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Abstract. Thepaperfocusesonthedesignof multiagentsystemsandarguesthat
traditionalapproachesfall shortwhendealingwith complex multiagentsystems.
On this basis,this papershows how an approachbasedon coordinationmodels
canhelp in the designof multiagentsystems.A simpleexamplein the areaof
conferencemanagementis assumedasa casestudy to clarify the conceptsex-
pressed.

1 Interaction in the Agent’sSpace

Multiagentsystemsaremoreandmorebecominganubiquitousparadigmfor thedesign
andimplementationof complex softwareapplications.Even thoughsomehow blurred
throughoutthevastliteratureon multiagentsystems,the notion of agentcanbe char-
acterisedby few fundamentalkey-points:(i) autonomy, (ii) interaction,and (iii) task.
In otherwords,anagentmaybethoughtasanautonomoussoftwarecomponentwhich
interactswith its environmentin orderto achieve its tasks.

Autonomyguaranteesthatanagentwill pursueits goalsproactively, soasto accom-
plish its tasks.Accordingly, the processof designinga multiagentsystemis typically
conceived aspicking out the multiplicity of taskswhich have to be accomplishedin
orderto achieve the intendedmultiagentsystem’s goal(s),anddelegatingthemto the
agent’sresponsibility. In otherwords,thefocusis mainlyonintra-agentaspects,suchas
agent’s internalstructure,its view of theworld, its beliefs,desiresandintentions.This
typically includesalsodelegatingto agentstheresponsibilityof coordinatingitself with
theotherapplicationagentsaccordinglyto specificinteractionprotocolsembeddedinto
theagents[15]. Somerecentproposalselectinteractionto a key issuein thedesignof
multiagentsystems[25], to be tackledwith from thepreliminaryanalysisphase.Still,
even in this case,agentinteractionsaresimply consideredin termsof communication
with otheragentsandinteractionprotocols,withoutconsideringhigher-level designis-
suesrelatedto the fact that agentswill eventually live dippedinto possiblycomplex
multiagentsystems.
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Both the above approachestypically lead to a two-phaseengineeringmethodol-
ogy for multiagentsystem:first, the agentscomposingthe systemsareidentifiedand
designedaccordingto the tasksthey have beenassigned;then,they aresimply made
interactingso as to actuallybuild the multiagentensemble.However, this is usually
donewithout any explicit modellingof the global behaviour of the resultingmultia-
gent systems.According to this (compositional)perception,a multiagentsystemsis
viewedasthe meresumof its parts(theagents).What is relevant, then,is the role of
autonomousagentsactingso asto achieve their tasks:agentinteractionaddsnothing
but thecapabilityto composeagentsinto anensemble,enablingthemto work together.
Thiscorrespondsto consideringmultiagentsystemsasa simplemultitudeof individu-
als,anddisregardingthesocialaspectssuchascollectivebehaviour, socialrules,andso
on.

Moreover, this endorsesa view of the spaceof agent’s interactionasmerely the
spaceof communication, whereagent-generatedknowledgeis madeavailableandcon-
sumed,andwhereinteractionhistoriessimply resultsfrom thechaoticinterleaving of
the observablebehaviours of singleagents[23]. Correspondingly, many researchef-
forts in themultiagentfield actuallydealwith theproblemof enablingcommunication
amongagents:ACLs [21] (suchasKQML [9] or FIPA [10]), allowing knowledgeto
betransferredfrom oneagentto another, middlewarecomponents(mediators[24], in-
formationbrokers)andinfrastructures(suchasORBs[13]), providing communication
with somedegreeof transparency concerningontology, namesystems,services,andso
on.However, simply focussingon enablingcommunicationanddefiningagentinterac-
tion protocolsdoesnot givemultiagentsystemdesignersa way to effectively dealwith
thecomplexity of theagentcommunicationspace:it makesit exist, but doesnot really
helpin governingit.

Instead,an holistic (non-compositional)view of multiagentsystemsis currently
beingpromotedby several recentresearchefforts, introducingnotionssuchassocial
agency[21], socialware [14], andsocial laws [20]. Theseapproachesassumethat the
full understandingof multiagentsystemscalls for a comprehensive theoreticalsetting
for agentsocieties, definingwhat is the world whereagentslive andsocialise,which
kinds of individualspopulatethe world, andhow the world is ruled. Moreover, they
recognisethat socialrules,far from beinga merelimitation of the behaviour of indi-
viduals,constitutesa further sourceof intelligencein multiagentsystems(we could
call it social intelligence), which goesbeyond the oneprovidedby singleagents,and
representsa naturalplacewhereglobalsystempropertiescanbeembodied.

