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Abstract

Theability to communicateis oneof thesalientpropertiesof agents.Althougha number
of agentcommunicationlanguages(ACLs) have beendeveloped,obtaininga suitableformal
semanticsfor ACLs remainsoneof thegreatestchallengesof multiagentsystemstheory. Pre-
vioussemanticshave largely beenmentalisticin their orientationandarebasedsolelyon the
beliefsand intentionsof the participatingagents.Suchsemanticsarenot suitablefor most
multiagentapplications,which involve autonomousandheterogeneousagents,whosebeliefs
andintentionscannotbe uniformly determined.Accordingly, we presenta socialsemantics
for ACLs thatgivesprimacy to the interactionsamongtheagents.Our semanticsis basedon
socialcommitmentsanddevelopedin temporallogic. This semantics,becauseof its public
orientation,is essentialto providing a rigorousbasisfor multiagentprotocols.
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1 Introduction

Interactionamongagentsis thedistinguishingpropertyof multiagentsystems.Communications
areakind of interactionthatrespecttheheterogeneityandpreservetheautonomyof agents.In this
respect,they differ from physicalinteractions.An agentmayhave no choicebut to affect another
agent—e.g.,to bump into it or to lock a file it needs—orsimilarly be affectedby anotheragent.
By contrast,unlessotherwiseconstrained,anagentneednot sendor receive communications;if
it is willing to handletheconsequences,it canmaintainsilenceanddeny therequestsor eventhe
commandsit receives.Consequently, communicationis uniqueamongthekindsof actionsagents
mayperformandtheinteractionsin which they mayparticipate.

Our particularinterestis in openmultiagentsystems,which find naturalusagein modernap-
plicationssuchaselectroniccommerce.In openmultiagentsystems,thememberagentsarecon-
tributedby severalsourcesandservedifferentinterests.Thus,theseagentsmustbetreatedas

� autonomous—with few constraintson behavior, reflectingthe independenceof their users,
and

� heterogeneous—with few constraintson construction,reflectingthe independenceof their
designers.

Opennessmeansthatall interfacesin thesystem,andspecificallyACLs,begivenaclearsemantics.
A goodACL semanticsmustmeetsomecrucialcriteria.

� Formal. Theusualbenefitsof formalsemanticsapplyhere,especially(1) clarityof specifica-
tionsto guideimplementorsand(2) assuranceof software.In fact,thesearemoresignificant
for ACLs,becauseACLsaremeantto berealizedin differentagentsimplementedby differ-
entvendors.

� Declarative. Thesemanticsshouldbedeclarative describingwhatratherthanhow. Sucha
semanticscanbemoreeasilyappliedto a varietyof settingsnot just thosethatsatisfysome
low-level operationalcriteria.

� Verifiable. It shouldbe possibleto determinewhetheran agentis actingaccordingto the
givensemantics.

� Meaningful. Thesemanticsshouldbebasedon someintuitive appreciationof communica-
tions andnot treatcommunicationsmerelyasarbitrarytokensto be orderedin someway.
If it does,we canarbitrarily invent more tokensandtherewould be no basisto limit the
proliferationof tokens.

Thesecriteria,althoughsimple,eliminateall of theexistingcandidatesfor ACL semantics.For ex-
ample,Englishdescriptionsof communications(quitecommonin practice)arenot formal,finite-
statemachines(FSMs)arenotdeclarativeor meaningful,mentalisticapproachesarenotverifiable,
andtemporallogics(if appliedto tokensdirectly) arenot meaningful.Briefly, we find thatanap-
proachbasedonsocialcommitments(describedwithin) andformalizedin temporallogic canmeet
all of theaboverequirements.
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Organization The restof this paperis organizedasfollows. Section2 motivatesa semantics
basedon social constructs,andpresentsour conceptualapproach.Section3 presentsa formal
socialsemanticsfor ACLs, discussesits properties,andshows how it relatesto communication
protocols. Section4 concludeswith a discussionof our major themes,the literature,andsome
questionsfor futureinvestigation.

