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ABSTRACT

Availableresourcesan often be limited with regard
to the numberof demands.In this paperwe propose
anapproactfor solvingthis problemusingthe mech-
anismsof multi-item auctionsfor allocating the re-
sourceso a setof softwareagentsWe considethere-
sourceallocationproblemasamarketwith vendorand
buyeragentgarticipatingn amulti-itemauction.The
agentsexhibit differentacquisitioncapabilitieswhich
let themactdifferentlydependingpn the currentcon-
text or situationof themarket. We presenta modelfor
this approachbasedon the Englishauction,anddis-
cussexperimentakvidenceof sucha model.

1. INTRODUCTION

Agenttechnologyis becomingoneof the mostimpor-
tantandexciting areasf researctanddevelopmenin
computersciencetoday This technologyis a signifi-
cantareaof interestfor suchapplicationsastelecom-
munications,nformationmanagemenandthe Inter-
net,electroniccommercegcomputelgamesinteractve
cinema,informationretrieval andfiltering, userinter
facedesign,industrialprocesscontrol, opensystems,
etc. The successfuadoptionof this technologyin all
theseareaswill have a profoundimpactboth on in-
dustry andalsoon theway in which future computer
systemswill beconceptualizedndimplemented.

Many applicationsjf not mostof them,requiremul-
tiple agentscalledalsomultiagent systems (MAS). In
suchsystemsknowledge,actionandcontrol aredis-
tributedamongheagentsywhichmaycooperategom-
peteor coexist dependingon the context. MAS have
shavn to be relevant [5] for understandingjmple-
mentingand operatingcomplex socio-technicakys-
temsas representedor example by e-hbusinesssys-
tems.In this papemwe proposea modelfor multi-item
auctionswhich hasa strongrelationshipto the efforts
in building multiagentsystems.

Auctionshave alwaysbeeranimportantmarketmech-
anism. The work presentedn this paperfocuseson
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the approachwhereauctionsare consideredisa pro-

cessof automaticnegotiationapplyingthe multiagent
paradigmNegotiationis centralto any commercend
market. It canbe definedasa Mechanism that allows
a recursive interaction between a principal and a re-

spondent in the resolution of a good deal [2].

An auctioncommonlyrestrictsthe negotiation vari-
ablesessentiallyto the price andthe quantityin case
of multiple items. An openauctionallows the agent
to review his offers,andif theauctionis public,to re-
fine themby analyzingthe offersof otherparticipants
and by consideringthe auctions evolution. The ne-
gotiation stratgy may thus be adaptedaccordingto
the rules of the market. Finally, an auctionnegoti-
atesamutuallyacceptablsolutionfor boththevendor
andthebuyerwhile the market forcesalonedecideon
the negotiationtermination. The useof auctionsasa
mechanisnior automaticnegotiationandfor resource
re-allocationin multiagentsystemsvasdemonstrated
by T. Sandholn{4, 3].

This paperis organizedasfollows: Section2 presents
a model for multi-item auctions. The stratgy and
equilibrium conditionsof the auctionprocesgelying
onthis modelarepresenteéndanalyzedn Section3.
Following that, Section4 presentanimplementation
of the model. The simulationresultsof threetypical
casesare presentedand discussedn Section5. Fi-
nally, we concludethe paperin Section6.

2. AMULTI-ITEM AUCTION MODEL

2.1 Multi-item auctions

In may casesauctionsincludemultiple non-identical
items. The price thata biddermay offer for oneitem
maydependn complicatedvayson whatotheritems
it canget. In suchcasesit is oftenpreferableo allow
bids on combinations of items, asopposedo bids on
only singleitems. Suchanauctionis called”combi-
natorialauction”. Bidding in combinatorialauctions
givesthe possibility to biddersto submitofferson a
packageof objectsthat interestthem. For example,



in a auction where computer components are sold, a Their respective desired quantitiegsare unknown to
buyer may be interested in having a computer screenthe vendor. Leb; the function of submission offers
with a central unit, but he is not interested in winning describing the auction strategy of buy&r depending
only the screen. This type of auction is preferable here, on its evaluatiorV; and the desired quantity of the
since it allows the bidders to express their true prefer- itemi:

ences, and may thus lead to better allocations. How- bi=b(Vi,q), i=1,...,n

ever, the exponential number of possible combinations
usually results in computational intractability in deal-
ing with such auctions.

