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Abstract

Available resources can often be limited with regard to the number of demands. In this
paper we propose an approach for solving this problem which consists of using the mech-
anisms of multi-item auctions for allocating the resources to a set of software agents. We
consider the resource problem as a market in which there are vendor agents and buyer
agents trading on items representing the resources. These agents use multi-item auctions
which are viewed here as a process of automatic negotiation, and implemented as a net-
work of intelligent software agents. In this negotiation, agents exhibit different acquisition
capabilities which let them act differently depending on the current context or situation of
the market. For example, the ”richer” an agent is, the more items it can buy, i.e. the more
resources it can acquire. We present a model for this approach based on the English auction,
then we discuss experimental evidence of such a model.
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1 Introduction

1.1 AgentandMulti-agentSystems

Thesteadilyincreasinginterconnectionof devicesraisesmany researchissueswith
regardsto thewaysin which all thesedistributedmachinescaninteracteffectively
with otherhumansor machines.Artificial intelligenceand softwareengineering
have a role to play in how the computerscan interact in a ”rational” way. Sev-
eral groupsof researchersproposeautonomousagentsfor addressingthis big is-
sue.Autonomousagentsare software systemsthat are capableto independently
acton open,unpredictableenvironments.They areconsideredasa new paradigm
for developingsoftwareapplicationsinvolvingartificial intelligencetechniquesand
distributedcomputing.
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Indeed,agenttechnologyis a significantareaof interestfor suchapplicationsas
telecommunications,informationmanagement,Internetsearchengines,electronic
commerce,computergames,interactivecinema,informationretrieval andfiltering,
userinterfacedesign,industrialprocesscontrol, planningand logistics,etc. The
successfuladoptionof thistechnologyin all theseareaswill haveaprofoundimpact
both on industry, andalsoon the way in which future computersystemswill be
conceptualizedandimplemented.

At present,thereismuchdebateaboutwhatagent-hoodisexactly, andthereisnoth-
ing approachingaconsensusasit is generallythecasefor any new field. However,
anincreasingnumberof researchersdefineagentsasbeing:

(1) situatedor embeddedin a particularenvironment;
(2) designedto fulfil specificroles;
(3) clearly identifiableentitieswith well-defined(andlimited) resourcesandin-

terfaces;
(4) autonomousin thesensethatthey havecontrolover theirbehavior;
(5) capableof exhibiting flexible behavior which canbe reactive, proactive, so-

ciableor persistent.

In thecontext of concurrentanddistributedsystems,it becomesobviousthatasin-
gle agentis insufficient. Many applications,if not mostof them,requiremultiple
agents,calledalsomulti-agentsystems(MAS). In suchsystems,knowledge,action
andcontrolaredistributedamongtheagents,whichmaycooperate,competeor co-
exist dependingonthecontext in whichthey operate.Accordingto Weiss[1], there
aretwo mainreasonswhich drive forcesbehindthegrowth of theMAS paradigm
in recentyears.

The first is that multi-agentsystemshave the capacityto play a key role in cur-
rentandfuturecomputerscienceandits application.Moderncomputingplatforms
andinformationenvironmentsaredistributed,large,open,andheterogenous.Com-
putersareno longerstand-alonesystems,but have becomecloselyconnectedboth
with eachotherand their users.The increasingcomplexity of applicationsoften
leadto thedesignof ”individual” softwareagentsinsteadof a largeentitywhich is
in generallessflexible. ThetechnologythatMAS promisesto provide,areamong
thosethat are urgently neededfor the Internet,telecommunications,TV-web, e-
commerce,e-business,etc.

Thesecondreasonis thatmulti-agentsystemshave thecapacityto play animpor-
tantrole in developingandanalyzingmodelsandtheoriesof interactivity in human
societies.

Thesetwo reasonscombinedshow the relevanceof MAS for understanding,im-
plementingand operatingcomplex socio-technicalsystemsas representedby e-
businesssystems.
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In this paperwe proposea modelfor multi-item auctionswhich hasa strongrela-
tionshipto theefforts in building multi-agentsystems.Westartfrom theinteractiv-
ity betweenhumansin a market,speciallyfor themulti-itemsell/buy negotiations,
andwe try to realizeit undertheform of a negotiationbetweensoftwareagents.