This suggeststhat,in thecontext of multiagentsystems,engineeringthesocialas-
pectsis at leastasmuchrelevantasengineeringsingleagents.Accordingly, thesocial
issueof a multiagentsystemshouldbe accountedfor sincethe earliestdesignphases,
andsocial rulesandcollective behaviour shouldbe the subjectsof a separatedesign
phase,independentfrom thedesignof individualagents.

2 Coordination asa DesignDimension

Shifting focusfrom theagentinternalstructureto theagentinteractionspacechanges
theway in which a multiagentsystemis designed.Thedesignprocessof a multiagent



systemcanstill be conceived asa two-phasesprocess,but of a quitedifferentsort. In
the first phase,a multiagentsystemhasto be analysedandunderstoodso asidentify
both the individual tasks, to be carriedout by singleagents,andthe social tasks, to
beachievedby groupsof agentsastheresultof their mutualinteraction.In thesecond
phase,individual tasksdrive the designandimplementationof individual agents.So-
cial tasks,instead,shoulddrive thedesignandimplementationof theagentinteraction
space,thatis to say, boththeagentinteractionprotocolsandtheagentinteractionrules.

For instance,considerthe caseof a multiagentsystemin charge of managingthe
review processfor aninternationalconference[3]. An individual taskfor anagentrep-
resentinga PCmemberwouldbepicking up tenpapersfor eachreferee.A socialtask,
instead,wouldbeensuringthattheagentsrepresentingthePCmembersgloballyselect,
for eachsubmittedpaper, at leastthreerefereeseach.Here,theindividual taskcouldbe
easilyandnaturallychargedupona singleagentrepresentinga referee.Instead,theso-
cial taskcouldbe morenaturallypursuedby imposinga socialrule, that is, by ruling
theinteractionspacesomehow.

In the exampleabove and in general,a frequentlyadoptedsolution is delegating
socialtasksto especially-designedagents.However, in ouropinion,exploiting agents–
which arebuilt andinteractwith otheragentsin thesameway asany otheragent– in
orderto rule agentinteractionseemsnot a cleanandelegantapproach.Instead,rather
thanasolution,this turnsout to beaclearsymptomof thelackof abstractionsandtools
specificallysuitedto governtheagentinteractionspace.

In order to fully supportthe engineeringof multiagentsystems,then,something
moreis neededthantheoriesandtoolsfor designingandimplementingagents,andlan-
guagesandmiddlewarefor enablinginteragentcommunication.While agentlanguages
andarchitecturesmay satisfy the needfor singleagentdesign,enablingcommunica-
tion maynot suffice: in orderto designsocieties,enforcesocialrules,andembodying
collectivebehaviour, thekey-point is ruling communication.Fromanengineeringview-
point, this raisesthequestionof how socialrulesandcollective behaviour canbebuilt,
andembeddedinto multiagentsystems.Sincesocietiesof any kind are groundedon
the interactionamongthesinglecomponents,it seemsnaturalto identify thespaceof
agentinteractionastheplacewheresocialrulesandpolicieshaveto berepresentedand
embodied.If theinteractionspaceis recognisedasanindependentspacefor multiagent
systemdesign,abstractionsandtoolsareneededwhich enableagentinteractionto be
shapedindependentlyof theindividualagents.

Managingthe interactionis the goal of coordination [22]: the spaceof agentin-
teractionis no longer to be seenasmerely the spaceof communication,but also the
spaceof coordination. Coordination languages, modelsandarchitectures [2] provide
for abstractionsandtools to manageandrule theagentinteractionspace,in thesame
wayasagentlanguagesandarchitecturesprovide for abstractionsandtoolsto build up
agents.In short,coordinationlanguagesaremeantto expresstheagent’sobservablebe-
haviour andto designits interactionprotocol;coordinationmodelsallow theinteraction
spaceto beshapedandruled,while coordinationarchitecturesprovide for patternsfor
theorganisationof agentensembles.All in one,coordinationtheoryis what is needed
to fully supportthe engineeringof multiagentsystems,particularly in the designand
implementationof socialtasks.