2 Conceptual Approach

Moststudiesof communicationin AI arebasedonspeechacttheoryAustin[1962]. Themainidea
of speechacttheory, namely, to treatcommunicationsasactions,remainsattractive. An illocution
is thecorecomponentof a communicationandcorrespondsto what thecommunicationis meant
to accomplishindependentbothof how thecommunicationis physicallycarriedout (the locution)
and the effect it hason a listener(the perlocution). For example,I could requestyou to open
thewindow (therequestis the illocution) by sayingsodirectly or hinting at it (thesearepossible
locutions). Whetheror not you accedeto my requestis the perlocution. A propositioncanbe
combinedwith illocutionsof differenttypesto yield differentmessage.For example,my request
to openthewindow is differentfrom my assertionthatthewindow is open.

It is customaryto classifyACL primitivesor messagetypesinto a smallnumberof categories
basedon thedifferenttypesof illocution. Usuallytheseincludethefollowing categories—asam-
ple primitive of eachcategory is given in parentheses:assertives(inform), directives(request),
commissives(promise), permissives(permit), prohibitives(forbid), declaratives(declare), andex-
pressives(wish). Alternativeclassificationsexist aswell, andmight beused.However, theabove
classificationprovidesthe necessarystructurefor our approach.Eachmessageis thusidentified
by its senderandreceiver, (propositional)content,andtype.

Threecomponentsof anACL aretypically distinguished:(1) acontentsublanguageto encode
domain-specificpropositions,(2) a setof primitivesor messagetypescorrespondingto different
illocutionarytypes(e.g.,inform andrequest), and(3) atransportmechanismto sendthemessages.
Part (2) is thecoreandthemostinterestingfor thepresentstudy.

2.1 Mentalistic versus Social Semantics

Work on speechact theory within AI was motivatedfrom the natural languageunderstanding
perspective andconcerneditself with identifying or inferring the “intent” of the speaker. As a
result,mostpreviouswork on ACLs too concernsitself with mentalconcepts,suchasthebeliefs
andintentionsof theparticipatingagents.In fact,sometheoriesemphasizethemutualbeliefsand
joint intentionsof the agentsasthey performtheir communicative actions. Inferring the beliefs
andintentionsof participantsis essentialto determiningwhethera givenillocution occurred:did
thespeakermakea signalor washejustexercisinghisarm?However, in ACLs, themessagetype
is explicit andnoreasoningis requiredto determineit. In applicationsof multiagentsystems,such
reasoningwould usuallynot beacceptable,becauseof thedifficulty in specifying,executing,and
enforcingit in anopenenvironment.
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Therearea numberof objectionsto usingonly the mentalconceptsfor specifyingACL se-
mantics,severalof thesearedescribedin Singh[1998]. Although thementalconceptsmight be
suitablefor specifyingtheconstructionandbehavior of theagents,they arenot suitableasanex-
clusive basisfor communications.Therearea numberof objections,but we summarizethemin
thefollowing majorcategories.

� Philosophical. Communicationis apublicphenomenon,but thementalconceptsareprivate.
Any semanticsthat neglectsthe public natureof communicationis deeplyunsatisfactory.
Somethingobviously takesplacewhenagentsinteractthroughlanguageeven if they don’t
haveor sharethe“right” beliefsandintentions.

� Practical. Ensuringthatonly thedesirableinteractionsoccuris oneof themostchallenging
aspectsof multiagentsystemengineering.However, thementalconceptscannotbeverified
without accessto the internalconstructionof theagents.Undercurrenttheoriesof mental
concepts,we cannotuniquelydetermineanagentbeliefsandintentionsevenif we know its
construction.

Theaboveevidencesupportstheconclusionthatapurelymentalisticsemanticsof anACL cannot
beanormativerequirementonagentsor theirdesigners.

2.2 Language versus Protocol

To ensureautonomyand heterogeneity, we must specify communicationsflexibly and without
making intrusive demandson agentbehavior or design. Traditionally, heterogeneityis accom-
modatedby specifyingcommunicationprotocols.Becausethetraditional,mentalistsemanticsof
ACLsareunverifiable,many researchershaveresortedto thedesignof protocolsin termsof FSMs.
(Our argumentappliesequallyto formalismssuchasPetriNetsor temporallogic for protocols.)
Suchprotocolsareverifiable,but aredevoid of content. They only statehow the tokensareor-
dered.Thus,theACL is effectively discarded,andwecanjustaswell chooseany arbitrarytokens
for themessagetypes.It is interestinghow theunsuitabilityof thetraditionalsemanticsforcesthe
protocolsto beadhoc. By contrast,thepresentpaperseeksto developa nontrivial semanticsfor
anACL thatwouldalsobeusablefor theconstructionandverificationof protocols.

