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Abstract

The ability to communicates oneof the salientpropertiesof agents.Althougha number
of agentcommunicatiodanguagegACLs) have beendeveloped,obtaininga suitableformal
semanticgor ACLs remainsoneof the greatesthallenge®f multiagentsystemsheory Pre-
vious semantichave largely beenmentalisticin their orientationandarebasedsolely on the
beliefsandintentionsof the participatingagents. Suchsemanticsare not suitablefor most
multiagentapplicationswhich involve autonomousndheterogeneouagentswhosebeliefs
andintentionscannotbe uniformly determined.Accordingly we presenta social semantics
for ACLsthatgivesprimag to theinteractionsamongthe agents.Our semanticss basedon
socialcommitmentsand developedin temporallogic. This semanticshecausef its public
orientation,is essentiato providing arigorousbasisfor multiagentprotocols.

*This researctwassupportedy the NCSU College of Engineeringthe NationalScience~oundationundergrant
11S-9624425 CareerAward),andIBM corporation.



1 Introduction

Interactionamongagentss the distinguishingpropertyof multiagentsystems.Communications
areakind of interactionthatrespectheheterogeneitgandpresere theautonomyof agentsin this
respectthey differ from physicalinteractions An agentmay have no choicebut to affect another
agent—e.g.to bumpinto it or to lock afile it needs—ossimilarly be affectedby anotheragent.
By contrast,unlessotherwiseconstrainedan agentneednot sendor receve communicationsif
it is willing to handlethe consequenceg, canmaintainsilenceanddery therequest®or eventhe
commandst receves. Consequentlycommunications uniqgueamongthekindsof actionsagents
may performandtheinteractionsn whichthey mayparticipate.

Our particularinterestis in openmultiagentsystemsyhich find naturalusagein modernap-
plicationssuchaselectroniccommerceln openmultiagentsystemsthe memberagentsarecon-
tributedby severalsourcesandsene differentinterests Thus,theseagentanustbetreatedas

e autonomous-with few constraintson behaior, reflectingthe independencef their users,
and

e hetengeneous—with few constraintson construction reflectingthe independencef their
designers.

Opennesmeanghatall interfacedn thesystemandspecificallyACLs, begivenaclearsemantics.
A goodACL semanticsnustmeetsomecrucialcriteria.

e Formal. Theusualbenefitoof formalsemanticapplyhere especially(1) clarity of specifica-
tionsto guideimplementorsand(2) assurancef software.In fact,thesearemoresignificant
for ACLs, becaus@CLs aremeantto berealizedin differentagentdmplementedy differ-
entvendors.

e Declarative The semanticshouldbe declaratve describingwhatratherthanhow. Sucha
semanticcanbe moreeasilyappliedto a variety of settingsnot justthosethatsatisfysome
low-level operationatriteria.

¢ \krifiable It shouldbe possibleto determinewhetheran agentis actingaccordingto the
givensemantics.

e Meaningful Thesemanticshouldbe basedon someintuitive appreciatiorof communica-
tions andnot treatcommunicationsnerely asarbitrarytokensto be orderedin someway.
If it does,we canarbitrarily invent more tokensandtherewould be no basisto limit the
proliferationof tokens.

Thesecriteria,althoughsimple,eliminateall of the existing candidate$or ACL semanticsFor ex-

ample,Englishdescription®f communicationgquite commonin practice)arenot formal, finite-

statemachinegFSMs)arenotdeclaratve or meaningfulmentalisticapproachearenotverifiable,
andtemporallogics (if appliedto tokensdirectly) arenot meaningful.Briefly, we find thatanap-
proachbasedn socialcommitmentgdescribedvithin) andformalizedin temporalogic canmeet
all of theaboverequirements.



Organization Therestof this paperis organizedasfollows. Section2 motivatesa semantics
basedon social constructsand presentour conceptuabpproach. Section3 presentsa formal
socialsemanticdor ACLSs, discussedts propertiesandshowns how it relatesto communication
protocols. Section4 concludeswith a discussiornof our major themesthe literature,and some
guestiondor futureinvestigation.

