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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

Thesteadilyincreasingnterconnectiomf devicesraisesmary researchssueswith
regardsto thewaysin which all thesedistributedmachinesaninteracteffectively
with other humansor machinesAtrtificial intelligenceand software engineering
have a role to play in how the computerscan interactin a "rational” way. Sev-
eral groupsof researchergproposeautonomousagentsfor addressinghis big is-
sue.Autonomousagentsare software systemsthat are capableto independently
acton open,unpredictableenvironments.They areconsideredasa new paradigm
for developingsoftwareapplicationsnvolving artificial intelligencetechniquesnd
distributedcomputing.



Indeed,agenttechnologyis a significantareaof interestfor suchapplicationsas
telecommunicationspformationmanagemeninternetsearchenginesglectronic
commercecomputergamesinteractve cinemajnformationretrieval andfiltering,
userinterface design,industrial processcontrol, planningand logistics, etc. The
successfuhdoptionof thistechnologyin all theseareaswill have aprofoundimpact
both on industry and alsoon the way in which future computersystemswill be
conceptualize@ndimplemented.

At presentthereis muchdebateaboutwhatagent-hoods exactly, andthereis noth-
ing approaching consensuasit is generallythe casefor any new field. However,
anincreasinghumberof researcherdefineagentsasbeing:

(1) situatedor embeddedh a particularervironment;

(2) designedo fulfil specificroles;

(3) clearlyidentifiableentitieswith well-defined(andlimited) resourcesandin-
terfaces;

(4) autonomousn thesensehatthey have controlover their behaior;

(5) capableof exhibiting flexible behaior which canbe reactve, proactve, so-
ciableor persistent.

In the context of concurrenanddistributedsystemsit become®bviousthatasin-
gle agentis insufficient. Many applicationsjf not mostof them,requiremultiple
agentscalledalsomulti-agentsystemgMAS). In suchsystemsknowledge,action
andcontrolaredistributedamongtheagentswhich maycooperategcompeteor co-
existdependingnthecontet in whichthey operate Accordingto Weiss[1], there
aretwo mainreasonsvhich drive forcesbehindthe growth of the MAS paradigm
in recentyears.

The first is that multi-agentsystemshave the capacityto play a key role in cur
rentandfuture computerscienceandits application.Moderncomputingplatforms
andinformationervironmentsaredistributed,large,open,andheterogenousom-
putersareno longerstand-alonesystemshut have becomecloselyconnectedoth
with eachotherandtheir users.The increasingcomplexity of applicationsoften
leadto thedesignof "individual” softwareagentdgnsteadof alarge entity whichis
in generalessflexible. ThetechnologythatMAS promisedo provide,areamong
thosethat are urgently neededfor the Internet,telecommunications]V-web, e-
commercee-lusinessetc.

The secondeasons thatmulti-agentsystemshave the capacityto play animpor-
tantrolein developingandanalyzingmodelsandtheoriesof interactvity in human
societies.

Thesetwo reasonombinedshawv the relevanceof MAS for understandingim-
plementingand operatingcomplex socio-technicabystemsas representedby e-
businessystems.



In this paperwe proposea modelfor multi-item auctionswhich hasa strongrela-
tionshipto the effortsin building multi-agentsystemsWe startfrom theinteractv-

ity betweerhumansn a market, speciallyfor the multi-item sell/luy negotiations,
andwetry to realizeit undertheform of a negotiationbetweersoftwareagents.

1.2 Auctions:FromEconomyto the AutomaticNegotiation

Auctionsarea market mechanisnalreadyintroducedin the ancientworld. Tradi-

tionally, they allow sellingrareandunusualgoods,andapplyin situationswhere
a more corventional’market”, in which buyersconsiderthe price as given, do

not exist. A large informal body of knowledgeon auctionshasbeenin existence
for centuriesanda moreformal, gametheoreticanalysisof auctionsbeganin the
1960s with the pioneeringwork of Vickery [2]. Thefield of micro-economicaind
gametheorythatstudiegheseandrelatedssuess oftencalled’'mechanisndesign’
or 'implementationtheory’. An introductionto this field canbe foundin the text

books[3,4].

