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1 Introduction

Thereis little doubtthatthestrengthandbreadthof UK researchinto multi-agentsystemscontinuesto
grow aswemoveinto thenew Millennium. In themiddleof anextremelycoldDecemberin 2000,the
Third UK Workshopon Multi-Agent Systems(UKMAS 2001)washeldat St. Catherine’s College,
Oxford. This wasthe fifth suchmeetingin asmany years,generouslysponsoredby EPSRC,FIPA
(TheFoundationfor IntelligentPhysicalAgents)andHewlett Packard.

UKMAS 2000saw over 80 participantsat theworkshop,which hastwo broadaims: to facilitate
the disseminationof recentresearchwithin the multi-agentsystemcommunityfrom both academia
andIndustryandto encouragedebatein thiswide-rangingarea.Theformatof thismeetingwastypical
of previousyears(Luck, 1997;Doranet al., 1997;d’Invernoet al., 1997;Fisheret al., 1997;Luck et
al., 1998;Aylett etal., 1998;Binmoreetal., 1998;Aylett et. al.,2000;Beeretal., 1999;Deckeretal.,
1999;Chattoeet al., 2000;Ranaet al., 2000),with invited presentationsfrom CraigBoutilier of the
University of Toronto,Canada,andCarlesSierraof the Artificial IntelligenceResearchInstitutein
Spain,severalpaperpresentations,andtwo panelsessions.Thefirst panelwasconcernedwith multi-
agentsystemslearning,andthesecondwith a retrospective assessmentof whathasbeenachieved in
thelastfiveyears,acknowledgingthelengthof timesincethefirst workshopin theseries.

2 The First 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 agentactivities is a key problemin multi-agentsystemsbut, setin a largerdecision-
theoreticcontext, the existenceof coordinationproblemsleadsto difficulty in evaluatingthe utility
of a situation. This in turn makes optimal policies for sequentialdecisionprocessesproblematic.
Boutilier proposedamethodfor solvingsequentialmulti-agentdecisionproblemsby allowing agents
to reasonexplicitly aboutspecificcoordinationmechanisms.
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In his talk, hedescribedanextensionof valueiterationin which thesystem’s statespaceis aug-
mentedwith the stateof the coordinationmechanismadopted,allowing agentsto reasonaboutthe
shortandlong termprospectsfor coordination,thelong termconsequencesof (mis)coordinationand
to make decisionsto engageor avoid coordinationproblemsbasedon expectedvalue. Thevalueof
Boutilier’s modelcanbedemonstratedusingwell-known learningmechanismssuchasfictitiousplay
asanexamplecoordinationprotocol.As well asillustratingthebenefitsof mechanismgeneralization
Boutilier went on to describesomedirectionsin which his work could be extended,including asa
basisfor thedesignof coordinationmechanismsandlearningprotocols.

In thefirst of thepapersessions,SamuelChongfrom StaffordshireUniversitydescribedcollabo-
rative work with KechengLiu developingsocialsoftwareagentsfor e-commercesystems.He argued
that if softwareagentsareautonomous,thenit is critical to considersocial issueswhenmodelling
agent-basede-commercesystemsin orderto obtaina functionalsystemthat truly supportsbusiness
activities. For this purpose,the DEON methodologywasdevelopedbasedon semioticprinciples,
andthetalk outlinedhow DEON contributesto theunderstandingof modellingsocialobligationsof
humanagentsaswell assoftwareagents.Themethodologyalsofocuseson thedescriptive qualities
of semioticsthatcanbeusefulduringthedesignof interfacesfor softwareagents.Thetalk undertook
to demonstratehow theDEONmethodologycanoffer aunifying framework for identifying themain
building blocksof softwareagents.

Next, Rafael Bordini describeda collaborative project (betweenUniversidadeFederaldo Rio
Grandedo Sol in Brazil and the Physicsof Transportand Traffic at Gerhard-MercatorUniversity
in Germany) with Ana Bazzan,Gustavo Andrioti, RosaVicari andJoachimWahle that concerned
how, in our day to day behaviour, we often have to facebinary decisionswherewe seekto take
theminority’s choiceas,for example,in traffic scenarioswherewe have to choosebetweensimilar
alternativeroutes.Bordini describedrecentagentcoordinationmechanismsin abinarydecisionmodel
known astheMinority Game.By extendingthismodel,differentpersonalitiesthatmodelcertaintypes
of humanbehaviour have beenconsidered,andsimulationsof differentpopulations,which contain
thesepersonalities,have beenbuilt. It wasfound that thereis onepersonalitythat performsbetter
thantheaverage:thewaywardpersonality. Bordini arguedthatthis work providesaninsightinto the
impactof commuterbehavioursaswell asaddressingrelatedissuesin traditionaltraffic simulation.