2 Conceptual Approach

Moststudiesof communicationn Al arebasedn speechacttheoryAustin[1962]. Themainidea
of speechacttheory namely to treatcommunicationgsactionsfemainsattractve. An illocution
is the corecomponenbf a communicatiorandcorresponds$o whatthe communications meant
to accomplishindependenibothof how thecommunications physicallycarriedout (thelocution)
andthe effect it hason a listener(the perlocution). For example,| could requestyou to open
thewindow (the requesis theillocution) by sayingsodirectly or hinting atit (thesearepossible
locutions). Whetheror not you accedeto my requestis the perlocution. A propositioncanbe
combinedwith illocutions of differenttypesto yield differentmessageFor example,my request
to openthewindow is differentfrom my assertiorthatthewindow is open.

It is customanyto classifyACL primitivesor messagéypesinto a smallnumberof cateyories
basedon thedifferenttypesof illocution. Usuallytheseincludethe following catgyories—asam-
ple primitive of eachcateyory is givenin parenthesesassertiveginform), directives(request
commissive§promisg, permissivegpermi), prohibitives(forbid), declatatives(declarg, andex-
pressivegwish). Alternative classificationgxist aswell, andmight be used.However, theabove
classificationprovidesthe necessargtructurefor our approach.Eachmessages thusidentified
by its sendelandrecever, (propositional)contentandtype.

Threecomponent®f anACL aretypically distinguished(1) a contentsublanguagéo encode
domain-specifigpropositions(2) a setof primitivesor messagaypescorrespondingo different
illocutionarytypes(e.qg.,informandrequest and(3) atransporimechanisnto sendthe messages.
Part(2) is the coreandthe mostinterestingfor the presenstudy

2.1 Mentalistic versus Social Semantics

Work on speechact theory within Al was motivatedfrom the naturallanguageunderstanding
perspectrie and concernedtself with identifying or inferring the “intent” of the spealer. As a
result,mostpreviouswork on ACLs too concerngtself with mentalconceptssuchasthe beliefs
andintentionsof the participatingagents.in fact,sometheoriesemphasizeéhe mutualbeliefsand
joint intentionsof the agentsasthey performtheir communicatre actions. Inferring the beliefs
andintentionsof participantss essentiato determiningwhethera givenillocution occurred:did
thespealkr make a signalor washejust exercisinghis arm?However, in ACLs, themessagéype
is explicit andnoreasonings requiredto determinat. In applicationf multiagentsystemssuch
reasoningvould usuallynot be acceptablebecausef the difficulty in specifying,executing,and
enforcingit in anopenervironment.



Thereare a numberof objectionsto usingonly the mentalconceptdor specifyingACL se-
mantics,several of thesearedescribedn Singh[1998]. Althoughthe mentalconceptamight be
suitablefor specifyingthe constructiorandbehaior of theagentsthey arenot suitableasanex-
clusive basisfor communicationsTherearea numberof objections but we summarizghemin
thefollowing majorcatayories.

e Philosophical Communications a publicphenomenorjut thementalconceptsareprivate.
Any semanticghat neglectsthe public natureof communications deeplyunsatiséctory
Somethingolbviously takesplacewhenagentsnteractthroughlanguagesvenif they don't
have or sharethe“right” beliefsandintentions.

e Practical. Ensuringthatonly thedesirablanteractionsoccuris oneof themostchallenging
aspect®f multiagentsystemengineeringHowever, the mentalconceptsannotbe verified
without accesgo the internalconstructionof the agents.Undercurrenttheoriesof mental
conceptsye cannotuniquelydeterminean agentbeliefsandintentionsevenif we know its
construction.

Theabove evidencesupportghe conclusiornthata purelymentalisticsemantice®f an ACL cannot
beanormatve requiremenbn agentor their designers.