With thewidespreadvailability of the Internetande-commercéechnologiesgco-
nomistshave startedo considerauctionsasanimportanteconomianodel.Indeed,
thetheoryof auctionsexhibits mary interestingfeaturesat the practical,empirical
and theoreticallevel. Paul Klemperer[5] gives threereasonswhy the theory of
auctionds relevantto economists:

(1) A growing numberof largevolumetransactiongrerealizedthroughauctions.
Examplesinclude the mary auctionsorganisedoy governmentg6], the en-
terprisewide electronicprocuremensystemsfor all sortsof goods,or the
electronicauctionmarketssuchasEBay|[7,8].

(2) Auctionsoffer relatively simplemechanisms awell definedeconomicervi-
ronment.They offer thusto economists vastfield for experimentakesearch
allowing to obtainempiricalresultsthatcanbe suitablyvalidated.

(3) Thetheoryof auctionshasalreadyrevealedmary scientificresultsin econ-
omy, which have allowedto develop new methoddor pricingin competitve
markets.Moreover, it hasalsohelpedto furtherunderstandomplex negotia-
tion mechanismbetweervendorsandbuyers.

Recentlywe have notedagreatrisein thepopularityof auctionof varioustypes[9].
This developmentoccurredin mary settings:in governmentprivatizationsand
rightsallocation(mostfamousis the FCC spectrunright auctiong[6]) [10,11];in
themary Internetauctionsites[7,8]; in theusageof techniquesrom auctiontheory
for computationatesourceallocation[12]; in computerizedgentsystemg13,14];
andcurrenttrendsin B2B e-commercgl5].

Besideghe researclon auctionmechanismsindertalkenin economicsaandopera-
tionsresearchthetechnologynecessaryo implementelectronicauctiong16—18]



is aresearchissueon its own. Agenttechnologyhasalreadybeenappliedin dif-
ferentwork [19—-22]. This paperconcentratesn theapproactof applyingon agent
technologyin e-commerce.

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

(1) Themechanism®f anauctioncanbe definedasa resourceallocationprob-
lemto a setof agents.The availableresourcesrelimited with regardto the
numberof demandsTheproblemmaythusbedescribecasamarketin which
therearevendoragentsandbuyeragentsvhich tradeonitemsrepresentedy
theresourcesTheseagentsexhibit differentacquisitioncapabilitieswvhichlet
themactdifferently dependingn the currentcontext or situationof the mar
ket. For example,the "richer” anagentis, the moreitemsit canbuy, i.e. the
moreresource$ canacquire.

(2) Theauctionscanbeviewedasaproces®f automaticmegotiationimplemented
asanetwork of intelligentagentsBuyerandvendoragentsnteractin anelec-
tronic market ervironmentto tradeitems. Suchan approachis for example
representedy AuctionBot[23]. Alternatively, auctionsmayform anintegral
partof amulti-agentarchitectureAn exampleof this approachs represented
by the NetSA architecturg24]. In this architecture supervisoragentsasso-
ciatedwith institutionsoffer a sameproductin competitionwith eachother
applyingauctionmechanismsn orderto offer to a useragentthe bestprice
for the product.

The work presentedn this paperfocuseson the secondapproachwhereauctions
areconsiderecsa proces®f automatimegotiationapplyingthe multi-agentpara-
digm.In thenext sectionwe explainhow we seeauctionsor automatimegotiation

betweenagents Section3 presents modelfor multi-item auctions.The stratey

and equilibrium conditionsof the auctionprocessrelying on this modelare pre-

sentedandanalyzedn Section4. The following sectionpresentsan implementa-
tion of the model. The simulationresultsof threetypical casesare presentedand

discussedh Section6. Finally, we concludethe paperin Section7.

