Student Paper: How Cooperative Should | Be?"

Integrative Negotiation In Complex Organizational Agent Systems
Tracking Number: 163

Xiaoqin Zhang
Computer Science

Victor Lesser
Computer Science

Tom Wagner
Automated Reasoning Group

Department Department Honeywell Laboratories
University of Massachusetts at  University of Massachusetts at
Amherst Amherst wagner_tom@htc.honeywell.com

shelley@cs.umass.edu

ABSTRACT

This paperaddressgthe problemof negotiationin a comple orga-
nizationalcontect andtriesto bridgethegapbetweerself-interested
negotiationandcooperatie negotiation. An integrative negotiation
mechaism is introduced which enablesagentgo chooseary atti-
tude from the extremesof self-interestecind coopeative to those
thatarepartially self-intereste@ndpartially cooperdive. Thismech-
anismis basedn andalsoextendsthe motivationalqualities(MQ)
frameawork for evaluaing whichtaskanager shouldpursueateach
time point. Experimentalwork verifies this mechaism and ex-
ploresthe questionwhetherit alwaysimprovesthe socialwelfare
to have anagen be completelycooperatie.

Keywords
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1. INTRODUCTION

In multi-agentSystemgMAS), agentsnegotiateover taskallo-
cation,resourceallocationandconflict resolutionproblems.Cate-
gorizedwith alarge grain-size negotiationresearcHalls into two
generalclasses:cooperatie negotiation and competitve negotia-
tion. In competitve negotiation,agentsareself-intereste@ndthey

*This materialis baseduponwork suppated by the National Sci-
enceFoundationunder Grant No.11S-9812755and the Air Force
ResearcH_aboratory/IFTDand the DefenseAdvancedResearch
Projects Ageng/ under Contract F30602-992-0525. The U.S.
Governmert is authorizecdto reprodice and distribute reprintsfor
Governmettal purposes notwithstandingany copyright anndation
thereon.Disclaimer: The views and condusionscontaine herein
arethoseof theauthorsandshouldnotbeinterpretecasnecessarily
representinghe official policiesor endorsenents eitherexpressed
or implied, of the DefenseAdvanceal ResearcHProjectsAgengy,
Air Force ResearchLaboratory/IFTD,National ScienceFounda-
tion, or theU.S.Government.

Permissionto make digital or hard copies of all or part of this work for
personaor classroomuseis grantd without fee provided that copies are
not madeor distributed for profit or commercia advantageandthat copies
bea this notice andthefull citation onthefirst page.To copy othemise,to
repubish, to poston senersor to redistibuteto lists, requiresprior specific
permissiom andbr afee.

Copyright 2001ACM X-XXXXX-XX-X/XX/XX ..$5.00.

lesser@cs.umass.edu

negotiateto maximizetheirown local utility; in cooperatie negoti-
ation,agentswork to find a solutionthatincreasesheirjoint utility
—the sumof the utilities of all involved agerts. In the competitive
negotiation class,significantwork [8, 10, 9] hasbeendonein the
areaof boundel rationalself-interestecgentg BRSI). Saidagents
areself-interestedndsocialwelfareis not a concern- eachagent
worksto maximizeits own utility thoughcontracting biddingand
decommiting.In thecooperative negotiationclass significantwork
hasbeendonein the areaof conflictresolutionthroughnegotiation
[2, 5, 12]. In thiswork, thereis no notionof individua agentutility
—agentsare“completely-cooperatie” with eachotherandcooper
ateto solve problemstogether

Wefeelthatasthesophisticatiorof multi-agentsystemsncreases,
MAS will be neithersimple market systemswhere eachagentis
purely self-interestedseekingmaximizeits local utility, nor dis-
tributedproblemsolving systemavhereall agentsarecompletely-
coopeative working to maximizetheachiezementof asetof global
goals. This will occurfor two reasons.Onereasonis thatagents
from different separateorganizationalentitieswill cometogether
to dynamicallyform virtual organization/teanfor solving specific
problemghatarerelevantto eachof theirorganizationakntities[7].
How theseagentsvorkin theirteamwill oftendependatontheex-
isting of both long term and short-termrelationshipsand confrort
with theirunderlyingorganizationakntities.We alsofeel thateven
for agentdrom self-interestedrganizationsit might be beneficial
for themto be partially cooperatie whenthey arein the situations
wherethey will have repeatedransactionsvith otheragentfrom
otherorganizationakentities. Additionally, we feel thatagentmay
be involved concurrely with morethanonevirtual organizations
while doingtasksfor their own organizationakntity. Secondlywe
feel that even agentsworking solely with agentsof their own or-
ganizationakntitieswill take a varying attitudein the spectrumof
fully cooperatie to totally self-interestedn orderfor theorganiza-
tion to bestachiee its overall goal. This perspectie is basedon a
bourded-rationalagument:it is not possiblefrom computatiosl
nor commurncational perspectie for an agentto be fully cooper
ative, becausehe agentneedsto take into accoun the utilities of
all agentsin the organizationand the stateof achiezement of all
organizationalyoalsto befully cooperatie. Thus,it is our feeling
thatit may be bestfor the organizationto have agentsbeing par
tially cooperatie in its local negotiation with other agentsrather
thanbeingfully cooperative in orderto moreeffectively dealwith
uncertaintyof not having a more informed and fully view of the
stateof the entireager organization.
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Figure 1: The dual concem model

Multi-agentsystemwill consistof large groupsof loosely cou-
pled agentsthatwork togetheron tasks. The relationshipsamong
agentswill dependbn their organizationatolesandthustheirrela-
tionshipsmay be of ary type from purely self-interestedo totally
cooperative. This is the comple organizationaproblemspacehe
M@ [13, 14] framework is desigred to represent.Note that this
work pertainsto complex agerts. we assumehat Agents are au-
tonomaus, heterogerous,persistentcompuing entitiesthathave
the ability to choosewhich tasksto performandwhento perform
them. Agentsarealsorationally bounced, resourceboundel, and
have limited knowledge of otheragents. Agentscanperformtasks
locally if they have sufficient resourcesaandthey mayinteractwith
other agents. The agentswill have choicesaboutwith whom to
collaboratehow to negotiate, whatto chagefor servicesetc. Fur
ther, the negotiationstratey will bedependat ontherelationships
amongthe ngyotiating partiesandthe particularnegotiationissue.

