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1 Introduction

Thereislittle doubtthatthestrengthandbreadthof UK researclinto multi-agentsystemsontinuego
grow aswe move into thenew Millennium. In themiddle of anextremelycold Decembein 2000,the
Third UK Workshopon Multi-Agent SystemgUKMAS 2001)washeld at St. Catherines College,
Oxford. This wasthe fifth suchmeetingin asmary years,generouslysponsoredy EPSRC FIPA
(TheFoundatiorfor IntelligentPhysicalAgents)andHewlett Packard.

UKMAS 2000saw over 80 participantsat the workshop which hastwo broadaims: to facilitate
the disseminatiorof recentresearctwithin the multi-agentsystemcommunityfrom both academia
andindustryandto encourageebatean thiswide-rangingarea.Theformatof thismeetingwastypical
of previousyears(Luck, 1997;Doranetal., 1997;d’Invernoetal., 1997;Fisheretal., 1997;Luck et
al., 1998;Aylettetal., 1998;Binmoreetal., 1998;Aylett et. al., 2000;Beeretal., 1999;Decker etal.,
1999; Chattoeet al., 2000; Ranaet al., 2000),with invited presentationfrom Craig Boutilier of the
University of Toronto, Canadaand CarlesSierraof the Artificial IntelligenceResearchnstitutein
Spain,several paperpresentationsgndtwo panelsessionsThefirst panelwasconcernedvith multi-
agentsystemdearning,andthe secondwith aretrospectie assessmeraf whathasbeenachievedin
thelastfive years,acknavledgingthelengthof time sincethefirst workshopin the series.

2 TheFirst Day

The first day of the workshopbeganwith an invited talk from Craig Boutilier of the University of
Toronto, Canadaentitled Sequential Optimality and Coordination in Multiagent Systems. Clearly,
coordinationof agentactiities is a key problemin multi-agentsystemsout, setin a larger decision-
theoreticcontet, the existenceof coordinationproblemsleadsto difficulty in evaluatingthe utility
of a situation. This in turn makes optimal policies for sequentialdecisionprocesseproblematic.
Boutilier proposeda methodfor solving sequentiamulti-agentdecisionproblemsby allowing agents
to reasorexplicitly aboutspecificcoordinationmechanisms.



In his talk, he describedan extensionof valueiterationin which the systems statespaces aug-
mentedwith the stateof the coordinationmechanismadopted allowing agentsto reasonaboutthe
shortandlongtermprospectgor coordinationthelongtermconsequences (mis) coordinationand
to make decisionsto engageor avoid coordinationproblemsbasedon expectedvalue. The value of
Boutilier's modelcanbe demonstratedsingwell-knowvn learningmechanismsuchasfictitious play
asanexamplecoordinationprotocol. As well asillustratingthe benefitsof mechanisngeneralization
Boutilier went on to describesomedirectionsin which his work could be extended,includingasa
basisfor the designof coordinationrmechanismsndlearningprotocols.

In thefirst of the papersessionsSamuelChongfrom StafordshireUniversity describecdtollabo-
rative work with Kechend.iu developingsocialsoftwareagentdor e-commerceystemsHe argued
thatif software agentsare autonomousthenit is critical to considersocial issueswhenmodelling
agent-based-commercesystemsn orderto obtaina functional systemthat truly supportsbusiness
actvities. For this purpose the DEON methodologywas developedbasedon semioticprinciples,
andthetalk outlinedhow DEON contrilutesto the understandingf modellingsocialobligationsof
humanagentsaswell assoftwareagents.The methodologyalsofocuseson the descriptve qualities
of semioticghatcanbe usefulduringthe designof interfacesfor softwareagentsThetalk undertook
to demonstratdow the DEON methodologycanoffer a unifying framework for identifying the main
building blocksof softwareagents.

Next, Rafael Bordini describeda collaboratve project (betweenUniversidadeFederaldo Rio
Grandedo Sol in Brazil andthe Physicsof Transportand Traffic at Gerhard-MercatotJniversity
in Germary) with Ana Bazzan,Gustao Andrioti, RosaVicari and JoachimWahle that concerned
how, in our day to day behaiour, we often have to face binary decisionswherewe seekto take
the minority’s choiceas,for example,in traffic scenariosvherewe have to choosebetweensimilar
alternatve routes.Bordini describedecentagenttoordinatiormechanisms abinarydecisionmodel
known astheMinority Game By extendingthis model,differentpersonalitieshatmodelcertaintypes
of humanbehaiour have beenconsideredand simulationsof differentpopulationswhich contain
thesepersonalitieshave beenbuilt. It wasfound thatthereis one personalitythat performsbetter
thanthe average:thewayward personality Bordini aguedthatthis work providesaninsightinto the
impactof commuterbehaioursaswell asaddressingelatedissuesn traditionaltraffic simulation.