Note that the buyer may decide to decrease the desired
quantity during an auction in order to increase his eval-
uation of the item according to

Most work on multi-item auctions suppose two sim- Vv
plifying conditions: the quantity of items to sell is vp = —
fixed as well as the quantities requested by the buyers. %

These two hypothesis do not meet the requirementsyherey! is the new evaluation of iterfor buyerA4,,

of many situations where auctions are used. Leng- andg/ the new quantity desired witff < g;.

weiler [1] for example proposes an auction model,

where the available quantity is not fixed. It can there- Suppose for example that buyés has a global evalu-

fore change during the auction as it is for example the ationV; = 100 for the desired items. If this buyer asks
case for stock values. The approach proposed in thisfor a quantity of itemsy; = 10, his evaluation for each

paper is inspired from Lengweiler's model, and it is of them would be

based on an English auction with multiple items, pri-

vate evaluations and variable requested quantities. In Vi 100

a simple English auction, bidders submit increasing T 10
public offers to the auctioneer until no more bidder is
able or willing to submit a better bid. The winner is

If th i t th tity asked f
the last participant who submitted the best bid. e buyer decides to decrease the quantity asked for

to ¢; = 5 items, the evaluation; is calculated as fol-

lows:
2.2 Mode UI_E_@_N
Consider a multi-item auction with one single vendor g 5
and a finite number of buyers oragents A4, ..., A,,.

A quantity@ of identical items is available to be sold. At the end of the auction, buyet; receivesg; items
Each buyer4; wishes to acquire a quantigy of items such that:

with:
n
Z g > Q G = qi it Q— ij>bi qj 2 qi
i=1 g = Q—ij>bi q; if 0<Q—Eb]—>bi g < qi
The evaluationsV;,i = 1,...,n of the n buyers @ =0 it Q=259 <0

are extracted from a rectangular uniform distribution

F(V) onthe interva[Vimin, Vmax] Where S ) ) N
In fact, winning bidders will obtain the quantities they

Vimax = Vimin > 1 bid for, while the last winning bidder will obtain just
the remaining quantity. All loosing participants will

This defines a model of private, independent evalua- . :
obtain a null quantity.

tions. Given that F is rectangular and uniform, the fol-

lowing holds Indeed, the quantity; obtained by buyer; depends
1 on the demands of the other buyets having submit-
F(V;) = TN T ted offersb; superior to his offeb;. The quantities of
max ~ Ymin .
those buyers is thus
Because the items are identical, each buyghas the
same evaluation; for all the items it wants to acquire Z qj
such that b >b;
Vi = (vi x q;)

The participants in the auction submit their offers as The last winning buyer; may thus have his demand
if they would desire to acquire just one single item. partially satisfied by the remaining quantity not sold to



the others. For example, suppose that 10 items are for

sale. The best offer for 8 of the items he desires is 15.

The second best offer is 10 for 5 items. The first buyer P(b; < bilgi) =
will receive the 8 items he asked for, while the second

buyer will only receivel 0 — 8 = 2 items.

4ibi = Vmin_
V;nax - Vmin

The probability that all offers of the other— 1 buyers
The winning buyers pay the amount of their bids mul-  are inferior tob; is thus:
tiplied by the quantity obtained; x g;. Their respec-
tive gains are:

T i — Vinin _ | 4ibi = Vinin o
B B B 1 Vmax - Vmin Vmax - Vmin
Ui = (0: = b;) x ¢ = Vi — bi;
] . ) ) All the buyersA; try to optimise their winning course
If the evaluation of the items to buy in the previous py maximizing the probability to win the auction. The

example is 18 for the first winning buyet; and 14 pyer therefor maximizes the following expression:
for the second ond », their respective gains are:

n—1
¢ibi — Vinin
Al : Ul = (18 - 15) x 8= 24 H(‘/l B qlbl) |:V;nax - Vmin:|
A2U2:(14—10)X2:8
The following expression is now resolved:
The function of gainU; is called theutility of buyer
A;. Each buyetr4; tries to maximize its utility;. 9 H /Ob; = 0