2.2 Language versus Protocol

To ensureautonomyand heterogeneitywe must specify communicationdlexibly and without
making intrusive demandson agentbehaior or design. Traditionally, heterogeneitys accom-
modatedby specifyingcommunicatiorprotocols.Becausédhe traditional, mentalistsemanticof

ACLsareunverifiable,mary researchersave resortedo thedesignof protocolsin termsof FSMs.
(Our agumentappliesequallyto formalismssuchasPetriNetsor temporallogic for protocols.)
Suchprotocolsare verifiable, but are devoid of content. They only statehow the tokensare or-

dered.Thus,the ACL is effectively discardedandwe canjustaswell chooseary arbitrarytokens
for themessageypes.lIt is interestinghow the unsuitabilityof thetraditionalsemanticgorcesthe
protocolsto beadhoc. By contrastthe presenipaperseekso developa nontrivial semanticgor

anACL thatwould alsobe usablefor the constructiorandverificationof protocols.

2.3 Validity Claims

The semanticof ACLs, which concernaus here,relatesto the essenc®f communication.The
currently popularapproacheso ACL semanticsare basedon the spealer’s intent Grice [1969].
Underthis doctrine,the illocution is what the spealer believed andintendedit to be. This doc-
trine,championedby Searleandothers however, leadsto the philosophicabndpracticalproblems
discussed@bove.

In philosophyanotherof the bestknown approacheto communicatre actionis dueto Haber
mas1984;atutorial is availablein [Verharen1997,chap.2]. The Habermaspproachassociates
three“worlds” or aspect®f meaningwith communicationThesecorrespondo thethreevalidity
claimsimplicitly madewith eachcommunication:
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e objective thatthecommunications true

e subjective that the communications sincere—inotherwords, the spealer believesor in-
tendswhatis communicated.

e practical, thatthespealeris justifiedin makingthecommunication

In conversationgachof theabove claimsmaybechallengedgndshovn to befalse.However, even
if false,theseclaimsaremadewith eachcommunication.The claimsinvolve differentaspectof
meaningncludingthesubjectve, but by factof beingclaimsin acorversationthey arepublicand
social.If | tell you something] amcommittedto beingtrue,andyou areentitledto checkif | am.
| amalsocommittedtio besinceregventhoughyou maynotbeableto detectmy insincerityunless
you caninfer whatl believe, e.g.,throughcontradictorystatementshatl make at aboutthe same
time.

Perhapsmorethanhis followersin Al, Searletoo recognizeghe institutional natureof lan-
guage He aguesthatthe“countsas”relationis the basisfor “constitutive reality” or institutional
facts,includingdefinitionsof linguistic symbols[Searle,1995,pp. 152—-156].But institutionsare
inherentlyobjective. For example,in anauction raisingyourhandcountsasmakingabid whether
or notyou havetheintentionto actuallycornvey thatyouarebidding.In on-linecommercepushing
the“submit” buttonon your browsercountsasauthorizinga chage on your creditcard.

Our proposedapproachs, then, simply asfollows. We develop the conceptof socialcom-
mitmentsasis studiedin multiagentsystemsConteand Castelfranch{1995] andreasoningand
dialoguein generalWalton and Krabbe[1995]. Our technicaldefinition differs from the cited
worksin two mainrespectsOur approach

¢ includesthe notionof a socialcontet in the definition of a commitmentihe socialcontext
refersto theteamin which the givenagentgarticipateandwithin whichthey communicate;
it too canbetreatedasanagentin its own right—e.g.,it may enterinto commitmentswith
otheragents.

¢ allows metacommitmentt capturea variety of socialandlegalrelations.

Thedifferentclaimsassociate@vith acommunicatie actionaremappedo differentcommitments
amongthe participantsaandtheir socialcontext. Consequentlyalthoughour semanticss socialin
orientationjt admitsthe mentalviewpoint.

3 Technical Approach

Communicatioroccursduringtheexecutionof amultiagentsystem For thisreasonpur semantics
is basedon commitmentsxpressedn alogic of time.



