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1. INTRODUCTION
Multiagent protocolsregulatethe interactionsbetweenagents.

In additionto ensuringmeaningfulconversations,protocolsshould
alsorespectagents’autonomyandenablethemto interactflexibly
to exploit opportunitiesand to handleexceptions. Our approach
to specifyingprotocolsis basedon capturingthe intrinsic mean-
ing of actionsandexplicitly representingthemaspart of thepro-
tocol. We modeltheseintrinsic meaningsthroughsocial commit-
ments. Conceptually, socialcommitmentscapturethe obligations
from one party to another. Operationsto createand manipulate
commitments,combinedwith thereasoningrules,enableagentsto
reasonabouttheir interactions.By representingtheintrinsicmean-
ing of the actions,we develop protocolsthat permit the agentsto
reasonabouttheir andothers’behavior duringtheexecutionof the
protocol,andto modify theiractionsasbestsuitsthem.

2. EVENT CALCULUS
Theeventcalculus(EC),introducedby KowalskiandSergot[1],

is a formalismto reasonaboutevents. It is basedon many-sorted
first orderpredicatecalculus. Eventsin EC initiate andterminate
fluents, which arepropertiesthatareallowedto have differentval-
uesat differenttimepoints. Their valueis manipulatedby theoc-
currenceof events. A fluent startsto hold after an event that can
initiate it occurs.Similarly, it ceasesto holdwhenaneventthatcan
terminateit occurs.Theeventcalculususedin thispaperis asubset
of Shanahan’s version[2].

In the following, � refersto an event, � refersto a fluent, and�
refersto a time point. Thevariablesthatarenot explicitly quan-

tified areassumedto be universallyquantified. � denotesimpli-
cationand � denotesconjunction.The time pointsareorderedby
the � relation,which is definedto be transitive andasymmetric.
Initiates(�	�
��� � ) meansthat fluent � holdsafter event � at time

�
.

Terminates(�	�
��� � ) meansthatfluent � doesnot hold afterevent �
at time

�
. Happens(��� � ) meansthat event � takesplaceinstanta-

neouslyat time
�
. HoldsAt(��� � ) meansthat the fluent � holdsat

time
�
.
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3. COMMITMENTS IN EC
Socialcommitmentsarecommitmentsmadeby oneagentto an-

otheragentto carry out a certaincourseof action. Commitments
resultfrom communicative actions.That is, agentscreatecommit-
mentsandmanipulatethemthroughtheprotocolthey follow. We
representcommitmentsaspropertiesin theeventcalculus,andde-
velopa schemewherewe modelthecreationandmanipulationof
commitmentsasa resultof performingactions.Further, by allow-
ing preconditionsto beassociatedwith the initiation andtermina-
tion of properties,different commitmentscan be associatedwith
communicative actsto model the communicationsamongagents
moreconcretely. Formally, a socialcommitmentC(x, y, G, p) re-
latesa debtorx, a creditory, anda conditionp, in the scopeof a
context groupG [3]. Whena social commitmentof this form is
created,x becomesresponsibleto y for satisfyingp. The context
groupG is the organizationwithin which the commitmentexists.
Theconditionp mayinvolverelevantpredicatesandcommitments,
allowing thecommitmentsto benestedor conditional.A commit-
mentis base-level if  doesnot referto othercommitments;it is a
metacommitmentif  refersto a base-level commitment.Next, we
formalizethe operationsthat canbe performedto createandma-
nipulatecommitments.In the following discussion,�����	��� denote
agents,������� denotecommitments,and ���
� denoteevents.

1. Create(e, x, c) establishesthecommitment� . Thecreateop-
erationcanonly beperformedby thedebtorof thecommit-
ment, � . Initiation of the event � by � createsthe commit-
ment � .
Create(�������
����� ���	�
!"���# ):�
Happens(��� � ) � Initiates(���
�$�������	��!"�%�#&� � ) �

2. Discharge(e, x, c) resolvesthecommitment� . Again,thedis-
charge operationcanonly beperformedby thedebtorof the
commitmentto meanthat the commitmenthassuccessfully
beencarriedout. When � performstheevent � , thecommit-
ment � is terminated.

Discharge(����� �&�������'����!"���# ):�
Happens(��� � ) � Initiates(���( � � ) �

3. Cancel(e, x, c) cancelsthecommitment� . Usually, thecan-
cellationof a commitmentis followedby thecreationof an-
othercommitmentto compensatefor theformerone. When
� performstheevent � , thecommitment� is terminated.

Cancel(�������
���������	�
!"�(�# ):�
Happens(��� � ) � Terminates(���
�$�������	��!"�%�#&� � ) �

4. Release(G,c) or Release(e, y, c) releasesthedebtorfrom the
commitment � . It can be performedeither by the creditor



or the context group, to meanthat the debtor is no longer
obligedto carryouthis commitment.

Release(�������
���������	�
!"�(�# ): � Happens(��� � ) �
Terminates(���&�������'����!"���#&� � ) �

5. Assign(e, y, z, c) eliminatesthe commitment� , andcreates
a new commitment��� for which � is appointedas the new
creditor.