2 Auctions for automatic negotiation

2.1 Marketframevork

An ervironmentwherevendorsandbuyersmeetwith thegoalto sellandbuy goods
is commonlycalleda market. As therearemary differentinterpretation®f whata
market is, suchan ervironmentshouldratherbe calleda market framework. Fig-
ure 1 shavs an exampleof sucha framework [25—-27]. Thereare four casere-



sented:

(1) One vendor and one buyer directiggotiatein the classical sense;

(2) Multiple vendors and one buyer are engagediievarse auction

(3) Multiple buyers and one vendor are engaged in a clasaigalon (English,
Dutch, Vickery, etc.);

(4) Multiple buyers and vendors trade imearket

Buyer
One : many
One Negotiation i Auction
Seller  —-------mmm e b
Many Reverse auction i Market

Fig. 1. A market framework example.

The distinction betweennegotiations,auctionsand markets is, however, not so
strict. This rough classificationleaves thereforroom for variationssuchas com-
bined nggotiations[28], synchronouspenauctions,and combinatorialauctions.
Moreover, combinationsare also possible:one canimaginea modelwhereauc-
tions areusedasa mechanisnfor automaticnegotiationin electronicmarkets.In

the following, a modelfor this combinationapplyingthe multi-agentparadigmis

presented.

2.2 Auctionsandautomaticnegotiation

Economicmodelshave beenadoptedn variouswork onthe problemof negotiation
andresourceallocationin multi-agentsystemsFeiguson[29] justifiesthis choice
by theavailability of the marny mathematicaloolsrelatedto numericaleconomics.
Evidently, thesetools are of greatvalue when resolvingthe resourceallocation
problemin comple informationsystems.

Negotiationis centralto any commerceandmarket. It canbe definedas“Mecha-
nismthat allows a recursive interaction betweera principal and a respondenin
theresolutionof a gooddeal” [30].



In [13], S. Rosencheirand G. Zlotkin proposefive attributesthat are necessary
for a’good’ negotiationmechanismefficiencgy, stability, simplicity, distributivity
andsymmetry Thesecharacteristicganall befoundwhenconsideringanauction
modelfor automationegotiation:

Efficiency. To show the efficiency of an auctionis often very difficult, if notim-
possibleto undertale without imposingsevererestrictionssuchasindependent
private evaluations risk neutrality homogeneoubuyers,independenproducts
to sell, etc. However, theserestrictionsarequite straightforvardto implementin
amulti-agentsystemlIndeed theagentsareoftenconsideredsrationalentities
seekingto maximizea well definedutility function basedon preciserules.By
imposingon an architecturestrict socialrelationsbetweerthe differentbuyers,
a simpleauctionmodelcanbe designedwhich follows the simplifying restric-
tions. Thiswill assureheefficiency of the proposedauctionmechanism.

Stability. An obviousmethodto achieve stability is to forbid anagentto cancelor
reconsidepffersoncethey have beensubmitted.

Simplicity. Auction mechanismarein generalquite simpleto implement.Thisis
in factoneof their strength.Consideringhe numberof messaget communi-
cate,the only communicationsecessargrethe offersandthe responsesf the
vendor

Distributivity. At first sight, distributivity is only partially fulfilled: while there
are multiple (independentpuyers,the vendoror auctioneeris a centralentity.
However, in a more complex environment,i.e. a market, differentbuyersand
vendorsmay negotiate.In suchan ervironmentthereis no global centralentity
arymore.Thevendorgnayeitheractindependentlyr coordinateheiractuities.
This allows for multiple simultaneouswuctions.

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

There are other characteristicof auctionssupportingthe applicationof auction
mechanismdor automaticnegotiation. An auctionrestrictsthe negotiation vari-
ablesessentiallyto the price andthe quantityin caseof multiple items.Moreover,
an openauctionallows the agentto review his offers, andif the auctionis pub-
lic, to refinethemby analyzingthe offers of otherparticipantsandby considering
theauctions evolution. The negotiationstratgy maythusbe adaptedaccordingo
the rulesof the market. Finally, an auctionnegotiatesa mutually acceptablesolu-
tion for boththe vendorandthe buyerwhile the market forcesalonedecideon the
negotiationtermination.Theuseof auctionsasa mechanisnior automaticnegoti-
ationandfor resourcee-allocationn multi-agentsystemsavas demonstrate@y T.
Sandholn{31,32].