We thusfeel thatin a complex agentsociety anagentwill need
to work with otheragentsrom avariety of differentorganizational
positions. For example, an ager from its own group, an agent
who hasa higherpositionandthus more authority an agentfrom
a cooperatre compary, or an agentfrom a compding compaty
and so forth. The agents attitude toward negotiation is not just
simply eithercompetingor cooperative, the agentneedsto quali-
tatively reasormabou eachnegotiationsessiong.g.,how important
its own outcomeis comparedo the otheragents’outcomss, so it
canchooseanappropiate nggotiationstrateyy.

Figurel describeghis dualconcen model[6]. Whenthe agent
only attachedmportanceto its own outcome,its attitude toward
negotiationis competitve (self-interested)yvhenanagentattaches
the samedegreeof importanceo its own outcomeasit doesto the
outcome of the otheragent,its attitudeis cooperatve; whenthe
agentattachesnoreimportanceo theoutcome®f otheragentsand
no importanceto its own outcome its attitudeis accommoditive;
if the agentattachesio importanceto ary outcomesits attitudeis
avoidant (the negotiation is not worth its time and effort). From
this model,we find thattherearepotentiallymary optionsbetween
the two extremesof self-interestedand cooperatie. Theseother
optionsdependntheimportanceheagentattacheso theincrease
of its own utility relative to theimportanceit attachego the other
agents’utility increases.

In this paper we presentan integratve mechanisnthatenables
anagentto qualitatvely managaéts attitudetowardseachnegotia-
tion sessionThis mechanisnis not purely self-interestedr purely
cooperative, but suppatsrangeof thesebehaiors sothattheagent
canreasorabou how cooperative it shouldbe. This mechanisms

! As agentsareheterogeness, they may be associateavith differ-
entcorpaateentities(privagy issues).andbecasethe contextual
valuationof tasksis generallyan exporential problemwe do not
assumeagentsknow eachothers utility functions, plan libraries,
etc.

basedon the Motivational Quantities(MQ) framework [13, 14],
which is introducedin Section2. Section3 describeghe integra-
tive negotiation mechanism. Section4 usesexamplesto explain
theideas.Section5 presentexperimenal resultsthatexplore how
different negotiation attitudesaffect the agents performanceand
thesocialwelfareof the overall system.Section6 discusseselated
work andSection7 concludesandidentifiesfurtherwork.

2. MQ FRAMEW ORKS

In the M Q framework, it is assumedhat for an agentto per
form atask,or to considera task,the taskmustprodice valuefor
thelocal agent.On the surface,thisimpliesthatthe M Q modelis
only for controlling interactingself-interestecagents. This is not
thecase.Therestrictionis to guarante¢heability to compareasks
from a unified perspectie. Considertheissueof taskvalue. When
agentsareisolatedproblemsolving entities taskperformancepro-
ducesvaluethatis entirely of local benefit. In Multi-Agent sys-
tems,value may be of local benefitand of benefitto otheragents
includingthe agentsocietyasawhole. The extremesarealsopos-
sible; tasksmay be only of local benefitand tasksmay be only
of benefitto agentsotherthanthe local agent. This latter caseap-
pearsgproblematidor theassumptiorabove: all tasksproducelocal
value This caseis problematiconly on the surface. For the local
agentto considemperformingsuchatask,it mustindeedhave value,
however, in this casethe valueis of a differenttype or classthan
the valueof its othercandidae tasks. The task, for example,may
be performedto meetsomeorganizationaldirectie, e.g., service
requess fromagent 3, or to reducefavorsowedto theagent,to ac-
cumulatefavorsfor futureusewith theagentor becaus adifferent
agentwith which thelocal agentholdscomma goalsrequestedt.

In the M Q framawork, all taskshave value or a motivationfor
performing the task where the value is determinedboth by the
value of the taskand by the importanceof the organizationalob-
jective with which the taskis associateqdandthe currentstateof
goal achiezemen). This enablesthe agentto compareand value
tasksthatareassociatedvith differentorganizationagjoals,or tasks
that are detrimentalto one organizationalgoal while having posi-
tive benefitto a different organizationalgoal, or tasksassociated
with different organizationsentirely, or tasksmotivated by self-
interestedreasongto coopeative reasons. The M@ framewvork
quantifiesthesedifferentundelying motivationalfactorsand pro-
videsthemeango comparehemvia amulti-attributedutility func-
tion. In theMQ framework:

e Eachagenthasasetof M @s or motivationalquantitiesthat
it tracksand accumulates.M @Qs represenprogressoward
organizationalgoals. M Qs are produed and consumecdby
taskperformancevheretheconsumpion or productionprop-
ertiesaredepen@nton the context. For example two agents
interactingto achieve a sharedorganizationalyoal may both
seeanincreasein the samelocal M@ levels asprogresss
made(thisis notazerosumgame) whereasagentsnteract-
ing to satisfydifferentgoalsmay eachobtaindifferenttypes
andquartities of M @Qsfrom the sameinteraction.