1.2 Auctions:FromEconomyto theAutomaticNegotiation

Auctionsarea market mechanismalreadyintroducedin theancientworld. Tradi-
tionally, they allow selling rareandunusualgoods,andapply in situationswhere
a more conventional”market”, in which buyersconsiderthe price as given, do
not exist. A large informal body of knowledgeon auctionshasbeenin existence
for centuries,anda moreformal, gametheoreticanalysisof auctionsbeganin the
1960’swith thepioneeringwork of Vickery [2]. Thefield of micro-economicsand
gametheorythatstudiestheseandrelatedissuesis oftencalled’mechanismdesign’
or ’implementationtheory’. An introductionto this field canbe found in the text
books[3,4].

With thewidespreadavailability of theInternetande-commercetechnologies,eco-
nomistshavestartedto considerauctionsasanimportanteconomicmodel.Indeed,
thetheoryof auctionsexhibits many interestingfeaturesat thepractical,empirical
and theoreticallevel. Paul Klemperer[5] gives threereasonswhy the theory of
auctionsis relevantto economists:

(1) A growing numberof largevolumetransactionsarerealizedthroughauctions.
Examplesincludethe many auctionsorganisedby governments[6], the en-
terprisewide electronicprocurementsystemsfor all sortsof goods,or the
electronicauctionmarketssuchasEBay[7,8].

(2) Auctionsoffer relatively simplemechanismsin awell definedeconomicenvi-
ronment.They offer thusto economistsa vastfield for experimentalresearch
allowing to obtainempiricalresultsthatcanbesuitablyvalidated.

(3) The theoryof auctionshasalreadyrevealedmany scientificresultsin econ-
omy, which have allowedto developnew methodsfor pricing in competitive
markets.Moreover, it hasalsohelpedto furtherunderstandcomplex negotia-
tion mechanismsbetweenvendorsandbuyers.

Recently, wehavenotedagreatrisein thepopularityof auctionsof varioustypes[9].
This developmentoccurredin many settings:in governmentprivatizationsand
rightsallocation(mostfamousis theFCCspectrumright auctions[6]) [10,11]; in
themany Internetauctionsites[7,8]; in theusageof techniquesfrom auctiontheory
for computationalresourceallocation[12]; in computerizedagentsystems[13,14];
andcurrenttrendsin B2B e-commerce[15].

Besidesthe researchon auctionmechanismsundertaken in economicsandopera-
tionsresearch,thetechnologynecessaryto implementelectronicauctions[16–18]
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is a researchissueon its own. Agent technologyhasalreadybeenappliedin dif-
ferentwork [19–22].Thispaperconcentrateson theapproachof applyingonagent
technologyin e-commerce.

The applicationof the multi-agentparadigmto auctionscanbe viewed from two
differentpointsof view:

(1) Themechanismsof anauctioncanbedefinedasa resourceallocationprob-
lem to a setof agents.Theavailableresourcesarelimited with regardto the
numberof demands.Theproblemmaythusbedescribedasamarket in which
therearevendoragentsandbuyeragentswhich tradeon itemsrepresentedby
theresources.Theseagentsexhibit differentacquisitioncapabilitieswhich let
themactdifferentlydependingon thecurrentcontext or situationof themar-
ket. For example,the ”richer” anagentis, themoreitemsit canbuy, i.e. the
moreresourcesit canacquire.

(2) Theauctionscanbeviewedasaprocessof automaticnegotiationimplemented
asanetwork of intelligentagents.Buyerandvendoragentsinteractin anelec-
tronic market environmentto tradeitems.Suchan approachis for example
representedby AuctionBot[23]. Alternatively, auctionsmayform anintegral
partof amulti-agentarchitecture.An exampleof thisapproachis represented
by the NetSA architecture[24]. In this architecture,supervisoragentsasso-
ciatedwith institutionsoffer a sameproductin competitionwith eachother
applyingauctionmechanismsin orderto offer to a useragentthe bestprice
for theproduct.

The work presentedin this paperfocuseson the secondapproachwhereauctions
areconsideredasaprocessof automaticnegotiationapplyingthemulti-agentpara-
digm.In thenext section,weexplainhow weseeauctionsfor automaticnegotiation
betweenagents.Section3 presentsa modelfor multi-item auctions.The strategy
andequilibrium conditionsof the auctionprocessrelying on this modelarepre-
sentedandanalyzedin Section4. The following sectionpresentsan implementa-
tion of the model.The simulationresultsof threetypical casesarepresentedand
discussedin Section6. Finally, weconcludethepaperin Section7.

