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1. INTRODUCTION

Multiagent protocolsregulate the interactionsbetweenagents.
In additionto ensuringmeaningfulcorversationsprotocolsshould
alsorespectigents’autonomyandenablethemto interactflexibly
to exploit opportunitiesand to handleexceptions. Our approach
to specifyingprotocolsis basedon capturingthe intrinsic mean-
ing of actionsandexplicitly representinghemas partof the pro-
tocol. We modeltheseintrinsic meaningghroughsocial commit-
ments Conceptuallysocial commitmentscapturethe obligations
from one party to another Operationsto createand manipulate
commitmentscombinedwith thereasoningules,enableagentso
reasorabouttheirinteractions By representingheintrinsic mean-
ing of the actions,we develop protocolsthat permit the agentsto
reasorabouttheir andothers’behaior duringthe executionof the
protocol,andto modify their actionsasbestsuitsthem.

2. EVENT CALCULUS

Theeventcalculus(EC), introducedby KowalskiandSegot[1],
is a formalismto reasomaboutevents. It is basedon mary-sorted
first orderpredicatecalculus. Eventsin EC initiate andterminate
fluents which are propertieghatareallowedto have differentval-
uesat differenttime points Their valueis manipulatedcby the oc-
currenceof events. A fluent startsto hold after an eventthat can
initiate it occurs.Similarly, it cease$o holdwhenaneventthatcan
terminatat occurs.Theeventcalculususedin this papelis asubset
of Shanahag'version[2].

In the following, a refersto an event, f refersto a fluent, and
t refersto atime point. The variablesthatarenot explicitly quan-
tified areassumedo be universally quantified. + denotesmpli-
cationandA denotesonjunction. Thetime pointsareorderedby
the < relation, which is definedto be transitve and asymmetric.
Initiatesq, f,t) meansthatfluent f holds aftereventa attimet.
Terminatest, f,t) meanghatfluent f doesnot hold aftereventa
attime t. Happens{,t) meansthateventa takesplaceinstanta-
neouslyattime t. HoldsAt(f,t) meansthatthe fluent f holdsat
timet.
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3. COMMITMENTSIN EC

Socialcommitmentsarecommitmentsnadeby oneagentto an-
otheragentto carry out a certaincourseof action. Commitments
resultfrom communicatie actions.Thatis, agentsreatecommit-
mentsand manipulatethemthroughthe protocolthey follow. We
representommitmentsaaspropertiesn the eventcalculus,andde-
velop a schemevherewe modelthe creationandmanipulationof
commitmentsasa resultof performingactions.Further by allow-
ing preconditiongo be associatedvith the initiation andtermina-
tion of properties,differentcommitmentscan be associatedvith
communicatre actsto model the communication@amongagents
more concretely Formally, a socialcommitmentC(x, y, G, p) re-
latesa debtorx, a creditory, anda conditionp, in the scopeof a
contet group G [3]. Whena social commitmentof this form is
created x becomegesponsibleo y for satisfyingp. The context
group G is the organizationwithin which the commitmentexists.
Theconditionp mayinvolve relevantpredicatesndcommitments,
allowing the commitmentgo be nestedor conditional. A commit-
mentis base-leelif p doesnot referto othercommitmentsit is a
metacommitment p refersto a base-lgel commitment.Next, we
formalize the operationghat can be performedto createand ma-
nipulatecommitments.In the following discussiong, y, z denote
agentse, ¢’ denotecommitmentsande, f denotesvents.

1. Create(ex, ¢) establisheshecommitmentc. Thecreateop-
erationcanonly be performedby the debtorof the commit-
ment,z. Initiation of the evente by = createshe commit-
mente.

Create¢, z, C(z,y,G,p)):
{Happens({;t) A Initiatesg, C(x,y, G, p),t)}

2. Discharge(g X, ¢) resohesthecommitment. Again,thedis-
charge operationcanonly be performedby the debtorof the
commitmentto meanthat the commitmenthassuccessfully
beencarriedout. Whenz performsthe evente, the commit-
mentc is terminated.

Dischageg, z, C(z,y, G, p)):
{Happens{;t) A Initiatesg¢, p,t)}

3. Cancel(ex, ¢) cancelghe commitmente. Usually, the can-
cellationof a commitments followed by the creationof an-
othercommitmentto compensatéor the formerone. When
z performstheevente, thecommitment is terminated.

Cancel, z, C(z,y, G,p)):
{Happens{;t) A Terminates{, C(x,y, G, p),t)}

4. Release(Gg) or Release(gy, ) releaseshedebtorfrom the
commitmente. It canbe performedeither by the creditor



or the contet group, to meanthat the debtoris no longer
obligedto carryout his commitment.

Releasef,y, C(z,y, G, p)): {Happens{,t) A
Terminates(, C(z,y, G, p),t)}

5. Assign(ey, z, ¢) eliminatesthe commitmente, and creates
anew commitmente’ for which z is appointedas the new
creditor

Assign, z, C(z,y, G, p)): {Happens(; t) A
Terminates{, C(z,y, G, p),t) A Initiates¢, C(z, z, G, p), t)}

6. Delgyate(e X, z, ¢) eliminatesthe commitmente, and cre-
atesa nev commitmente’ in which therole of the debtoris
transferredo z.

