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Abstract

The paperdescribesexperienceswe have earnedfrom implementinga multi-
agentarchitectureusedto supportcooperative softwareengineering.Beforestart-
ing to implementa multi-agentarchitecture,importantdecisionsandconsiderations
mustbetaken into account.You have to decidehow to provide efficient inter-agent
communicationsupport,what languageshouldtheagentstalk, shouldtheagentsbe
stationaryor mobile,andwhat technologyshouldbeusedto build thearchitecture.
This paperdescribeshow we implementedour multi-agentsystem,andtheexperi-
enceswegainedfrom building it.

Keywords: CooperativeSoftwareEngineering, Agents,Multi-agentsystem,KQML,
XML, Aglets,JATLite, CORBA.

1 Intr oduction

Thelastcoupleof years,distributedcomputingandagenttechnologyhave becomemore
and more popular. When researchersare developing prototypes,the choice of tech-
nologiesandhow to usedifferent technologiesis getting moreandmore complicated.
This paperdescribesexperiencesfrom designingandimplementinga Multi-Agent Sys-
tem (MAS) that providessupportfor Cooperative SoftwareEngineering(CSE).CSEis
a researchareawherefocus is on how to supportparticipantsin cooperative processes
working in distributedorganisations.In our MAS, agentsareusedto providesupportfor
cooperativeprocessesascoordinationandnegotiation.Theagentscommunicatethrough
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 theoreticalstudyon distributed
architecturesandagenttechnologieswasconductedby JoarØyen,a diplomastudentat
theDepartmentof ComputerScienceat theNorwegianUniversityof ScienceandTech-
nology. Theoutcomeof thisstudywasareport[18] thatgaveusguidelinesfor building a
multi-agentarchitecture.We haveusedtheseguidelinesasa startingpoint for our imple-
mentation.

We havebeensearchingfor relatedwork thatfocuseson experiencesfrom implementing
multi-agentsystemusing different typesof technology. It seamslike thereis nothing
or at leastvery little publishedcovering theseissues.Therearea lot of publicationson
high-level descriptionsof multi-agentarchitectures,suchas [3, 9, 2], but detailsabout
technologyusedor experiencesfrom implementingthesesystemsareleft out.

We have usedthe multi-agentparadigmto implementour system,but thereare alter-
native approaches.JavaSpaces[12] basedon Java RMI and JINI, recentlyintroduced
by SUN, provide analternative approachfor exchangingdistributedobjects.JavaSpaces
technologyis a unifiedmechanismfor dynamiccommunication,coordination,andshar-
ing of objectsbetweenJava technology-basednetwork resourceslikeclientsandservers.
A JavaSpaceis a virtual spacebetweenprovidersandrequestersof network resources
or objects.This allows participantsin a distributedsolutionto exchangetasks,requests,
and information in the form of Java technology-basedobjects. Thereare four primary
operationsyoucaninvokeonaJavaSpace:

1. write Write anentryinto a JavaSpace

2. readReadanentryfrom aJavaSpacethatmatchessomespecifiedparameters

3. take Readanentryfrom a JavaSpacethatmatchessomespecifiedparameters,and
remove it from thisspace

4. notify Notify aspecifiedobjectwhenentriesthatmatchsomespecifiedparameters
arewritten into thisJavaSpace

An entry is in JavaSpaceterminologya typedgroupof objects,expressedin a classfor
theJava platform. JavaSpacetechnologyoffersmuchof thesamefunctionalityasmulti-
agentsystemsasmovementof objects,messagehandling,sharingof objects,etc.Maybe
themostusefulfunctionality in this respect,is thesupportfor searchingfor objectswith
certainproperties.

Therestof thepaperis organisedasfollowing. Section2 briefly describesthearchitecture
we wantedto build andwhatcomponentsthearchitectureconsistsof. A scenariois also
presentedto show how theprototypecanbeused.Section3 outlinestherequirementsto
thetechnologyto beusedto implementour architecture.Section4 describestechnolog-
ical guidelinesto be followedwhenimplementinga multi-agentarchitecture.Section5,
describesexperienceswe haveachievedfrom implementingamulti-agentarchitecturein
two versionsDIAS I andDIAS II. Section6 concludesthepaper.
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2 CAGIS Multi-Agent Ar chitecturefor CooperativeSoft-
wareEngineering

This sectionis a short introductionto the CAGIS1 Multi-Agent Architecturefor Coop-
erative SoftwareEngineering. This is an architecturethat usesagentsto representco-
operative participantsin a cooperative effort andsupportscoordination,negotiationand
communicationof agents.A moredetaileddescriptionof this architecturecanbefound
in [16].

