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1WhatareMultiagentSystems?

Environment

sphere of influence

KEY

agent

interaction

organisational relationship
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Thusamultiagentsystemcontainsanumberofagents...

�...whichinteractthroughcommunication...

�...areabletoactinanenvironment...

�...havedifferent“spheresofinfluence”(whichmaycoincide)...

�...willbelinkedbyother(organisational)relationships.
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2UtilitiesandPreferences

�Assumewehavejusttwoagents:Ag��i�j�.

�Agentsareassumedtobeself-interested:theyhavepreferences
overhowtheenvironmentis.

�Assume������� �	�


�isthesetof“outcomes”thatagents
havepreferencesover.

�Wecapturepreferencesbyutilityfunctions:

ui���IR
uj���IR

�Utilityfunctionsleadtopreferenceorderingsoveroutcomes:

�i��meansui� ���ui� ���

��i��meansui� ���ui� ���
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WhatisUtility?

�Utilityisnotmoney(butitisausefulanalogy).

�Typicalrelationshipbetweenutility&money:

utility

money
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3MultiagentEncounters

�Weneedamodeloftheenvironmentinwhichtheseagentswill
act...

–agentssimultaneouslychooseanactiontoperform,andasa
resultoftheactionstheyselect,anoutcomein�willresult;

–theactualoutcomedependsonthecombinationofactions;

–assumeeachagenthasjusttwopossibleactionsthatitcan
performC(“cooperate”)and“D”(“defect”).

�Environmentbehaviourgivenbystatetransformerfunction:

��Ac ����

agenti’saction

�Ac ����

agentj’saction

��

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/5

Lecture6AnIntroductiontoMultiagentSystems

�Hereisastatetransformerfunction:

��D�D������D�C���	��C�D������C�C����

(Thisenvironmentissensitivetoactionsofbothagents.)

�Hereisanother:

��D�D������D�C������C�D������C�C����

(Neitheragenthasanyinfluenceinthisenvironment.)

�Andhereisanother:

��D�D������D�C���	��C�D������C�C���	

(Thisenvironmentiscontrolledbyj.)
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RationalAction

�Supposewehavethecasewherebothagentscaninfluencethe
outcome,andtheyhaveutilityfunctionsasfollows:

ui� �����ui� �	���ui� ����	ui� ����	

uj� �����uj� �	��	uj� �����uj� ����	

�Withabitofabuseofnotation:

ui�D�D���ui�D�C���ui�C�D��	ui�C�C��	

uj�D�D���uj�D�C��	uj�C�D���uj�C�C��	

�Thenagenti’spreferencesare:

C�CiC�D�iD�CiD�D

�“C”istherationalchoicefori.
(BecauseiprefersalloutcomesthatarisethroughCoverall
outcomesthatarisethroughD.)
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PayoffMatrices

�Wecancharacterisethepreviousscenarioinapayoffmatrix

i

j

defectcoop
defect14

11
coop14

44

�Agentiisthecolumnplayer.

�Agentjistherowplayer.
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DominantStrategies

�Givenanyparticularstrategys(eitherCorD)agenti,therewill
beanumberofpossibleoutcomes.

�Wesays�dominatess	ifeveryoutcomepossiblebyiplayings�

ispreferredovereveryoutcomepossiblebyiplayings	.

�Arationalagentwillneverplayadominatedstrategy.

�Soindecidingwhattodo,wecandeletedominatedstrategies.

�Unfortunately,thereisn’talwaysauniqueundominatedstrategy.
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NashEquilibrium

�Ingeneral,wewillsaythattwostrategiess�ands	areinNash
equilibriumif:

1.undertheassumptionthatagentiplayss�,agentjcandono
betterthanplays	;and

2.undertheassumptionthatagentjplayss	,agenticandono
betterthanplays�.

�NeitheragenthasanyincentivetodeviatefromaNash
equilibrium.

�Unfortunately:

1.NoteveryinteractionscenariohasaNashequilibrium.

2.SomeinteractionscenarioshavemorethanoneNash
equilibrium.
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CompetitiveandZero-SumInteractions
�Wherepreferencesofagentsarediametricallyopposedwehave

strictlycompetitivescenarios.

�Zero-sumencountersarethosewhereutilitiessumtozero:

ui� ���uj� ����forall���


�Zerosumimpliesstrictlycompetitive.

�Zerosumencountersinreallifeareveryrare...butpeopletend
toactinmanyscenariosasiftheywerezerosum.
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4ThePrisoner’sDilemma

Twomenarecollectivelychargedwithacrimeandheldin
separatecells,withnowayofmeetingorcommunicating.

Theyaretoldthat:

�ifoneconfessesandtheotherdoesnot,theconfessor
willbefreed,andtheotherwillbejailedforthreeyears;

�ifbothconfess,theneachwillbejailedfortwoyears.