In the last of the morningsessions,Martin Beerdescribeda projectat the University of Liver-
poolwhichusesanagentsystemto demonstratethepracticalityof theINCA (IntelligentCommunity
Supportfor the Elderly) architecture.The INCA architectureis intendedto integratea numberof
autonomoussystems:homemonitoring,communityalarms,caremanagementsystemsusingagent
technologyto build effectivecoordinatedcaresystems.Sincethesesystemsnotonly containinforma-
tion relevant to communitycare,but alsoall theotheractivities thatonewould beunwilling to make
availableto otherparties,theactualmanagementof communitycarehasremainedprimarily outside
theroleof currentsystems.Beer’ssystemwasbuilt usingtheZEUSagent-building toolkit asthebasis
for thedevelopmentof a ’benchtop’demonstratorto show thattheINCA architectureis bothscalable
to realisticactivity levels,andintegratesfully andeffectively with existing computersystemsin the
variousagenciesinvolved,without lossof autonomyandsecurity.

Michael Fisherbegan the afternoonsessionby speakingaboutjoint work with ChiaraGhidini
(thenboth of ManchesterMetropolitanUniversity) concerningresource-boundedagentsand,more
specifically, the amountof reasoningthey areableto carry out in differentsituations. The bounds
anagentfacesarerarelystatic,andoftendependon thesituationin which theagentfindsitself. For
example,atacertaintime in a football game,aplayermighthave plentyof time to ’think’ anddecide
whatto donext. However, if thegameis goingto endimminentlyandaquickdecisionis required,the
sameplayermayhave relatively little time to ’think’. In his talk, Fisherdescribeda logic framework
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for boththelogical specificationandexecutionof agentsin whichdynamicagentsthathave resource
boundsvaryingover timecanberepresented.

Anotherrelatedproblemin thedesignof deliberative agentssuchasbelief-desire-intention (BDI)
agents,is thatof finding anappropriatepolicy for intentionreconsideration:to deliberateonly when
necessary. Martijn Schutdiscussedcollaborative work with MichaelWooldridgeatLiverpoolUniver-
sity concerningthenotionof commitmentin complex environments.Previously, Kinny andGeorgeff
hadinvestigatedtheeffectivenessof severalsuchreconsiderationpolicies,anddemonstratedthat, in
general,thereis no onebestapproach,anddifferentenvironmentsdemanddifferentintentionrecon-
siderationstrategies. Schutdescribedthe relationshipbetweenthe effectivenessof an agentandits
intentionreconsiderationpolicy in differentenvironments,andpresentedan empiricalevaluationof
the performanceof different reconsiderationstrategies in environmentsthat are to varying degrees
dynamic,inaccessible,andnon-deterministic.

Also fromLiverpoolUniversity, ShaheenFatimaproposedanadaptiveorganisationalpolicy known
asTRACE (TaskandResourceAllocation in a ComputationalEconomy),incorporatingtaskandre-
sourceallocation for multi-agentsystemsthat operateunder time constraintsand load variations.
Generalmulti-agentsystemscompriseof several problem-solvingorganisationsandany taskallo-
cationprotocoltakesrequestsandplans,andallocatessubtasksto agentswithin anorganisation.As
requestsarrivearbitrarily, atany instant,someorganisationscouldhavesurplusresourceswhile others
couldbecomeoverloaded.In orderto minimizethenumberof lostrequestscausedby anoverload,the
allocationof resourcesto organisationsis changeddynamicallyby theprice-directedresourcealloca-
tion protocol. Simulationresultsshow thatTRACE exhibits high performancedespiteunanticipated
changesin theenvironment.

Next, collaborative work with ClareDixon, Michael FisherandAlexanderBolotov (thenall at
ManchesterMetropolitanUniversity) concerninga resolutionbasedproof systemfor a Temporal
Logic of PossibleBelief waspresented.This logic representsa combinationof the branching-time
temporallogic CTL andthemodallogic KD45. Sincesuchcombinationsof non-classicallogicsare
oftenusedin agenttheoriesfor specifyingcomplex propertiesof rationalagents,theresolutionsystem
presentedhereprovidesanimportantbasisfor theverificationof suchspecifications.

In the last talk of the papersession,Wieke de Vries describedwork at UtrechtUniversity with
WiebevanderHoek,John-JulesMeyerandFrankdeBoerthatproposesanew operationalmodelfor
agents,whichincludessomeaspectsof agentsystemsoftenneglected.Theproposedmodelformalises
the intuitive notionof multiple agentsinteractingwith their environment,throughcyclesof sensing,
reasoningand acting, and hasseveral flexible features. As a result, it can be usedto analysethe
behaviour of a diversity of agentsystems. The first day endedwith a paneldiscussionon agent
learning,detailsof whichcanbefoundin thepaperin this issue.