2.3 Validity Claims

The semanticsof ACLs, which concernsus here,relatesto the essenceof communication.The
currentlypopularapproachesto ACL semanticsarebasedon the speaker’s intent Grice [1969].
Underthis doctrine,the illocution is what the speaker believedandintendedit to be. This doc-
trine,championedby Searleandothers,however, leadsto thephilosophicalandpracticalproblems
discussedabove.

In philosophy, anotherof thebestknown approachesto communicativeactionis dueto Haber-
mas1984;a tutorial is availablein [Verharen,1997,chap.2]. TheHabermasapproachassociates
three“worlds” or aspectsof meaningwith communication.Thesecorrespondto thethreevalidity
claimsimplicitly madewith eachcommunication:
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� objective, thatthecommunicationis true

� subjective, that the communicationis sincere—inotherwords,the speaker believesor in-
tendswhatis communicated.

� practical, thatthespeaker is justifiedin makingthecommunication

In conversation,eachof theaboveclaimsmaybechallengedandshown to befalse.However, even
if false,theseclaimsaremadewith eachcommunication.Theclaimsinvolve differentaspectsof
meaningincludingthesubjective,but by factof beingclaimsin aconversation,they arepublicand
social.If I tell yousomething,I amcommittedto beingtrue,andyouareentitledto checkif I am.
I amalsocommittedto besincere,eventhoughyoumaynotbeableto detectmy insincerityunless
you caninfer whatI believe,e.g.,throughcontradictorystatementsthat I make at aboutthesame
time.

Perhapsmorethanhis followersin AI, Searletoo recognizesthe institutionalnatureof lan-
guage.He arguesthatthe“countsas” relationis thebasisfor “constitutivereality” or institutional
facts,includingdefinitionsof linguistic symbols[Searle,1995,pp.152–156].But institutionsare
inherentlyobjective.For example,in anauction,raisingyourhandcountsasmakingabid whether
or notyouhavetheintentionto actuallyconvey thatyouarebidding.In on-linecommerce,pushing
the“submit” buttononyourbrowsercountsasauthorizingachargeonyourcreditcard.

Our proposedapproachis, then,simply asfollows. We develop the conceptof socialcom-
mitmentsasis studiedin multiagentsystemsConteandCastelfranchi[1995] andreasoningand
dialoguein generalWalton and Krabbe[1995]. Our technicaldefinition differs from the cited
worksin two mainrespects.Ourapproach

� includesthenotionof a socialcontext in thedefinitionof a commitment;thesocialcontext
refersto theteamin whichthegivenagentsparticipateandwithin whichthey communicate;
it too canbetreatedasanagentin its own right—e.g.,it mayenterinto commitmentswith
otheragents.

� allowsmetacommitmentsto captureavarietyof socialandlegal relations.

Thedifferentclaimsassociatedwith acommunicativeactionaremappedto differentcommitments
amongtheparticipantsandtheir socialcontext. Consequently, althoughour semanticsis socialin
orientation,it admitsthementalviewpoint.

3 Technical Approach

Communicationoccursduringtheexecutionof amultiagentsystem.For thisreason,oursemantics
is basedoncommitmentsexpressedin a logic of time.
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3.1 Background Concepts

Theprogressionof events,which is inherentin theperformanceof any action,suggeststheneed
for representingandreasoningabouttime. Temporallogicsprovide a well-understoodmeansof
doingso,andhave beenappliedin areassuchasdistributedcomputing.By usingclassicaltech-
niques,suchas temporallogic, we hopeto facilitate the applicationof the proposedsemantics
whenmultiagentsystemsareto beintegratedinto traditionalsoftwaresystems.ComputationTree
Logic (CTL) is abranching-timelogic thatis particularlynaturalfor expressingpropertiesof sys-
temsthatmayevolve in morethanonepossibleway Emerson[1990]. Our formal language

�
is

basedon CTL. Conventionally, a modelof CTL is a treewhosenodescorrespondto thestatesof
thesystembeingconsidered.Thebranchesor pathsof thetreeindicatethepossiblewaysin which
thesystem’sstatemayevolve. CTL providesanaturalmeansto specifysetsof behaviors.

