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Lecture3AnIntroductiontoMultiagentSystems

1AgentArchitectures

�Introducetheideaofanagentasacomputersystemcapableof
flexibleautonomousaction.

�Brieflydiscusstheissuesoneneedstoaddressinordertobuild
agent-basedsystems.

�Threetypesofagentarchitecture:

–symbolic/logical;

–reactive;

–hybrid.
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�Wewanttobuildagents,thatenjoythepropertiesofautonomy,
reactiveness,pro-activeness,andsocialabilitythatwetalked
aboutearlier.

�Thisistheareaofagentarchitectures.

�Maesdefinesanagentarchitectureas:
‘[A]particularmethodologyforbuilding[agents].Itspecifieshow...theagentcanbedecomposed
intotheconstructionofasetofcomponentmodulesandhowthesemodulesshouldbemadeto
interact.Thetotalsetofmodulesandtheirinteractionshastoprovideananswertothequestionof
howthesensordataandthecurrentinternalstateoftheagentdeterminetheactions...andfuture
internalstateoftheagent.Anarchitectureencompassestechniquesandalgorithmsthatsupportthis
methodology.’

�Kaelblingconsidersanagentarchitecturetobe:
‘[A]specificcollectionofsoftware(orhardware)modules,typicallydesignatedbyboxeswitharrows
indicatingthedataandcontrolflowamongthemodules.Amoreabstractviewofanarchitectureisas
ageneralmethodologyfordesigningparticularmodulardecompositionsforparticulartasks.’
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�Originally(1956-1985),prettymuchallagentsdesignedwithinAI
weresymbolicreasoningagents.

Itspurestexpressionproposesthatagentsuseexplicitlogical
reasoninginordertodecidewhattodo.

�Problemswithsymbolicreasoningledtoareactionagainstthis
—theso-calledreactiveagentsmovement,1985–present.

�From1990-present,anumberofalternativesproposed:hybrid
architectures,whichattempttocombinethebestofreasoning
andreactivearchitectures.
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2SymbolicReasoningAgents

�Theclassicalapproachtobuildingagentsistoviewthemasa
particulartypeofknowledge-basedsystem,andbringallthe
associated(discredited?!)methodologiesofsuchsystemsto
bear.

�ThisparadigmisknownassymbolicAI.

�Wedefineadeliberativeagentoragentarchitecturetobeone
that:

–containsanexplicitlyrepresented,symbolicmodelofthe
world;

–makesdecisions(forexampleaboutwhatactionstoperform)
viasymbolicreasoning.
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�Ifweaimtobuildanagentinthisway,theretwokeyproblemsto
besolved:

1.Thetransductionproblem:
thatoftranslatingtherealworldintoanaccurate,adequate
symbolicdescription,intimeforthatdescriptiontobeuseful.
...vision,speechunderstanding,learning.

2.Therepresentation/reasoningproblem:
thatofhowtosymbolicallyrepresentinformationabout
complexreal-worldentitiesandprocesses,andhowtoget
agentstoreasonwiththisinformationintimefortheresults
tobeuseful.
...knowledgerepresentation,automatedreasoning,
automaticplanning.
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�Mostresearchersacceptthatneitherproblemisanywherenear
solved.

�Underlyingproblemlieswiththecomplexityofsymbol
manipulationalgorithmsingeneral:many(most)search-based
symbolmanipulationalgorithmsofinterestarehighlyintractable.

�Becauseoftheseproblems,someresearchershavelookedto
alternativetechniquesforbuildingagents;welookattheselater.
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2.1DeductiveReasoningAgents

�Howcananagentdecidewhattodousingtheoremproving?

�Basicideaistouselogictoencodeatheorystatingthebest
actiontoperforminanygivensituation.

�Let:

–�bethistheory(typicallyasetofrules);

–�bealogicaldatabasethatdescribesthecurrentstateofthe
world;

–Acbethesetofactionstheagentcanperform;

–����meanthat�canbeprovedfrom�using�.