e Not all agentshave the sameM (@ set. However, for two
agentsto form a commitmentto a specificcourseof action,
they musthave at leastone M@ in common(or have the
meandor formingan M @ dynamically).If they donothave
an M@ in common they lack any commongoalsor objec-
tivesandlack ary comma mediumof exchange (Proxyand
reducibility aresomeavhataddresseéh [13].)

e For each M Q; belongingto an agent,it hasa preference
functionor utility curve, Uy, , thatdescribests preferencdor



a particularquantity of the M@, i.e., VM Q;, 3Uy,() such
that Uy, (M Q:) — U; whereU; is the utility associated
with M Q); andis notdirectlyinterchangablewith U; unless
1 = j. Differentagentamay have differentpreferenesfor

the sameMQ);. Preferencedn the framework are defined
by therelationbetweertaskperformane andorganizational
goalsor directives.

e An agents overall utility at any given momen in time is a
functionof its differentutilities: Uagent = v(Us, Uj, U, -.).
We make no assumgions abou the propertiesof (), only
thatit enabbes agentsto determinepreferenceor dominane
betweenrtwo differentagentstateswith respecto M @Qs.

e For simplicity of presentationlet us assumehat () is not
a multi-variateutility function andinsteadthat for eachU;
thereis anassociatedunctionw; () ? thattranslatesi/ Q spe-
cific utility into theagentsgeneraltility type,i.e.,YU;, Jw;()
suchthatw;(U;) + Uagent. ThusUagens may take the
form of Uagent = Y1 wi (Us).

MQ Tasksareabstraction®f the primitive actionsthatthe agent
may carryout. MQ tasks:

e May have deadines, deadline;, for task performancebe-
yondwhich performancef saidtaskyieldsnousefulresults.

e May have earlieststarttimes, start;, for task performane
beforewhich performarce of saidtaskyields no useful re-
sults.

e Each M@ task consistsof one or more M@ alternatves,
whereonealternatve correspmdsto a differentperformane
profile of the task. In mary ways, this extensionsimplifies
reasoningvith thepreliminarymodelpresentedh [13] while
atthesametimeincreasingherepresentationglower of the
frameawork by couplingdifferentdurationswith theotherper
formancecharacteristicsEachalternatve:

— Requiressometime or durationto execute,denoteds;.

— Producessomequantity of one or more M @Qs, called
anMQ produdion set(M QPS), which is denotedby:
MQPS;;jr = {qi,q,qx,..}, whereVi, ¢; > 0.
Thesequartities are positiveandreflectthe benefitde-
rived from performingthe task, e.g., progresstoward
a goal or the productionof an artifact that can be ex-
changedwith otheragents.In this model,the two are
equialent.

— Akin to the MQPS, tasksmay alsoconsune quanti-
tiesof M @Qs. The specificatiorof the M Qs consumed
by ataskis calledanMQ consumptiorsetanddended
MQCSL],k = {qlv 95,4k, "}1 WhereVi7 qi S 0.
Consumptionsets model tasks consumingresources,
or beingdetrimentalto an organizationalobjectie, or
agentscontractingwork out to otheragentse.g.,pay-
ing anotheragentto producesomedesiredresultor an-
otheragentaccumulatingavors or good will asthere-
sultof taskperformane. Consunption setsaretheney-
ativesideof taskperformarce.

— All quantitiese.g.,d;, MQPS, MQC'S, arecurrently
viewedfrom anexpectedvaluestandpoi.

e MQCS definesquantitiesthat are requiredfor task perfor
mance. If a tasklacks suflicient M Qs for executionit is

%w;() could be combinedwith Uy, (). Theseare partitionedfor
mappingdifferentorganizationalnfluences.

deemedin-executableandwill notbeperformedn ary fash-
ion. This meansit will have zero duration,consune zero
MQ@s,andwill producezeroM@s.

Spacdimitationsprecludeafull presentatiorf themodel. This
summarylacksdefinitionsandpropertiesiecessaryo actuallybuild
the framavork andto useit in agents. This summaryalso lacks
someof the motivationsbehindthesedesigndecisions.For more
information,interestedeadersareadvisedto consult[13, 14].

The M @Q modelcansupprt comparisorbetweentasksthatare
performedfor differentorganizationaimotivationsto taskthatare
performedfor otheragentsn returnfor financialgainto tasksthat
areperformedfor otheragentgor cooperative reasonsVia thedif-
ferentpreference$or the differentquantities agentcontrol canbe
modulatedand agentscanreasonaboutmixturesof differenttask
typesanddifferentmotivations. The useof statein the modelalso
facilitatescontetually depandentbehaviors or adjustmentdo be-
haviors over time. Agenta performingcooperatve work with a
closelyallied agent,3, for instancemay needto balancethis work
with cooperatre work with othersover time. As a accumuates
progresstoward goalsheld in commonwith 3 (representecésan
MQ@), its preferene may shift to the accumulatiorof other M @s.
The useof utility for this applicationis flexible and very general
andtherearemary differentwaysto relateorganizationaboalim-
portanceto the procesf taskvaluation.