Our approachbuilds on a flexible andpowerful varietyof socialcommitments,which arethe
commitmentsof one agentto another. A commitmentinvolves threeagents: the debtor (who
makesit), thecreditor (to whomit is made),andthecontext (thecontainingmultiagentsystemin
thescopeof which it is made).Thebeliefsandintentionsareasis customaryin AI.

The following Backus-NaurForm (BNF) grammarwith a distinguishedstartsymbolL gives
the syntaxof

�
.
�

is basedon a set � of atomicpropositions.Below, slant typefaceindicates
nonterminals;��� and � aremetasymbolsof BNF specification;	 and 
 delimit comments;the
remainingsymbolsareterminals.

L1. L ��� Prop 	 atomicpropositions,i.e., in ��

L2. L ��� � L 	 negation

L3. L ��� L  L 	 conjunction

L4. L ��� � P 	 universalquantificationonpaths

L5. L ��� � P 	 existentialquantificationonpaths

L6. L ��� � P 	 selectingtherealpath

L7. P ��� L � L 	 until: operatoronasinglepath

L8. L ��� � (Agnt, Agnt, Agnt, L) 	 commitment

L9. L ��� ��� L ����� L 	 beliefandintention


Themeaningsof formulasgeneratedfrom L aregivenrelative to amodelandastatein themodel.
The meaningsof formulasgeneratedfrom P aregivenrelative to a pathanda stateon the path.
Thebooleanoperatorsarestandard.Usefulabbreviationsinclude ����� ���! #"%$&'�($*) , for any $,+-� ,.0/21 �! 3�4���5� �6� , $87:9; <�($8!�=9 and$>�?9& 3�@$87:9 . Thetemporaloperators� and � arequantifiers
overpaths.Informally, $@��9 meansthatonagivenpathfrom thegivenstate,9 will eventuallyhold
and$ will hold until 9 holds. A�9 means“eventually 9 ” andabbreviates

.0/21 �B�C9 . D�9 means“always9 ” andabbreviates �EAF�G9 . Therefore,�(AH$I$ will hold on somepath. � selectstherealpath. ��AH$
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meansthat $ will hold on the realpath. Althoughagentscan’t predictthe future, they canmake
(possiblyfalse)assertionsor promisesaboutit.J KMLON=P�Q;PSRTPSUVPSWVP0X>PSYZP\[^]

is a formal modelfor
�

.
N

is a setof states;
Q&_a`cbd`

is a
partialorderindicatingbranchingtime,and

Rfe*Nhg� � is aninterpretation,which tells uswhich
atomicpropositionsaretrue in a givenstate.For i;+ N , j;k is thesetof pathsemanatingfrom i .UlemNng� j givestherealpathemanatingfrom astate.j;j givesthepowersetof paths.

W
is aset

of agents.
Xoe�NhbpWqg� N

,
Y^e�NhbpWrg� j;j , and

[ae�NhbTWrbTWrbTWrg� jIj give themodal
accessibilityrelationsfor beliefs,intentions,andcommitments,respectively.J � K k*$ expresses“

J
satisfies$ at i ” and

J � Kts5u kv$ expresses“
J

satisfies$ at i alongpathw
.”

M1.
J � K k�x if f xy+ R "zi6) , wherex{+-�

M2.
J � K kF$|'9 if f

J � K kF$ and
J � K k�9

M3.
J � K k@�@$ if f

J }� K kF$
M4.

J � K k��($ if f "�~ w�e�w +�j&k(� J � K�s�u kF$*)
M5.

J � K k8��$ if f "2� w�e5w +Vj;k and
J � Kts5u k5$*)

M6.
J � K k4�F$ if f

J � Kt�C��u kF$
M7.

J � K k*��� $ if f "�~ w�e5w + Y "�� P i6)�� J � Kts5u kF$*)
M8.

J � K k*���m$ if f "�~*i�� e i���+ X "�� P i6)�� J � K k��B$*)
M9.

J � K kC��"z� PS��PS��P $v) if f "�~ w�e5w + [ "�� PS�*P���P i6)=� J � K�s�u kF$*)
M10.

