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Abstract. Thepapeirfocusenthedesignof multiagentsystemsandamguesthat
traditionalapproachefall shortwhendealingwith comple« multiagentsystems.
On this basis,this papershavs how an approactbasedon coordinationmodels
canhelpin the designof multiagentsystemsA simple examplein the areaof
conferencamanagemenis assumeds a casestudyto clarify the conceptsex-
pressed.

1 Interaction in the Agent’s Space

Multiagentsystemsaremoreandmorebecominganubiquitousparadignior thedesign
andimplementatiorof complex softwareapplications Eventhoughsomeha blurred
throughoutthe vastliteratureon multiagentsystemsthe notion of agentcanbe char
acterisedoy few fundamentakey-points: (i) autonomy (ii) interaction,and (iii) task.
In otherwords,anagentmay be thoughtasan autonomousoftwarecomponentvhich
interactswith its ervironmentin orderto achieve its tasks

Autonomyguaranteethatanagentwill pursuets goalsproactively, soasto accom-
plish its tasks.Accordingly, the processof designinga multiagentsystemis typically
conceved as picking out the multiplicity of taskswhich have to be accomplishedn
orderto achieve the intendedmultiagentsystems goal(s),and delegatingthemto the
agentsresponsibilityIn otherwords,thefocusis mainly onintra-agenaspectssuchas
agentsinternalstructurejts view of theworld, its beliefs,desiresandintentions.This
typically includesalsodelegatingto agentgheresponsibilityof coordinatingtself with
theotherapplicationagentsaccordinglyto specificinteractionprotocolsembeddednto
theagentg15]. Somerecentproposalslectinteractionto a key issuein the designof
multiagentsystemd25], to be tackledwith from the preliminaryanalysisphase Still,
evenin this caseagentinteractionsaresimply consideredn termsof communication
with otheragentsandinteractionprotocolswithout consideringhigherlevel designis-
suesrelatedto the fact that agentswill eventually live dippedinto possiblycomple
multiagentsystems.
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Both the above approachesypically lead to a two-phaseengineeringmethodol-
ogy for multiagentsystem:first, the agentscomposingthe systemsare identified and
designedaccordingto the tasksthey have beenassignedthen,they aresimply made
interactingso asto actually build the multiagentensembleHowever, this is usually
donewithout ary explicit modelling of the global behaiour of the resultingmultia-
gentsystemsAccordingto this (compositional)perception,a multiagentsystemsis
viewed asthe meresumof its parts(the agents) Whatis relevant, then,is the role of
autonomousgentsactingso asto achieve their tasks:agentinteractionaddsnothing
but the capabilityto composeagentdnto anensembleenablingthemto work together
This correspondso consideringnultiagentsystemsasa simplemultitude of individu-
als,anddisregardingthesocialaspectsuchascollective behaiour, socialrules,andso
on.

Moreover, this endorsesa view of the spaceof agents interactionas merely the
spaceof communicationwhereagent-generatekhowledgeis madeavailableandcon-
sumedandwhereinteractionhistoriessimply resultsfrom the chaoticinterleaving of
the obsenable behaiours of single agents[23]. Correspondinglymary researchef-
forts in the multiagentfield actuallydealwith the problemof enablingcommunication
amongagents:ACLs [21] (suchasKQML [9] or FIPA [10]), allowing knowledgeto
betransferredrom oneagentto another middlevarecomponentgmediatorg24], in-
formationbrokers)andinfrastructuregsuchasORBs[13]), providing communication
with somedegreeof transparencconcerningontology, namesystemsservicesandso
on. However, simply focussingon enablingcommunicatioranddefiningagentinterac-
tion protocolsdoesnot give multiagentsystemdesignersa way to effectively dealwith
thecomplity of theagentcommunicatiorspaceit makest exist, but doesnotreally
helpin governingit.

Instead,an holistic (non-compositionalyiew of multiagentsystemsis currently
being promotedby several recentresearchefforts, introducingnotionssuchassocial
agency[21], socialwake [14], andsociallaws [20]. Theseapproacheassumehatthe
full understandingf multiagentsystemscalls for a comprehensie theoreticalsetting
for agentsocieties definingwhatis the world whereagentdive andsocialise which
kinds of individuals populatethe world, and how the world is ruled. Moreover, they
recognisehat socialrules,far from beinga merelimitation of the behaiour of indi-
viduals, constitutesa further sourceof intelligencein multiagentsystems(we could
call it socialintelligencg, which goesbeyond the one provided by singleagentsand
represents naturalplacewhereglobal systempropertiescanbeembodied.