The previous discussiorshaws that auctionsare appropriatefor automaticnego-
tiations. Auctions may also be appliedto efficiently designa market framework.
However, somedifferencedetweemegotiationsandauctionswith regardto elec-



tronic commerceapplicationscan be identified[20]. The participantsof an elec-
tronic auctioncannotmake mutualconcessionsr agreementsSuchanauctionis
thus not consideredas a mechanisnfor negotiation. This is however only true,
if the negotiationis restrictedto only onedimensionj.e. the currentprice of the
item in the auction.If more dimensionssuchas quantity and quality are consid-
ered[33], auctionamaybeconsidere@dsnegotiationmechanismsvherethebuyers
might make concessionsn oneor the otherdimensionin orderto favor onespe-
cific dimensionDually, the vendormight operateon the differentdimensionsand
dynamicallyadjustthesellingstrategy in theauction.Themulti-itemauctionmodel
presentedhn the next sectionis basedn theseconsiderations.

3 A Multi-item auction model

We areinterestedn auctionsthatinclude multiple identicalitems.Most work on
multi-item auctionssupposdwo simplifying conditions:the quantity of itemsto
sellis fixedaswell asthequantitiesequestedby the buyers.Thesetwo hypothesis
do not meetthe requirement®f mary situationswhereauctionsare used.Leng-
weiler [34] for exampleproposesnauctionmodel,wherethe availablequantityis
not fixed. It canthereforechangeduring the auctionasit is for examplethe case
for stockvalues.Theapproactproposedereis inspiredfrom Lengweilers model,
andit is basedon an Englishauctionwith multiple items, private evaluationsand
variablerequestedjuantities.

Considera multi-item auctionwith one single vendorand a finite numbern of
buyersor agents A4, ..., A,. A quantity () of identicalitemsis availableto be
sold.Eachbuyer A; wishesto acquirea quantityq; of itemswith:

Zn:%' >Q (1)

The amountsof money or budgetsV;,: = 1,...,n of then buyersare extracted
from arectangulauniformdistribution F'(1V') ontheintenal [Viin, Vinax] Where

Vmax - Vmin >1 (2)

Thisdefinesamodelof private independentaluationsThechoiceof arectangular
uniform distribution is a simplification of the more comple< andrealisticmodel.
Given thatF isrectangulaanduniform, thefollowing holds

1
FV)= —
(V;) Vmax - Vmin (3)



Becausdheitemsareidentical,eachbuyer A; allows the sameamountof money
v; for all theitemsit wantsto acquiresuchthat

Vi=(vi X q;) (4)

The participantsin the auctionsubmittheir offers asif they would desireto ac-
quirejustonesingleitem. Their respectre desiredquantitiesy; areunknavn to the
vendor Let b; the functionof submissioroffers describingthe auctionstratey of
buyer A; dependingnits budgetV; andthe desiredquantityg; of theitemi:

Note thatthe buyer may decideto decreaséhe desiredquantityduringanauction
in orderto increasehis possiblebid of theitem: accordingto
)i

vl =

Y] (6)
4;

wherev; is the new amountof mone allowedto anitem by buyer A;, andg; the
new quantitydesiredwith ¢; < ¢;.

Supposdor examplethatbuyer A; hasaglobalevaluationV; = 100 for thedesired
items.If this buyerasksfor a quantityof itemsq; = 10, the amountof money he
shallallow to eachitemwould be:

Vi 100

i=—L =" =10

If the buyer decidesto decreasedhe quantity asked for to ¢, = 5 items, the the
amountof money v; allocatedto eachitemis calculatecasfollows:

Vi 100

4q; 5

At theendof theauction,buyer A; receves g; itemssuchthat:

4 = Gi ifQ— 250,45 > i
G = Q — X0, U if 0 <@ — 2jib >t 4G < i (7)
q_’i - 0 If Q - Zj:bj>bi QJ S 0

Indeed,the quantityg; obtainedby buyer A; depend®n the demandf the other
buyersA; having submittecbffersb; superiorto his offer b;. Thequantitiesof those



buyersarethus

J:bj>b;

The last winning buyer A; may thus have his demandpartially satisfiedby the
remainingquantitynot sold to the others.For example,supposéhat 10 itemsare
for sale.The bestoffer for 8 of the itemsit desiress 15. The secondbestoffer is
10for 5 items.Thefirst buyerwill recevethe8 itemsit askedfor, while thesecond
buyerwill only receve 10 — 8 = 2 items.