2 Auctions for automatic negotiation

2.1 Market framework

An environmentwherevendorsandbuyersmeetwith thegoalto sellandbuy goods
is commonlycalleda market.As therearemany differentinterpretationsof whata
market is, suchan environmentshouldratherbe calleda market framework. Fig-
ure 1 shows an exampleof sucha framework [25–27].Therearefour casespre-
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sented:

(1) One vendor and one buyer directlynegotiatein the classical sense;
(2) Multiple vendors and one buyer are engaged in areverse auction;
(3) Multiple buyers and one vendor are engaged in a classicalauction(English,

Dutch, Vickery, etc.);
(4) Multiple buyers and vendors trade in amarket.

Fig. 1. A market framework example.

The distinction betweennegotiations,auctionsand markets is, however, not so
strict. This roughclassificationleaves thereforroom for variationssuchascom-
binednegotiations[28], synchronousopenauctions,andcombinatorialauctions.
Moreover, combinationsarealsopossible:onecan imaginea modelwhereauc-
tionsareusedasa mechanismfor automaticnegotiationin electronicmarkets.In
the following, a modelfor this combinationapplyingthemulti-agentparadigmis
presented.

2.2 Auctionsandautomaticnegotiation

Economicmodelshavebeenadoptedin variouswork ontheproblemof negotiation
andresourceallocationin multi-agentsystems.Ferguson[29] justifiesthis choice
by theavailability of themany mathematicaltoolsrelatedto numericaleconomics.
Evidently, thesetools are of greatvalue when resolvingthe resourceallocation
problemin complex informationsystems.

Negotiationis centralto any commerceandmarket. It canbedefinedas“Mecha-
nismthat allowsa recursiveinteractionbetweena principal and a respondentin
theresolutionof a gooddeal” [30].
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In [13], S. Rosencheinand G. Zlotkin proposefive attributesthat are necessary
for a ’good’ negotiationmechanism:efficiency, stability, simplicity, distributivity
andsymmetry. Thesecharacteristicscanall befoundwhenconsideringanauction
modelfor automaticnegotiation:

Efficiency. To show theefficiency of an auctionis often very difficult, if not im-
possibleto undertake without imposingsevererestrictionssuchasindependent
privateevaluations,risk neutrality, homogeneousbuyers,independentproducts
to sell,etc.However, theserestrictionsarequitestraightforwardto implementin
amulti-agentsystem.Indeed,theagentsareoftenconsideredasrationalentities
seekingto maximizea well definedutility function basedon preciserules.By
imposingon anarchitecturestrict socialrelationsbetweenthedifferentbuyers,
a simpleauctionmodelcanbedesigned,which follows thesimplifying restric-
tions.Thiswill assuretheefficiency of theproposedauctionmechanism.

Stability. An obviousmethodto achievestability is to forbid anagentto cancelor
reconsideroffersoncethey havebeensubmitted.

Simplicity. Auctionmechanismsarein generalquitesimpleto implement.This is
in factoneof their strength.Consideringthenumberof messagesto communi-
cate,theonly communicationsnecessaryaretheoffersandtheresponsesof the
vendor.

Distributivity. At first sight, distributivity is only partially fulfilled: while there
aremultiple (independent)buyers,the vendoror auctioneeris a centralentity.
However, in a more complex environment,i.e. a market, differentbuyersand
vendorsmaynegotiate.In suchanenvironmentthereis no globalcentralentity
anymore.Thevendorsmayeitheractindependentlyor coordinatetheiractivities.
Thisallowsfor multiplesimultaneousauctions.

Symmetry. The symmetryis easily achieved by assuringthat all participating
agentshave accessin the sameway to all information available to them.No
agentwill thusbeprivilegedwith regardto others.

Thereare other characteristicsof auctionssupportingthe applicationof auction
mechanismsfor automaticnegotiation.An auctionrestrictsthe negotiationvari-
ablesessentiallyto thepriceandthequantityin caseof multiple items.Moreover,
an openauctionallows the agentto review his offers, and if the auctionis pub-
lic, to refinethemby analyzingtheoffersof otherparticipantsandby considering
theauction’s evolution.Thenegotiationstrategy maythusbeadaptedaccordingto
the rulesof themarket. Finally, an auctionnegotiatesa mutuallyacceptablesolu-
tion for boththevendorandthebuyerwhile themarket forcesalonedecideon the
negotiationtermination.Theuseof auctionsasa mechanismfor automaticnegoti-
ationandfor resourcere-allocationin multi-agentsystemswasdemonstratedby T.
Sandholm[31,32].