2.1 CAGIS Multi-Agent Ar chitecture components

Software agentsare useful for supportingcooperative activities, sincesoftware agents
can act as humanagentson behalf of humans. Our architectureusesthis propertyof
software agentsto model data- and control flow, which can be usedto implementa
self-optimisingor self-improving process.Themaincomponentsin this architectureare
agents,workspaces,AgentMeetingPlace(AMP) andrepositories:

� Agent A pieceof autonomoussoftwarecreatedby andactingon behalfof a user.
Theagentis setup to achieve a modestgoal,with thecharacteristicsof autonomy,
interaction,reactivity to the environment,as well as pro-activeness. Agentsare
groupedinto threemaingroups.Thefirst group,Systemagents, areusedto execute
administrative tasksof themulti-agentarchitecture.This canbeto monitorhuman
andsoftwareagentactivity, dealwith repositoriesandmanagingAMPs (seethe
third point). The secondgroup, Local agents, assistusersin work within local
workspaces.The last and most importantagentgroup, Interaction agents, help
usersin their cooperative work (coordination,negotiation,communication).Note
thatmediationagentsarealsoprovidedto suggestsolutionsfor lockednegotiation
processesbasedon prior experiences.

� Workspace (WS) A temporarycontainerfor relevant data in a suitableformat,
togetherwith theprocessingtools.Workspacescanbeprivateaswell asshared.

� Agent Meeting Place(AMP) AMPs arewheresoftwareagentsmeetandinteract.
AMPsarebuilt onunderlyingcommunicationmechanisms,but provideagentswith
moreintelligentmeansto facilitatetheir interaction.An AMP canalsowork asa
marketplacewhereagentscan“trade” informationandservices.Themainpurpose
of theAMP is to facilitatecooperativesupportfor softwareagents.

� Repository A persistentstorageof datathat can be local, global or distributed.
Repositoriescanbeaccessedeitherby toolsor by agents.Onespecificrepository
is very importantin theCAGIS multi-agentarchitecture;theexperiencebase.An
experiencebasecanbeusedasthecommunitymemory, anda mediatoragentcan
utiliseprior storedexperiencesto solvenegotiationconflicts.

1CAGIS(CooperativeAgentsin GlobalInformationspace)is thenameof aNorwegianresearchproject
(1998-2000)with main focuson softwaresupportfor distributedcooperationfor humanproblemsolvers.
More informationabouttheCAGISprojectcanbefoundat:http://www.idi.ntnu.no/� cagis.
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Next subsectionwill giveanexampleof how theCAGIS multi-agentarchitecturecanbe
used.

2.2 Example of a multi-agent architecture

Figure1 showshow theCAGIS multi-agentarchitecturecanbeusedin a simplifiedsoft-
waredevelopmentscenario.Thisexampledescribesacoordinatedsoftwaredevelopment
processinvolving multiple departmentsof an organisation. Eachdepartmentis repre-
sentedby a workspace2, andanAMP is usedasaplacewherethedepartmentscancoop-
eratethroughsoftwareagents.

Historical
   data

Maintenance
  planning

Update/
release
planning

Development

Local
Agent

Coordination
Agent

Negotiation
Agent

Monitor
Agent

Mediator
Agent

Workspace Repository

Legend

 Agent
Meeting
Place

 Agent
Meeting
Place

Figure1: An exampleof anagentarchitectureapplication

This scenariodemonstrateshow it is possibleto supporta situationwherelimited human
resourcesin the developmentdepartmentcausetroublefor a Maintenanceplanningde-
partmentandanUpdate/releaseplanningdepartment. Both departmentsarecompeting
for humanresourcesin theDevelopmentdepartment, becausethetwo departmentswant
to serve requestand complaintsfrom customers,and to improve the software product
respectively. If a negotiation processbetweenfor instanceMaintenanceplanning and
Update/releaseplanningtakesto muchtime, themediatoragent(shown in figure1) will
breakinto the negotiationprocessto make an agreement.The mediatoragentcanbase
its judgementonexperiencesfrom prior projects(e.g.,we losta lost thebiggestcustomer
becauseof too many bugs in the productlast year),on company guidelinesor through
interactionwith thecompany’smanagement.