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/7



Lecture3AnIntroductiontoMultiagentSystems

/*trytofindanactionexplicitlyprescribed*/
foreacha�Acdo

if���Do�a�then
returna

end-if
end-for
/*trytofindanactionnotexcluded*/
foreacha�Acdo

if�� ��
�Do�a�then

returna
end-if

end-for
returnnull/*noactionfound*/
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�Anexample:TheVacuumWorld.

Goalisfortherobottoclearupalldirt.

dirtdirt

(0,0)(1,0)(2,0)

(0,1)

(0,2)

(1,1)(2,1)

(2,2) (1,2)
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�Use3domainpredicatesinthisexercise:

In�x�y�agentisat�x�y�

Dirt�x�y�thereisdirtat�x�y�

Facing�d�theagentisfacingdirectiond

�Possibleactions:

Ac�

�turn�forward�suck�

NB:turnmeans“turnright”.
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�Rules�fordeterminingwhattodo:

In�������Facing�north���Dirt� ������Do�forward�

In��������Facing�north���Dirt� �������Do�forward�

In��������Facing�north���Dirt� �������Do�turn�

In� �����Facing�east���Do�forward�

�...andsoon!

�Usingtheserules(+otherobviousones),startingat� ����the
robotwillclearupdirt.
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�Problems:

–howtoconvertvideocamerainputtoDirt� ����?
–decisionmakingassumesastaticenvironment:calculative

rationality.
–decisionmakingusingfirst-orderlogicisundecidable!

�Evenwhereweusepropositionallogic,decisionmakinginthe
worstcasemeanssolvingco-NP-completeproblems.
(NB:co-NP-complete=badnews!)

�Typicalsolutions:

–weakenthelogic;
–usesymbolic,non-logicalrepresentations;
–shifttheemphasisofreasoningfromruntimetodesigntime.

�Wenowlookatsomeexamplesoftheseapproaches.
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2.2AGENT0andPLACA

�MuchoftheinterestinagentsfromtheAIcommunityhasarisen
fromShoham’snotionofagentorientedprogramming(AOP).

�AOPa‘newprogrammingparadigm,basedonasocietalviewof
computation’.

�ThekeyideathatinformsAOPisthatofdirectlyprogramming
agentsintermsofintentionalnotionslikebelief,commitment,
andintention.

�Themotivationbehindsuchaproposalisthat,aswehumans
usetheintentionalstanceasanabstractionmechanismfor
representingthepropertiesofcomplexsystems.

Inthesamewaythatweusetheintentionalstancetodescribe
humans,itmightbeusefultousetheintentionalstanceto
programmachines.
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�ShohamsuggestedthatacompleteAOPsystemwillhave3
components:

–alogicforspecifyingagentsanddescribingtheirmental
states;

–aninterpretedprogramminglanguageforprogramming
agents;

–an‘agentification’process,forconverting‘neutralapplications’
(e.g.,databases)intoagents.

Resultsonlyreportedonfirsttwocomponents.

Relationshipbetweenlogicandprogramminglanguageis
semantics.

�Wewillskipoverthelogic(!),andconsiderthefirstAOP
language,AGENT0.
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�AGENT0isimplementedasanextensiontoLISP.

EachagentinAGENT0has4components:

–asetofcapabilities(thingstheagentcando);

–asetofinitialbeliefs;

–asetofinitialcommitments(thingstheagentwilldo);and

–asetofcommitmentrules.

�Thekeycomponent,whichdetermineshowtheagentacts,isthe
commitmentruleset.
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�Eachcommitmentrulecontains

–amessagecondition;

–amentalcondition;and

–anaction.

�Oneach‘agentcycle’...

Themessageconditionismatchedagainstthemessagesthe
agenthasreceived;

Thementalconditionismatchedagainstthebeliefsoftheagent.

Iftherulefires,thentheagentbecomescommittedtotheaction
(theactiongetsaddedtotheagentscommitmentset).
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�Actionsmaybe

–private:
aninternallyexecutedcomputation,or

–communicative:
sendingmessages.