Assign(�����)�&������������!"�%�# ): � Happens(��� � ) �
Terminates(���&�������'����!"���#&� � ) � Initiates(�������������*�
!"���#&� � ) �

6. Delegate(e, x, z, c) eliminatesthe commitment � , andcre-
atesa new commitment��� in which therole of thedebtoris
transferredto � .
Delegate(���������)�&�������'�	�
!"���# ): � Happens(��� � ) �
Terminates(���&�������'����!"���#&� � ) � Initiates(�������%�)���	�
!"�(�#&� � ) �

We formalize reasoningrules about commitmentsthat opera-
tionalizethe impactof a commitmenton theflow of theprotocol.
Postulate1 statesthat a commitmentis no longer in force if the
conditioncommittedto comesto hold. For thecondition to hold,
aneventmustoccurto initiate it. In Postulate1, whentheevent �
occursat time

�
, it initiatestheproperty , andthereforethecom-

mitment ���������	��!"�%�# canbeterminated.

POSTULATE 1. Terminates(���&����� ���	�
!"���#&� � ) �
HoldsAt(���������	�
!"�(�#&� � ) � Happens(��� � ) � Initiates(���( � � )

In order to representmetacommitments,we introducea fluent
meta(p,q) thatcapturestheconditionalcommitments.Themeta(p,
q) requires+ to hold when  holdsandthefluent itself to be ,(-/. 0�1
if  is ,(-/. 0�1 . Usingthis fluent,we representa metacommitmentby
C(x, y, G, meta(p,q)) meaningthatthedebtor� becomescommit-
tedto bringingabout+ when is true.

The following two postulatescapturehow a metacommitment
evolvesbasedonthetemporalorderingof thecommitmentsit refers
to. Whenthemetacommitment����� ���	�
!"�324� � ���5��'+6#�#&� � # holds,if
 becomestrue,thentheoriginal metacommitmentceasesto exist
but a new base-level commitmentis created,sincethedebtor � is
now committedto bring about + . In Postulate2, whentheevent �
occurs,it initiates , whichresultsin theterminationof theoriginal
metacommitment,andtheinitiation of �������'�	�
!"��+6# .

POSTULATE 2. Initiates(���&����� ���	�
!"��+6#&� � ) �
Terminates(���&����� ���	��!"��24� � ���5���+6#�#&� � ) �
HoldsAt(���������	�
!"��27� � ���5��8+�#�#&� � ) � Happens(��� � ) �
Initiates(������ � )

Again,whenthemetacommitment�$�������	�
!"��24� � ���5���+6#�# holds,
if anevent � thatcaninitiate + occurs,+ startsto holdandtheorig-
inal metacommitmentis satisfiedand terminated. No additional
commitmentsarecreated.

POSTULATE 3. Terminates(���&����� ���	�
!"��24� � ���5���+6#�#&� � ) �
HoldsAt(���������	�
!"��27� � ���5��8+�#�#&� � ) � Happens(��� � ) �
Initiates(����+/� � )

4. PROTOCOLS IN EC
We representthe flow of executionwithin the protocolthrough

theInitiatesandTerminatesclauses.In additionto definingwhich
fluentsthey initiateor terminate,therequiredpreconditionsfor ac-
tivating thesepredicatescanbe specified.Thus,we definea pro-
tocol specificationasa setof InitiatesandTerminatesclausesthat
definewhich propertiespertainingto theprotocolareinitiatedand
terminatedby eachaction.

Next wedefinehow aprotocolrunis structured,whichwerepre-
sentby a setof actionsthat take placeat specifictimepoints.That
is, aprotocolrun is asetof Happensclausesalongwith anordering
of thetimepointsreferredto in thepredicates.

Noticethatour protocoldefinitiondoesnot indicateany starting
states,final statesor transitionsamongexecutionsstates.An agent
canstartaprotocolby performingany of theactionswhoseprecon-
ditions matchthe currentstateof the execution. By appropriately
increasingor decreasingthepreconditionsof theactions,aprotocol
canbe abbreviatedor enhancedto allow a broaderrangeof inter-
actions.Althoughwe do not representthefinal statesof a protocol
explicitly, we canexaminea protocolrun to determineif any agent
hasbacked out of its commitment.A protocolrun is completeif
all thebase-level commitmentsthathavebeencreatedareresolved.
Formally, 9)� � Happens(��� � ) � Terminates(���
������������!"���#&� � ) �:�
HoldsAt(�$�������	��!"�%�#&� � ).

If aprotocolrun is notcomplete,thatis, if thereis anopenbase-
level commitmentaftertheexecutionof theprotocol,weknow that
a participanthasnot fulfilled its commitment.This signalsa viola-
tion of theprotocol.Althoughwe don’t investigatethecompliance
of agentsin this work, incompleteprotocolrunsprovide evidence
to identify non-compliantagents.

Agentscangenerateprotocolrunsat run time to decideif anac-
tion is appropriateat a particularstateof the execution. We have
usedShanahan’s abductive event calculusplanner[2] to demon-
stratehow a protocol can be definedbasedon the preconditions
andtheeffectsof actions,andhow possiblepathscanbegenerated
betweenan initial stateanda goal state[4]. Generatingprotocol
runsat run time enablestheagentsto copewith exceptionsby re-
constructingplansasnecessary. Thus,agentscanexecuteprotocols
flexibly by takingadvantageof opportunities,andhandlingexcep-
tions.

5. CONCLUSION
Commitmentshave beenstudiedbeforebut have not beenused

for protocolspecificationaswe have donehere.Thespecification
of protocolsin termsof commitmentsof theagentsto oneanother
allows agentsto reasonabouttheir actions,thusenablingthemto
take careof the unexpectedsituationsthat may ariseat run time.
Eventcalculusenablesusto representcommitments,operationson
them, and reasoningrules about them uniformly. Basedon this
formalgrounding,multiagentprotocolscanbespecifiedrigorously
yet flexibly.
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