2Workspacesare usedin this architectureto group people. It is however possibleto have personal
workspaces.
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In thesuggestedsolution,workspacesareplaceswherehumansandagentscommunicate
andshareinformationandtools.AMPsarealsoplaces,but they areindentedto bevirtual
marketswhereagentsmeetandinteractto facilitatecooperative supportfor applications
andusers.In addition,repositoriesarespecialplaceswhereinformationandknowledge
canbepermanentlystoredandlaterretrieved.

3 Requirementsto the technologyto be used

Thissectionwill outlinetheimplementationrequirementsfor themulti-agentarchitecture
describedin section2. Thesearetherequirementsfor a prototypeof thesystemandnot
requirementsfor a full-fledged system. The requirementsgiven in this sectionshould
be quite general,andshouldalsobe applicableto mostmulti-agentsystemssupporting
mobileagents.

3.1 General requirements

Theoverall goalof theproposedCAGIS multi-agentarchitecturewasto beflexible and
tailorableto many differentneeds.Themainrequirementis thereforeanopenarchitecture
thatcanevolvetogetherwith therealworld it is supposedto support.

Sinceaprototypeof thearchitecturewill bebuilt in ashortperiodof time, it is important
thatthecostof theimplementationis keptataminimum,thatis freeandproventechnolo-
giesshouldbeusedwhenever appropriate.This meansthatthesolutionmustbefeasible
today.

Performanceis not importantfor this prototypearchitecture.

3.2 Systeminfrastructur e

The organisationsthat the CAGIS multi-agentsystemsare intendedto support,are in-
herentlydistributed,a heterogeneousenvironment,andare continually changing. The
infrastructurethat is going to be the foundationof thesystemmustthusdefineanopen,
flexible, andmalleableenvironment,which encompasseshardwareplatforms,operating
systemsandnetworks.

A run-timeenvironmentto implementworkspacesandAMPs mustbe provided by the
infrastructure.Suchanenvironmentmustprovideanumberof servicesto its inhabitants.
Nameregistrationandserviceadvertisingallows agentsto be awareabouteachother’s
properties.In addition,eventmechanismswill allow monitoringagentsto registertheir
interestin specificevents.
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3.3 Agent implementation and configuration

Again,anopenmulti-platformsolutionis required.Thisincludestheability to shipbinary
executablesbetweendifferentplatforms,sothattheagentscanbemobile.

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

3.4 Agent communication

To beablefor agentsto communicate,weneeda formatto representinformation,aswell
assomeconversationpoliciesonhow agentscommunicate.Thearchitecturealsorequires
facilitiesfor usersto communicatewith agents,andagentsaccessto externalentitieslike
repositories,workspaces,tools,AMPsetc..

Thebasiccommunicationmechanisms(streams,messages,events,etc.) areprovidedby
theunderlyingsysteminfrastructure,andthecommunicationmechanismsusestheseser-
vicesto provide morehigh-level facilities for inter-agentcommunication.First, agents
mustbeableto communicatewith eachotherin a languagethatall involvedpartiesun-
derstand(not only syntaxof thelanguage,but alsosemanticsandpragmaticsof thecon-
versation).Second, agentsmustcollaboratewith eachotherto reachcommongoals.This
collaborationis controlledby processmodelsthat agentsmust interpret. Third, agents
alsoneedmechanismsfor coordinationandnegotiationto handlemany commonsitua-
tions.Coordinationmechanismscanbeusedto controltheconcurrency betweenmultiple
agentsandto exchangeinstructionsthattell agentswhatto do. Thesystemshouldprovide
anegotiationmodelwith adefinedcontext andmultiplenegotiationstrategies.Agentsare
thusgiven the possibility to find out what is negotiatedfor andto selectan appropriate
strategy to use.

