and
Agent systemtype andlocationsyntax. The restof theimplementatiorof DIAS Il uses
thesametechnologyasin DIAS I.

5.2.2 Experiencesof use

Theagent-APIfor DIAS 1l is totally differentcomparedo thefirst versionof DIAS. For
the first version,you hadto write low-level Aglets-codeto make an agent. In DIAS 11,

youdon't have to know thatthearchitecturesiseAgletstechnologyatall. No knowledge
of Agletsis neededandthe following areasare coveredwith high-level methodsn the
agentAPI:

e Create/kill agentThesemethodsarecalledwhencreatingnew agentsor whenyou
wantto kill anagent.Agentswill bemovedbackto wherethey werecreatedefore
it will bekilled. Notethatagentscanalsobe cloned.

e Messagehandling Methodsfor sending/rece@ing KQML messages/from other
agents.Thearchitecturewill take careof sendingmessageto the correctrecever.
Thesendemwill alwaysreceve a acknavledgementvhentherecever hasreceved
themessage.

e Register/unregisteragentsThesemethodsareusedto register/unrgisteragentsn
AMPs.

e Move agentsMethodsfor moving an agentto anotherAMP. If an agentcannot
find whatheis looking for in an AMP, the AMP cansuggesthe agentto move to
anotherAMP.

¢ Information queriesVariousmethodsffer theagentghepossibilityto askAMPs
for information aboutwhat agentsare connectedwhat type of ontologyis used,
whatpropertieshave otheragentsetc.

Anothermajor changeof the architectures how agentscommunicateand hov AMPs
cancommunicateln DIAS | you hadto explicitly statehow thecommunicatiorbetween
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agentsshouldbe performed. In DIAS Il, the systemtakes care of looking for agents,
usingadwancedccommunicatioragents Agentsarelocatedaccordingo ageniD number
AMPs ID numberor/andontologyof AMPs. If for instanceneithertheagentiD number
or AMPs ID numberis know, the ontologyis usedto find a matchingagent.

6 Conclusion

Implementingamulti-agentsystems notaneasytask. Thetechnologiesvailable,makes
it easierto build robust systemsn rathershorttime. It is however importantto know
whattechnologiesreavailableandwhatto choosebeforestartingbuilding amulti-agent
system. |t is alsoimportantto know whattechnologiesare possibleto combine,before
startingonthework. Ourexperienceawith building amulti-agentsystemis thatyou should
usethe standardswvailablewhenpossible.Using OMG’s MASIF standardwill make it
possiblefor a systemto communicatewith other multi-agentsystemsaswell to other
applicationghroughCORBA. KQML is the mostwidely usedagentcommunicatiorian-
guageused,andmalkesit possiblefor agentson differentsystemgo communicate XML
offersa corvenientinformationwrappingthatis usefulfor differentpurposesn anmulti-
agentsystemasinformation/knavledgerepresentatiorsmallrepositorie®tc. UsingJava
astheprogrammindanguagemakesit possiblefor thesystento runin anheterogeneous
ervironment,andmostagentstandardmplementationaswell asXML toolsareimple-
mentedn Javaaswell.

We arenow usingour CAGIS multi-agentarchitecturdor cooperatre softwareengineer
ing to make supportfor variousscenariosin doingthis, we wantto seehow generalour
architecturas andrecogniseéhe shortcoming®of our architecture We arealsoconsider
ing technologyasfor instancelavzaSpace$o implementDIAS 1.
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