This suggestshat,in the context of multiagentsystemsgengineeringhe socialas-
pectsis atleastasmuchrelevantasengineeringsingle agents Accordingly, the social
issueof a multiagentsystemshouldbe accountedor sincethe earliestdesignphases,
and socialrules and collective behaiour shouldbe the subjectsof a separatalesign
phasejndependentrom thedesignof individualagents.

2 Coordination asa DesignDimension

Shifting focusfrom the agentinternalstructureto the agentinteractionspacechanges
theway in which a multiagentsystemis designedThe designprocesof a multiagent



systemcanstill be conceved asa two-phasegprocesshut of a quite differentsort. In
thefirst phase a multiagentsystemhasto be analysedand understoodso asidentify
both the individual tasks to be carriedout by single agents,andthe social tasks to
be achieved by groupsof agentsasthe resultof their mutualinteraction.In the second
phasejndividual tasksdrive the designandimplementatiorof individual agents.So-
cial tasks,instead shoulddrive the designandimplementatiorof the agentinteraction
spacethatis to say boththeagentinteractionprotocolsandtheagentinteractionrules.

For instance considerthe caseof a multiagentsystemin chage of managingthe
review procesdor aninternationakconferencd3]. An individualtaskfor anagentrep-
resentinga PC memberwould be picking uptenpaperdor eachreferee A socialtask,
insteadwouldbeensuringhattheagentgepresentinghePCmemberglobally select,
for eachsubmittedpaper atleastthreerefereeseach Here,theindividual taskcouldbe
easilyandnaturallychageduponasingleagentrepresentin@g refereelnsteadthe so-
cial task could be more naturallypursuedoy imposinga socialrule, thatis, by ruling
theinteractionspacesomehav.

In the exampleabove andin general,a frequentlyadoptedsolutionis delegating
socialtasksto especially-designeagentsHowever, in our opinion, exploiting agents-
which arebuilt andinteractwith otheragentsn the sameway asary otheragent- in
orderto rule agentinteractionseemsanot a cleanandelegantapproachinstead rather
thanasolution,this turnsoutto bea clearsymptomof thelack of abstractiongndtools
specificallysuitedto governthe agentinteractionspace.

In orderto fully supportthe engineeringof multiagentsystemsthen,something
moreis neededhantheoriesandtoolsfor designingandimplementingagentsandlan-
guagesandmiddlewarefor enablinginteragentommunicationWhile agentanguages
andarchitecturesnay satisfy the needfor single agentdesign,enablingcommunica-
tion may not suffice: in orderto designsocietiesenforcesocialrules,andembodying
collective behaiour, thekey-pointis ruling communicationFromanengineeringiew-
point, this raisesthe questionof how socialrulesandcollective behaiour canbe built,
and embeddednto multiagentsystems Since societiesof ary kind are groundedon
the interactionamongthe singlecomponentsit seemaaturalto identify the spaceof
agentinteractionastheplacewheresocialrulesandpolicieshave to berepresentednd
embodiedlf theinteractionspacds recognise@sanindependenspacegor multiagent
systemdesign,abstractionandtools are neededvhich enableagentinteractionto be
shapedndependentlyf theindividual agents.

Managingthe interactionis the goal of coorination [22]: the spaceof agentin-
teractionis no longerto be seenas merelythe spaceof communicationput alsothe
spaceof coodination. Coordination languagesmodelsand architectues[2] provide
for abstractiongndtools to manageandrule the agentinteractionspace jn the same
way asagentlanguagesindarchitectureprovide for abstractionsndtoolsto build up
agentslin short,coordinationanguagesremeanto expressheagents obsenablebe-
haviour andto designits interactionprotocol;coordinatiormodelsallow theinteraction
spaceto be shapedandruled, while coordinationarchitectureprovide for patternsfor
the organisatiorof agentensemblesAll in one,coordinationtheoryis whatis needed
to fully supportthe engineeringdf multiagentsystemsparticularlyin the designand
implementatiorof socialtasks.