3. INTEGRATIVE NEGOTIATION

Themotivationalqualities(MQ)[13, 14] framework providesan
agentwith the capabilityto reasoraboutdifferentgoalsin anopen,
dynamicandlarge-scaleMAS, hencethe ager canevaluatea ne-
gotiationissuefrom anorganizationaperspectie. The MQ frame-
work quantifiesdifferentunderlyingmotivationalfactorsand pro-
videsthemeango comparehemvia amulti-attributedutility func-
tion. The MQ framewvork can supportsophisticatechegotiation
whereeachnegatiation issuehasMQ transferencassociatedvith
it. Let's usetaskallocationasanexampleof negotiationwherefor
eachtaskt allocatedto agentB, from agentA, certainMQs are
transferredfrom agentA to agentB. The conceptubmodel here
is that agentB is motivatedby the potentialincreasein its MQs
to performtasksfor agert A (note that this doesnot convert the
MQs to curreng asnot all agens may be interestedn saidMQs).
We will startwith asimple,abstracexample.In this model,when
agentB commitsto accomplishingaskt, basedon a contractthat
is mutually agreeduponby thetwo agentgformedeitherdynami-
cally or pre-defined)it is thenobligatedto performthetask.When
B successfullyaccomplishes, the agreeduponamouri of the MQ
will betransferredrom agentA to agentB. NotethatagentB must
actuallydecidewhetheror notit is interestedn performingt. This
evaluation donevia the MQ framevork and the associatedV/ Q
schedler. The evaluationusesagentB'’s preferencefor the MQ
in questionto determinethe the relative value of performingt for
agentA. This valuationprocessin turn, determinesgentB’s atti-
tudetowardthe negotiationof taskt.

In termsof specifics therearetwo typesof MQs that could be
transferredvith thesucceshil accomplishmetof taskt: goal related
MQ andrelational MQ. Theseclassesare conceptuband usedto
clearly differentiatemotivations for task performancefrom atti-
tudestoward negotiationissues— in reality, they areboth simply
MQs. GoalrelatedMQs areassociatedvith an agents organiza-
tional goalsand generallyincreasesn MQ volume have positive
benefitsto the agents utility. Note that the agents designerde-
termineswhich kinds of MQs the agenttracks (andis interested
in), definesthe agents preferencdor eachvia the utility functions



discusseaarlier anddeterminesow theserelateto theagen’'sor-
ganizationalgoals. In this work, we will assumehatthey do not
change during the agents life to simplify the experiments.When
dealingwith god_relatedMQs, the agentcollectsMQs for its own
utility increaseln thissenseagentB’s performancef taskt ismo-
tivatedby “self-interested’teasonsf paymetis via agoalrelated
MQ. Forexample taskt has3 unitsof MQ_x transferredvith it, and
for agentB, theutility curve of MQ_x is: u(x) = 2x, thatmeansthe
utility of agentB will increaseby 6 units by collecting 3 units of
MQ_x thoughperformingtaskt. AgentB decideswhetherto ac-
cepttaskt by reasoningabot its value relative to the costof the
resourcedt will expendin theperformancef t. In this case asthe
taskdoesnt consumeary MQs, theresourcesxpenditureis time or
in termsof opporturity cost. Becausehis reasoningprocessper
tainsto goalrelatedMQs, it is “self-interested’for theagents only
concensis its own utility increase.

Considera modifiedcase.Supposehatby having taskt accom-
plishedager A’sown utility increase®y 20 units. If agentB takes
this factinto consideratiorwhenit makesits decisionabouttaskt,
agentB is cooperative with agentA becauseagentB is alsocon-
cernedaboutagentA’s outcome(in additionto its own). If wewant
agentB to considerA’s utility, we needto introduceanotherMQ
designel to model B's (revised) preferencefor A to have a util-
ity increasealso. To reflectthe B’s attitudetoward A’s outcome,
we introducearelational MQ, the preferencdor which represents
how coopeative agentB is with agentA concering taskt. Let
M Q¢ betherelationalMQ transferredrom agentA to agentB
whenagentB performstaskt for agentA. SinceM Q¢ is arela-
tional MQ, its only purpcseis to measuregherelationshipbetween
agentsA andB. While agentB mayactuallyhave anorganizational
goalto accumulateM Qs of this type, in this paper for simplicity
of presentatiopwe will assumehatagentB doesnothave anorga-
nizationallevel goalto cooperatavith agentA. Accordingly, when
measuringhe utility of agentB toward problemsolving, we will
not considerthe utility prodwed by ary relationalMQs suchas
MQu,:- Likewisewith agentA. WhenagentA transfersM Qy, /+
to agentB, we will not tahulate the negative change in utility of
agentA becausé¢hechangan utility is notrelatedto problemsolv-
ing progres but is insteadrelatedthe transferof a relationalMQ.
Thereasonfor this appro&h is thatin this paperour performane
metric is social welfare asit is corventiorally used,which is in
termsof progresstoward joint goals. From this view, the utility
prodwcedby arelationalMQ canbe seenasvirtual utility. Though
M Q¢ producss virtual utility, is importantbecausét carriesthe
information of how importanttaskt is for agentA® andmalesit
possiblefor agentB to consicer agentA’'s outcone whenit makes
its own decisions. Actually, how MQ,, . is mappedinto agent
B’s (virtual) utility, meaningutility thatis notincludedin the so-
cial welfare computatiofi dependn how cooperative agentB is
with agentA. Supposehat 20 units M Q,,/; aretransferredwith
taskt, representinghe utility agert A gainedby having agentB
performtaskt, transferredo agentB, Figure2 shows four different
functionsfor mappingM @, /; to agentB’s utility.

Functiona, b andc areliner functions: U, (M Que/¢) = k *
MQba/t-

If k = l(a)!Ub(MQba/t) = MQba/t = Ua(t) (Ua(t) denotes

3|t is assumedhatagentsarehonestanddont lie abouttheimpor-
tanceof taskt.