3 Coordination Modelsand Languages

In its generalterms,coordinationis theart of managinginteractionsanddependencies
amongactivities, thatis, amongagents,in thecontext of multiagentsystems[2, 12]. A
coordinationmodelprovidesa formal framework in which the interactionof software
agentscan be expressed.Generallyspeaking,a coordinationmodel dealswith agent
creationanddestruction,agentcommunicationactivities,agentdistributionandmobil-
ity in space,aswell asthesynchronisationanddistributionof agentactionsover time.
A coordinationmodelcanbethoughtasconsistingof threeelements:

– the coordinables, which arethe entitieswhosemutual interactionis ruled by the
model– agents,in multiagentsystems;

– thecoordinationmedia, which aretheabstractionsenablingagentinteractions,as
well asthecorearoundwhich thecomponentsof a coordinatedsystemareorgan-
ised.Examplesaresemaphores,monitors,channels,or morecomplex medialike
tuplespaces,blackboards,etc.

– the coordination laws, which definethe behaviour of the coordinationmediain
responseto interactionevents.The laws canbedefinedin termsof a communica-
tion language, that is a syntaxusedto expressandexchangedatastructures,anda
coordinationlanguage, thatis, a setof interactionprimitivesandtheirsemantics.

From a softwareengineeringviewpoint, a coordinationmodelworks asa sourcefor
designmetaphors,abstractions,andmechanismseffectively supportingthe definition
of thesoftwarearchitectureandthedevelopmentprocessof amulticomponentsoftware
system.

3.1 Classesof Coordination Models

Accordingto [19], coordinationmodelscanbedividedin two classes:data-drivenand
control-drivenones.In control-drivencoordinationmodels,like MANIFOLD [18], co-
ordinables(agents)typically openthemselvesto theexternalworld andinteractwith it
througheventsoccurringon well-definedinput/outputports.Theobservablebehaviour
of the coordinables,from the point of view of the coordinationmedia,is the oneof
statechangesandeventsoccurringontheseports.Thecoordinationlaws establishhow
eventsandstatechangescanoccurandhow they propagate.Therefore,thecoordination
mediabasicallyhandlethe topologyof the interactionspace,with no concernfor the
dataexchangedbetweencoordinables.

In data-drivencoordinationmodels,like Linda [11], coordinablesinteractwith the
externalworld by exchangingdatastructuresthroughthe coordinationmedia,which
basicallyactasshareddataspaces.Thecoordinationlawsdeterminehow datastructures
arerepresentedandhow they arestored,accessed,andconsumed.Unlikecontrol-driven
coordinationmodels,the coordinationmediumhasno perceptionof the changesin
the stateof coordinables,anddoesnot provide any control over the communication
topology.

The choiceof the model for agentcoordinationhasindeedan impacton the de-
signof a multiagentsystem.As arguedin [4], data-drivenmodelsseemsto bettersuit



opensystems,wherea numberof possiblya-priori unknown andautonomousentities
have to cooperate,astypical in thecaseof multiagentsystems.In this case,focussing
on dependenciesbetweenthecomponents,asa control-drivenmodelwould do,would
somehow clashwith the autonomyof the agentsandthe unpredictabilityof the open
environment.Focussingontheknowledgeexchangedamongagents,besidesbettercop-
ingwith agentautonomyandunpredictability,seemsto bettersuit intelligentmultiagent
systems,whereagentsaretypically designedto dealwith informationratherthanwith
control.However, theengineeringof multiagentsystemsactuallyrequiresmorecontrol
on the interactionspacethanthe oneprovidedby data-driven models.This obviously
callsfor new, hybrid modelsof coordination,combiningthefocuson informationtyp-
ical of data-driven modelswith the flexibility andcontrol providedby control-driven
ones.

3.2 Hybrid Coordination Models

A typicalproblemof data-drivencoordinatedsystemsis thebuilt-in andfixedbehaviour
of theshareddataspaceusedasthecoordinationmedium:neithernew communication
primitivescan be added,nor can new behaviour be definedin responseto standard
communicationevents.As aresult,eitherthemechanismsprovidedby thecoordination
modelfor accessingtheshareddataspacesarepowerfulenoughto expressthecoordina-
tion laws requiredto effectively governagentensembles,or agentshave to becharged
in their codewith theburdenof socialrules.

To addressthis deficiency, hybrid coordinationmodelsaremeantto combinethe
cleannessandeleganceof data-drivenmodelswith theflexibility andpowerof control-
drivenones.On theonehand,communicationstill occursthroughtheexchangeof data
structurevia a shareddataspace.On the otherhand,the shareddataspacecanactnot
onlyasacommunicationchannel,butalsoasaprogrammablecoordinationmedium[5],
capableof detectingany communicationeventandassociatingany requiredbehaviour
to it.