3 Coordination Modelsand Languages

In its generalterms,coordinationis the art of managingnteractionsanddependencies
amongactiities, thatis, amongagentsjn the contect of multiagentsystemd2,12]. A
coordinationmodelprovidesa formal framevork in which the interactionof software
agentscan be expressedGenerallyspeaking,a coordinationmodel dealswith agent
creationanddestructionagentcommunicatioractiities, agentdistribution andmobil-
ity in spaceaswell asthe synchronisatiormnddistribution of agentactionsover time.
A coordinationrmodelcanbe thoughtasconsistingof threeelements:

— the coorinables which arethe entitieswhosemutualinteractionis ruled by the
model-agentsjn multiagentsystems;

— the coodination medig which arethe abstractiongnablingagentinteractionsas
well asthe corearoundwhich the component®f a coordinatedsystemareorgan-
ised. Examplesare semaphoresnonitors,channelspr more complex medialike
tuplespacesblackboardsetc.

— the coorination laws, which definethe behaiour of the coordinationmediain
responseo interactionevents.The laws canbe definedin termsof a communica-
tion language thatis a syntaxusedto expressandexchangedatastructuresanda
coominationlanguage thatis, a setof interactionprimitivesandtheir semantics.

From a softwareengineeringviewpoint, a coordinationmodelworks as a sourcefor

designmetaphorsabstractionsand mechanismffectively supportingthe definition

of the softwarearchitecturendthe developmentprocesof amulticomponensoftware
system.

3.1 Classeof Coordination Models

Accordingto [19], coordinatiormodelscanbedividedin two classesdata-drivenand
control-driven ones.In control-drivencoordinationmodels like MANIFOLD [18], co-

ordinableqagents)ypically openthemselesto the externalworld andinteractwith it

througheventsoccurringon well-definedinput/output ports. The obsenablebehaiour

of the coordinablesfrom the point of view of the coordinationmedia,is the one of

statechangesndeventsoccurringontheseports.The coordinationaws establisthow

eventsandstatechangesanoccurandhow they propagateThereforethe coordination
mediabasicallyhandlethe topology of the interactionspace with no concernfor the
dataexchangedetweercoordinables.

In data-drvencoordinationmodels like Linda [11], coordinablesnteractwith the
externalworld by exchangingdatastructureshroughthe coordinationmedia,which
basicallyactasshareddataspacesThecoordinatiorlaws determinehow datastructures
arerepresentedndhow they arestored accessedindconsumedUnlike control-driven
coordinationmodels, the coordinationmediumhasno perceptionof the changesn
the stateof coordinablesand doesnot provide ary control over the communication
topology.

The choiceof the modelfor agentcoordinationhasindeedan impacton the de-
signof a multiagentsystem As amguedin [4], data-drven modelsseemgo bettersuit



opensystemswherea numberof possiblya-priori unknovn andautonomougntities
have to cooperateastypical in the caseof multiagentsystemsin this case focussing
on dependencieBetweenthe componentsasa control-drivenmodelwould do, would

somehw clashwith the autonomyof the agentsand the unpredictabilityof the open
ervironment.Focussingpntheknowledgeexchangedamongagentsbesidedettercop-
ing with agentautonomyandunpredictabilityseemgo bettersuitintelligentmultiagent
systemswhereagentsaretypically designedo dealwith informationratherthanwith

control.However, theengineeringf multiagentsystemsctuallyrequiresmorecontrol
on the interactionspacethanthe one provided by data-drven models.This obviously
callsfor new, hybrid modelsof coordination,combiningthe focusoninformationtyp-

ical of data-driyen modelswith the flexibility and control provided by control-driven
ones.

3.2 Hybrid Coordination Models

A typical problemof data-drivencoordinatedystemss thebuilt-in andfixedbehaiour
of the shareddataspacesedasthe coordinationrmedium:neithernev communication
primitives can be added,nor can new behaiour be definedin responsdo standard
communicatiorevents.As aresult,eitherthe mechanismgrovidedby the coordination
modelfor accessinghe sharedlataspacearepowerful enoughto expresshecoordina-
tion laws requiredto effectively govern agentensemblesor agentshave to be chaged
in their codewith the burdenof socialrules.

To addresghis deficieng, hybrid coordinationmodelsare meantto combinethe
cleannesandelegganceof data-drvenmodelswith theflexibility andpower of control-
drivenones.Ontheonehand,communicatiorstill occursthroughthe exchangeof data
structurevia a shareddataspaceOn the otherhand,the shareddataspaceanactnot
only asacommunicatiorthannelput alsoasaprogrammablecoodinationmediun5],
capableof detectingary communicatioreventandassociatingry requiredbehaiour
toit.