The previous discussionshows that auctionsareappropriatefor automaticnego-
tiations.Auctionsmay alsobe appliedto efficiently designa market framework.
However, somedifferencesbetweennegotiationsandauctionswith regardto elec-
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tronic commerceapplicationscanbe identified[20]. The participantsof an elec-
tronic auctioncannotmake mutualconcessionsor agreements.Suchanauctionis
thus not consideredas a mechanismfor negotiation.This is however only true,
if the negotiationis restrictedto only onedimension,i.e. the currentprice of the
item in the auction.If moredimensionssuchasquantityandquality areconsid-
ered[33], auctionsmaybeconsideredasnegotiationmechanismswherethebuyers
might make concessionson oneor theotherdimensionin orderto favor onespe-
cific dimension.Dually, thevendormight operateon thedifferentdimensionsand
dynamicallyadjustthesellingstrategy in theauction.Themulti-itemauctionmodel
presentedin thenext sectionis basedon theseconsiderations.

3 A Multi-item auction model

We areinterestedin auctionsthat includemultiple identicalitems.Most work on
multi-item auctionssupposetwo simplifying conditions:the quantityof itemsto
sell is fixedaswell asthequantitiesrequestedby thebuyers.Thesetwo hypothesis
do not meetthe requirementsof many situationswhereauctionsareused.Leng-
weiler [34] for exampleproposesanauctionmodel,wheretheavailablequantityis
not fixed. It canthereforechangeduring the auctionasit is for examplethe case
for stockvalues.Theapproachproposedhereis inspiredfrom Lengweiler’smodel,
andit is basedon anEnglishauctionwith multiple items,privateevaluationsand
variablerequestedquantities.

Considera multi-item auctionwith one single vendorand a finite numbern of
buyersor agentsA1; : : : ; An. A quantityQ of identical items is available to be
sold.EachbuyerAi wishesto acquireaquantityqi of itemswith:

nX
i=1

qi > Q (1)

The amountsof money or budgetsVi; i = 1; : : : ; n of then buyersareextracted
from arectangularuniformdistributionF (V ) on theinterval [Vmin; Vmax] where

Vmax � Vmin > 1 (2)

Thisdefinesamodelof private,independentvaluations.Thechoiceof arectangular
uniform distribution is a simplificationof the morecomplex andrealisticmodel.
Given thatF is rectangularanduniform,thefollowing holds

F (Vi) =
1

Vmax � Vmin

(3)
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Becausethe itemsareidentical,eachbuyerAi allows thesameamountof money
vi for all theitemsit wantsto acquiresuchthat

Vi = (vi � qi) (4)

The participantsin the auctionsubmit their offers as if they would desireto ac-
quirejustonesingleitem.Their respectivedesiredquantitiesqi areunknown to the
vendor. Let bi the functionof submissionoffersdescribingtheauctionstrategy of
buyerAi dependingon its budgetVi andthedesiredquantityqi of theitem i:

bi = b(Vi; qi); i = 1; : : : ; n (5)

Notethat thebuyermaydecideto decreasethedesiredquantityduringanauction
in orderto increasehispossiblebid of theitem i accordingto

v
0

i
=

vi

q0
i

(6)

wherev0
i

is thenew amountof money allowedto an item by buyerAi, andq0
i

the
new quantitydesiredwith q

0

i
< qi.

Supposefor examplethatbuyerAi hasaglobalevaluationVi = 100 for thedesired
items.If this buyerasksfor a quantityof itemsqi = 10, theamountof money he
shallallow to eachitemwouldbe:

vi =
Vi

qi
=

100

10
= 10

If the buyer decidesto decreasethe quantityasked for to q
0

i
= 5 items,the the

amountof money vi allocatedto eachitem is calculatedasfollows:

v
0

i
=

Vi

q
0

i

=
100

5
= 20

At theendof theauction,buyerAi receives �qi itemssuchthat:

�qi = qi if Q�

P
j:bj>bi

qj � qi

�qi = Q�

P
bj>bi

qj if 0 < Q�

P
j:bj>bi

qj < qi

�qi = 0 if Q�

P
j:bj>bi

qj � 0

(7)