The winning buyerspay the amountof their bids multiplied by the quantity ob-
tained:b; x ¢;. Theirrespectre gainsare:

Ui = (05 — b)) X ¢; = Vi — big;

If abuyerdoesnt make any bid, or helosttheauction,his gainis:

Ui =0

If the budgetsallowedfor theitemsto buy in the previous exampleare: 18 for the
first winning buyer A; and14 for the secondone A, then,their respectie gains
shouldbe:

A1U1:(18—15)X8:24

A2U2:(14—10)X2:8

The function of gain U; is called the utility of buyer A;. Eachbuyer A; triesto
maximizeits utility Us.

4 Strategy and equilibrium

Every participantin the auctiontriesto win asif it werea simpleEnglishauction.
Becausa participantdoesnotknow which arethequantitiesaskedfor by theother
participantsjt may happerthathis bid will be out-doneby otherbuyers.It is thus
facedwith therisk thatthe demandedjuantity¢; will be entirely allocatedto an-
otherbuyer offering a higher price. The buyer is alwaysfacedwith the dilemma
wherehe wantsto minimize his bid b; to maximizehis gains,but whereon the
otherhandit musttake carethathis bid b, hasthe bestchancego win. A winner’s
coursestratgy takinginto accounthesetwo contradictingconstrainmusttherefor
bedefined.
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Assume a buyed; submits an offeb,. For this bid to win, it is necessary that all
the othem — 1 bidders submit inferior offers with regard &g The probability that
any offerb; is inferior to the offer; knowing that4, demands the quantity is:

qib;

P(b; < bilg;) = / F(V)dV 8)
Vmin
. 1
with f7($):= i;—————i;——
resultingin:
¢ibi — Vinin
P(bj < bl|qz) = W (9)

The probabilitythatall offersof theothern — 1 buyersareinferior to b; is thus:

n! zbz — Vmin zbz — Vmin o
I T (10)
1 Vma.x - Vmin Vma.x - Vmin

All thebuyersA; try to optimizetheir winning courseby maximizingthe probabil-
ity to win theauction.Thebuyerthereforemaximizeshefollowing expression:

n—1
qibi — Vinin
Xi=V;—qb) | =/ 11
( 4 ) [Vmax - Vmin] ( )
Thefollowing expressions now resoled:
0X;/0b; =0 (12)

Thisresultsin

—qi(qib; — Vinin)™ "+ (Vi — qibi) (n — 1)q;(¢ib; — Viin)" 2 =0 (13)

whichyieldsafterfactorisationn

Qi(Qibi - Vmin)n72[_(Qibi - Vmin) + (V;' - qz'bz') : (n - 1)] =0 (14)

Keepingonly the solutionswhich maximizeT]; :

(qibi — Vinin) + (gibs — Vi)(n —1) =0 (15)
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theresultis

. . ~ 1V
b, = Vi (= DV: (16)

ng;

Theexpression; representshe optimaloffer of buyer 4; in the sensehatit is the
minimumoffer maximizingthe probabilityto win theauction,while assuminghat
the budgetsof the otherbiddersare uniformly distributed. The setb;,i = 1,...,n
is the theoreticalsetof bestbids. In section6, we will comparethesetheoretical
resultswith someof thoseextractedform the simulationof the model.Notice that
buyeragentsarenot ableto know their optimalbids becaus¢he V,;;, valueis not
a commoninformation.The aim of the auctionprotocolis to make agentssubmit
bidsascloseaspossibleto their optimalones.

5 Simulation

Themodelpresentedn the previoussectionhasbeenimplementedisa simulation
platformbasedn the multi-agentparadigm.