An exampleof a hybrid coordinationmodelis endorsedby thenotionof tuplecen-
tre, introducedin [6], and currently exploited by several Internet-orientedcoordina-
tion models[8, 1,17] astheir coordinationmedium.More precisely, a tuple centreis
a communicationabstractionwhich is perceived by the interactingentitiesasa stan-
dardLinda-liketuplespace,but whosebehaviour in responseto communicationevents
canbedefinedsoasto embedthelaws of coordination.So,while a Linda tuplespace
supportsonly thosecoordinationpolicies that can be directly mappedonto its fixed
behaviour, the control over the interactionspaceprovided by a tuple centrecan be
exploited in order to bridge betweendifferent representationsof information shared
by agents,to provide new coordinationmechanisms,to supportthe full monitoringof
agentinteraction,and,above all, to embedthelaws for agentcoordination[6].

Furtherexamplesof hybridmodelsareT Spaces[26] andLaw-governedLinda[16].
Law-governedLinda exploits programmabletuplespacesfor securityandefficiency in
distributedsystems,whereprogrammablecontrollersareassociatedlocally to agentsto
interceptandmodify thebehaviour of communicationoperations.In T Spaces,agents
canaddnew primitivesor overloadold onesin orderto implementany kind of transac-
tion they needon thedatastoredin thetuplespace.



Altogether, all thesemodelsendorsea view of coordinationwhereagentscommu-
nicateby exchanginginformation in form of tuples,in a data-driven fashion,but co-
ordinationis achievedby properlydetectingandmanagingcommunicationevent, in a
control-drivenfashion.Agent interactionprotocolscanbe designedassimply andex-
pressively asin data-drivenmodels,whereastheagentinteractionspacecanbe easily
managedby exploiting the underlyingpowerful control-drivenmechanisms.As a re-
sult,hybridcoordinationabstractions,like tuplecentres,seemwell-suitedto beusedas
thecorefor theengineeringof agentsocietiesin multiagentsystems[7].

4 A CaseStudy

In this section,we sketchthe proof-of-conceptimplementationof a multiagentappli-
cation.Thegoal is to show how anapproachbasedon coordinationimpactson thethe
designanddevelopmentof multiagentapplications,aswell ason theirmaintenance.

Let usconsidertheprocessrelatedto theproductionof theproceedingsfor aninter-
nationalconference[3]. Theprocessconsistsin several phases,eachinvolving several
people.Duringthepreliminarysubmissionphase,potentialauthorshaveto submittheir
papers,andbeacknowledgedthatpapersprint correctlyandhave beenassigneda sub-
missionnumber. Oncethe submissiondeadlineis expired, the PC committeehasto
handlethe review of the papers,contactingpotentialrefereesandaskingthemto re-
view someof the papers.After a while, reviews areexpectedto comein andbe used
to decideaboutthe acceptance/rejectionof thesubmissions.Authorsmustbe notified
of thedecisionsand,in caseof acceptance,mustbeaskedto producethecameraready
versionof their revisedpapers.Thepublisherhasto collect thecamerareadyversions
andeventuallyprint thewholeproceedings.

Assketchedabove,theprocessis essentiallyaworkflow one:theactivitiesof anum-
berof differentpeoplehave to besomehow synchronised,datahave to beexchanged,
andeachpersoninvolvedmaybein needof performingdifferentactivities depending
on the global statusof the process.Clearly, the wholeprocesscanbe automatisedby
modellingit in termsof a multiagentsystem.Themostobviousdesignchoiceis to as-
sociateanagentto eachof thesub-tasksof theprocess.An agentassociatedto a given
taskhasto completeit bothby exploiting its own “intelligence”,andby interactingwith
thepersonthat is actually in charge of the task(e.g.,an agentcannotreview a paper,
but it canhelpthereviewer in filling thereview form anddeliveringit in time).

In orderto betterpoint out the coordinationissueswhich may arisein this appli-
cation,we concentratenow on thereview processonly – disregardingsubmissionand
final publicationdetails– whereseveral different coordinationrules can be devised,
dependingon how thePCcommitteehandlestheprocess.