3.1 Background Concepts

The progressiorof events,which is inherentin the performanceof ary action,suggestshe need
for representingndreasoningabouttime. Temporallogics provide a well-understoodneansof
doing so, andhave beenappliedin areassuchasdistributedcomputing. By usingclassicaltech-
niques,suchastemporallogic, we hopeto facilitate the applicationof the proposedsemantics
whenmultiagentsystemsareto beintegratedinto traditionalsoftwaresystemsComputatiorilree
Logic (CTL) is abranching-timdogic thatis particularlynaturalfor expressingoropertieof sys-
temsthatmay evolve in morethanonepossibleway Emerson1990]. Our formal language’ is
basedon CTL. Corventionally a modelof CTL is atreewhosenodescorrespondo the statesof
thesystenbeingconsideredThebranche®r pathsof thetreeindicatethe possiblevaysin which
thesystems statemay evolve. CTL providesa naturalmeango specifysetsof behaiors.

Our approachouilds on a flexible and powerful variety of socialcommitmentsyhich arethe
commitmentsof one agentto another A commitmentinvolves three agents:the debtor (who
makesit), the creditor (to whomit is made),andthe context (the containingmultiagentsystemin
thescopeof whichit is made).Thebeliefsandintentionsareasis customaryin Al.

The following Backus-NauiForm (BNF) grammarwith a distinguishedstartsymbolL gives
the syntaxof £. L is basedon a set® of atomicpropositions. Below, slanttypefaceindicates
nonterminals;— and| aremetasymbol®f BNF specification and>> delimit commentsthe
remainingsymbolsareterminals.

L1. L — Prop<atomicpropositionsij.e.,in ® >
L2. L — - L <negation>

L3. L — L A L <conjunctions

L4. L — A P<universalquantificatioron paths>
L5. L — E P<existentialquantificationon paths>
L6. L — R P<selectingherealpath>

L7. P— L U L <until: operatoron asinglepatit>
L8. L — C(Agnt, Agnt, Agnt, L) <.commitments>
L9. L — 2B L | zl L «beliefandintentiorrs

Themeaning®f formulasgeneratedrom L aregivenrelative to amodelanda statein themodel.
The meaningf formulasgeneratedrom P aregivenrelative to a pathanda stateon the path.
TheboolearoperatorarestandardUsefulabbreviationsincludefalse = (p A —p), forany p € @,

true = —false, pVqg = -pA—q andp — g = —pVq. Thetemporabperator#\ andE arequantifiers
over paths.Informally, pUgq meanghaton a givenpathfrom the givenstate g4 will eventuallyhold
andp will hold until ¢ holds.Fqg means‘eventuallyq” andabbreiatestrueUq. Gg means‘always
¢" andabbreriates—F—q. Therefore EFp p will hold on somepath. R selectgherealpath. RFp
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meanghat p will hold on thereal path. Although agentscant predictthe future, they canmake
(possiblyfalse)assertion®r promisesaboutit.

M = (S,<,N,R,A,B,I, C) is aformal modelfor L. S is a setof states;<C S x Sisa
partialorderindicatingbranchingtime,andN : S — & is aninterpretationwhich tells uswhich
atomicpropositionsaretruein agivenstate.For ¢t € S, P, is the setof pathsemanatingrom t.
R : S — P givestherealpathemanatingrom a state.PP givesthe powersetof paths.A is aset
ofagentsB: Sx A +— S, I:Sx A— PP,andC:S x A x A x A — PP givethemodal
accessibilityrelationsfor beliefs,intentions,andcommitmentsyespectely.

M k=, p expresses M satisfiep att” andM =p, p expresses M satisfiegp att alongpath
P’

M1. M = ¢ iff ¢ € N(¢), wherey € @

M2. M E;pAqiff M = pandM =, g

M3. M =, —piff M b, p

M4. M =, Apiff VP : P € P, = M =p, p)

M5. M |, Epiff (3P : P € P,andM =p; p)

M6. M =, Rpiff M =g, p

M7. M |=; zlpiff (YP: P € I(z,t) = M |=p; p)

M8. M =, zBpiff (V' : t' € B(z,t) = M =y p)

M9. M =, C(z,y,G,p) iff (VP : P € C(z,y,7,t) = M =p, p)

M10. M f=p; pUq iff (3t : ¢t < t'andM f=ppy gand(Vt" : t < t" < t' = M |=pw p))
Theabove formal semanticss abstractpecausdt leavesopenthe concretform of @, S, <, and

N.