Indeed,thequantity�qi obtainedby buyerAi dependson thedemandsof theother
buyersAj having submittedoffersbj superiorto hisoffer bi. Thequantitiesof those
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buyersarethus
X

j:bj>bi

qj

The last winning buyer Ai may thus have his demandpartially satisfiedby the
remainingquantitynot sold to theothers.For example,supposethat10 itemsare
for sale.Thebestoffer for 8 of the itemsit desiresis 15. Thesecondbestoffer is
10for 5 items.Thefirst buyerwill receivethe8 itemsit askedfor, while thesecond
buyerwill only receive10� 8 = 2 items.

The winning buyerspay the amountof their bids multiplied by the quantityob-
tained:bi � �qi. Their respectivegainsare:

Ui = (�vi � bi)� �qi = Vi � bi�qi

If abuyerdoesn’t makeany bid, or helost theauction,hisgainis:

Ui = 0

If thebudgetsallowedfor theitemsto buy in thepreviousexampleare:18 for the
first winning buyerA1 and14 for the secondoneA2, then,their respective gains
shouldbe:

A1 : U1 = (18� 15)� 8 = 24

A2 : U2 = (14� 10)� 2 = 8

The function of gainUi is called the utility of buyerAi. EachbuyerAi tries to
maximizeits utility Ui.

4 Strategy and equilibrium

Every participantin theauctiontriesto win asif it werea simpleEnglishauction.
Becauseaparticipantdoesnotknow whicharethequantitiesaskedfor by theother
participants,it mayhappenthathis bid will beout-doneby otherbuyers.It is thus
facedwith the risk that the demandedquantityqi will beentirelyallocatedto an-
otherbuyer offering a higherprice.The buyer is alwaysfacedwith the dilemma
wherehe wantsto minimize his bid bi to maximizehis gains,but whereon the
otherhandit musttake carethathis bid bi hasthebestchancesto win. A winner’s
coursestrategy takinginto accountthesetwo contradictingconstraintmusttherefor
bedefined.
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Assume a buyerAi submits an offerbi. For this bid to win, it is necessary that all
the othern� 1 bidders submit inferior offers with regard tobi. The probability that
any offerbj is inferior to the offerbi knowing thatAi demands the quantityqi is:

P (bj < bijqi) =

qibiZ
Vmin

F (V )dV (8)

with F (x) =
1

Vmax � Vmin

resultingin:

P (bj < bijqi) =
qibi � Vmin

Vmax � Vmin

(9)

Theprobabilitythatall offersof theothern� 1 buyersareinferior to bi is thus:

n�1Y
1

qibi � Vmin

Vmax � Vmin

=

"
qibi � Vmin

Vmax � Vmin

#
n�1

(10)

All thebuyersAi try to optimizetheirwinningcourseby maximizingtheprobabil-
ity to win theauction.Thebuyerthereforemaximizesthefollowing expression:

Xi = (Vi � qibi)

"
qibi � Vmin

Vmax � Vmin

#
n�1

(11)

Thefollowing expressionis now resolved:

@Xi=@bi = 0 (12)

This resultsin

�qi(qibi � Vmin)
n�1 + (Vi � qibi)(n� 1)qi(qibi � Vmin)

n�2 = 0 (13)

whichyieldsafterfactorisationin

qi(qibi � Vmin)
n�2[�(qibi � Vmin) + (Vi � qibi) � (n� 1)] = 0 (14)

Keepingonly thesolutionswhichmaximize
Q

i :

(qibi � Vmin) + (qibi � Vi)(n� 1) = 0 (15)
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theresultis

b̂i =
Vmin + (n� 1)Vi

nqi
(16)

Theexpression̂bi representstheoptimaloffer of buyerAi in thesensethatit is the
minimumoffer maximizingtheprobabilityto win theauction,while assumingthat
the budgetsof the otherbiddersareuniformly distributed.The set b̂i; i = 1; :::; n

is the theoreticalsetof bestbids. In section6, we will comparethesetheoretical
resultswith someof thoseextractedform thesimulationof themodel.Noticethat
buyeragentsarenot ableto know their optimalbidsbecausetheVmin valueis not
a commoninformation.Theaim of theauctionprotocolis to make agentssubmit
bidsascloseaspossibleto their optimalones.