Delegate¢, z, z, C(z,y, G, p)): {Happens{,t) A
Terminates{, C(z,y, G, p),t) A Initiates¢, C(z,y, G, p), t)}

We formalize reasoningrules about commitmentsthat opera-
tionalizethe impactof a commitmenton the flow of the protocol.
Postulatel statesthata commitmentis no longerin force if the
conditioncommittedto comesto hold. For the conditionp to hold,
aneventmustoccurto initiate it. In Postulatel, whentheevente
occursattime, it initiatesthe propertyp, andthereforethe com-
mitmentC(z, y, G, p) canbeterminated.

POSTULATE 1. Terminates{, C(z,y, G,p),t) +
HoldsAtC(z,y, G, p),t) A Happens{,t) A Initiatesg, p,t)ll

In orderto represenmetacommitmentsye introducea fluent
meta(p,q) thatcaptureghe conditionalcommitmentsThe meta(p,
g) requiresg to hold whenp holdsandthe fluentitself to be false
if pis false. Usingthis fluent,we represena metacommitmeniy
C(x, y, G, meta(p,q)) meaningthatthe debtorz becomesommit-
tedto bringingaboutg whenp is true.

The following two postulatescapturehonv a metacommitment
evolvesbasednthetemporalorderingof thecommitmentst refers
to. Whenthemetacommitmen€(x, y, G, meta(p, q)), t) holds,if
p becomesdrue, thenthe original metacommitmenteaseso exist
but a new base-lgel commitmentis created sincethe debtorz is
now committedto bring aboutq. In Postulate2, whenthe evente
occurst initiatesp, which resultsin theterminationof theoriginal
metacommitment&ndtheinitiation of C(z,y, G, q).

POSTULATE 2. Initiatesg, C(z,y, G, q),t) A
Terminates{, C(z,y, G, meta(p,q)),t)
HoldsAtC(z,y, G, meta(p,q)),t) A Happens{,t) A
Initiates¢, p,t )l

Again,whenthemetacommitment(z, y, G, meta(p, q)) holds,
if anevente thatcaninitiate ¢ occurs,g startsto hold andthe orig-
inal metacommitments satisfiedand terminated. No additional
commitmentsarecreated.

PoOSTULATE 3. Terminates{, C(z,y, G, meta(p,q)),t)
HoldsAtC(x,y, G, meta(p,q)),t) A Happens{,t) A
Initiatesg, q,t) 1l

4. PROTOCOLSINEC

We representhe flow of executionwithin the protocolthrough
the Initiatesand TerminateslausesIn additionto definingwhich
fluentsthey initiate or terminate the requiredpreconditiongor ac-
tivating thesepredicatesan be specified. Thus, we definea pro-
tocol specificationasa setof Initiatesand Terminateslauseghat
definewhich propertiegertainingto the protocolareinitiated and
terminatecby eachaction.

Next we definehow aprotocolrunis structuredwhichwerepre-
sentby a setof actionsthattake placeat specifictimepoints. That
is, aprotocolrunis asetof Happenglauseslongwith anordering
of thetimepointsreferredto in the predicates.

Noticethatour protocoldefinitiondoesnot indicateary starting
statesfinal stateor transitionsamongexecutionsstates An agent
canstarta protocolby performingary of theactionswhoseprecon-
ditions matchthe currentstateof the execution. By appropriately
increasingor decreasingheprecondition®f theactionsaprotocol
canbe abbreiated or enhancedo allow a broaderrangeof inter-
actions.Althoughwe do notrepresenthefinal statesof a protocol
explicitly, we canexaminea protocolrunto determindf ary agent
hasbacled out of its commitment. A protocolrun is completeif
all thebase-lgel commitmentshathave beencreatedareresohed.
Formally, 3e{Happens{,t) A Terminates{,C(z,y,G,p),t)} «
HoldsAtC(z,y, G, p),t).

If aprotocolrunis notcompletethatis, if thereis anopenbase-
level commitmentafterthe executionof the protocol,we know that
aparticipanthasnot fulfilled its commitment.This signalsaviola-
tion of the protocol. Althoughwe don't investigatethe compliance
of agentsin this work, incompleteprotocolrunsprovide evidence
to identify non-complianggents.

Agentscangeneratgrotocolrunsatruntime to decideif anac-
tion is appropriateat a particularstateof the execution. We have
usedShanahas’ abductve event calculusplanner[2] to demon-
stratehow a protocol can be definedbasedon the preconditions
andthe effectsof actions,andhow possiblepathscanbe generated
betweenan initial stateanda goal state[4]. Generatingprotocol
runsat run time enableghe agentsto copewith exceptionsby re-
constructingplansasnecessaryThus,agentsanexecuteprotocols
flexibly by takingadwantageof opportunitiesandhandlingexcep-
tions.

5. CONCLUSION

Commitmentshave beenstudiedbeforebut have not beenused
for protocolspecificationaswe have donehere. The specification
of protocolsin termsof commitmentof the agentso oneanother
allows agentsto reasonabouttheir actions,thusenablingthemto
take careof the unexpectedsituationsthat may ariseat run time.
Eventcalculusenablesisto representommitmentspperationon
them, and reasoningrules aboutthem uniformly. Basedon this
formal groundingmultiagentprotocolscanbe specifiedrigorously
yetflexibly.
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