J � Kts�u k�$��C9 if f "2��i�� e iE�{i�� and
J � Kts5u k � 9 and "�~*i�� � e iE�yi�� �*�{i��m� J � Kts5u k � � $*)�)

Theabove formal semanticsis abstract,becauseit leavesopentheconcreteform of � ,
N

,
Q

, andR
.

3.2 Social Semantics

Table1 givestheformalsemanticsof theACL primitives.(All commitmentsarerelative to
�

, the
context group,which is not shown to reduceclutter;however,

�
is thecreditorof somecommit-

ments,which areshown.) This semanticshasthreecomponentscorrespondingto the objective,
subjective,andpracticalmeaningsintroducedin Section2.3. Eachaspectof meaningis automati-
cally givenfrom thepublicperspective,becauseeachinvolvesasocialcommitment.Let’sconsider
eachcomponentof thesemanticsin turn.

Objectively, thesendercommitsfor inform thatits contentis true,for promisethat its content
will beaccomplished,for permitthatits contentmayberealized,for declarethatits contentis true.
For request, thesenderexpectsthatthereceiver will committo makingit true,andfor forbid that
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Illocution Objective Subjective Practical
inform "z� PS��P $*) �G"�� P���P $v) �G"�� PS�*P ���m$*) �G"�� P0��P �G"�� PS�*P $*)G��$*)
request"�� PS�*P $*) — — �G"�� P0��P request"�� PS�*P $*)=�?�EA���" ��P � P $*)�)
promise"z� PS�*P $*) �G"�� P���P ��AH$*) �G"�� PS�*P ��� $*) �G"�� P0��P �G"�� PS�*P ��AH$*)G� ��AH$*)
permit "z� PS��P $*) �G"�� P���P ��AH$*) �G"�� PS�*P �4�����@$v) �G"�� P0��P permit "z� PS��P $*)G� ���G" �*P0��P �:�8AH$*)6)
forbid "�� P���P $v) �G"�� P���P �:��AH$*) �G"�� PS�*P �4��� $*) �G"�� P0��P forbid "z� PS��P $*)G� �G" �*P0��P �:�8AH$*)6)
declare"�� P���P $v) �G"�� P���P $v) �G"�� PS�*P ��� $*) �G"�� P0��P declare"�� P���P $v)=��$v)

Table1: Socialsemanticsformalized

the receiver will commit that its contentwill not be realized. Although thesearenot part of the
objectivemeaning,they arerelatedto thepracticalmeaninggivenbelow.

Subjectively, the sendercommitsfor inform that he believesits content,for promisethat he
intendsto carry it out, for permit that he doesnot intendthe negationof its content,for declare
thathe intendsto bring it about. For request, thesenderexpectsthat thereceiver will commit to
intendingto make it true,andfor forbid that the receiver will commit that its contentwill not be
realized.Theseexpectationsarenotdirectly incorporatedin thesemantics.

Thepracticalaspectof thesemanticsis themostcomplex. Practically, thesendercommitsfor
inform thathehasreasonto know thecontent,for promisethat if hepromisessomethinghecan
make it happen,for permit thathehastheauthorityto relieve thereceiver of any commitmentto
do otherwise,andfor declarethathis sayingso,bringsit about.For request, thesendercommits
that thereceiver hascommittedto acceptinga requestfrom him. For forbid, thesendercommits
hecancausethereceiver to takeona commitmentto not let theconditioncomeabout.Theabove
meaningsare naturally phrasedas metacommitmentsto the group. Someof them refer to the
communicationitself.

Conceivably, even the commitmentsrelating to the subjective expectationsmight be added
here,but we suggestthey would be too strongfor the basicpracticalmeaning.This is because
our goal with this semanticsis to specify the objective andthe practicalcomponentsof the se-
manticsfor usein theconstructionandvalidationof multiagentprotocols.This is facilitatedis the
subjectivecriteriaarenot includedin thepracticalmeaning.

3.2.1 Pragmatic Constraints

Whatweusuallyreferto informally asmeaningis acombinationof thesemanticsandpragmatics.
Wewill treatthesemanticsasthepartof meaningthatis relatively fixedandminimal. Pragmatics
is thecomponentof meaningthatis context-sensitiveanddependsonboththeapplicationandthe
socialstructurewithin which it is applied.