5 Simulation

Themodelpresentedin theprevioussectionhasbeenimplementedasasimulation
platformbasedon themulti-agentparadigm.

5.1 Auctioningprocess

A negotiationprocessmayberepresentedasafinite statediagram.Figure2 shows
thenegotiationprocessof a simpleEnglishauctionadoptedasthemulti-itemauc-
tion protocolin theimplementation.

ThestateBegin indicatesthestartof theauctionandrepresentsthe initial stateof
the automaton.The buyersnow begin to submit their offers. Eachtime a better
offer is submittedby a buyer agentAi, it is sentto the otherparticipantsAj to
inform themaboutthebestcurrentoffer. This processcontinueswhile loopingon
the Bidding stateuntil the auctioncloses.Clearingthe auctionresultseitherwith
anAgreementor anunsuccessfulendof theauctionin theStopstate.

5.2 Vendoragent

Thevendoragentshown in figure3 supervisestheauctionprocessin acentralman-
ner. Its behavior canbasicallybedescribedasa loop betweenanactive Wait state
andthesendingandreceiving of messagesfrom thebuyers.Thevendoragenten-
gagestheauctionby announcingits startto thebuyers.It thenexpectsoffersin the
Wait state.Eachtime thevendorreceives an offer, it announcesit to thebuyersas
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Bidding

Auction Beginning Announcement

Agreement

Begin

Stop

Auction EndedAuction Stopped

Bid Received

Fig. 2. Statediagramof anEnglishauction

thecurrentbestoffer without,however, revealingthebuyer’s identitynor thequan-
tity askedfor. Thevendoragentknows thenumbern of buyersparticipatingin the
auction.If a buyer leaves theauction,it decrementsthenumbern andreintegrates
theWait state.Whenonly onebuyeris left, thevendoragentannouncestheendof
theauction.

The vendoragentcanbe consideredasa reactive agentwhich reactsto exterior
stimuli, i.e. the messagesarriving from the buyer agentsAi. It interactswith the
environmentby sendingmessagesto thebuyersasdescribedabove.

5.3 Buyeragent

The behavior of the buyer agentis definedby his winning coursestrategy asdis-
cussedin section4. The strategy for maximizingthe buyer’s gain is fixed in ad-
vance.
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Wait

Best Bid

Announcement

Auction End

Announcement

Bid
Received

Auction Beginning
Announcement

Withdrawal
Processing

Withdrawal

Received

[ Auction not Ended ]

[ Auction Ended ]

Fig. 3. Statediagramof thevendoragent.

5.3.1 Enrichmentstrategy

While bidding,thebuyeragentmusttakeadecisionon: (1) theoffer to submitand
(2) thedecreaseof thequantitydemanded.Therearethustwo parametersto beset
for choosingtheenrichmentstrategy: (1) how andwhento placeanoffer, and(2)
how andwhento decreasethequantityaskedfor.

Theenrichmentstrategy of thebuyeragentis modelledwith two linear functions,
which representa moreor a lessaggressivebehavior:

(1) priceofferedasa functionof time,duringtheauctionprogress,asillustrated
in figure4.

(2) quantityaskedfor asa functionof time, duringtheauctionprogressasillus-
tratedin figure5.
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Fig. 5. Quantitydemandedduringtheauction’s progress.

5.3.2 Behaviorof thebuyeragent

Whenabuyeragentstartsto participatein anauctionit is in thestateWaiting Time
Determination(seefigure6) whereit determinesthetime interval of inactivity ac-
cordingto its enrichmentstrategy. It thenpasseson to the Wait state.At the end
of thiswaitingperiod,theagentverifiesthecurrentpricein theCurrentPrice Ver-
ification state.If his offer is still the winning one, i.e. no otherbuyer agenthas
submittedasuperioroffer duringits timeof inactivity, hedetermineshisnew wait-
ing time accordingto his enrichmentstrategy . Thebuyeragentcontinueslooping
on theWaiting TimeDeterminationandWait statesuntil anotherbuyerhassubmit-
ted a betteroffer. At this time, the buyer agentstartsa processof enrichmentin
orderto submita superioroffer andpassesthuson to thestateof Bid Determina-
tion. If it cansubmita betteroffer, thebuyeragentchangesto theBid Submission
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state and sends a message to the vendor agent with his price offer and the quantity
desired.