3.5 Knowledgesharing

Communicationmechanismslike coordinationandnegotiationoperatein a cooperative
context anddothereforeneedto sharecommongoals.Thecommongoalsrepresentsome
form of groupawarenessor communitymemory, andarecontainedin awork context that
consistsof informationresourcesandcontrolstructures.

Commoninformationcanbestoredin threedifferentplacesin thearchitecture:

1. In repositoriesThemainpartof knowledgeis containedin repositories.

2. In AMPs Meta-informationaboutagentsarecontainedin theAMPs,but theactual
informationis containedinsidetheagentsthemselves.

3. In agentsAgentsmaybeusedasinformationcarriersof processinformationand
results.
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Themostimportantcommonrequirementis however that informationis storedin a for-
mally definedformatthatmakesit accessibleby agents.

3.6 Designproposalfor the prototype

Figure2 showsanoveralldesignproposalfor how theprototypeshouldbestructured.We
have useda multi-tier architecturebasedon theagent,places,andthingsparadigm.The
lower partof thefigure(componentinfrastructureandagentinfrastructure)will definea
foundation,basedon availablestandardimplementations,which will provide function-
ality andservicesto the prototypeof the multi-agentarchitecture.In the shown archi-
tecture,the facilitatorsarecentralcomponentsboth in workspaceandAMP. Facilitators
simplify theimplementationof agentcommunicationandthecoordinator, moderator, and
monitor-components.The reasonfor this is that the interactionbetweenvariousentities
canbe controlledfrom onecentralpoint. The drawbackwith this solutionis of course
thatthefacilitatorsmight becomebottlenecksof thesystem.
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Figure2: Designarchitecture

4 Technologicalguidelines

This sectionwill give adviceon what technologyto useto implementa prototypeof the
multi-agentsystemproposedin section2 accordingto therequirementsto thetechnology
useddescribedin section3.
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1. UseJava and Java IDL [13] as the componentinfrastructur e because(1) Java
providescodeportability, garbagecollection,object-orientation,(2)Javaisabroadly
acceptedstandard,(3) Freeimplementationis availablenow, (4)Many agent-related
technologiesarecloselyassociatedto Java.

2. Usethe facilitators in the designarchitecture to implement the trader, event,
lifecycle, and relationship services as needed. By choosingJava IDL for the
componentinfrastructure,we have to usethis CORBA implementationfor therest
of the systemas well. This givesus a major drawback, becauseJava IDL only
providesthenamingserviceof theCORBA servicesshown in figure2. Sincethe
designshown in figure 2 hasseveral servicesthat arenot supportedin Java IDL,
theseservicesmustbedevelopedin Javaif required.Theseservicescanbereplaces,
if Java IDL will offer themin thefuture.

3. UseAglets to implement the mobility support for the agents. Mobility support
shouldideally be implementedby OMG’s Mobile Agent Facility, but due to the
factthatthis standardis underconstruction,Agletswill berecommendedinstead3.
Aglets [10, 14, 11] areJava objects,developedat IBM’ s ResearchLaboratorythat
canmove from onehoston a computernetwork to another. Agletsserversprovide
distributionof agletsto agletsviewers.Theviewersaretheusersgraphicalinterface
to theaglets.Fromthis interfacetheuserscancreate,activate,dispatch,andretract
agents.

UsingAgletsshouldprovide aneasytransitionto theMobile AgentFacility later,
becauseAglets are one technologythat is usedas a basisfor the Mobile Agent
Facility. Anotheradvantagewith the Aglets-technologyis that user-interfacesfor
controllingtheoperationof theagentsareprovidedasapartof thetechnology.

4. UseKQML and JATLite for agentcommunicationand asa foundation for im-
plementing workspacesand AMP . The Java Agent TemplateLite (JATLite)[8]
is a technologythatprovidesa Java implementationthat lets agentscommunicate
with eachother, possiblyby usingKnowledgeQueryandManipulationLanguage
(KQML). We recommendusingKQML [4] astheagentcommunicationlanguage,
becauseit is an extensiblestandardthat hasmany of the advantageousfeatures
thatan agentcommunicationlanguageshouldhave. JATLite is alsoa technology
thatcanbeusedto implementworkspacesandAMPs,becauseeachJATLite-router
definesanenvironmentthatfacilitatetheadministrationof andcommunicationbe-
tweenagroupof relatedagents.