5.1 Auctioningprocess

A negotiationprocessnayberepresentedsa finite statediagram Figure2 shavs
the negotiationprocesf a simpleEnglishauctionadoptedasthe multi-item auc-
tion protocolin theimplementation.

The stateBagin indicatesthe startof the auctionandrepresentshe initial stateof

the automaton.The buyersnow begin to submittheir offers. Eachtime a better
offer is submittedby a buyer agentA;, it is sentto the other participantsA; to
inform themaboutthe bestcurrentoffer. This processcontinueswhile loopingon
the Bidding stateuntil the auctioncloses.Clearingthe auctionresultseitherwith

anAgreemenbr anunsuccessfutndof theauctionin the Stopstate.

5.2 \endoragent

Thevendoragentshavn in figure 3 supervisesheauctionprocessn acentralman-
ner. Its behaior canbasicallybe describedasa loop betweeran active Wait state
andthe sendingandreceving of messagefom the buyers.The vendoragenten-
gagegheauctionby announcingts startto the buyers.It thenexpectsoffersin the
Wait state.Eachtime the vendorreceves an offer, it announced to the buyersas
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Auction Beginning Announcement

Bid Received

Bidding

Auction Stopped Auction Ended

Stop

Fig. 2. Statediagramof an Englishauction

the currentbestoffer without, however, revealingthe buyer’s identity nor thequan-
tity asledfor. Thevendoragentknows thenumbern of buyersparticipatingin the
auction.If abuyerleavesthe auction,it decrementshe numbern andreintegyrates
theWait state. Whenonly onebuyeris left, the vendoragentannounceshe endof

theauction.

The vendoragentcan be consideredas a reactve agentwhich reactsto exterior
stimuli, i.e. the messagearriving from the buyer agentsA;. It interactswith the
environmentby sendingnessage® thebuyersasdescribedabove.

5.3 Buyeragent

The behaior of the buyer agentis definedby his winning coursestrategy asdis-
cussedn section4. The strateyy for maximizingthe buyer’s gainis fixed in ad-
vance.
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Auction Beginning
Announcement

[ Auction not Ended ]

Withdrawal Wait

Received
Best Bid
Announcement

Withdrawal
Processing

[ Auction Ended ]

Auction End
Announcement

Fig. 3. Statediagramof the vendoragent.
5.3.1 Enrichmentstrategy

While bidding,thebuyeragentmusttake a decisionon: (1) the offer to submitand
(2) thedecreas®f the quantitydemandedT herearethustwo parameterso be set
for choosingthe enrichmenttrategyy: (1) how andwhento placean offer, and(2)
how andwhento decreas¢he quantityaskedfor.

The enrichmentstratgy of the buyeragentis modelledwith two linear functions,
whichrepresena moreor alessaggressie behaior:

(1) priceofferedasa functionof time, duringthe auctionprogressasillustrated
in figure 4.

(2) quantityaskedfor asa function of time, duringthe auctionprogressasillus-
tratedin figure5.
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Fig. 4. Priceofferedduringthe auctions progress.
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Fig. 5. Quantitydemandediuring the auctions progress.

5.3.2 Behaviorof thebuyeragent

Whena buyeragentstartsto participatein anauctionit is in the stateWaiting Time
Determination(seefigure 6) whereit determineghetime interval of inactvity ac-
cordingto its enrichmentstratayy. It thenpasse®n to the Wait state.At the end
of thiswaiting period,the agentverifiesthe currentpricein the CurrentPrice Ver-
ification state.If his offer is still the winning one, i.e. no other buyer agenthas
submitteda superioroffer duringits time of inactwvity, he determineis new wait-
ing time accordingto his enrichmenstratgy . The buyeragentcontinuedooping
ontheWaiting Time Determinationrand\Wait statesuntil anotherbuyerhassubmit-
ted a betteroffer. At this time, the buyer agentstartsa processof enrichmentn
orderto submita superioroffer and passeshuson to the stateof Bid Determina-
tion. If it cansubmita betteroffer, the buyeragentchangedo the Bid 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 Decrementhe 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 Glataing 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
guantity as illustrated in the example in section 3. The state diagram in figure 6
summarizes the behavior of the buyer agent.