3.2 Social Semantics

Tablel givestheformal semantic®f the ACL primitives.(All commitmentsarerelatveto G, the
context group,which is not shovn to reduceclutter; however, G is the creditorof somecommit-
ments,which areshovn.) This semantichasthreecomponentsorrespondindo the objectve,
subjectve, andpracticalmeaningsntroducedn Section2.3. Eachaspecbf meanings automati-
cally givenfrom thepublicperspectie,becauseachinvolvesasocialcommitmentLet'sconsider
eachcomponenbf thesemanticsn turn.

Objectively, the sendercommitsfor inform thatits contentis true, for promisethatits content
will beaccomplishedior permitthatits contentmayberealizedfor declareahatits contents true.
For requestthe senderexpectsthatthe recever will committo makingit true,andfor forbid that



| Illocution | Objective | Subjective | Practical

inform(x,y,p) | C(z,y,p) C(z,y,zBp) C(z,G,C(z,y,p) — p)

requestz,y,p) || — — z, G, requestz, y,p) — AFC(y, z, p))

permit(z,y,p) || C(z,y,EFp) | C(x,y, ~xl-p) z, G, permit(z,y,p) — —~C(y, G, =RFp))

C(

promisdz,y,p) || C(z,y,RFp) | C(z,y,zlp) C(z, G, C(z,y, RFp) — RFp)
C(
C(

forbid(z,y,p) | C(z,y,-RFp) | C(z,y, ~lp) z, G, forbid(z, y, p) — C(y, G, ~RFp))
declaréz,y,p) || C(z,y,p) C(z,y,xlp) C(z, G, declardz, y, p) — p)

Tablel: Socialsemantic$ormalized

therecever will committhatits contentwill not berealized. Although thesearenot part of the
objectve meaningthey arerelatedto the practicalmeaninggivenbelow.

Subjectvely, the sendercommitsfor inform that he believesits content,for promisethat he
intendsto carryit out, for permitthat he doesnot intendthe negationof its content,for declare
thathe intendsto bring it about. For requestthe senderexpectsthatthe recever will committo
intendingto make it true,andfor forbid thatthe recever will committhatits contentwill not be
realized.Theseexpectationsarenotdirectly incorporatedn the semantics.

Thepracticalaspecbf the semanticss the mostcomplex. Practically the sendeicommitsfor
inform that he hasreasornto know the content,for promisethatif he promisessomethinghe can
make it happenfor permitthathe hasthe authorityto relieve the recever of ary commitmento
do otherwise andfor declarehathis sayingso, bringsit about. For requestthe sendercommits
thatthe recever hascommittedto acceptinga requestrom him. For forbid, the sendercommits
he cancausehereceverto take on acommitmento notlet the conditioncomeabout. Theabove
meaningsare naturally phrasedas metacommitmentso the group. Someof themrefer to the
communicationtself.

Concevably, even the commitmentsrelating to the subjectve expectationsmight be added
here,but we suggesthey would be too strongfor the basicpracticalmeaning. This is because
our goal with this semanticgs to specify the objectve andthe practicalcomponentf the se-
manticsfor usein the constructiorandvalidationof multiagentprotocols.This is facilitatedis the
subjectve criteriaarenotincludedin the practicalmeaning.

3.21 Pragmatic Constraints

Whatwe usuallyreferto informally asmeanings a combinatiorof the semanticeandpragmatics.
We will treatthesemanticasthe partof meaninghatis relatively fixedandminimal. Pragmatics
is thecomponenbf meaningthatis contect-sensitve anddepend®n boththe applicationandthe
socialstructurewithin whichit is applied.