An exampleof a hybrid coordinatiormodelis endorsedy the notionof tuple cen-
tre, introducedin [6], and currently exploited by several Internet-orienteccoordina-
tion models[8, 1,17] astheir coordinationmedium.More precisely a tuple centreis
a communicationabstractionwhich is perceved by the interactingentitiesas a stan-
dardLinda-like tuple spacebut whosebehaiour in respons¢o communicatiorevents
canbe definedso asto embedthe laws of coordination.So, while a Linda tuple space
supportsonly thosecoordinationpolicies that can be directly mappedonto its fixed
behaiour, the control over the interactionspaceprovided by a tuple centrecan be
exploited in orderto bridge betweendifferentrepresentationsf information shared
by agentsto provide new coordinationmechanismsto supportthe full monitoring of
agentinteractionand,abore all, to embecdthe laws for agentcoordinatior6].

Furtherexamplesof hybridmodelsareT Space$26] andLaw-governedLinda[16].
Law-governedLinda exploits programmabléuple spacedor securityandefficiengy in
distributedsystemswhereprogrammableontrollersareassociatetbcally to agentgo
interceptand modify the behaiour of communicatioroperationsin T Spacesagents
canaddnew primitivesor overloadold onesin orderto implementary kind of transac-
tion they needon the datastoredin thetuplespace.



Altogether all thesemodelsendorsea view of coordinatiorwhereagentscommu-
nicateby exchanginginformationin form of tuples,in a data-drien fashion,but co-
ordinationis achieved by properlydetectingandmanagingcommunicatiorevent,in a
control-drivenfashion.Agentinteractionprotocolscanbe designedas simply and ex-
pressvely asin data-drven models,whereaghe agentinteractionspacecanbe easily
managedyy exploiting the underlyingpowerful control-driven mechanismsAs a re-
sult, hybrid coordinatiorabstractiondjke tuple centresseemwell-suitedto be usedas
the corefor theengineeringf agentsocietiedn multiagentsystemg7].

4 A CaseStudy

In this section,we sketchthe proof-of-concepimplementatiorof a multiagentappli-
cation.The goalis to shov how anapproachasedn coordinationimpactson the the
designanddevelopmentof multiagentapplicationsaswell ason their maintenance.

Let usconsidettheprocesselatedto the productionof the proceeding$or aninter-
nationalconferencd3]. The processconsistan several phaseseachinvolving several
people Duringthepreliminarysubmissiorphasepotentialauthorshave to submittheir
papersandbe acknavledgedthatpapersprint correctlyandhave beenassigneda sub-
missionnumber Oncethe submissiondeadlineis expired, the PC committeehasto
handlethe review of the paperscontactingpotentialrefereesand askingthemto re-
view someof the papersAfter a while, reviews areexpectedto comein andbe used
to decideaboutthe acceptance/rejectionf the submissionsAuthorsmustbe notified
of thedecisionsand,in caseof acceptancanustbeaskedo producethe cameraeady
versionof their revised papersThe publisherhasto collectthe camerareadyversions
andeventuallyprint thewhole proceedings.

As sketchedabove, theprocesss essentiall\aworkflow one:theactvitiesof anum-
ber of differentpeoplehave to be somehw synchroniseddatahave to be exchanged,
andeachpersoninvolved may be in needof performingdifferentactvities depending
on the global statusof the processClearly, the whole processcanbe automatisedy
modellingit in termsof a multiagentsystem.The mostobvious designchoiceis to as-
sociateanagentto eachof the sub-task®f the processAn agentassociatedio a given
taskhasto completet bothby exploiting its own “intelligence”, andby interactingwith
the personthatis actuallyin chage of the task(e.g.,an agentcannotreview a paper
butit canhelpthereviewerin filling thereview form anddeliveringit in time).

In orderto betterpoint out the coordinationissueswhich may arisein this appli-
cation,we concentrateow on thereview procesnly — disregardingsubmissiorand
final publicationdetails— whereseveral different coordinationrules can be devised,
dependingn how the PC committeehandleghe process.