Waiting Time
Determination
Bid Submission
— Auction End Wait

[ Possible Bid ]

)

[1Win]

B [ILost] ﬁ
Curren\F’:T Bid Dete@

Verification .

[ Quantity Decreased & Impossible Bid ] [ Impossible Bid ]

( Quantity \

Decrement

[ Quantity Decreased & Possible Bid ]

do | Bid Determination

[ Quantity Not Decreased |

Withdrawal And
Clearing Auction Auction End Wait For Auction
Results

O

Fig. 6. Behavior of thebuyeragent.
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6 Empirical evaluation

This sectionpresentanddiscussesmpiricalresultsobtainedoy the simulationof
themodeldescribedn this paper Threedifferentcasesareevaluated.

Case 1. Sameneedsandsamebudgets

Supposehereare 10 itemsto sellandn = 5 buyeragentsAll thebuyersA; s
disposeof similaramountsof money to spendV; ~ Vinin & Vinax, 1 <7 < 5). The
initial quantityeachbuyer A; asksfor is equalto 10items(q; = 10,1 < i < 5), and
theminimumquantityacceptedy thevendoragentshallbe6 items.Thestratgies
of thebuyersarerandomlygeneratedT he minimumquantityrequestedby a buyer
doesnotsignificantlyinfluencetheresultsof the experiment.

This scenariorepresentsa caseof aggressie competitionbecausell the buyers
showv the same(or similar) needsfor the quantitiesdesiredand the amountsof
mone availableto buy theitemsaresimilar aswell. Onecanthusexpectthatthe
buyerswill hearily decreaséheirquantitydemandsn orderto win theauction.The
revenueof the vendoris in this casenot affectedby the numberof buyer agents.
Indeed thefollowing equationholds:

V+-1)V Vv

== =y, (17)
ng; q;

Theoptimaloffer for eachbuyeragents thereforehis own valuationu; of theitem.

Figure7 first shawvs the revenueof the vendordependingon the meanghe buyers
disposej.e. the buyers’budgetswithout arny decreasef the requestedjuantities.
Secondthefigure presentghe vendors revenuein casethe desiredquantitiesare
decrementedown to aminimumof 6 items.

Case 2. Sameneedshut differentbudgets: influenceof the numberof buyeragents

Supposehe sameparameterasin Casel exceptthatthe buyeragentshave differ-
entbudgets).e. they disposeof differentamountsof money to spendThebudgets
of the5 buyersaredeterminedaccordingo a uniformdistributionwith V,,;, = 100
andV,,.. = 300.

Thecompetitionis notasaggressieasin Casel. Along theauction theagentswith
smallerbudgetswill abandonin theendonly two agentswill stayandcompeteo
win theauction.
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Fig. 7. Vendorrevenuein caseof heary competition.

Figure8 shaws the influenceof the numberof buyer agentson the revenueof the
vendor Themodelpresentedh this paperallowsto considerablyncreaseéhemean
revenueof the vendor In orderto maximizehis revenue the vendorshouldattract
alargenumberof buyers.In casethereis no decreasén the quantityrequestedthe
revenueof thevendorstabilizedwith 20 buyersandmore.Therevenuestabilisation
occurslaterwith the possibilityto decrementhe desiredquantity

Figure 8 shaws that this happensnly with 40 and more buyers.This difference
canbe explainedby the competitionwhich is alwaysmoreaccentuatedompared
to a modelwherethe requestedjuantitiesdo not decreaseAnother point is that
our modelgives muchmoreincometo the vendorin the caseof a modelwithout
guantitydecreasdy the buyers.In the sametime, the simulationshows thatthe
curve of the meanincomeis closeto the maximumtheoreticaincomer ... which
is calculatecusingthe optimalbids b; introducedn equationl6:

k-1 k1
Fmax = 2 bigi + bi(Q — Y i) (18)
i=1

=1

Case 3: Sameneedsut differentbudgets: influenceof the minimaloffer

Theparameterarethesameasin Case2 exceptthatthe numberof buyeragentds
fixedto 10. Thevendormaydefinea minimalincrementalaluefor anoffer. While
increasingthis minimal incrementationvalue, the numberof offersis decreased,
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Fig. 8. Vendorrevenuein relationto the numberof buyers.