�Messagesareconstrainedtobeoneofthreetypes:

–“requests”tocommittoaction;

–“unrequests”torefrainfromactions;

–“informs”whichpassoninformation.
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beliefs

commitments

abilities

EXECUTE

update

beliefs

update

commitments

initialisemessages in

internal actions

messages out
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�Acommitmentrule:

COMMIT(
(agent,REQUEST,DO(time,action)
),;;;msgcondition
(B,
[now,Friendagent]AND
CAN(self,action)AND
NOT[time,CMT(self,anyaction)]

),;;;mentalcondition
self,
DO(time,action)

)
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�Thisrulemaybeparaphrasedasfollows:

ifIreceiveamessagefromagentwhichrequestsmetodoaction
attime,andIbelievethat:

–agentiscurrentlyafriend;

–Icandotheaction;

–attime,Iamnotcommittedtodoinganyotheraction,

thencommittodoingactionattime.

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/20



Lecture3AnIntroductiontoMultiagentSystems

�AGENT0providessupportformultipleagentstocooperateand
communicate,andprovidesbasicprovisionfordebugging...

�...itis,however,aprototype,thatwasdesignedtoillustrate
someprinciples,ratherthanbeaproductionlanguage.

�AmorerefinedimplementationwasdevelopedbyThomas,for
her1993doctoralthesis.

�HerPlanningCommunicatingAgents(PLACA)languagewas
intendedtoaddressoneseveredrawbacktoAGENT0:the
inabilityofagentstoplan,andcommunicaterequestsforaction
viahigh-levelgoals.

�AgentsinPLACAareprogrammedinmuchthesamewayasin
AGENT0,intermsofmentalchangerules.
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�Anexamplementalchangerule:

(((self?agentREQUEST(?t(xeroxed?x)))
(AND(CAN-ACHIEVE(?txeroxed?x)))

(NOT(BEL(*now*shelving)))
(NOT(BEL(*now*(vip?agent))))

((ADOPT(INTEND(5pm(xeroxed?x)))))
((?agentselfINFORM

(*now*(INTEND(5pm(xeroxed?x)))))))

�Paraphrased:

ifsomeoneasksyoutoxeroxsomething,andyoucan,andyou
don’tbelievethatthey’reaVIP,orthatyou’resupposedtobe
shelvingbooks,then

–adopttheintentiontoxeroxitby5pm,and

–informthemofyournewlyadoptedintention.
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2.3ConcurrentMETATEM

�ConcurrentMETATEMisamulti-agentlanguageinwhicheach
agentisprogrammedbygivingitatemporallogicspecificationof
thebehaviouritshouldexhibit.

�Thesespecificationsareexecuteddirectlyinordertogenerate
thebehaviouroftheagent.

�Temporallogicisclassicallogicaugmentedbymodaloperators
fordescribinghowthetruthofpropositionschangesovertime.
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�Forexample...
important(agents)

means“itisnow,andwillalwaysbetruethatagentsare
important”

�important(ConcurrentMetateM)

means“sometimeinthefuture,ConcurrentMetateMwillbe
important”

�
�important(Prolog)

means“sometimeinthepastitwastruethatPrologwas
important”

�
�friends(us)���apologise(you)

means“wearenotfriendsuntilyouapologise”

�����apologise(you)

means“tomorrow(inthenextstate),youapologise”.
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�MetateMisaframeworkfordirectlyexecutingtemporallogic
specifications.

�TherootoftheMetateMconceptisGabbay’sseparation
theorem:

Anyarbitrarytemporallogicformulacanberewrittenina
logicallyequivalentpast�futureform.

�Thispast�futureformcanbeusedasexecutionrules.

�AMetateMprogramisasetofsuchrules.

�Executionproceedsbyaprocessofcontinuallymatchingrules
againsta“history”,andfiringthoseruleswhoseantecedentsare
satisfied.

�Theinstantiatedfuture-timeconsequentsbecomecommitments
whichmustsubsequentlybesatisfied.
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�Executionisthusisprocessofiterativelygeneratingamodelfor
theformulamadeupoftheprogramrules.

�Thefuture-timepartsofinstantiatedrulesrepresentconstraints
onthismodel.

�AnexampleMetateMprogram:theresourcecontroller...