Let us considerfirst a small conferencevhereonly PC membersact asreviewers
andthe PC chair decideswhich PC memberhasto review which papers— eachPC
membeiis representetty a “PC MemberAgent” (PCMA), andthe PCchairby a“PC
ChairAgent” (PCCA).Giventhe numberof submissionsandthe numberof PC mem-
bers,theindividual task of the PC chair (and of the PCCA, correspondingly)s to set
the numberof requiredreviews for every submittedpaper and, by consequencehe
numberof reviews to be provided by eachPC member/reiewer. This, it turn, defines



theindividual taskof eachPCmemberandof eachPCMA), thatis, to review asmary
papersasrequired.What hasto be determineds who/whatis put in chage of of en-
suringthateachpaperactuallyrecevesthe requirednumberof differentreviews from
differentPCmembers- whichis olviously a socialtaskfor the multiagentsystem.

A traditionalagent-orientednethodologywould obviously makeanagenttakecare
of the socialtask,too — an ad-hocagent,possibly or, in this case the PCCA itself,
morelikely. In fact, the PCCA canhave a global view of the whole processandcan
easilycheckwhetherall PC membergeceve the correctnumberof paperso review,
andwhetherall papergeceie enouglreviews. Thiswould requirethatwell-definedn-
teractionprotocolsaredefinedbetweerthe PCCAandthe PCMAsin orderto negotiate
thereview of a paper and eventually sendthemboth the papersandthe review form,
andthatthe PCCA keepstrack of all the paperassignmentsxplicitly driving the se-
lectionprocesgowardstheaccomplishmemf theglobalgoalby theagentsensemble.
Eventhoughthis approachmayseemquite simpleandclean,we claimit is not. Onthe
one hand,the PCCAis chaged of a taskwhich is not anindividual one,but rathera
socialone.On the otherhand,the solutionis neithereasilyscalablenorincrementally
refinable sinceary changeto the specificationss likely to forcethe modificationof all
theagentdnvolved (morespecifically of their interactionprotocols).

In principle,adoptinga pure control-drivencoordinationmodelfor the application
would resultsin a very similar design,wherea “coordinator” componentvould be in
chage of topologicallyconnectinghe PCCAwith the properPCMAsaccordingo the
globalneeddor papersreviews. However, theemphasi®n controlinducedby control-
driven modelsdoesnot easily copewith the decentralisatiorof control promotedby
autonomyof coordinablesi.e.,theagentsasarguedin [4].

Insteadwhenadoptinga data-drvencoordinationrmodel,the PCCA caninsertpa-
persandreview formsasappropriatedatastructuresnto the dataspacegandthe PCMAs
canlook on the dataspacéor paperdgo review However, the achiezementof the social
taskof ensuringa fair numberof differentreviewersto eachpaperrequiresagainthe
definition of interactionprotocolsbetweenthe agentsand the shareddataspacethe
PCCA mayfor instanceprovide papersn the dataspacasresourceso be consumed
by PCMAs— whenall the occurrence®f the samepaperin the dataspacéave been
consumedit is ensuredo receve asmary reviews asrequired.This alsorequiresthat
PCMAsagreeon a protocolwhich consumepaperdrom the dataspacéanddoesnot
simply readthem),andtakescareof never gettingthe samepapemorethanonce.

Whenadoptingan hybrid coordinationmodel,the alreadysimpledesignof theap-
plicationis likely to befurthersimplified or, atleast,madecleanerFor instanceatuple
centresouldbeeasilyexploitedasthecorefor theMAS’ socialtask,by embodyinghe
requiredcoordinationlaws. So,the PCCA hassimply to putinto the tuple centresthe
papersandthereview forms, whereaghe PCMAs hassimply to retrieve papersfrom
the tuple centre.In its turn, the tuple centreis in chage of monitoringthe accesse
the dataspaceand canbe programmedo ensurethat all papersrecevesthe required
numberof reviews, for instancemakingvisible to PCMAs selectingpapersonly those
oneswhich have not alreadybeenensuredf the minimumnumberof reviews.

Let us now complicatea little bit the example, by supposingthat the dimension
of the conferenceaxplodes,in termsof amountof submittedpapers,so asto make



it unfeasiblethe above sketchedcentralisednmanagementn this casewhile eachPC
membesrstill hasto takecareof anumberof papersheis nolongerin chageof revising
it by him/herself,but hasinsteadto find an appropriatereviewer for eachpaperof
his/her externalto the PC. In this scenariojn additionto ensuringthat eachpaperis
assignedo asmary differentPCMAsasaretherequiredreviews,onehasalsoto ensure
thattwo differentPCMAs do not choosethe samerefereefor the samepaper This can
beconsideregsanfurthersocialtaskto be pursuedoy the MAS.