3. STRATEGY AND EQUILIBRIUM This results in

Every participant in the auction tries to win as if it

were a simple English auction. Because a partici- —qi(qibi — Vinin)"

pant does not know which are the quantities asked e

for by the other participants, it may happen that his (Vi = @ibi)(n = D)gi(qibs = Vain)" > = 0
bid will be out-done by other buyers. It is thus faced
with the risk that the demanded quantity will be which yields after factorisation in
entirely allocated to another buyer offering a higher

price. The buyer is always faced with the dilemma (b — Vi Y12
.. . .. . Qz({b (3 mm) X
where he wants to minimise his bigto maximize his
gains, but where on the other hand it must take care ~ [—(¢ibi = Vinin) + (Vi —qibi) - (n —1)] =0

that his bidb; has the best chances to win. A winner’s

course strategy taking into account these two contra- Keeping only the solutions which maximiig, :
dicting constraint must therefor be defined. !

Assume a buyerl; submits an offeb;. For this bid (qibi — Vinin) + (qib; — Vi)(n — 1) =0
to win, it is necessary that all the other— 1 bidders

submit inferior offers with regard tb;. The probabil- )

ity that any offerb; is inferior to the offerb; knowing the resultis

that A; demands the quantity is:

_ Vmin + (’ﬂ - 1)‘/1

b;
qi,b: ng;
POy <bla) = [ F()av
Vomin The expressioh; represents the optimal offer of buyer
with F(z) = 1 A; inthe sense that it is the minimal offer maximizing
Vinax — Vamin the probability to win the auction, while assuming that

the evaluations of the other bidders are uniformly dis-
resulting in: tributed.



4. SIMULATION 4.2 Buyer agent

The model presented in the previous section has beenT.he behavior of the buyer agent Is dgfined py his win-
ning course strategy as discussed in Section 3.. The

implemented as a simulation platform based on the o2 RS ;
multiagent paradigm. There are multiple buyer agents strategy for maximizing the buyer's gain is fixed in ad-
ance.

and a vendor agent. The application was entirely
coded in Java, because of the portability, robustness
and simplicity of this programming language. The
agents were implemented as Java threads running or4.2.1  Enrichment strategy

a local machine. The program offers the possibility to

define the number of items to sell by the vendor agent, While bidding, the buyer agent must take a decision
the minimum bid increment and the reservation price on: (1) the offer to submit and (2) the decrease of the
as well. Then, we have the possibility to characterise quantity demanded. There are thus two parameters to
the buyer agents through the definition of their num- be set for choosing the enrichment strategy: (1) how
ber and the amount of money allowed to them. We and when to place an offer, and (2) how and when to
may choose to randomly generate buyer agents bid- decrease the quantity asked for.

ding strategies, or fix them manually. Finally, the auc-
tion may be run. All the agent characteristics may
be loaded from/saved to a file, and similarly for the
bids generated by the buyers through the auction exe-
cution. Those results are then inspected and analysed

in order to induce some empirical conclusions. The 1. price offered as a function of time, during the auc-
simulations were made on a Pentium Ill PC with 128 tion progress, as illustrated in Figure 1.

Meg of RAM. The auction simulation process execu-

tion time depends essentially on the number of buyer 5 quantity asked for as a function of time, during
agents and the minimum bid increment value. Never- the auction progress as illustrated in Figure 2.
theless, an auction simulation doesn't take more than
approximately 5 to 10 seconds on such a machine.
This auction duration is a mean estimation based on
the simulations we made. Those simulations included 7| "
from 5 to 30 buyer agents. i

The enrichment strategy of the buyer agent is modelled
with two linear functions, which represent a more or a
less aggressive behavior:

Less

Aggressive Aggressive

Not Aggressive

Unitary Price

4.1 Vendor agent

Time : Auction Evolution

The vendor agent supervises the auction process in a
central manner. It engages the auction by announcing
its start to the buyers and then expects offers from the
buyer agents. Each time the vendor receives an offer,
it announces it to the buyers as the current best offer
without revealing the buyer’s identity nor the quantity
asked for. The vendor agent knows the numbef
buyers participating in the auction. If a buyer leaves
the auction, it decrements the numleof participat-

ing buyer agents. When only one buyer is left, the
vendor agent announces the end of the auction.