3 The Second Day

CarlesSierraof the Artificial IntelligenceResearchInstitute in Spain,openedthe secondday with
a lively and interestinginvited presentationentitledAgent-mediated Interaction - from Auctions to
Negotiation and Argumentation. He beganhis talk by describinga numberof techniquesthat have
beenusedto structuretherelationbetweencustomersandsellersover theInternet.Usershave been
allowed to specify the attributesof goodsto be acquired,and their behaviour hasbeenmodelled
throughprofiles. However, mostdevelopmentsup to now arecentredon a passive web querytype
of interaction.Sierrasurveyed richer andmoreflexible waysof interactionby meansof mediators,
from the mostsimpleauctionmechanismsto argumentative protocolspassingthroughdifferentne-
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gotiationtechniques.He summarisedby statingthatbecauseof themassive expansionof all sortsof
mobiledevices,a deregulationof power andtelecommarkets,a progressive distribution of computer
functionalitiesandanincreaseof context perceptionby computers,secureandwell-understoodagent
interactionswill becomeessential.

ChrisReedof DundeeUniversitygave thefirst talk in themorning’s papersession,on collabora-
tive work with Tim Normanof AberdeenUniversity, on delegationandresponsibilityin multi-agent
systems.In multi-agentsystems,agentsmaydecideto delegatetasksto others.Theactof delegating
a taskby oneautonomousagentto anothercanbecarriedoutby theperformanceof oneor moreim-
perative communicationacts.Thesemanticsof imperativesarespecifiedusinga languageof actions
andstates.Then,Chrisshowedhow theirmodelcanbeusedto distinguishbetweenthewhole-hearted
andmereextensionalsatisfactionof animperative,andhow thismaybeusedto specifythesemantics
of imperativesin agentcommunicationlanguages.

In a moreappliedcontext, thenext speaker wasChris Preist,who discussedan ongoingproject
at Hewlett-PackardLaboratorieswith ClaudioBartolini andIvanPhillips. This is concernedwith the
designof algorithmsfor agentsto usewhenparticipatingin multiple simultaneousEnglishauctions,
whenaiming to purchasemultiple goods.Preistfirst presenteda coordinationalgorithm,which en-
suresthe agentplacesappropriatebids in the differentauctionsto buy exactly the right numberof
goods.This algorithmis thencombinedwith anotheralgorithmto determinewhatmaximumbid an
agentshouldplacein anauctionthatis aboutto terminate.Here,abelief-basedmodelof theauctions
is combinedwith a utility analysisto tradeoff thecertainoutcomeof theterminatingauctionagainst
thepossibleoutcomesof theremainingauctions,andhenceto placeappropriatebidsin each.

Onthesubjectof standards,StefanPosladfrom QueenMary, Universityof Londonthenpresented
collaborative work with Phil BuckleandRobHadinghamof Nortel Networks concerningstandards
interoperabilityfor multi-agentsystems.At present,numerousagenciesandagentsystemsarebeing
developedor portrayedasvehiclesto deliver novel typesof e-commerceservicesto users.However,
serviceagentsin oneagency areprobablyunableto interoperateorcooperatewith agentsfrom another
vendor’s agencies.Clearly, standardisationin thisareawouldhelpto createamoreubiquitousmarket
for agent-basedservices.Accordingto Poslad,standardsspecificationsoughtto begroundedwithin
a practicalframework that providesa referenceimplementation,enablinga multitudeof developers
to build their own implementations.Onesuchopenagentplatform is calledFIPA-OS (FIPA Open
Source),originating from Nortel Networks, to promotethe uptake of FIPA specificationsby agent
developers.PosladdescribedFIPA-OS,which is thefirst agentplatformto bereleasedasopensource
andis beingdeployed in severalapplicationdomainsincludingvirtual privatenetwork provisioning,
distributedmeetingschedulingandvirtual homeenvironments.FIPA-OS hasbeendemonstratedto
interoperatewith otherheterogeneousFIPA compliantplatformsandis in usein numerousinstitutes
aroundtheworld.