�x� � � � ����	����	 ����� �����ask(x)��give(x)

�x,ygive(x)�give(y)�(x=y)

�Firstruleensurethatan‘ask’iseventuallyfollowedbya‘give’.

�Secondruleensuresthatonlyone‘give’iseverperformedatany
onetime.

�TherearealgorithmsforexecutingMetateMprogramsthat
appeartogivereasonableperformance.

�Thereisalsoseparatednormalform.
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�ConcurrentMetateMprovidesanoperationalframeworkthrough
whichsocietiesofMetateMprocessescanoperateand
communicate.

�Itisbasedonanewmodelforconcurrencyinexecutablelogics:
thenotionofexecutingalogicalspecificationtogenerate
individualagentbehaviour.

�AConcurrentMetateMsystemcontainsanumberofagents
(objects),eachobjecthas3attributes:

–aname;

–aninterface;

–aMetateMprogram.
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�Anobject’sinterfacecontainstwosets:

–environmentpredicates—thesecorrespondtomessagesthe
objectwillaccept;

–componentpredicates—correspondtomessagestheobject
maysend.

�Forexample,a‘stack’object’sinterface:

stack(pop,push)[popped,stackfull]

�pop,push�=environmentpreds

�popped,stackfull�=componentpreds

�Ifanagentreceivesamessageheadedbyanenvironment
predicate,itacceptsit.

�Ifanobjectsatisfiesacommitmentcorrespondingtoa
componentpredicate,itbroadcastsit.
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�ToillustratethelanguageConcurrentMetateMinmoredetail,
herearesomeexampleprograms...

�SnowWhitehassomesweets(resources),whichshewillgiveto
theDwarves(resourceconsumers).

�Shewillonlygivetoonedwarfatatime.

�Shewillalwayseventuallygivetoadwarfthatasks.

�HereisSnowWhite,writteninConcurrentMetateM:

Snow-White(ask)[give]:

� � � � ����	����	 ����������ask(x)��give(x)
give(x)�give(y)�(x=y)

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/29



Lecture3AnIntroductiontoMultiagentSystems

�Thedwarf‘eager’asksforasweetinitially,andthenwheneverhe
hasjustreceivedone,asksagain.

eager(give)[ask]:
start�ask(eager)

� � � � ���	���	 ����� �����give(eager)�ask(eager)

�Somedwarvesareevenlesspolite:‘greedy’justaskseverytime.

greedy(give)[ask]:
start�ask(greedy)
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�Fortunately,somehavebettermanners;‘courteous’onlyasks
when‘eager’and‘greedy’haveeaten.

courteous(give)[ask]:
((�ask(courteous)�give(eager))�

(�ask(courteous)�give(greedy)))�

ask(courteous)

�Andfinally,‘shy’willonlyaskforasweetwhenno-oneelsehas
justasked.

shy(give)[ask]:
start��ask(shy)

� � � � ���	���	 ����������ask(x)��ask(shy)

� � � � ����	����	 ����� �����give(shy)��ask(shy)
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�Summary:

–an(other)experimentallanguage;

–veryniceunderlyingtheory...

–...butunfortunately,lacksmanydesirablefeatures—could
notbeusedincurrentstatetoimplement‘full’system.

–currentlyprototypeonly,fullversionontheway!
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2.4Planningagents

�Sincetheearly1970s,theAIplanningcommunityhasbeen
closelyconcernedwiththedesignofartificialagents.

�Planningisessentiallyautomaticprogramming:thedesignofa
courseofactionthatwillachievesomedesiredgoal.

�WithinthesymbolicAIcommunity,ithaslongbeenassumedthat
someformofAIplanningsystemwillbeacentralcomponentof
anyartificialagent.

�BuildinglargelyontheearlyworkofFikes&Nilsson,many
planningalgorithmshavebeenproposed,andthetheoryof
planninghasbeenwell-developed.

�Butinthemid1980s,Chapmanestablishedsometheoretical
resultswhichindicatethatAIplannerswillultimatelyturnoutto
beunusableinanytime-constrainedsystem.
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