Theabove semanticvalidity claims,even thepracticalclaims,aredifferentfrom pragmatics.
PragmaticclaimswouldbebasedonconsiderationssuchastheGriceanmaximsof manner, quality,
and quantityGrice [1975]. For example,a pragmaticclaim basisfor permit might be that the
receiver desiresor intendsthecontentthat is beingpermitted.Someof thepragmaticconstraints
would be thepublic versionsof theexpectationslistedabove in thesubjective componentof the
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semantics.

3.2.2 Protocols and Compliance

Thelimitationsof traditionalACL semanticsforceprotocolapproachesto fendfor themselvesand
give low-level, proceduralcharacterizationsof interactions.Representationsbasedon monolithic
finite-statemachinesaresuitableonly for themosttrivial scenarios.They cancannotaccommodate
distributedexecution,compliancetesting,or exceptions. However, given a commitment-based
semanticsfor ACLs,anobserver of a multiagentsystem(possiblyitself a participatingagent)can
maintaina recordof thecommitmentsbeingcreatedandmodified. Fromthese,theobserver can
determinethe complianceof otheragentswith respectto the given protocol. This compliance
testingwould be basedon the contentsof the messagesandthe formal public meaningsof the
ACL primitivesused.It wouldnot dependon thesequenceof eventsin thesystem.

However, low-level protocolswill continueto havesomeuseevenwhenasocialsemanticsfor
ACLs is used. For example,turn-takingmight underliethe specificcommitmentsto ensurethat
they arecreatedonly whenthey make sense.For instance,a biddershouldn’t make a bid prior to
theadvertisement,or thecommitmentcontentof thebid won’t befully defined.

3.3 Properties

A formal semanticsmay be evaluatedby showing that it supportsthe desirableproperties.Our
semanticssatisfiesthefour criteriaof Section1.

� Formal. Oursemanticsis basedon logic.

� Declarative. Our semanticsinvolvesassertionsaboutcommitments,ratherthanprocedures
or automata.

� Verifiable. Our semanticsoffers different levels of verifiability. Every commitmentto a
putativefactcanbeverifiedor falsifiedby challengingthatputativefact.Everycommitment
to a mentalstatecanbe similarly verified or falsified,but only throughthe morearduous
routeof eliciting the agent’s beliefsandintentions.Thesemight elicitedby observingthe
agent’s further communicationsor otheractions. Every commitmentto someinstitutional
fact canbe verifiedor falsifiedby appealto someexternalauthority. This authorityis the
context within which thecommunicationtakesplace. Thecontext couldbedefinedasjust
thegroupof everyoneinvolved,but wouldin practicereferto somesortof a leader, typically
onethatwaselected.

� Meaningful. Every messagetype hasan inherentmeaningexpressedin termsof commit-
ments,andarbitrarytokenswouldberejected.

We considersomeadditionaltechnicalproperties. By beingbasedon the commitmentsof the
participatingagents,our semanticsprovidesa basisfor describingthe conversationalstateof a
multiagentsystemin high-level terms,i.e., usingcommitments.Thus,thestate,definedin terms
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of commitments,is independentof the history, i.e., the stepsof a protocol that may have been
executed. History-freedomis essentialto establishingsomeimportantpropertiesof multiagent
protocols,whichwediscussnext.

� Composition. Protocolsmay be combinedinto larger protocols,as long as one yields a
commitmentstatethattheotheroneneeds.

� Digression. Ad hocactions,e.g.,in responseto exceptionsor errors,maybeinterposedwith-
outaffectingthetruemeaningof aprotocolaslongasthecommitmentswerenotaffected.If
thecommitmentsareaffected,thenwewouldknow therewasa fundamentaldeviationfrom
theprotocol,andmayrepairit or discardtheprotocolaltogether.

� Optimization. The agentsmay directly entera protocolin executionwherethe right com-
mitmentsaredefinedeventhoughthestepshavenotbeencarriedout explicitly. Suchshort-
circuitingof theprotocolsis crucialfor optimizingtheagents’behavior.