5. UseXML to representinformation and work-pr oductsin the architecture. eX-
tensibleMarkupLanguage(XML)[7] doesnotputany restrictionson theformatof
theinformationis shallrepresent.Also toolsto supportXML areavailablein Java.

How therecommendedtechnologiesareusedto implementthevariouspartsof thedesign
architectureis illustratedin 3.

3At thetimethesetechnologicalguidelineswasworkedout,OMG’sstandardfor Mobile AgentFacility
wasnot finished,andtherewasnot any implementationof OMG’sMobile AgentFacility.
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Figure3: Implementationof thedesignarchitecture

It mustbenotedthatfigure3 only looselydenotedwherethevarioustechnologiesshould
beused,andmoreexperienceis neededto decideexactly which of thetechnologiesthat
arebestin thespecificsituations.

5 Experiencesfr om implementing a MAS basedon the
guidelines

Theimplementationof ourmulti-agentarchitectureis namedDistributedIntelligentAgent
System(DIAS). We have implementedtwo versionsDIAS namelyDIAS I andDIAS II.
Both implementationsweredevelopedby last yearstudentsat the Dept. of Computer
andInformationScienceat the NorwegianUniversityof ScienceandTechnology. This
sectiondescribesthework they havedoneandexperiencesfrom this work.

5.1 DIAS I

Spring1999, four studentsusedabout1000hoursto make the first versionof the im-
plementationof our multi-agentarchitecture[15].Thesestudentswereskilled in Java-
programmingandXML. However, theareaof programmingagentsandimplementinga
multi-agentsystemwastotally new to them. DIAS I usedthe requirementsto technol-
ogy (describedin section3) and technologicalguidelines(describedin section4) asa
starting-pointfor theprototype.
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5.1.1 Choiceof technology

We discoveredthat not everything from section3 and 4 could be useddirectly when
implementingthesystem.Thefirst problemweencounteredwashow to combineJATLite
andAgletsinto oneimplementation.JATLite waswell suitedto implementfacilitatorsfor
workspaces,AMPs andgenerallyfor agentcommunication.Unfortunately, JATLite does
notsupportmobileagents.Sincewewantedto havesupportfor mobileagents,weneeded
to find awayof makingJATLite mobile.TheAgletsframework wassuggestedto beused
to supportmobility, but thenwe hadto integrateJATLite with Aglets. We foundthatthis
wasnot an easytask. We choseto useAglets as the main implementingstandardfor
agentsandagentcommunication,and just to usepartsof the KQML layer in JATLite.
This solutionmakesit possibleto usemobile agentsin all partsof the architecture.It
waspossibleto usepartsof JATLite becauseJATLite is open-source.Thepartsmissing
in Agletscomparedto JATLite wasquiteeasyto implementusingthefunctionalityfound
in Aglets. Anotherreasonfor usingAglets wasthat the documentationwasbetterthan
JATLite.

Therequirementsto technologyandtechnologyguidelinessuggestedthatwe shoulduse
CORBA (JavaIDL) asthecommunicationbusin ourarchitecture.Whenweworkedwith
thefirst DIAS-project,themobility supportover theORB wasnot possiblebecausethe
standardisationMobileAgentSystemInteroperabilityFacility (MASIF) wasnotapproved
yet by the OMG. Sincewe wantedto keepthe mobility supportfor agents,Aglets was
chosenfor communicationover TCP/IP. Aglets waschosenbecauseAglets wasoneof
theagentlanguagesthatMASIF is basedon. This shouldmake thetransitionto MASIF
easieron a laterstage.