*In remaindeof the paper we may omit theword “virtual” before
utility, but we know thatthis relational MQ only mapsinto virtual
utility thatis not realutility. In the experimenal work, neitherthe
agents utility northesocialwelfareincludesthevirtual utility from
relationd MQ

, Ub(MQbalt)
3 b a

1 2 3 MQbalt

Figure 2: differ ent mapping functions of M Qe+

the utility agentA gainedby transferringt), thenagentB is com-
pletely coopeative to agentA®;

If &> 1(b), Us(MQpayi) > MQpase = Ua(t), thenagentB is
accommalative to agentA;

If & < 1(c), Upy(MQpayt) < MQuaye = Ua(t), thenagentB is
partially cooperatre with agentA,;

If & = 0, Up(MQpay:) = 0, thenagentB is self-interested
with respectto agentA. In this case,if agentA wantsagentB
to do't, it needsto transferanotherkind of MQ (the goalrelated
MQ) to agentB, agentB and agert A can negotiate aboutwhat
type of goalrelatedMQ to transferandhow muchof it shoud be
transferredregardingof how andwhenagentB could accompish
taskt. In the following examplesandthe experimentalwork, we
assumethat the type and amountof the transferredgoalrelated
MQs arefixed and agentsdo not negotiate aboutthem,sowe can
emphasison demorstrating how the relational MQ works. Ac-
tually, this framevork can accommodte negotiation amongself-
interestecagentsaswell.

Themappingfunctioncouldalsobeanonlinearfunction (d) that
describesa more complicatedattitudeof agentB to agentA, i.e.,
agentB beingfully cooperatie with agentA for someperiodand
thenbecomingself-interestedAn agentcanadjustthe utility map-
ping function to reflectits relationshipwith anotheragen, which
could beit's administratorcolleague friend, client or compsitor.
By adjustingsomeparameterén the mappingfunction, moresub-
tle relationshipcould be managedThe agentcould differentiatea
friendly colleagugrom anunfriendy colleaguealsoit coulddrav
distinctionsbetweena bestfriend andanordinaryfriend.

DifferentfromthegoalrelatedMQs, whicharebuilt by theagents
designeandwhoseutility curvesarenotchangingtheutility curves
of therelational MQs canbe adjustedby the agentdynamicallyto
reflectits dynamicrelationshipswvith otheragents.The agents at-
titude towards anotheragentcould be “issue-specific”; given an
agentcould play multiple roles,therecould be differentissuesne-
gotiatedbetweenagentsandthe agentsshouldselectdifferentat-
titude accordirg to whatissueis negotiated. For example,for the
colleagues requestto contribute to a sharedprofessionajob and
for thesamecolleagues requesfor aride,evenbothrequestg€ome
from the sameagent the agent’s attitudecould be different.

51t should be noticedthat the relationshipbetweenagentsis not
symmetric thefactthatagentB is completely-coperatve to agent
A doesnot imply thatagen A is also completely-coperatie to
agentB.
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How cananagentchoo its attitudetoward otheragentsn such
a compl organizationcontext? We are not planningto present
a detailedsolution to this questionin this paper but we feel that
the agentshoulddynamicdly adjustits attitude by analyzingthe
otherparty, theissuein negotiationandits currentproblem-solving
status.The following informationshouldbe consideredn this de-
cisionmakingprocessWho is theotheragent?”,'How is its orga-
nizationalgoalsrelatedto mine?”,“What is its objective?”, “What
is its relationshipto me?” andsoforth. Someof this information
canbelearnedfrom experierce[11].

In theMQ framework, theMQ scheduleenablegheagentto op-
timize its scheduleandmaximizeit local utility. While the frame-
work directly supportsthe conaept of relational M Qs and being
motivatedto cooperateon that basis,the useof M Q transference
in this paperextendsthe MQ framework to interconrectthe local
schedling problemsof two or moreagentsin a dynamicfashion
(basedon the currentcontext). Prior to this work, no meaningful
work hadbeendonein M@ transferencer theimplicationsof it.

In this sectionwe introducean exampleof athree-agensociety
andshav how the integrative negotiation mechanisnworks using
the MQ framawork.

4. THE SCENARIO

Therearethreeagentdn this societyasshowvn in Figure3:

1. ComputeProduceAgent(c): receivestask‘ProduceComputer”

from outsideagent(whichis notconsideedin thisexample).
Figure3 shavsthatto accompish task“ProduceComputer”,
ComputerProducerAgent needsto generatean externalre-
questfor hardware (“Get. Hardware” task),andalsoneedgo
ship the compuer (“Shipping Computer”)througha trans-
portagent.

. HardwareProduceAgent(h): recevestask‘Get Hardware”
from ComputerProducerAgent, it alsorecevestask“Pur-
chaseParts”from outsideagent.

. TransportAgent(t): recevestask"Shipping Computerfrom

ComputeProduceAgent,it alsorecevestask“Shipping Product”

from outsideagents.

In thisexample every agentcollectsthesameypeof goal related
MQ: “MQ_$". The utility curve for “MQ_$" is: utility(z) = =z,
every agentusesthis samefunction. Eachtaskthat the agentre-
ceivesincludesfollowing information:

e deadline(dl): thelatestfinishtime for thetask.

e reward (r): if thetaskis finishedby the deadline the agent
will getrewardr (whichis r units“MQ _$").

e earlyfinish reward rate (e): If the agen canfinish the task
by thetime (ft) asit promisedin the contract,it will getthe
extra early finish reward: max (e*r*(dI-ft), r)® in additionto
therewardr.