which in turn minimizesthe communicationbetweenthe buyersandthe vendor
The simulationexperimentshave shovn that a large incrementatiorvalue results
in a globally decreasingneanrevenuefor the vendor Figure 9 presentghis cor-
relation.The curve representinghis relationshavs however, thattherearecertain
incrementatiovaluesallowing betterrevenuegshansmalleronesindeedthecurve
hasa wave form with increasingperiod.For example,the minimalincrementation
valueof 10 generatesuperiorrevenuescomparedo the incrementatiorvaluesof
8 and9. Thisbehaior depend®nthefunctiondetermininghebudgetsof thebuy-
ers.GiventhatV,,., = 300 in thecurrentexample the maximumoffer abuyerwith
abudgetof V; = 300 canmake to obtainthe 6 items(minimal numberof requested
items)will be50 peritem. If the minimalincrementations setto 9, the maximum
offer peritemwill be45. Ontheotherhand,if the minimalincrementvalueis 10,
themaximumvalueof 50to offer peritem canbeachiered. This explainsthewave
form of thecurwein figure 9.

In thethreecasediscussedere,we noticedthatthe bidding stratgiesdescribed
in section5.3.1doesnot significantly influencethe results.If fact, the stratgies
have greatinfluenceon the durationof the auction: while non aggressie buyers
will take theirtime beforesubmittinga bid, aggressie oneswill doit faster
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7 Conclusion

In this paperwe discussedhe multi-agentparadigmandits applicationto multi-
item auctions.We proposecda formal modelfor auctionbasedautomaticnegotia-
tions. This modelhasbeenimplementedisingmulti-agentsystemsandwas tested
and evaluatedwith simulationexperiments.Recently muchwork on multi-item
auctionshave addressethe combinatorialissuethatallows bids on combinations
of itemsasopposedo only singleitems.Theseapproachesupposéowever, two
simplifying conditions:the quantity of itemsto sellis fixed aswell asthe quanti-
ties requestedy the buyers.Thesetwo hypothesisdo not meetthe requirements
of mary situationswhere auctionsare used.In someauctions,it is more desir
ableto not fix the availablequantity It this way, quantitiescanchangeduring the
auction,asit is for examplethe casefor stockvalues.The approacththatwe have
proposedhere,follows this road.To achiese it, we presentech modelbasedon an
Englishauctionwith multiple itemswith privatevaluationsandvariablequantities
requestedwWith sucha model,we succeedn characterizing:

(1) How a large incrementatiorvalueresultsin a globally decreasingneanrev-
enuefor thevendor;

(2) How an augmentatiorof the incrementatiorvalue (by the vendor)decreases
the numberof offers, which in turn minimizesthe communicationbetween
buyersandthevendor;

(3) How the vendors revenuestabilizeswith 20 buyersand more in the case
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wherethereis no decreasen the quantityrequestedandwith 40 buyersor
morewhena decreasef therequestedjuantityis considered,

(4) How thevendorsrevenueincreasesvith largequantityvariationsin thequan-

titiesrequested,;

(5) Finally, theimplementatiorusingmulti-agentsystemshaved the suitability

of this paradigmfor this application.

In conclusion,we believe that our modelfor automaticnegotiationsis a suitable
approacho enhancehe capabilitiesof auctionsystemswhile imposinglesscon-
straintsln futurework, wewill investigateotherenrichmenstrat@gieswhereagents
maytry to be secondor third highestin theendof theauction.The buyerwill take
therisk of loosingtheauction,but if he wins, hewill paylessthanthefirst winner.
Also, we arethinking aboutexperimentswith othertypesof auctions.Given the
first experimentalresultsof this paperwe expectto successfullyjdemonstratehe
power of this modelwith suchvariationsaswell.
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