The above semanticvalidity claims, eventhe practicalclaims,aredifferentfrom pragmatics.
Pragmaticlaimswouldbebasedn considerationsuchasthe Griceanmaximsof mannerquality,
and quantity Grice [1975]. For example,a pragmaticclaim basisfor permit might be that the
recever desiresor intendsthe contentthatis beingpermitted. Someof the pragmaticconstraints
would be the public versionsof the expectationdisted above in the subjectve componenof the



semantics.

3.2.2 Protocolsand Compliance

Thelimitationsof traditional ACL semantic$orce protocolapproacheto fendfor themselesand
give low-level, proceduratharacterizationsf interactions.Representationsasedon monolithic
finite-statanachinesresuitableonly for themosttrivial scenariosThey cancannotaccommodate
distributed execution,compliancetesting, or exceptions. However, given a commitment-based
semanticgor ACLs, anobsenrer of a multiagentsystem(possiblyitself a participatingagent)can
maintaina recordof the commitmentdeingcreatedandmodified. Fromthese the obserer can
determinethe complianceof otheragentswith respectto the given protocol. This compliance
testingwould be basedon the contentsof the messagesand the formal public meaningsof the
ACL primitivesused.It would notdependn thesequencef eventsin the system.

However, low-level protocolswill continueto have someuseevenwhena socialsemanticgor
ACLs is used. For example,turn-takingmight underliethe specificcommitmentdo ensurethat
they arecreatedonly whenthey make sense For instancea biddershouldnt make a bid prior to
theadwertisementor the commitmentcontentof the bid won’t befully defined.

3.3 Properties

A formal semanticamay be evaluatedby shawving thatit supportsthe desirableproperties. Our
semanticsatisfieghefour criteriaof Sectionl.

e Formal Oursemanticss basednlogic.

e Declarative Our semanticsnvolvesassertiongboutcommitmentsratherthanprocedures
or automata.

e \krifiable Our semanticsoffers differentlevels of verifiability. Every commitmentto a
putatve factcanbeverifiedor falsifiedby challenginghatputatve fact. Every commitment
to a mentalstatecanbe similarly verified or falsified, but only throughthe more arduous
route of eliciting the agents beliefsandintentions. Thesemight elicited by observingthe
agents further communication®r otheractions. Every commitmentto someinstitutional
factcanbe verified or falsifiedby appealto someexternalauthority This authorityis the
contect within which the communicatiortakesplace. The contet could be definedasjust
thegroupof everyoneinvolved,but wouldin practicereferto somesortof aleadertypically
onethatwaselected.

e Meaningful Every messageype hasaninherentmeaningexpressedn termsof commit-
ments,andarbitrarytokenswould berejected.

We considersomeadditionaltechnicalproperties. By beingbasedon the commitmentsof the
participatingagents,our semanticprovides a basisfor describingthe corversationalstateof a
multiagentsystemin high-level terms,i.e., usingcommitments.Thus,the state,definedin terms



of commitmentsjs independenof the history, i.e., the stepsof a protocolthat may have been
executed. History-freedomis essentiako establishingsomeimportantpropertiesof multiagent
protocolswhichwe discussext.

e Composition Protocolsmay be combinedinto larger protocols,as long as oneyields a
commitmenttatethatthe otheroneneeds.

¢ Digression Ad hocactionsg.g.,in responséo exceptionsor errorsmaybeinterposedvith-
outaffectingthetruemeaningof a protocolaslong asthe commitmentsverenot affected.If
thecommitmentsareaffected,thenwe would know therewasafundamentatleviationfrom
the protocol,andmayrepairit or discardthe protocolaltogether

e Optimization The agentsmay directly entera protocolin executionwherethe right com-
mitmentsaredefinedeventhoughthe stepshave notbeencarriedout explicitly. Suchshort-
circuiting of the protocolsis crucialfor optimizingtheagentsbehaior.

Theabove propertiesareessentiafor enablingopportunistidoehaior by the agentswvhile provid-
ing all thebenefitsof protocolsin structuringtheirinteractionsandindividualbehaior. Achieving
bothflexibility andstructures essentiafor mary multiagentapplications.