Hardware ProducerAgent receves “PurchaseParts” task from
outsideagentwith x units MQ_$, x is a randomnumbervarying
from 2 to 10. ComputerProducerAgent haslong-termcontract
relationshipswith Hardware ProducerAgentand Transpaet Agent:
its “Get_Hardware” taskalwaysgoesto Hardware ProducerAgent
with a fixed reward of 3 units MQ_$, andits “Shipping Product”
taskalwaysgoesto Transpet Agentwith a fixed reward of 3 units
MQ_$. Every “ProduceCompuer” taskcomesto ComputerPro-
ducerAgent with a reward of 20 units MQ_$, if it is finishedby
its deadline, ComputerProducerAgentwould have its local utility
increasedby 14 units. Assumetask“Get Hardware” and “Ship-
ping_Product” have the sameimportance the accompishmentof
eachtaskwould resultin 7 unitsutility increaseor ComputerPro-
ducerAgent. This informationis reflectby the 7 units M Q.,
transferredwith task“Get. Hardware” and 7 units M Q. trans-
ferredwith task“ShippingProduct”.Mth/t7 is arelationalMQ
introducedto reflectthe relationshipof Hardware ProducerAgent
with ComputerProducerAgent conceriing taskt. Thetransferred
"MQ_hc/t" with the task representdhe utility increaseof Com-
puterProducerAgent by having this taskaccomplishedHow it is
mappednto HardwareProducerAgent's virtual utility depermson
Hardware ProducerAgent’s attitudetowardsthe utility increaseof
ComputerProducerAgent regardingtask “Get. Hardware”. If the
“ProduceComputer”task could be finishedearlierthanits dead-
line, ComputerProducerAgent could get more than 20 units re-
ward. Theextrautility increasecouldbe estimatedandreflectecby
morethan7 unitstransferredMQ_hc/t’ or "MQ_tc/t’ for the other
two agents. Supposehe following taskis received by Computer

SFor eachtime unit the taskfinishesearlierthanthe deadline the
contracteeagentgetextra reward is e*r, but the total extra reward
would exceedtherewardr.

"Similarly, M@,/ is arelationalMQ thatreflectstherelationship
of TransporiAgentwith ComputeProducerAgentconcerningask
t. Detaileddiscussioraboutit is omittedhere.



ProducerAgent:

taskname: PurchaseComputerA

earlieststarttime: 10

deadine: 70

reward: 20 unitsMQ_$

early finishreward rate: e=0.01

Throughthe reasoningof the MQ scheduler ComputerProducer
Agentdecidedo accepiit andfinishit by time 40 (it leaves4 units
slacktime) to earnextraearlyreward6 ((70 —40) x 0.01  20) units
MQ_$. Its local utility increasedy 20 units afterthe accomplish-
mentof this task. Hencethe follow two taskrequestsare sentto
Hardware ProducerAgentandTransportAgentrespectiely:
taskname: GetHardware A

earlieststarttime: 10

deadine: 20

reward: 3 unitsMQ_$, 10 units"MQ _hc/t”

earlyfinishreward rate: e=0.0%

taskname: ShippingComputerA

earlieststarttime: 30

deadine: 40

reward: 3 unitsMQ_$, 10 units"MQ _tc/t”

early finishreward rate: e=0.01

In this example, we look at three different attitudeswith a liner
function: Upa (M Qpeyt) =k % MQpe s

1. k=1, HardwareProducerAgentis completely-coperatve to
ComputerProducerAgentregardingtask“Get. Hardware”.

2. k=0.5,HardwareProducerAgentis partial(half)cooperative
to ComputeProduceAgentregardingtask‘Get Hardware”.

3. k=0, Hardware ProducerAgent is self-interestedo Com-
puterProducerAgentregardingtask“Get_ Hardware”.

Now we canlook athow thesedifferentattitudesaffectthe nego-
tiation proces®f HardwareProduceAgent. Supposé¢herearetwo
other tasks“PurchaseParts A" and “PurchasePartsB” receved
by Hardware ProducerAgentbesidedask“Get Hardware A", fol-
lowing threetasksaresentto theMQ Schedulefsuppaetheinitial
MQ setis empty):
taskname: GetHardware A
earlieststarttime: 10
deadine: 20
procesgime: 10
MQPS: [MQ_$,3], [MQ_hc/t, 10]
taskname: PurchaseParts A
earlieststarttime: 10
deadine: 30
procesdime: 10
MQPS: [MQ_$4]
taskname: PurchaseParts B
earlieststarttime: 10
deadine: 20
procesdime: 10
MQPS: [MQ_$9]

If Hardware ProducerAgent is completely-coperatve to Com-
puter ProducerAgent, the bestMQ scheduleproducedis as fol-
lowing:

[10, 20]Get_-Hardware_A, [20, 30| Purchase_Parts_A
HardwareProduceAgentwill have 7 unitsutility increasefterthe
accompishmentof this schedle. If Hardware ProducerAgentis
self-interestedo ComputerProducerAgent,the bestMQ schedile

8 AssumeComputerProducerAgent assignshe sameearly finish
rewardrateto thistaskasthetask“ProduceComputer”it receves.

produedis asfollowing:

[10, 20]Purchase_Parts_B, 20, 30| Purchase_Parts_A
Hardware ProducerAgent will have 13 units utility increaseaf-
ter the accomplishmenof this schedle. If Hardware Producer
Agent is half-cooperative to ComputerProducerAgent, the best
MQ scheduleproduceds the sameasabove. However if taskPur
chaseParts B comeswith 7 unitsMQ_$ insteadof 9 units,thebest
MQ schedle prodwcedis asfollowing:

[10, 20]Get_Hardware_A,[20, 30| Purchase_Parts_A
HardwareProduceAgentwill have 7 unitsutility increasefterthe
accomplishrentof this schedle.