In case the buyer cannot submit a better offer, he tries to decrease his quantity. In the
state ofQuantity Decrement, the buyer agent seeks to diminish the quantity asked
for according to his strategy, i.e. more or less aggressively. As long as he cannot
make a better offer, he continues to decrease the quantity. If the agent achieves his
goal, it submits the new offer, otherwise it abandons the auction and passes to the
stateWithdrawal and Wait.

Finally, when the auction will be terminated, the buyer agent receives a signal from
the vendor agent and then passes on to the stateClearing Auction. The winner will
receive a message from the vendor indicating the price and quantity won. It has to
be noted here, that there may be more than one winner, each acquiring a different
quantity as illustrated in the example in section 3. The state diagram in figure 6
summarizes the behavior of the buyer agent.

Wait

[ I Win ]

[ I Lost ]

[ Quantity Decreased & Possible Bid ]

[ Impossible Bid ]

[ Possible Bid ]

[ Quantity Not Decreased ]

Current Price

Verification

Bid Submission

do I Bid Determination

Quantity

Decrement

[ Quantity Decreased & Impossible Bid ]

Withdrawal And

Wait For Auction

Results

Clearing Auction Auction End

Auction End

Bid Determination

Waiting Time

Determination

Fig. 6. Behavior of thebuyeragent.
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6 Empirical evaluation

This sectionpresentsanddiscussesempiricalresultsobtainedby thesimulationof
themodeldescribedin thispaper. Threedifferentcasesareevaluated.

Case 1: Sameneedsandsamebudgets

Supposethereare10 itemsto sell andn = 5 buyer agents.All the buyersA1:::5

disposeof similaramountsof money to spend(Vi � Vmin � Vmax; 1 � i � 5). The
initial quantityeachbuyerAi asksfor is equalto 10items(qi = 10; 1 � i � 5), and
theminimumquantityacceptedby thevendoragentshallbe6 items.Thestrategies
of thebuyersarerandomlygenerated.Theminimumquantityrequestedby abuyer
doesnotsignificantlyinfluencetheresultsof theexperiment.

This scenariorepresentsa caseof aggressive competitionbecauseall the buyers
show the same(or similar) needsfor the quantitiesdesiredand the amountsof
money availableto buy the itemsaresimilar aswell. Onecanthusexpectthat the
buyerswill heavily decreasetheirquantitydemandsin orderto win theauction.The
revenueof the vendoris in this casenot affectedby the numberof buyer agents.
Indeed,thefollowing equationholds:

b̂i =
V + (n� 1)V

nqi
=

V

qi
= vi (17)

Theoptimaloffer for eachbuyeragentis thereforehisown valuationvi of theitem.

Figure7 first shows therevenueof thevendordependingon themeansthebuyers
dispose,i.e. thebuyers’budgets,without any decreaseof therequestedquantities.
Second,thefigurepresentsthevendor’s revenuein casethedesiredquantitiesare
decrementeddown to aminimumof 6 items.

Case 2: Sameneedsbut differentbudgets:influenceof thenumberof buyeragents

Supposethesameparametersasin Case1 exceptthatthebuyeragentshavediffer-
entbudgets,i.e. they disposeof differentamountsof money to spend.Thebudgets
of the5 buyersaredeterminedaccordingto auniformdistributionwith Vmin = 100

andVmax = 300.

Thecompetitionisnotasaggressiveasin Case1. Along theauction,theagentswith
smallerbudgetswill abandon.In theendonly two agentswill stayandcompeteto
win theauction.
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Fig. 7. Vendorrevenuein caseof heavy competition.

Figure8 shows the influenceof thenumberof buyeragentson therevenueof the
vendor. Themodelpresentedin thispaperallowsto considerablyincreasethemean
revenueof thevendor. In orderto maximizehis revenue,thevendorshouldattract
a largenumberof buyers.In casethereis nodecreasein thequantityrequested,the
revenueof thevendorstabilizedwith 20buyersandmore.Therevenuestabilisation
occurslaterwith thepossibilityto decrementthedesiredquantity.

