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1ReachingAgreements

�Howdoagentsreachingagreementswhentheyareself
interested?

�Inanextremecase(zerosumencounter)noagreementis
possible—butinmostscenarios,thereispotentialformutually
beneficialagreementonmattersofcommoninterest.

�Thecapabilitiesofnegotiationandargumentationarecentralto
theabilityofanagenttoreachsuchagreements.
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Mechanisms,Protocols,andStrategies

�Negotiationisgovernedbyaparticularmechanism,orprotocol.

�Themechanismdefinesthe“rulesofencounter”betweenagents.

�Mechanismdesignisdesigningmechanismssothattheyhave
certaindesirableproperties.

�Givenaparticularprotocol,howcanaparticularstrategybe
designedthatindividualagentscanuse?
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MechanismDesign

Desirablepropertiesofmechanisms:
�Convergence/guaranteedsuccess.

�Maximisingsocialwelfare.

�Paretoefficiency.

�Individualrationality.

�Stability.

�Simplicity.

�Distribution.

http://www.csc.liv.ac.uk/˜mjw/pubs/imas/3



Lecture7AnIntroductiontoMultiagentSystems

2Auctions

�Anauctiontakesplacebetweenanagentknownasthe
auctioneerandacollectionofagentsknownasthebidders.

�Thegoaloftheauctionisfortheauctioneertoallocatethegood
tooneofthebidders.

�Inmostsettingstheauctioneerdesirestomaximisetheprice;
biddersdesiretominimiseprice.
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AuctionParameters

�Goodscanhave

privatevaluepublic/commonvalue;correlatedvalue

�Winnerdeterminationmaybe

firstprice;secondprice.

�Bidsmaybe

opencrysealedbid.

�Biddingmaybe:

oneshot;ascendingdescending.
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EnglishAuctions

�Mostcommonlyknowntypeofauction:

–first-price,

–opencry,

–ascending.

�Dominantstrategyisforagenttosuccessivelybidasmall
amountmorethanthecurrenthighestbiduntilitreachestheir
valuation,thenwithdraw.

�Susceptibleto:

–winnerscurse;

–shills.
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DutchAuctions

Dutchauctionsareexamplesofopen-crydescendingauctions:

�auctioneerstartsbygoodatartificiallyhighvalue;

�auctioneerlowersofferpriceuntilsomeagentmakesabidequal
tothecurrentofferprice;

�thegoodisthenallocatedtotheagentthatmadetheoffer.
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First-PriceSealed-BidAuctions

First-pricesealed-bidauctionsareone-shotauctions:

�thereisasingleround;

�bidderssubmitasealedbidforthegood;

�goodisallocatedtoagentthatmadehighestbid.

�winnerpayspriceofhighestbid.

Beststrategyistobidlessthantruevaluation.
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VickreyAuctions

�Vickreyauctionsare:

–second-price;

–sealed-bid.

�Goodisawardedtotheagentthatmadethehighestbid;atthe
priceofthesecondhighestbid.

�BiddingtoyourtruevaluationisdominantstrategyinVickrey
auctions.

�Vickreyauctionssusceptibletoantisocialbehavior.
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3Negotiation

�Auctionsareonlyconcernedwiththeallocationofgoods:richer
techniquesforreachingagreementsarerequired.

�Negotiationistheprocessofreachingagreementsonmattersof
commoninterest.

�Anynegotiationsettingwillhavefourcomponents:

–Anegotiationset:possibleproposalsthatagentscanmake.

–Aprotocol.

–Strategies,oneforeachagent,whichareprivate.

–Arulethatdetermineswhenadealhasbeenstruckandwhat
theagreementdealis.

Negotiationusuallyproceedsinaseriesofrounds,withevery
agentmakingaproposalateveryround.
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3.1NegotiationinTask-OrientedDomains

Imaginethatyouhavethreechildren,eachofwhomneedstobedeliveredtoadifferentschool

eachmorning.Yourneighbourhasfourchildren,andalsoneedstotakethemtoschool.Delivery

ofeachchildcanbemodelledasanindivisibletask.Youandyourneighbourcandiscussthe

situation,andcometoanagreementthatitisbetterforbothofyou(forexample,bycarryingthe

other’schildtoashareddestination,savinghimthetrip).Thereisnoconcernaboutbeingable

toachieveyourtaskbyyourself.Theworstthatcanhappenisthatyouandyourneighbourwon’t

cometoanagreementaboutsettingupacarpool,inwhichcaseyouarenoworseoffthanif

youwerealone.Youcanonlybenefit(ordonoworse)fromyourneighbour’stasks.Assume,

though,thatoneofmychildrenandoneofmyneigbours’schildrenbothgotothesameschool

(thatis,thecostofcarryingoutthesetwodeliveries,ortwotasks,isthesameasthecostof

carryingoutoneofthem).Itobviouslymakessenseforbothchildrentobetakentogether,and

onlymyneighbourorIwillneedtomakethetriptocarryoutbothtasks.
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TODsDefined

�ATODisatriple

�T�Ag�c�

where:

–Tisthe(finite)setofallpossibletasks;

–Ag���������n�issetofparticipantagents;

–c	
�T��
IR�definescostofexecutingeachsubsetoftasks:

�Anencounterisacollectionoftasks

�T�� ����Tn�

whereTi�Tforeachi�Ag.
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DealsinTODs

�Givenencounter�T��T��,adealwillbeanallocationofthetasks
T��T�totheagents�and�.