Theabovepropertiesareessentialfor enablingopportunisticbehavior by theagentswhile provid-
ing all thebenefitsof protocolsin structuringtheir interactionsandindividualbehavior. Achieving
bothflexibility andstructureis essentialfor many multiagentapplications.

Similarly, the �0 Z¡£¢�¤¥¡£¢ of amessageis notonly thedirectactionit connotes,butalsotheimplied
actionscausedby thedischargeof theapplicablemetacommitments.Thus,if ¦ hasa metacom-
mitmentthatit will honor § ’sbid, then § ’s bid will createthecommitmentto honorit.

4 Discussion

A communicationprotocol involvesthe exchangeof messageswith a streamlinedsetof tokens.
Traditionally, thesetokensarenot given any meaningexceptthroughreferenceto the beliefsor
intentionsof the communicatingagents.By contrast,our approachassignspublic, i.e., observ-
able,meaningsin termsof socialcommitments.This leadsto the ability to testcomplianceat a
level of abstractionhigherthanjust the orderingof events. It alsopromisesa canonicalform of
communicationprotocols,whichwouldgiveusameaningfulbasisfor determiningwherein apro-
tocol executiontheagentsin a multiagentsystemare,how to proceed,andhow to accommodate
exceptionsnaturally.

4.1 Literature

Besidestheworksreferredto in theabove, thereis a fairly substantialbodyof literatureon ACLs
andtheirsemantics.TheFoundationfor IntelligentPhysicalAgents(FIPA) hasbeenstandardizing
an ACL alongwith a formal semantics.This ACL andits semanticsarebasedon Arcol, which
waspart of a systemfor human-computerinteractionBreiter andSadek[1996]. Arcol and the
FIPA ACL arementalistin their orientation.FIPA alsoincludesinteractionprotocols,which are
characterizedpurelyoperationally. Labrou& Finin presenta variantof theknowledgequeryand
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manipulationlanguage(KQML) 1997. They offer a semanticsstatinghow thebeliefsandinten-
tions of the participantsareaffectedby communicationsaswell asa grammarfor constructing
conversationsor protocols.Thegrammaris fundamentallyof thesamestyleof representationas
FSMs,but is moreexpressive.

Smith& Cohenpresentanalternativesemanticsfor anACL, whichis basedonatheoryof joint
intentions1996. Theapproachtreatscommunicationascreatingor modifying structuresof joint
intentions,whichareusedto describetheagentsworkingasa team.Thejoint intentionstreatment
of teams,however, is a mentalistapproachto simulateanessentiallysocialphenomenon.It fails
to describeteamsdirectlyandsuffersfrom all theproblemsattendantto thementalistapproaches.
Joint intentionsbuild on mutualbeliefs. Roughly, a setof agentsmutually believe $ if f eachof
thembelieves $ , andeachof thembelievesthateachof thembelieves $ , andsoon, ad infinitum
Faginet al. [1995]. In fact,mutualbeliefsareusedprimarily to establishimpossibilityresultsfor
distributedcomputingprotocols.Suchresultscanreadilybecreatedfor joint intentionsaswell.

Singhproposesa semanticsthat givesthe conditionsfor the “whole-hearted”satisfactionof
differentcommunications1994. Whole-heartedsatisfactiondependson theintentionsandknow-
how of the participants. This approachhasingredientsrelating to the objective and subjective
aspectsof meaningasdescribedabove. However, althoughit takesapublicstance,it lacksasocial
perspectiveasdevelopedhere.Thisapproachcanstatecommunicationconstraintsfor useasinputs
into thedesignof theparticipatingagents.

4.2 Directions

Interestingtheoreticalquestionsareopenedup by thepresentapproach.Oneof theseis thelong-
standingtopic of presuppositionsandconsensus.Presuppositionsareessentialto understanding
andproperly interpretingany communication.Potentially, we can interpretthe implicit claims
behindevery communicationaspresuppositionsWaltonandKrabbe[1995]. If they arenot chal-
lenged,they becomeacceptedas consensus, which correspondsto commitmentsby the entire
groupof communicatingagents.Consensusmight offer a tractablealternative to mutualbeliefs,
which areusedby currenttheoriesof dialogue,but which cannotbeobtainedin realisticenviron-
ments,e.g.,thosewith unreliableasynchronouscommunicationFaginetal. [1995].
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