Figure 1:Price offered during the auction’s progress.

7 Initial Needed Quantity

Less

Aggressive Aggressive

Not Aggressive

Needed Quanttity
L

Minima Needed Quantity

The vendor agent can be considered as a reactive agent -
which reacts to exterior stimuli, i.e. the messages ar-
riving from the buyer agentd ;. It interacts with the

environment by sending messages to the buyers as derigyre 2:Quantity demanded during the auction’s progress.
scribed above.

Time : Auction Evolution



4.2.2 Behavior of the buyer agent that the buyers will heavily decrease their quantity de-
o ] mands in order to win the auction. The revenue of the
When a buyer agent starts to participate in an auc- yendor is in this case not affected by the number of

tion, it first determines the time interval of inactivity pyyer agents. Indeed, the following equation holds:
according to its enrichment strategy. At the end of this

waiting period, the agent verifies the current price. If . Vimn-1)V V

his offer is still the winning one, i.e. no other buyer bj=———"""=—=1;
agent has submitted a superior offer during its time of 4 i
inactivity, he determines his new waiting time accord-
ing to his enrichment strategy. The buyer agent con-
tinues this process until another buyer has submitted a

better offer. At this time, the buyer agent starts a pro- rigyre 3 first shows the revenue of the vendor depend-
cess of enrichment in order to submit a superior offer. ing on the means the buyers dispose, i.e. the buy-

If it can submit a better offer, the buyer agent sends a grs’ evaluations, without any decrease of the requested
message to the vendor agent with his price offer and qyaniities. Second, the figure presents the vendor's

the quantity desired. revenue in case the desired quantities are decremented
down to a minimum of 6 items.

The optimal offer for each buyer agent is therefore his
own evaluatiorv; of the item.

In case the buyer cannot submit a better offer, he tries
to decrease his quantity. The buyer agent seeks to di-[,
minish 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 quan-
tity. If the agent achieves his goal, it submits the new | ™
offer, otherwise it abandons the auction.

800

1400

Finally, when the auction will be terminated, the buyer
agent receives a signal from the vendor agent and then
clears the 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 il-
lustrated in the example in Section 2.2.

600

400

buyers evaluations

0 200 400 600 800 1000
—e— maximum income without quantity decrease
—e— mean income with quantity decrease

5. EMPIRICAL EVALUATION Figure 3:Vendor revenue in case of heavy competition.

This section presents and discusses empirical results

obtained by the simulation of the model described in Case 2: Same needs but different evalu-

this paper. Three different cases are evaluated. ations. influence of the number of buyer
agents

Case 1: Same needs and same evaluations Suppose the same parameters a3dse 1 except that
the buyer agents have different evaluations, i.e. they
dispose of different amounts of money to spend. The
evaluations of the 5 buyers are determined according
to a uniform distribution withV/,;, = 100 andVi.x =

Suppose there are 10 items to sell and= 5 buyer
agents. All the buyersd; 5 dispose of the same
amount of money to spend’{ = Viin = Vinax, 1 <

i < 5). The initial quantity each buye#; asks for
is equal to 10 itemsg( = 10,1 < i < 5), and the
minimal quantity accepted by the vendor agent shall The competition is not as aggressive asCase 1.

be 6 items. The strategies of the buyers are randomly Along the auction, the agents with smaller evaluations
generated. will abandon. In the end only two agents will stay and