Figure8 shows that this happensonly with 40 andmorebuyers.This difference
canbeexplainedby thecompetitionwhich is alwaysmoreaccentuatedcompared
to a modelwherethe requestedquantitiesdo not decrease.Anotherpoint is that
our modelgives muchmoreincometo thevendorin thecaseof a modelwithout
quantitydecreaseby the buyers.In the sametime, the simulationshows that the
curve of themeanincomeis closeto themaximumtheoreticalincomermax which
is calculatedusingtheoptimalbids b̂i introducedin equation16 :

rmax =

k�1X
i=1

b̂iqi + b̂k(Q�

k�1X
i=1

qi) (18)

Case 3: Sameneedsbut differentbudgets:influenceof theminimaloffer

Theparametersarethesameasin Case2 exceptthatthenumberof buyeragentsis
fixedto 10.Thevendormaydefineaminimal incrementalvaluefor anoffer. While
increasingthis minimal incrementationvalue,the numberof offers is decreased,
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Fig. 8. Vendorrevenuein relationto thenumberof buyers.

which in turn minimizesthecommunicationsbetweenthebuyersandthevendor.
The simulationexperimentshave shown that a large incrementationvalueresults
in a globally decreasingmeanrevenuefor the vendor. Figure9 presentsthis cor-
relation.Thecurve representingthis relationshows however, that therearecertain
incrementationvaluesallowingbetterrevenuesthansmallerones.Indeed,thecurve
hasa wave form with increasingperiod.For example,theminimal incrementation
valueof 10 generatessuperiorrevenuescomparedto the incrementationvaluesof
8 and9. Thisbehavior dependsonthefunctiondeterminingthebudgetsof thebuy-
ers.Given thatVmax = 300 in thecurrentexample,themaximumoffer abuyerwith
abudgetof Vi = 300 canmaketo obtainthe6 items(minimalnumberof requested
items)will be50peritem. If theminimal incrementationis setto 9, themaximum
offer per item will be45.On theotherhand,if theminimal incrementvalueis 10,
themaximumvalueof 50to offer peritemcanbeachieved.Thisexplainsthewave
form of thecurve in figure9.

In the threecasesdiscussedhere,we noticedthat thebiddingstrategiesdescribed
in section5.3.1doesnot significantly influencethe results.If fact, the strategies
have greatinfluenceon the durationof the auction: while non aggressive buyers
will take their timebeforesubmittingabid, aggressiveoneswill do it faster.
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7 Conclusion

In this paperwe discussedthe multi-agentparadigmandits applicationto multi-
item auctions.We proposeda formal modelfor auctionbasedautomaticnegotia-
tions.This modelhasbeenimplementedusingmulti-agentsystemsandwas tested
and evaluatedwith simulationexperiments.Recently, much work on multi-item
auctionshave addressedthecombinatorialissuethatallows bidson combinations
of itemsasopposedto only singleitems.Theseapproachessupposehowever, two
simplifying conditions:thequantityof itemsto sell is fixedaswell asthequanti-
ties requestedby the buyers.Thesetwo hypothesisdo not meetthe requirements
of many situationswhereauctionsare used.In someauctions,it is more desir-
ableto not fix theavailablequantity. It this way, quantitiescanchangeduring the
auction,asit is for examplethecasefor stockvalues.Theapproachthatwe have
proposedhere,follows this road.To achieve it, we presenteda modelbasedon an
Englishauctionwith multiple itemswith privatevaluationsandvariablequantities
requested.With suchamodel,wesucceedin characterizing:

(1) How a large incrementationvalueresultsin a globally decreasingmeanrev-
enuefor thevendor;

(2) How an augmentationof the incrementationvalue(by thevendor)decreases
the numberof offers,which in turn minimizesthecommunicationsbetween
buyersandthevendor;

(3) How the vendor’s revenuestabilizeswith 20 buyersand more in the case

19



wherethereis no decreasein the quantityrequested,andwith 40 buyersor
morewhenadecreaseof therequestedquantityis considered;

(4) How thevendor’srevenueincreaseswith largequantityvariationsin thequan-
tities requested;

(5) Finally, the implementationusingmulti-agentsystemsshowedthesuitability
of thisparadigmfor thisapplication.

In conclusion,we believe that our modelfor automaticnegotiationsis a suitable
approachto enhancethecapabilitiesof auctionsystemswhile imposinglesscon-
straints.In futurework,wewill investigateotherenrichmentstrategieswhereagents
maytry to besecondor third highestin theendof theauction.Thebuyerwill take
therisk of loosingtheauction,but if hewins,hewill paylessthanthefirst winner.
Also, we are thinking aboutexperimentswith other typesof auctions.Given the
first experimentalresultsof this paperwe expectto successfullydemonstratethe
powerof thismodelwith suchvariationsaswell.
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