Let us considerfirst a small conferencewhereonly PC membersact asreviewers
and the PC chair decideswhich PC memberhasto review which papers– eachPC
memberis representedby a “PC MemberAgent” (PCMA), andthePCchairby a “PC
ChairAgent” (PCCA).Giventhenumberof submissions,andthenumberof PCmem-
bers,the individual taskof thePC chair (andof thePCCA,correspondingly)is to set
the numberof requiredreviews for every submittedpaper, and,by consequence,the
numberof reviews to be providedby eachPC member/reviewer. This, it turn, defines



theindividual taskof eachPCmember(andof eachPCMA), thatis, to review asmany
papersasrequired.What hasto be determinedis who/whatis put in charge of of en-
suringthateachpaperactuallyreceivestherequirednumberof differentreviews from
differentPCmembers– which is obviouslya socialtaskfor themultiagentsystem.

A traditionalagent-orientedmethodologywouldobviouslymakeanagenttakecare
of the social task, too – an ad-hocagent,possibly, or, in this case,the PCCA itself,
morelikely. In fact, the PCCA canhave a global view of the wholeprocess,andcan
easilycheckwhetherall PCmembersreceive thecorrectnumberof papersto review,
andwhetherall papersreceive enoughreviews.Thiswouldrequirethatwell-definedin-
teractionprotocolsaredefinedbetweenthePCCAandthePCMAsin orderto negotiate
the review of a paper, andeventuallysendthemboth thepapersandthereview form,
andthat thePCCAkeepstrackof all thepaperassignments,explicitly driving these-
lectionprocesstowardstheaccomplishmentof theglobalgoalby theagents’ensemble.
Eventhoughthisapproachmayseemquitesimpleandclean,weclaim it is not.On the
onehand,the PCCA is chargedof a taskwhich is not an individual one,but rathera
socialone.On theotherhand,thesolutionis neithereasilyscalable,nor incrementally
refinable,sinceany changeto thespecificationsis likely to forcethemodificationof all
theagentsinvolved(morespecifically, of their interactionprotocols).

In principle,adoptinga purecontrol-drivencoordinationmodelfor theapplication
would resultsin a very similar design,wherea “coordinator” componentwould be in
chargeof topologicallyconnectingthePCCAwith theproperPCMAsaccordingto the
globalneedsfor paper’sreviews.However, theemphasisoncontrolinducedby control-
driven modelsdoesnot easily copewith the decentralisationof control promotedby
autonomyof coordinables,i.e., theagents,asarguedin [4].

Instead,whenadoptinga data-drivencoordinationmodel,thePCCAcaninsertpa-
persandreview formsasappropriatedatastructuresinto thedataspace,andthePCMAs
canlook on thedataspacefor papersto review However, theachievementof thesocial
taskof ensuringa fair numberof differentreviewersto eachpaperrequiresagainthe
definition of interactionprotocolsbetweenthe agentsand the shareddataspace:the
PCCAmay for instanceprovide papersin the dataspaceasresourcesto be consumed
by PCMAs – whenall the occurrencesof the samepaperin the dataspacehave been
consumed,it is ensuredto receive asmany reviews asrequired.This alsorequiresthat
PCMAsagreeon a protocolwhich consumespapersfrom thedataspace(anddoesnot
simply readthem),andtakescareof never gettingthesamepapermorethanonce.

Whenadoptinganhybrid coordinationmodel,thealreadysimpledesignof theap-
plicationis likely to befurthersimplifiedor, at least,madecleaner. For instance,atuple
centrescouldbeeasilyexploitedasthecorefor theMAS’ socialtask,by embodyingthe
requiredcoordinationlaws. So,thePCCAhassimply to put into the tuple centresthe
papersandthereview forms,whereasthe PCMAs hassimply to retrieve papersfrom
the tuplecentre.In its turn, the tuplecentreis in charge of monitoringtheaccessesto
the dataspace,andcanbe programmedto ensurethat all papersreceives the required
numberof reviews, for instancemakingvisible to PCMAsselectingpapersonly those
oneswhich have not alreadybeenensuredof theminimumnumberof reviews.

Let us now complicatea little bit the example,by supposingthat the dimension
of the conferenceexplodes,in termsof amountof submittedpapers,so as to make



it unfeasiblethe above sketchedcentralisedmanagement.In this case,while eachPC
memberstill hasto takecareof anumberof papers,heis nolongerin chargeof revising
it by him/herself,but has insteadto find an appropriatereviewer for eachpaperof
his/her, external to the PC. In this scenario,in additionto ensuringthateachpaperis
assignedto asmany differentPCMAsasaretherequiredreviews,onehasalsoto ensure
thattwo differentPCMAsdo not choosethesamerefereefor thesamepaper. This can
beconsideredasanfurthersocialtaskto bepursuedby theMAS.