In the last of the morning sessionsMartin Beerdescribeda projectat the University of Liver
poolwhich usesanagentsystemo demonstrat¢éhe practicalityof the INCA (IntelligentCommunity
Supportfor the Elderly) architecture. The INCA architectures intendedto integratea numberof
autonomousystems:homemonitoring, communityalarms,caremanagemensystemsusing agent
technologyto build effective coordinatedcaresystems Sincethesesystemsiot only containinforma-
tion relevantto communitycare,but alsoall the otheractvities thatonewould be unwilling to make
availableto otherparties, the actualmanagementf communitycarehasremainedprimarily outside
therole of currentsystemsBeers systemwashbuilt usingthe ZEUSagent-hiilding toolkit asthebasis
for the developmeniof a’benchtop’demonstratoto shav thatthe INCA architecturas bothscalable
to realisticactvity levels, andintegratesfully andeffectively with existing computersystemsn the
variousagenciesnvolved, withoutlossof autonomyandsecurity

Michael Fisherbeganthe afternoonsessiornby speakingaboutjoint work with ChiaraGhidini
(thenboth of ManchesteMetropolitan University) concerningresource-boundedgentsand, more
specifically the amountof reasoninghey areableto carry out in differentsituations. The bounds
anagentfacesarerarely static,andoften dependon the situationin which the agentfindsitself. For
example,ata certaintime in afootballgame a playermight have plentyof time to 'think’ anddecide
whatto do next. However, if thegameis goingto endimminentlyanda quick decisionis requiredthe
sameplayermay have relatively little time to 'think’. In his talk, Fisherdescribeda logic framevork
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for boththelogical specificatiorandexecutionof agentsn which dynamicagentghathave resource
boundsvaryingovertime canberepresented.

Anotherrelatedproblemin thedesignof deliberatve agentssuchasbelief-desire-intemn (BDI)
agentsjs thatof finding anappropriatepolicy for intentionreconsiderationto deliberateonly when
necessaryMartijn Schutdiscussedollaboratve work with MichaelWooldridgeatLiverpoolUniver-
sity concerninghe notionof commitmenin complex ervironments.Previously, Kinny andGeogeff
hadinvestigatedhe effectivenessof several suchreconsideratiompolicies,anddemonstratedhat, in
generalthereis no onebestapproachanddifferentervironmentsdemanddifferentintentionrecon-
siderationstratgies. Schutdescribedhe relationshipbetweenthe effectivenessof an agentandits
intentionreconsideratiomolicy in differentervironments,and presentedn empirical evaluationof
the performanceof differentreconsideratiorstratgiesin ervironmentsthat are to varying degrees
dynamic,inaccessibleandnon-deterministic.

Also from LiverpoolUniversity Shaheeffratimaproposedgnadaptve organisationapolicy known
asTRACE (TaskandResourceAllocation in a ComputationaEconomy),incorporatingtaskandre-
sourceallocationfor multi-agentsystemsthat operateundertime constraintsand load variations.
Generalmulti-agentsystemscompriseof several problem-solvingorganisationsand ary taskallo-
cationprotocoltakesrequestandplans,andallocatessubtaskgo agentswithin anorganisation.As
requestsrrive arbitrarily, atary instant,someorganisationgouldhave surplusresourcesvhile others
couldbecomeoverloadedIn orderto minimizethenumberof lostrequestgausedy anoverloadthe
allocationof resourceso organisationss changedlynamicallyby the price-directedesourcealloca-
tion protocol. Simulationresultsshav that TRACE exhibits high performancealespiteunanticipated
changesn theervironment.

Next, collaboratve work with Clare Dixon, Michael Fisherand AlexanderBolotov (thenall at
ManchesteMetropolitan University) concerninga resolutionbasedproof systemfor a Temporal
Logic of PossibleBelief was presented.This logic represents combinationof the branching-time
temporallogic CTL andthe modallogic KD45. Sincesuchcombinationsof non-classicalogicsare
oftenusedin agentheoriedor specifyingcomplex propertief rationalagentstheresolutionsystem
presentedhereprovidesanimportantbasisfor the verificationof suchspecifications.