�Thecosttoiofdeal���D��D��isc�Di�,andwillbedenoted
costi���.

�Theutilityofdeal�toagentiis:

utilityi����c�Ti���costi��� �

�Theconflictdeal,�,isthedeal�T��T��consistingofthetasks
originallyallocated.
Notethat

utilityi�����foralli�Ag

�Deal�isindividualrationalifitweaklydominatestheconflict
deal.
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TheNegotiationSet

�Thesetofdealsoverwhichagentsnegotiatearethosethatare:

–individualrational

–paretoefficient.
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TheNegotiationSetIllustrated
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TheMonotonicConcessionProtocol
Rulesofthisprotocolareasfollows...

�Negotiationproceedsinrounds.

�Onround1,agentssimultaneouslyproposeadealfromthe
negotiationset.

�Agreementisreachedifoneagentfindsthatthedealproposed
bytheotherisatleastasgoodorbetterthanitsproposal.

�Ifnoagreementisreached,thennegotiationproceedstoanother
roundofsimultaneousproposals.

�Inroundu��,noagentisallowedtomakeaproposalthatisless
preferredbytheotheragentthanthedealitproposedattimeu.

�Ifneitheragentmakesaconcessioninsomeroundu��,then
negotiationterminates,withtheconflictdeal.
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TheZeuthenStrategy

Threeproblems:

�Whatshouldanagent’sfirstproposalbe?

Itsmostpreferreddeal

�Onanygivenround,whoshouldconcede?

Theagentleastwillingtoriskconflict.

�Ifanagentconcedes,thenhowmuchshoulditconcede?

Justenoughtochangethebalanceofrisk.
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WillingnesstoRiskConflict

�Supposeyouhaveconcededalot.Then:

–Yourproposalisnowneartoconflictdeal.

–Incaseconflictoccurs,youarenotmuchworseoff.

–Youaremorewillingtoriskconfict.

�Anagentwillbemorewillingtoriskconflictifthedifferencein
utilitybetweenitscurrentproposalandtheconflictdealislow.
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NashEquilibriumAgain...

TheZeuthenstrategyisinNashequilibrium:undertheassumption
thatoneagentisusingthestrategytheothercandonobetterthan
useithimself...

Thisisofparticularinteresttothedesignerofautomated
agents.Itdoesawaywithanyneedforsecrecyonthepartof
theprogrammer.Anagent’sstrategycanbepubliclyknown,
andnootheragentdesignercanexploittheinformationby
choosingadifferentstrategy.Infact,itisdesirablethatthe
strategybeknown,toavoidinadvertentconflicts.
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DeceptioninTODs

Deceptioncanbenefitagentsintwoways:

�PhantomandDecoytasks.

Pretendingthatyouhavebeenallocatedtasksyouhavenot.

�Hiddentasks.

Pretendingnottohavebeenallocatedtasksthatyouhavebeen.
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4Argumentation

�Argumentationistheprocessofattemptingtoconvinceothersof
something.

�Gilbert(1994)identified4modesofargument:

1.Logicalmode.
“IfyouacceptthatAandthatAimpliesB,thenyoumust
acceptthatB”.

2.Emotionalmode.
“Howwouldyoufeelifithappenedtoyou?”

3.Visceralmode.
“Cretin!”

4.Kisceralmode.
“ThisisagainstChristianteaching!”
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Logic-basedArgumentation

Basicformoflogicalargumentsisasfollows:

Database��Sentence�Grounds�

where:

�Databaseisa(possiblyinconsistent)setoflogicalformulae;

�Sentenceisalogicalformulaknownastheconclusion;and

�Groundsisasetoflogicalformulaesuchthat:

1.Grounds�Database;and

2.SentencecanbeprovedfromGrounds.
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AttackandDefeat

Let�������and�������beargumentsfromsomedatabase�...
Then�������canbedefeated(attacked)inoneoftwoways:

1.�������rebuts�������if������.

2.�������undercuts�������if�����forsome����.

Arebuttalorundercutisknownasanattack.
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AbstractArgumentation

�Concernedwiththeoverallstructureoftheargument(ratherthan
internalsofarguments).

�Writex
y

–“argumentxattacksargumenty”;

–“xisacounterexampleofy;or

–“xisanattackerofy”.

wherewearenotactuallyconcernedastowhatx,yare.

�Anabstractargumentsystemisacollectionorarguments
togetherwitharelation“
”sayingwhatattackswhat.

�Anargumentisoutifithasanundefeatedattacker,andinifall
itsattackersaredefeated.
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AnExampleAbstractArgumentSystem
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