Next, JohnBighamdescribeda project involving QueenMary, University of LondonandUni-
versitatAutonomade Barcelonathat is building a generaltrust modelandsecurityframework for
multi-agentsystemsdesignedto manageresourcesin futuremobilecommunicationsnetworks. The
multi agentsystemis beingdevelopedto validatetheuseof agenttechnologyfor thecontrol of fu-
turemobilecommunicationnetworks. Bighamdescribedwork on possiblesecurityproblemsin the
businessmodelsof theShuffle projectthatprovidesthecontext for this work, andoutlinedtrustand
negotiationmechanismsto addressthem.Thenext stepin thework describedis to expandthescheme
to getacommonsecureauctionmodelthatcanbeusedby generalapplications.

Oneof thekey problemsof recentyearsin themulti-agentfield, long recognisedby theUKMAS
community, hasbeenthe divide betweentheoreticalwork in agent-basedsystemsand its practical
complementwhich have, to a largeextent,developedalongdifferentpaths.Presentingcollaborative
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work with MichaelLuck, RonaldAshri (both of SouthamptonUniversity)describedthe Paradigma
implementationframework that hasbeendesignedwith the aim of narrowing this gap. It relieson
anextensive formal agentframework, andis implementedusingrecentadvancesin Java technology.
Specifically, ParadigmausesJini connectivity technologyto enablethecreationof on-linecommuni-
tiesin supportof thedevelopmentof agent-basedsystems.

Also in part concernedwith the issueof relatingtheoryto practice,AlessioLomuscioof Impe-
rial College Londonpresenteda descriptionof themulti-agentVSK Logic developedwith Michael
WooldridgeatLiverpoolUniversity. Thelogic enablestherepresentationof whatis objectively trueof
someenvironment,what is visible, or accessibleof theenvironmentto individual agents,what these
agentsactuallyperceive,andfinally whattheagentsactuallyknow abouttheenvironment.Lomuscio
describedthe logic andits semantics,andshowed how it relatedto agentproperties,illustrating his
talk with a case-study.

Next, Keith Clark, describedan object-orientedextensionof the multi-threadedQu-Prologlan-
guage,developedat ImperialCollege in collaborationwith Robinson.He showedhow the language
could be usedto quickly implementmulti-agentapplicationson the Internetin which agentshave
bothreactive andpro-active behaviours. Thedifferentbehavioursexecuteconcurrently, asseparated
threadsof an active objectthat implementstheagent.Reasoningagentscanthusbedefinedto per-
form resource-boundedinferencefor full first orderpredicatelogic both to answerquestionsabout
what they believe andto checkfor possibleinconsistency beforeaddingnew informationto a belief
store.Suchagentscanthenbeelaboratedto cooperative reasoningagentsthatcanaskothersto engage
in sub-proofson theirbehalf.

In the final papersession,Jim Doranfrom Essex University discusseda new, non-standardap-
proachto cognitive processesandmulti-agentsystems.Thisapproachfocusesontheprecise,abstract
definitionof anenvironmentalhistory thatanagentmustenableby its actions,on Booleannetworks
asagentcontroldevices,andon thecognitive processesthattheseBooleannetworksmayimplement.
Luc Moreaufrom SouthamptonUniversitypresentedjoint work with OmerRanafrom Cardiff Uni-
versityregardingissuesin building agent-basedcomputationalgrids. First theexisting infrastructure
requiredto realizethe ComputationalGrid was discussed,defining sucha Grid with referenceto
KnowledgeandInformationGrids.Thenanagent-basedapproachfor theComputationalGrid, which
is canteredon providing ”services” for managingresourceswas elaborated.Work reportedat the
workshopalsoincludedtheKARO framework, a combinedprojectbetweenManchesterMetropoli-
tan,ManchesterandUtrechtUniversities.Althoughtherearea numberof theoriesof rationalagents
thatareformulatedin combinationsof modallogics,thework on practicalproof methodsfor theex-
pressive logicsinvolvedin thesetheorieshasbeensparse.Theauthorsarguethattheexpressivenessof
theKARO framework exceedsthatof theoriesof rationalagency andthetalk focussedon thecurrent
efforts of theprojectto provide proofmethodsfor thelogicsusedin theKARO framework.

Theworkshopendedwith an interestingandsometimeslight-heartedlook backat thesuccesses
of themulti-agentcommunityin thelastfiveyears,which sparkedanlively debatebetweenall those
presentat theworkshop.

4 Summary

Overall,UKMAS 2000providedanexcellentforum for engagingandlively presentation,debateand
discussionwithin the context of a full programme,but in an informal environment. The success
of the workshopin 2000hasled to it beinglocatedonceagainat St. Catherine’s College, Oxford
on the 13th and 14th of December, 2001, co-chairedby Mark d’Inverno of WestminsterUniver-
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sity andMichael Luck of SouthamptonUniversity. Furtherdetailsof theworkshopcanbe foundat
http://www.ukmas.org.
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