Thesimilarreasoningprocesss alsoappliesto TransportAgent.
Above exampe shavs how anagentreactin a nggotiationprocess
depermls on its attitudetowardsthe other agentregardingthis is-
sue,andalsois affectedby the othertaskson it agend. The more
coopeative anagentis, it would sacrificemore own utility for the
otheragents utility increase.This integrative negotiationmecha-
nism doesenablethe agentto manageand reasonabout different
coopeative attitudeit could be with anotheragentregardinga cer
tainissue.

5. EXPERIMENT

The examplein Section4 shawvs thatanagentneedso sacrifice
someof its own utility to be coopeative with anotheragent. The
questionis: Could cooperatie agentsmale the social welfaré!
better? Is it always true that a cooperatie ager could improve
the socialwelfare?Whenshouldan agentbe cooperatie andhow
coopeative it shouldbe?

To explorethesequestionsfollowing experimentalvork aredone
basedbn thescenariadescribedn Sectiord*?. HardwareProducer
Agent haschoicefrom threedifferentattitudestoward Computer
Producerdgent: completely-caperatve (C), half-cooperatie (H),
and self-interestedS), also TransportAgent hasthe samethree
choices,so totally thereare 9 combinatiors: SS (both agentsare
self-interested) SC (Hardware ProducerAgent is self-interested
while TransportAgentis completely-coperatie), SH (Hardware
ProducerAgent is self-interestedvhile Transpat Agentis half-
coopeative),HS,HC, HH, CS,CH, CC. Thedatais collectedover
48 groupsof experimerts;in eachgroupof experimeris,theagents
work on the sameincomingtask setunderthe nine differentsitu-
ations. The tasksin eachsetsfor eachgroup experimert areran-
domly generatedvith differentrewards,deadlinesandearlyreward
rateswithin certainranges

Tablel shows the comparisonof eachagents utility andthe so-
cial welfare underthesedifferentsituations.The percentageum-
bersarethe normalizedutility numbershasedon the utility gained
whenagentis self-interestedTable 1 shavs thatwhenboth Hard-
wareProducerAgentandTransportAgentarecompletely-coperative
to ComputerProducerAgent (CC), the societygainsthe mostso-
cial welfare.Evenwhenbothagen areonly half-coopeative (HH),
the socialwelfareis still very good. However, whenoneagentis
completely-coperatve, anotheragentis self-interestedCS, SC),
the social welfare doesnot improve much compaed to both be-
ing self-interested SS) case. The reasonis that, in this exam-
ple, to accomflish task “ProduceComputer” requiresboth task

1Social welfare refersto the sum of the utilities of all the agent
in the societywhich is consideredi.e. in abose example,the so-
cial welfareis the sum of the utiliti es of the threeagents:Com-
puterProducerAgent, Hardware ProducerAgent, and Transport
Agent.

12The experimentsare performedin the MASS simulatorerviron-
ment[4], and the agentswere built using the JAF agentframe-
work[15]



Table 2: resultsfr om statistical tests

Utility of Computer| Percentage Utility of Hardware | Percentage Utility of Percentage Social | Percentage
ProducerAgent ProducerAgent TransportAgent Welfare
SS 218 1.000 575 1.000 856 1.000 1649 1.000
CC 842 4.08 415 0.72 766 0.90 2022 1.23
HH 587 2.84 493 0.86 806 0.94 1886 1.14
SC 301 1.41 587 1.02 798 0.93 1686 1.02
CS 469 2.24 364 0.63 839 0.98 1672 1.01
HS 390 1.87 467 0.81 845 0.99 1702 1.03
SH 292 1.36 585 1.02 815 0.95 1692 1.03
HC 632 3.06 500 0.87 772 0.90 1905 1.16
CH 761 3.68 405 0.70 802 0.94 1967 1.19
Table 1: comparisonof performance

Object | Numberto Compare| Ho Ha Result Alpha p

CC-SSs 330 =330 | > 330 RejectHo 0.01 | 0.008

HH - SS 180 =180 | >180 RejectHo 0.01 | 0.00(8

SC-SS 0 =0 >0 Fail torejectHo | 0.01 | 0.01A

CS-SS 0 =0 >0 Fail torejectHo | 0.01 | 0.0965

“Get Hardware” andtask“Shipping Computer”to be successfully
finished. Whenone agentis completely-coperatve, it sacrifices
it own utility, but task“ProduceComputer’may still fail becase
theotheragentis not cooperatie, theutility of ComputerProducer
Agentdoesnotincreaseasexpected andtheglobalutility doesnot
improve. Thishapp@swhenthecompletionof ataskis spreacbver
more than two agents,the information from ComputerProducer
Agentaboutits utility increasés only anestimationjt depend not
only on task “Get_ Hardware” for Hardware ProducerAgent, but
alsorelieson task“Shipping. Computer”for Transpat Agent. In
this situation,if HardwareProducerAgenthasno knowledgeabout
the attitude of TransportAgent, it may not be a goodideato be
completely-coperatve towardsComputerProduceAgent. Above
dataalsoshownstheutility of TransportAgentdoesnotdecreaseas
muchasHardwareProduceAgentwhenit become cooperatie or
half-cooperative, the reasoris following. In the experimentsetup,
task “Shipping. Computer”takes lesstime than “Get. Hardware”,
soit is possiblefor TransportAgentto acceptmoretaskswithout
losing certainhigh reward tasksfrom outside.

Table 2 shovs somestatisticalresultsabou the differencebe-
tweenthe socialwelfareunderdifferentcooperatie situationsus-
ing t-test. For example,thefirst line in Table2 shavs thatwith the
0.01Alpha-level, we canacceptthe statementhatthe socialwel-
fareof thesystemwhenbothageris arecooperatie is atleast20%
betterthanwhenbothagentsareself-interested.