Thetraditionalagent-orientedpproactsketchedbore would requirea redesigrof
the PCCA (whichis in chage of one moretask)— its representatioof the world, its
interactionprotocol— and of the PCMAS, too, sincenot only paperassignmento PC
membersbut alsothereferees choicehasnow to benegotiated.This lack of incremen-
tal refinability is basicallydueto the fact thatagentcoordinationis putin chage of an
agent— whatever this meansfrom a conceptualiewpoint — insteadof a coordination
medium.A socialtaskis chageduponan individual agent,which basicallysaysthat
this approactdoesnot provide abstractionsuitablefor the designof agentsocieties.

The adoptionof a hybrid coordinationmodel, instead,makesit possibleto keep
neatlydistinctindividualandsocialtasks,by encapsulatinghe coordinatiorlaws (i.e.,
thesocialrules)into aseparateoordinatiorcomponente.g.,atuplecentre In this case,
in fact, no changewould berequiredto the PCCA. In turn, the PCMAswould be sim-
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 tuple centreshouldthenbe
programmedso asto satisfya PCMA requesbnly after checkingthe proposecbaper
reviewerassociatiorfe.g.,by eitherreturningor refusingthepapesreviewertuple),thus
encapsulatingnostof the changesn termsof new rulesgoverningagentcommunica-
tion —which seemgjuiteappropriateafterall. As aresult,pothPCCAandPCMAscan
be simply designedaroundtheir individual tasks,andsocialtasksarein chage of the
coordinatiormedium,embodyingsociallaws in termsof rulesover agentcommunica-
tion — sothat, for instancea changeto socialtasksdoesnot imply a re-designof the
wholesystem.

For examplesof code,and more detailsaboutprogrammingtuple centresfor the
coordinationof multiagentsystemswe forwardtheinterestedeadetto [17].

5 Conclusions

Traditionalapproacheto multiagentsystemdesignfall shortin handlingthe comple-
ity relatedto the managemenof highly interactive multiagentapplicationsln fact, in
mostof the casesthe rulesgoverningthe interactionsbetweenthe applicationagents
arenot explicitly modelledat the earlier designstagesandthe designusually mixes
computatiorand coordinationinto the codeof the agentswithout beingableto define
and separatandividual and social applicationtasks.This is likely to underminethe
opennesandthereusabilityof applicationsaswell astheir maintainability

In thispapemwe have triedto pointoutsomerelevantconsequencesf adoptingaco-
ordinationviewpointon theengineeringf amultiagentsystemwhich areall basically



relatedto the sepaation of concernsbetweenthe computationand the coordination
issuespr, in otherterms,betweerindividual andsocialtasks:

— designfocus— agentinteractionprotocolscanbe designedy focussingonits indi-
vidualtask(s)(e.g.,concentratingpn theinformationneededindproduced/inferred
by theagentin the procesf achieving its tasks),in mary sensalisregardingthe
socialtask(s)of the groupstheagentbelongsto;

— coodination design— socialrulesand collective behaiour canbe representedh
termsof coordinationlaws, chaged uponthe coordinationmedia,andcanbe de-
signedandimplementedndependentlywith no concernfor theinternalstructure
of theagents.

— socialintelligence— socialtaskscanbe achieved asthe resultof the mutualinter-
actionof agentsgeachonepursuingits own aims. The interactionspaceis thena
furthersourceof intelligencefor the multiagentsystem

— modularityand reusability— autonomousgentsocussingon their tasks,with no
concernfor coordinationissuesanddesignedaroundvery straightforwardnterac-
tion protocols areanaturalsourceof modularityfor multiagentsystemsThey can
bereusedvherever their capabilitiesare neededindependentlyf the socialrules.
Dually, coordinatiornrulescanbeexploitedto achiese socialtaskssimply giventhe
agentgoalsandprotocols,ndependentlyf theinternalstructureof theagents.

— incrementaldesignand implementation- oncethat socialrules are designedand
implementedindividual capabilitiescanberefinedsoasto improve theagentabil-
ity to achieve its taskindependentlyof the restof the system.Analogously once
that agentgasksandinteractionprotocolsaredesignedandimplementedcoordi-
nation rules can be independentlyrefinedso as to improve the capability of the
multiagentsystemto achieve its socialgoals.
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