Similarly, the content of amessagés notonly thedirectactionit connotesbut alsotheimplied
actionscausedy the dischage of the applicablemetacommitmentsThus,if A hasa metacom-
mitmentthatit will honorB’s bid, then B’s bid will createthecommitmento honorit.

4 Discussion

A communicatiorprotocolinvolvesthe exchangeof messagewith a streamlinedsetof tokens.
Traditionally, thesetokensare not given ary meaningexceptthroughreferenceto the beliefsor
intentionsof the communicatingagents. By contrast,our approachassignspublic, i.e., observ-
able,meaningsn termsof socialcommitments.This leadsto the ability to testcomplianceat a
level of abstractiorhigherthanjust the orderingof events. It also promisesa canonicalform of
communicatiorprotocolswhichwould give usa meaningfubasisfor determiningvherein apro-
tocol executionthe agentsn a multiagentsystemare,how to proceedandhow to accommodate
exceptionsnaturally

4.1 Literature

Besidegheworksreferredto in theabove, thereis afairly substantiabody of literatureon ACLs
andtheirsemanticsThe Foundatiorfor IntelligentPhysicalAgents(FIPA) hasbeenstandardizing
an ACL alongwith a formal semantics.This ACL andits semanticsare basedon Arcol, which
was part of a systemfor human-computeinteractionBreiter and Sadek[1996]. Arcol andthe
FIPA ACL arementalistin their orientation. FIPA alsoincludesinteractionprotocols,which are
characterizegurely operationally Labrou& Finin presenta variantof the knowledgequeryand



manipulationlanguagg KQML) 1997. They offer a semanticstatinghow the beliefsandinten-
tions of the participantsare affectedby communication@swell asa grammarfor constructing
conversationr protocols. The grammairis fundamentallyof the samestyle of representatioas
FSMs,but is moreexpressve.

Smith& Cohenpresentinalternatve semantic$or anACL, whichis basednatheoryof joint
intentions1996. The approachreatscommunicatiorascreatingor modifying structuresof joint
intentions which areusedto describeheagentsvorkingasateam.Thejoint intentionstreatment
of teams however, is a mentalistapproacho simulatean essentiallysocialphenomenonlt fails
to describegeamddirectly andsuffersfrom all the problemsattendanto the mentalistapproaches.
Jointintentionsbuild on mutualbeliefs. Roughly a setof agentsmutually believe p iff eachof
thembelievesp, andeachof thembelievesthat eachof thembelievesp, andso on, ad infinitum
Faginetal. [1995]. In fact, mutualbeliefsareusedprimarily to establisimpossibility resultsfor
distributedcomputingprotocols.Suchresultscanreadily be createdor joint intentionsaswell.

Singh proposesa semanticghat givesthe conditionsfor the “whole-hearted’satishction of
differentcommunicationd4994. Whole-heartedatishctiondependn the intentionsandknow-
how of the participants. This approachhasingredientsrelatingto the objective and subjectve
aspect®f meaningasdescribedabore. However, althoughit takesa public stanceit lacksasocial
perspectieasdevelopedhere.Thisapproacttanstatecommunicatiorconstraintgor useasinputs
into thedesignof the participatingagents.

4.2 Directions

Interestingtheoreticalquestionsareopenedup by the presentapproach Oneof theses thelong-
standingtopic of presuppositionand consensusPresuppositiongre essentiato understanding
and properlyinterpretingany communication. Potentially we caninterpretthe implicit claims
behindevery communicatioraspresuppositiongValton andKrabbe[1995]. If they arenot chal-
lenged,they becomeacceptedas consensuswhich correspondd¢o commitmentsby the entire
groupof communicatingagents.Consensusight offer a tractablealternatve to mutualbeliefs,
which areusedby currenttheoriesof dialogue but which cannotbe obtainedn realisticerviron-
ments.e.g.,thosewith unreliableasynchronousommunicatioriFaginetal. [1995].
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