. . ) _compete to win the auction.
This scenario represent a case of aggressive competi-

tion because all the buyers show the same (or similar) Figure 4 shows the influence of the number of buyer
needs for the quantities desired and their evaluationsagents on the revenue of the vendor. The model pre-
of the items are the same as well. One can thus expectsented in this paper allows to considerably increase the



mean revenue of the vendor. In order to maximize his ample, the maximal offer a buyer with an evaluation
revenue, the vendor should attract a large number of of v; = 300 can make to obtain the 6 items (minimal
buyers. In case there is no decrease in the quantitynumber of requested items) will be 50 per item. If the
requested, the revenue of the vendor stabilized with minimal incrementation is set to 9, the maximal offer
20 buyers and more. The revenue stabilisation oc- per item will be 45. On the other hand, if the minimal
curs later with the possibility to decrement the desired increment value is 10, the maximal value of 50 to offer
guantity. Figure 4 shows that this happens only with per item can be achieved. This explains the wave form
40 and more buyers. This difference can be explained of the curve in Figure 5.

by the competition which is always more accentuated
compared to a model where the requested quantities
do not decrease.

500

N *
mean seller income 2

1450
400

350

0 T T T T -

0 5 10 15 5
minimum bid incrementing

——mean unitary income
— —8— number of bids

300

250

Figure 5:Vendor revenue and number of bids in relation to
——mean income . L
—— maximum theroretical income the minimal bid increment value.

——income without quantity decrease

Figure 4:Vendor revenue in relation to the number of buy-

ers. 6. CONCLUSION

In this paper we proposed a formal model for auction

. . based automatic negotiations. This model has been
Qase 3 Same needs bUt. Q|fferent evalua- implemented using MAS and was tested and evaluated
tions: influence of the minimal offer with experiments. Recently, most work on multi-item
auctions have addressed the combinatorial issue that
allows bids on combinations of items as opposed to
only single items. These approaches suppose however,
two simplifying conditions: the quantity of items to
sell is fixed as well as the quantities requested by the
buyers. These two hypothesis do not meet the require-
ments of many situations where auctions are used. In
some auctions, it is more desirable to not fix the avail-
able quantity. It this way, quantities can change dur-
ing the auction, as it is for example the case for stock
values. The approach that we have proposed here, fol-
lows this road. To achieve it, we presented a model
based on an English auction with multiple items with

The parameters are the same af€ase 2 except that
the number of buyer agents is fixed to 10. The vendor
may define a minimal incremental value for an offer.
While increasing this minimal incrementation value,
the number of offers is decreased, which in turn min-
imises the communications between the buyers and
the vendor. The simulation experiments have shown
that a large incrementation value results in a globally
decreasing mean revenue for the vendor. Figure 5
presents this correlation. The curve representing this
relation shows however, that there are certain incre-
mentation values allowing better revenues than smaller

nes. In th rve h wave form with increas- _ . . . o
i?] eserio(ijeelg(’)r eex;lrjn Iee ?hseami?irﬁaloincrement(;t?;? private evaluations and variable quantities requested.
gp : pie, the With such a model, we succeed in characterizing:
value of 10 generates superior revenues compared to

the incrementation values of 8 and 9. This behavior
depends of the function determining the evaluations of 1. How a large incrementation value results in a
the buyers. Given thdt,,,, = 300 in the current ex- globally decreasing mean revenue for the vendor;



2. How an augmentation of the incrementation
value (by the vendor) decreases the number of
offers, which in turn minimises the communica-
tions between buyers and the vendor;

3. How the vendor’s revenue stabilizes with 20 buy-
ers and more in the case where there is no de-
crease in the quantity requested, and with 40 buy-
ers or more when a decrease of the requested
guantity is considered;

4. How the vendor’s revenue increases with large
guantity variations in the quantities requested;

5. Finally, the implementation using multiagent sys-
tems showed the suitability of this paradigm for
this application.

In conclusion, we believe that our model for automatic
negotiations is a suitable approach to enhance the ca-
pabilities of auction systems while imposing less con-
straints. In future work, we will investigate other en-
richment strategies as well as experiment with other
types of auctions. Given the first experimental results
of this paper we expect to successfully demonstrate the
power of this model with such variations as well.
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