In the lasttalk of the papersessionWieke de Vries describedwork at UtrechtUniversity with
WiebevanderHoek,John-JuleMeyer andFrankde Boerthatproposes new operationamodelfor
agentswhichincludessomeaspect®f agentsystemoftenngylected. Theproposednodelformalises
the intuitive notion of multiple agentsnteractingwith their ervironment,throughcyclesof sensing,
reasoningand acting, and has several flexible features. As a result, it can be usedto analysethe
behaiour of a diversity of agentsystems. The first day endedwith a paneldiscussionon agent
learning,detailsof which canbefoundin the paperin thisissue.

3 The Second Day

CarlesSierraof the Artificial IntelligenceResearchnstitutein Spain,openedthe secondday with
a lively andinterestinginvited presentatiorentitled Agent-mediated Interaction - from Auctions to
Negotiation and Argumentation. He beganhis talk by describinga numberof techniqueghat have
beenusedto structurethe relationbetweencustomersandsellersover the Internet. Usershave been
allowed to specify the attributes of goodsto be acquired,and their behaiour hasbeenmodelled
throughprofiles. However, mostdevelopmentsup to now are centredon a passie web querytype
of interaction. Sierrasurweyed richer and moreflexible waysof interactionby meansof mediators,
from the mostsimple auctionmechanismso argumentattre protocolspassingthroughdifferentne-



gotiationtechniquesHe summarisedby statingthatbecausef the massie expansionof all sortsof
mobile devices,a deragyulationof power andtelecommarkets,a progressie distribution of computer
functionalitiesandanincreaseof context perceptiorby computerssecureandwell-understoocgent
interactionswill becomeessential.

ChrisReedof DundeeUniversity gave thefirst talk in the mornings papersessionpn collabora-
tive work with Tim Normanof AberdeenUniversity on deleggationandresponsibilityin multi-agent
systemsln multi-agentsystemsagentanay decideto delegatetasksto others.The actof delegating
ataskby oneautonomousigentto anothercanbe carriedout by the performancef oneor moreim-
peratve communicatioracts. The semanticof imperatvesarespecifiedusinga languageof actions
andstates.Then,Chrisshavedhow theirmodelcanbeusedto distinguishbetweerthewhole-hearted
andmereextensionakatisactionof animperatve, andhow this maybeusedto specifythe semantics
of imperatvesin agentcommunicatiorlanguages.

In a moreappliedcontet, the next speakr was Chris Preist,who discussedn ongoingproject
at Hewlett-PackardLaboratoriesvith ClaudioBartolini andlvan Phillips. Thisis concernedvith the
designof algorithmsfor agentso usewhenparticipatingin multiple simultaneougknglishauctions,
whenaimingto purchasemultiple goods. Preistfirst presentech coordinationalgorithm,which en-
suresthe agentplacesappropriatebids in the differentauctionsto buy exactly the right numberof
goods. This algorithmis thencombinedwith anotheralgorithmto determinewhat maximumbid an
agentshouldplacein anauctionthatis aboutto terminate Here,a belief-basednodelof theauctions
is combinedwith a utility analysisto tradeoff the certainoutcomeof the terminatingauctionagainst
the possibleoutcomeof theremainingauctionsandhenceto placeappropriatebidsin each.

Onthesubjectof standardsStefan Posladrom QueerMary, Universityof Londonthenpresented
collaboratve work with Phil Buckle and Rob Hadinghamof Nortel Networks concerningstandards
interoperabilityfor multi-agentsystems At presentnumerousagencieandagentsystemsarebeing
developedor portrayedasvehiclesto deliver novel typesof e-commerceervicedo users.However,
serviceagentsn oneageng areprobablyunableto interoperat®r cooperateavith agentsrom another
vendors agenciesClearly standardisatiom this areawould helpto createa moreubiquitousmarket
for agent-basedervices.Accordingto Poslad standardspecification®oughtto be groundedwithin
a practicalframework that providesa referencemplementationenablinga multitude of developers
to build their own implementations.One suchopenagentplatformis called FIPA-OS (FIPA Open
Source),originating from Nortel Networks, to promotethe uptale of FIPA specificationdy agent
developers.Posladdescribed=IPA-OS, whichis thefirst agentplatformto bereleasegsopensource
andis beingdeplgedin several applicationdomainsincluding virtual private network provisioning,
distributed meetingschedulingandvirtual homeervironments. FIPA-OS hasbeendemonstratedo
interoperatavith otherheterogeneouBIPA compliantplatformsandis in usein numerousnstitutes
aroundtheworld.