Bothprisonersknowthatifneitherconfesses,thentheywill
eachbejailedforoneyear.
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�Payoffmatrixforprisoner’sdilemma:

i

j

defectcoop
defect21

24
coop43

13

�Topleft:Ifbothdefect,thenbothgetpunishmentformutual
defection.

�Topright:Ificooperatesandjdefects,igetssucker’spayoffof1,
whilejgets4.

�Bottomleft:Ifjcooperatesandidefects,jgetssucker’spayoffof
1,whileigets4.

�Bottomright:Rewardformutualcooperation.
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�Theindividualrationalactionisdefect.

Thisguaranteesapayoffofnoworsethan2,whereas
cooperatingguaranteesapayoffofatmost1.

�Sodefectionisthebestresponsetoallpossiblestrategies:both
agentsdefect,andgetpayoff=2.

�Butintuitionsaysthisisnotthebestoutcome:

Surelytheyshouldbothcooperateandeachgetpayoffof3!
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�Thisapparentparadoxisthefundamentalproblemofmulti-agent
interactions.

Itappearstoimplythatcooperationwillnotoccurinsocietiesof
self-interestedagents.

�Realworldexamples:

–nucleararmsreduction(“whydon’tIkeepmine...”)

–freeridersystems—publictransport;

–intheUK—televisionlicenses.

�Theprisoner’sdilemmaisubiquitous.

�Canwerecovercooperation?
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ArgumentsforRecoveringCooperation

�Conclusionsthatsomehavedrawnfromthisanalysis:

–thegametheorynotionofrationalactioniswrong!

–somehowthedilemmaisbeingformulatedwrongly

�Argumentstorecovercooperation:

–Wearenotallmachiavelli!

–Theotherprisonerismytwin!

–Theshadowofthefuture...

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/16

Lecture6AnIntroductiontoMultiagentSystems

4.1TheIteratedPrisoner’sDilemma

�Oneanswer:playthegamemorethanonce.

Ifyouknowyouwillbemeetingyouropponentagain,thenthe
incentivetodefectappearstoevaporate.

�Cooperationistherationalchoiceintheinfinititelyrepeated
prisoner’sdilemma.

(Hurrah!)
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4.2BackwardsInduction

�But...supposeyoubothknowthatyouwillplaythegame
exactlyntimes.

Onroundn��,youhaveanincentivetodefect,togainthatextra
bitofpayoff...

Butthismakesroundn��thelast“real”,andsoyouhavean
incentivetodefectthere,too.

Thisisthebackwardsinductionproblem.

�Playingtheprisoner’sdilemmawithafixed,finite,
pre-determined,commonlyknownnumberofrounds,defectionis
thebeststrategy.
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4.3Axelrod’sTournament
�Supposeyouplayiteratedprisoner’sdilemmaagainstarangeof

opponents...

Whatstrategyshouldyouchoose,soastomaximiseyouroverall
payoff?

�Axelrod(1984)investigatedthisproblem,withacomputer
tournamentforprogramsplayingtheprisoner’sdilemma.
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StrategiesinAxelrod’sTournament

�ALLD:

“Alwaysdefect”—thehawkstrategy;

�TIT-FOR-TAT:

1.Onroundu��,cooperate.

2.Onroundu��,dowhatyouropponentdidonroundu��.

�TESTER:

On1stround,defect.Iftheopponentretaliated,thenplay
TIT-FOR-TAT.Otherwiseinterspersecooperation&defection.

�JOSS:

AsTIT-FOR-TAT,exceptperiodicallydefect.
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RecipesforSuccessinAxelrod’sTournament

Axelrodsuggeststhefollowingrulesforsucceedinginhis
tournament:

�Don’tbeenvious:

Don’tplayasifitwerezerosum!

�Benice:

Startbycooperating,andreciprocatecooperation.

�Retaliateappropriately:

Alwayspunishdefectionimmediately,butuse“measured”force
—don’toverdoit.

�Don’tholdgrudges:

Alwaysreciprocatecooperationimmediately.
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5GameofChicken

�Consideranothertypeofencounter—thegameofchicken:

i

j

defectcoop
defect12

14
coop43

23

(ThinkofJamesDeaninRebelwithoutaCause:swerving=
coop,drivingstraight=defect.)

�Differencetoprisoner’sdilemma:

Mutualdefectionismostfearedoutcome.

(Whereassucker’spayoffismostfearedinprisoner’sdilemma.)

�Strategies(c,d)and(d,c)areinNashequilibrium
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6OtherSymmetric2x2Games

�Giventhe4possibleoutcomesof(symmetric)cooperate/defect
games,thereare24possibleorderingsonoutcomes.

–CC�iCD�iDC�iDD
Cooperationdominates.

–DC�iDD�iCC�iCD
Deadlock.Youwillalwaysdobestbydefecting.

–DC�iCC�iDD�iCD
Prisoner’sdilemma.

–DC�iCC�iCD�iDD
Chicken.

–CC�iDC�iDD�iCD
Staghunt.
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