Thetraditionalagent-orientedapproachsketchedabovewouldrequirearedesignof
thePCCA (which is in charge of onemoretask)– its representationof the world, its
interactionprotocol– andof thePCMAs, too, sincenot only paperassignmentto PC
members,but alsothereferee’s choicehasnow to benegotiated.This lackof incremen-
tal refinability is basicallydueto thefact thatagentcoordinationis put in chargeof an
agent– whatever this meansfrom a conceptualviewpoint – insteadof a coordination
medium.A social taskis chargeduponan individual agent,which basicallysaysthat
thisapproachdoesnotprovide abstractionssuitablefor thedesignof agentsocieties.

The adoptionof a hybrid coordinationmodel, instead,makesit possibleto keep
neatlydistinct individualandsocialtasks,by encapsulatingthecoordinationlaws (i.e.,
thesocialrules)into aseparatecoordinationcomponent,e.g.,atuplecentre.In thiscase,
in fact, no changewouldberequiredto thePCCA.In turn, thePCMAswould besim-
ply requiredto slightly changetheir interactionprotocol,by associatinga reviewer’s
nameto eachrequestfor a paper(e.g., trying to consumea tuple with both a paper
anda reviewer, insteadof a tuple with a paperonly). The tuplecentreshouldthenbe
programmedsoasto satisfya PCMA requestonly aftercheckingtheproposedpaper-
reviewerassociation(e.g.,by eitherreturningor refusingthepaper-reviewertuple),thus
encapsulatingmostof thechangesin termsof new rulesgoverningagentcommunica-
tion – whichseemsquiteappropriate,afterall. As aresult,bothPCCAandPCMAscan
besimply designedaroundtheir individual tasks,andsocialtasksarein charge of the
coordinationmedium,embodyingsociallaws in termsof rulesover agentcommunica-
tion – so that, for instance,a changeto social tasksdoesnot imply a re-designof the
wholesystem.

For examplesof code,andmoredetailsaboutprogrammingtuple centresfor the
coordinationof multiagentsystems,we forwardtheinterestedreaderto [17].

5 Conclusions

Traditionalapproachesto multiagentsystemdesignfall shortin handlingthecomplex-
ity relatedto themanagementof highly interactive multiagentapplications.In fact, in
mostof thecases,the rulesgoverningthe interactionsbetweenthe applicationagents
arenot explicitly modelledat the earlierdesignstages,andthe designusuallymixes
computationandcoordinationinto thecodeof theagents,without beingableto define
andseparateindividual and social applicationtasks.This is likely to underminethe
opennessandthereusabilityof applications,aswell astheir maintainability.

In thispaperwehavetriedto pointoutsomerelevantconsequencesof adoptingaco-
ordinationviewpointon theengineeringof amultiagentsystem,which areall basically



relatedto the separation of concernsbetweenthe computationand the coordination
issues,or, in otherterms,betweenindividualandsocialtasks:

– designfocus– agentinteractionprotocolscanbedesignedby focussingon its indi-
vidual task(s)(e.g.,concentratingontheinformationneededandproduced/inferred
by theagentin theprocessof achieving its tasks),in many sensedisregardingthe
socialtask(s)of thegroupstheagentbelongsto;

– coordination design– socialrulesandcollective behaviour canbe representedin
termsof coordinationlaws, chargeduponthe coordinationmedia,andcanbede-
signedandimplementedindependently, with no concernfor the internalstructure
of theagents.

– social intelligence– socialtaskscanbeachievedastheresultof themutualinter-
actionof agents,eachonepursuingits own aims.The interactionspaceis thena
furthersourceof intelligencefor themultiagentsystem

– modularityandreusability– autonomousagentsfocussingon their tasks,with no
concernfor coordinationissuesanddesignedaroundvery straightforwardinterac-
tion protocols,areanaturalsourceof modularityfor multiagentsystems.They can
bereusedwherever theircapabilitiesareneeded,independentlyof thesocialrules.
Dually, coordinationrulescanbeexploitedto achieve socialtaskssimplygiventhe
agentgoalsandprotocols,independentlyof theinternalstructureof theagents.

– incrementaldesignand implementation– oncethat socialrulesaredesignedand
implemented,individualcapabilitiescanberefinedsoasto improvetheagentabil-
ity to achieve its taskindependentlyof the restof the system.Analogously, once
thatagentstasksandinteractionprotocolsaredesignedandimplemented,coordi-
nation rules can be independentlyrefinedso as to improve the capability of the
multiagentsystemto achieve its socialgoals.
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