Next, JohnBighamdescribeda projectinvolving QueenMary, University of Londonand Uni-
versitatAutonomade Barcelonathat is building a generaltrust model and securityframevork for
multi-agentsystemsdesignedo manageaesourcesn future mobile communication:etworks. The
multi agentsystemis beingdevelopedto validatethe useof agenttechnologyfor the control of fu-
ture mobile communicatiometworks. Bighamdescribedwvork on possiblesecurityproblemsin the
businesamodelsof the Shufle projectthat providesthe context for this work, andoutlinedtrustand
negotiationmechanism$o addresshem. Thenext stepin thework describeds to expandthescheme
to getacommonsecureauctionmodelthatcanbeusedby generabpplications.

Oneof thekey problemsof recentyearsin the multi-agentfield, long recognisedy the UKMAS
community hasbeenthe divide betweentheoreticalwork in agent-basedystemsandits practical
complementvhich have, to a large extent, developedalongdifferentpaths. Presentingollaboratve
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work with Michael Luck, RonaldAshri (both of SouthamptoruUniversity) describedhe Paradigma
implementationframenvork that hasbeendesignedwith the aim of narraving this gap. It relieson
anextensie formal agentframework, andis implementedusingrecentadvancesn Java technology
Specifically Paradigmauseslini connectiity technologyto enablethe creationof on-linecommuni-
tiesin supportof thedevelopmentof agent-basedystems.

Also in partconcernedwvith theissueof relatingtheoryto practice,AlessioLomuscioof Impe-
rial College Londonpresentedh descriptionof the multi-agentVSK Logic developedwith Michael
WooldridgeatLiverpoolUniversity Thelogic enablegherepresentationf whatis objectvely trueof
someervironment,whatis visible, or accessiblef the environmentto individual agentswhatthese
agentsactuallyperceve, andfinally whatthe agentsactuallyknow aboutthe ervironment.Lomuscio
describedhelogic andits semanticsandshaved how it relatedto agentproperties,llustrating his
talk with a case-study

Next, Keith Clark, describedan object-orientedextensionof the multi-threadedQu-Prologlan-
guage developedat Imperial Collegein collaborationwith Robinson.He shaved how the language
could be usedto quickly implementmulti-agentapplicationson the Internetin which agentshave
bothreactve andpro-actire behaiours. The differentbehaiours executeconcurrentlyasseparated
threadsof an active objectthatimplementsthe agent. Reasoningagentscanthusbe definedto per
form resource-boundenhferencefor full first order predicatelogic both to answerquestionsabout
whatthey believe andto checkfor possibleinconsisteng beforeaddingnew informationto a belief
store.Suchagentganthenbeelaboratedo cooperatie reasoningagentdhatcanaskothersto engage
in sub-proofson their behalf.

In the final papersessionJim Doranfrom Esse& University discussed new, non-standardip-
proachto cognitive processeandmulti-agentsystemsThis approactocusesontheprecise abstract
definition of an ervironmentalhistory thatanagentmustenableby its actions,on Booleannetworks
asagentcontroldevices,andonthe cognitive processethattheseBooleannetworks mayimplement.
Luc Moreaufrom SouthamptorUniversity presentegoint work with OmerRanafrom Cardiff Uni-
versity regardingissuesn building agent-basedomputationagrids. First the existing infrastructure
requiredto realizethe ComputationalGrid was discusseddefining sucha Grid with referenceto
KnowledgeandinformationGrids. Thenanagent-basedpproactior the ComputationaGrid, which
is canteredon providing "services” for managingresourcesvas elaborated. Work reportedat the
workshopalsoincludedthe KARO framework, a combinedprojectbetweenManchesteMetropoli-
tan, ManchesteandUtrechtUniversities.Althoughtherearea numberof theoriesof rationalagents
thatareformulatedin combination®f modallogics,thework on practicalproof methodsor the ex-
pressie logicsinvolvedin thesetheorieshasbeensparse Theauthorsaguethatthe expressienessof
the KARO framavork exceedghatof theoriesof rationalageny andthetalk focussedn the current
efforts of the projectto provide proof methodgor thelogicsusedin the KARO framewvork.

The workshopendedwith aninterestingandsometimedight-heartedook backat the successes
of the multi-agentcommunityin thelastfive years which sparled anlively debatebetweerall those
presentattheworkshop.

4 Summary

Overall, UKMAS 2000providedanexcellentforum for engagingandlively presentationdebateand
discussionwithin the context of a full programme but in aninformal ervironment. The success
of the workshopin 2000 hasled to it beinglocatedonceagainat St. Catherines College, Oxford
on the 13th and 14th of December 2001, co-chairedby Mark d’'Inverno of WestminsterUniver



sity andMichael Luck of SouthamptorUniversity Furtherdetailsof the workshopcanbe found at
http://ww. ukmas. org.
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