KQML wasrecommendedascommunicationlanguagefor ourarchitecture.SinceKQML
is themostusedstandardfor agentcommunication,wechoseto useKQML for ourimple-
mentation.Partsof theKQML layerin JATLite wereusedto givethearchitectureKQML
support. Sincethe contentin a KQML messagecanbe whatever wanted,the designer
is free to choosethe representationformat of the contentof a KQML message.XML
is a goodchoicewhenthe knowledgeis going to be storedin a web-server or in a file-
system.It is alsopossibleto useanotherformatfor knowledgerepresentation,but for our
prototypewe choseXML. XML hasalsobecomea well know standardfor information
representation.

5.1.2 Experiencesof use

Althoughthefirst versionof DIAS wasnotveryadvanced,thearchitecturewassufficient
to demonstratepartsof thescenariodescribedin section2.2. Negotiationagentsfor the
groupsMaintenanceplanningandUpdate/releaseplanningusedto negotiateaboutlim-
ited humanresourceswereimplemented.The experimentshowed that suchnegotiation
processeswere supportedin our architecturethroughnegotiationagentsandan Agent
MeetingPlace. The agentswereable to move betweenworkspacesandthe AMP, and
they wereableto communicateusingKQML asa communicationlanguage.Thefollow-
ing KQML performativeswere using in our agent-language(theseperformativeswere
sufficientat leastto demonstrateour scenario):
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� ask-if Senderwants to know if the sentenceis in the Virtual KnowledgeBase
(VKB) of thereceiver.

� insert Thesenderasksthereceiver to addcontentto its VKB.

� registerThesendercandeliverperformativesto somenamedagents.

� tell Thesentenceis in theVKG of thesender.

� unregisterA deny of a registerperformative.

� untell Thesentenceis not in theVKG of thesender.

XML wasusedto representthecontentsof KQML-message.

We foundsomeshortcomingswith theDIAS I implementation.First , it wasratherhard
to implementnew agents.The reasonfor this wasthat in orderto implementyour own
agent,you hadto know how theAglets framework works. TheDIAS I implementation
did not manageto provideahigh-level agent-API,sotheagent-programmerdid notneed
not be concernedaboutthe low-level technologicalissuesin Aglets. Becauseof this, it
wasvery hard to usethe architectureto createsupportfor variousscenarios.Second,
theimplementationwaslackingof high-level supportfor inter-agentcommunicationand
inter-AMP communication.Thelattermeantthatto supportseveralAMPs, theprogram-
merof theagentshadto hard-codehow to dealwith thedifferentAMPsandagents.This
wasnot desirable.Third , the DIAS I implementationdid not provide supportfor inte-
gratingthemulti-agentsystemwith othersystems.

Becauseof the shortcomingsdescribedabove, we decidedto continuewith a DIAS II
project(seenext section)

5.2 DIAS II

After finishingimplementingDIAS I, twostudentscontinuedtheDIAS projectasdiploma
thesis’s,andspentabout1000hoursto extendtheoriginal implementationto DIAS II [6].
TheDIAS II projectfocusedonmakingtheoriginalDIAS implementationbetter. Thefol-
lowing problemswereaddressed:agentsecurity, integrationwith othersystemsthrough
CORBA, andmakingahigher-level agentAPI.

5.2.1 Choiceof technology

In thefirst versionof theDIAS implementation(developedin JavaJDK 1.1),agentsecu-
rity wasnot addressedat all. In JDK 1.2, the enhancedsecuritymodelfor fine-grained
resourceaccesshasbeenadded.Becauseof this, JDK 1.2 would bea naturalchoicefor
DIAS II. Unfortunately, the Aglet SoftwareDevelopmentKit, ASDK 1.1 doesnot sup-
port JDK 1.2. This meantthatwe hadto abandonthenew securityfeaturesin JDK 1.2 if
we would like to keepAglets to supportmobility. By comparison,we foundthatASDK
actuallyhadalmostthesamesecurityfeaturesasin JDK 1.2included,sowechoseto use
JDK 1.1.
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Sincewewantedto addpossibilityto integrateourmulti-agentsystemwith othersystems,
CORBA supportwasneededfor our architecture.Oneway of giving our architecture
CORBA supportwasto changeAgletswith othermobileagentimplementationssupport-
ing CORBA. Both Odyssey [17] andVoyager[5] supportsCORBA hadprovide interest-
ing functionality for distributedsystemsandinteroperabilitybetweendifferentcommu-
nication facilities. Anotheralternative was to continueusingAglets and to implement
CORBA supportinto it. Wechoseto dothis,becauseit requiredlesswork andtheAglets
implementationhave bettersupportfor security. OrbixWeb [1] wasusedasa CORBA
implementation,becauseof its functionality andavailability at the University. External
systemscannow communicatewith ourmulti-agentsystemsin theAgentMeetingPlaces
with CORBA support.TheCORBA supportis implementedaccordingto OMG’sMobile
AgentSystemInteroperabilityFacility (MASIF). MASIF is a standardto make it possi-
ble for interoperabilitybetweenvariousmulti agentsystems,andhave four areasthatare
standardised:Agent management,Agent transfer, Agent andagentsystemnames,and
Agentsystemtypeandlocationsyntax.Therestof the implementationof DIAS II uses
thesametechnologyasin DIAS I.