Table3 shavstheexpectedutilities of HardwareProduceAgent
andthe expectedsocialwelfareunderthe threepossiblesituations:
whenHardwareProducerAgentis self-interestedcompletely- co-
operatve and half-cooperatve. When Hardware ProducerAgent
chocsesoneattitude, TransportAgent may adoptone of the three
differentattitudes. For example,whenHardware ProducerAgent
choasesto be self-interestedthe global situationcould be SS,SC,
or SH. The utility numbe in the table in the expectedvalue of
the utilities underthesethreedifferent situations. Table 4 shawvs
the similar informationfor TransportAgent. Table 3 tells us that
when a cooperative operationinvolves more thantwo agentsand
whenthe otheragents’attitudesare unknown, being completely-
cooperative meanssacrificingits own utility significantlyandthus
not a good idea. However, it is a good choice for an agentto
be half-cooperative, in orderto sacrificelessown utility for more

global utility increase. For the TransportAgent which doesnot
needsacrificetoo muchto be completely-cooprative, it shoud al-
wayschooseo becompletely-coperatie.

6. RELATED WORK

Glassand Grosz[3] developed a measureof social conscios-
nesscalled “brownie points” (BP). The agentearnsBP eachtime
whenit choosesot to default a grouptaskandlosesBP whenit
doesdefault for a betteroutsideoffer. The default of a grouptask
may causethe agentreceves group tasksof lessvaluein the fu-
ture, hencereducests long term utility. The agentcountsBP as
partof it overall utility besidethe monetaryutility. A parameter
BPuweight canbeadjustedo createagentswith varying levels of
social consciousass. This relatesin concep to our utility map-
ping function of therelational MQ could be adjustedo reflectthe
agents differentattitudein negatiation. However, the relational
MQ is agent-orientedand issuespecific, so the agentcan model
differentattitudestowards eachagentand negotiationissue. Ad-
ditionally, the mappirg function canbe a nonlinearfunction and
describea morecomplicatedattitude. Their work assumeshereis
a centralmechaism controlling the assignmenbf grouptasksac-
cordingto agen’s rank (agents previous default behaior), which
is notalwaysappropriatedor anopenagentervironmert. Instead,
in ourassumptionagentsareall indepemientandthereis no central
controlin the society

Axelrod’s work [?] hasshawvn stablecoopeative behaior can
arisewhen self-interestingagentsadop a reciprocateattitudeto-
ward eachother The agentcooperatewith otheragentwho has
coopeatedin previous interaction. The ideaof the reciprocityis
relatedto our work if the relational MQ is usedin two directions
betweemagentsagentA collectsomerelational MQ from agentB
andin the future the accumulatedelational MQ could be usedto
askagentB do somework for it, in this way, the relational MQ
actuallyworks asa quantitatve measuref reciprocity Sendevel-
opeda probabilisticreciprocitymechanisnj11] in whichtheagent
K choosego helpagent] with certainprobability p andp is calcu-
latedbasedon the extra costof this cooperatiorbehaior andhow
much effort it owns agentJ becauseagentJ hashelpedit before.
Therearetwo parametersn the formula for calculatingp which
canbe adjustedsothatthe agentcanchoosea specificcooperation



Utility of Hardware | Percentage SocialWelfare | Percentage
ProducerAgent
Self-Interested 583 1.0 1679 1
Completely-Coperatve 395 0.68 1887 1.13
Half-Cooperatie 487 0.83 1831 1.09

Table 3: the utility of Hardware Prod

ucer Agent and the socialwelfare

Utility of Transport| Percentagg SocialWelfare | Percentage
Agent
Self-Interested 847 1.0 1675 1.0
Completely-Coperatve 803 0.95 1846 1.10
Half-Cooperatie 818 0.97 1751 1.05

Table4: the utility of Transport Agent and the socialwelfare

level. However, this work assumeshat cooperationalwaysleads
to aggre@ategainsfor the group,andit wasbasedon a known cost
function- thatis, they know how muchextrait will costthento do
X for anotheragent.Neitherof thesetwo assumptiongs necessgy
in our work. Also our work dealswith more comple< andrealis-
tic domairs wheretaskscarry real-time constraintsand thereare
potentiallycomple interrelationshipamongtasksdistributedover
differentagents.

Otherrelatedwork includesthe cooperatie negotiation work on
taskallocation[16],wherethe agentsusethe mamginal utility gain
andmamginal utility costto evaluateif it worthto accep ataskcon-
tractin orderto increasethe global utility. However in this work,
the agentactsasin a“completely-cmperatve” modedescribedn
this paperthereis no choiceon how cooperatie it wantto be.

7. CONCLUSION AND FUTURE WORK

We introducean integrative negotiation mechanismwhich en-
ablesagentso manag all kinds of negotiationattitudein the spec-
trum from self-interestedo completely-coperate in a uniform
reasoningframewvork, MQ framewvork. The agentnot only can
chocseto be self-interestedr cooperative, but could choosehow
cooperatve it wantsto be. This provides the agenta capability
to dynamically adjustits negotiation attitudein a complex agent
society Experimentalwork shavs it may not be a good ideato
always be completely-coperatve in a cooperationoperationin-
volvesanunknownagents assistancen thatcase choosingto be
half-cooperatve maybegoodfor boththeindividua agentandalso
for thesociety In thefuturewe planto exploreadditionalquestions
usingthis framework, suchas: how shouldan agentchooseit ne-
gotiationattitudebasedon its learningfrom pastexperien@? How
doesdifferentattitudesaffectsthe agents performane andthe so-
cial welfarein differentorganizationatontexts? andsoforth.
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