5.2.2 Experiencesof use

Theagent-APIfor DIAS II is totally differentcomparedto thefirst versionof DIAS. For
the first version,you hadto write low-level Aglets-codeto make an agent. In DIAS II,
youdon’t haveto know thatthearchitecturesuseAgletstechnologyatall. No knowledge
of Aglets is needed,andthe following areasarecoveredwith high-level methodsin the
agentAPI:

� Create/kill agentThesemethodsarecalledwhencreatingnew agentsor whenyou
wantto kill anagent.Agentswill bemovedbackto wherethey werecreatedbefore
it will bekilled. Notethatagentscanalsobecloned.

� Messagehandling Methodsfor sending/receiving KQML messagesto/from other
agents.Thearchitecturewill take careof sendingmessagesto thecorrectreceiver.
Thesenderwill alwaysreceivea acknowledgementwhenthereceiverhasreceived
themessage.

� Register/unregisteragentsThesemethodsareusedto register/unregisteragentsin
AMPs.

� Move agentsMethodsfor moving an agentto anotherAMP. If an agentcannot
find whathe is looking for in anAMP, theAMP cansuggesttheagentto move to
anotherAMP.

� Inf ormation queriesVariousmethodsoffer theagentsthepossibilityto askAMPs
for informationaboutwhat agentsareconnected,what type of ontology is used,
whatpropertieshaveotheragentsetc.

Anothermajor changeof the architectureis how agentscommunicate,andhow AMPs
cancommunicate.In DIAS I youhadto explicitly statehow thecommunicationbetween
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agentsshouldbe performed. In DIAS II, the systemtakescareof looking for agents,
usingadvancedcommunicationagents.Agentsarelocatedaccordingto agentID number,
AMPs ID numberor/andontologyof AMPs. If for instanceneithertheagentID number
or AMPs ID numberis know, theontologyis usedto find a matchingagent.

6 Conclusion

Implementingamulti-agentsystemis notaneasytask.Thetechnologiesavailable,makes
it easierto build robust systemsin rathershort time. It is however importantto know
whattechnologiesareavailableandwhatto choosebeforestartingbuilding amulti-agent
system.It is alsoimportantto know what technologiesarepossibleto combine,before
startingonthework. Ourexperiencewith building amulti-agentsystemis thatyoushould
usethestandardsavailablewhenpossible.Using OMG’s MASIF standardwill make it
possiblefor a systemto communicatewith other multi-agentsystemsaswell to other
applicationsthroughCORBA. KQML is themostwidely usedagentcommunicationlan-
guageused,andmakesit possiblefor agentson differentsystemsto communicate.XML
offersaconvenientinformationwrappingthatis usefulfor differentpurposesin anmulti-
agentsystem,asinformation/knowledgerepresentation,smallrepositoriesetc.UsingJava
astheprogramminglanguage,makesit possiblefor thesystemto runin anheterogeneous
environment,andmostagentstandardimplementationsaswell asXML toolsareimple-
mentedin Javaaswell.

Wearenow usingourCAGISmulti-agentarchitecturefor cooperativesoftwareengineer-
ing to make supportfor variousscenarios.In doingthis,we wantto seehow generalour
architectureis andrecognisetheshortcomingsof our architecture.We arealsoconsider-
ing technologyasfor instanceJavaSpacesto implementDIAS III.
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