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We present a framework for defining trading scenarios based
on fish market auctions. In these scenarios, trading (buyer

and seller) heterogeneous (human and software) agents of ar-

bitrary complexity participate in auctions under a collection
of standardized market conditions and are evaluated against
their actual market performance. We argue that such com-
petitive situations constitute convenient problem domains in
which to study issues related with agent architectures in gen-
eral and agent-based trading strategies in particular.

The proposed framework, conceived and implemented
as an extension of FM96.5 (a Java-based version of the
Fishmarketauction house), constitutes a testbed for trading
agents in auction tournament environments, FM97.6.

Finally, we illustrate how to generate tournaments with
the aid of our testbed by defining and running a very simple
tournament involving a set of rudimentary buyer agents.

a convenient mechanism for automated trading, due
mainly to the simplicity of their conventions for in-
teraction when multi-party negotiations are involved,
but also to the fact that on-line auctions may success-
fully reduce storage, delivery or clearing house costs
in many markets. This popularity has spawned Al re-
search and development in auction servers[31, 23] as
well as in trading agents and heuristics[6, 17]. On the
other hand, auctions are not only employed in web-
based trading, but also as one of the most prevalent
coordination mechanisms for agent-mediated resource
allocation problems (f.i. energy management[33, 32],
climate control[8], flow problems[29]). In this paper
we present ideas and tools that are relevant, mainly to
the first type of Al activity. We discuss how an agent-
mediated electronic auction house can be turned into a
test-bed for trading agents.

From the point of view of multi-agent interactions,
auction-based trading is deceivingly simple. Trading
within an auction house demands from buyers merely
to decide on an appropriate price on which to bid,
and from sellers, essentially only to choose a moment
when to submit their goods. But those decisions—
if rational—should profit from whatever information

Keywords: agent test-beds, multi-agent systems, agent-mediaf@gy be available in the market: participating traders,

institutions, auctions, e-commerce

1. Introduction

Auctions are an attractive domain of interest for Al
researchers in at least two areas of activity. On the one
hand, we observe that the proliferation of on-line auc-
tions in the Internet —such as AuctionlineDnsalé,
InterAUCTION?, eBay* and many others— has estab-
lished auctioning as a main-stream form of electronic

available goods and their expected re-sale value, histor-
ical experience on prices and participants’ behaviour,
etc. However, richness of information is not the only
source of complexity in this domain. The actual condi-
tions for deliberation are not only constantly changing
and highly uncertain—new goods become available,
buyers come and leave, prices keep on changing; no
one really knows for sure what utility functions other
agents have, nor what profits might be accrued—but
on top of all that, deliberations are significantly time-
bounded. Bidding times are constrained by the bidding

commerce. Thus, agent-mediated auctions appear asprotocol which in the case of DBRwctions—like the

Lhttp://www.auctionline.com
2http://www.onsale.com
3http://www.interauction.com
4http://www.eBay.com
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traditional fish markét—proceeds at frenetic speeds.

5Downward bidding protocol
6We will use the expressidiish marketo refer to the actual, real-
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Consequently, if a trading agent intends to behave be put to work coherently in a practical way. Or how
aptly in this context, the agent’s decision-making pro- and when reasoning about other agent’s intentions and
cess may be quite elaborate. It could involve proce- goals may be profitably turned into a trading advan-
dural information—when to bid, how to withdraw—, tage. Or how to couple a learning device with a human
reasoning about individual needs and goals, informa- trader to discover market-dependent heuristics or with
tion and reasoning about supply and demand factors— a trading agent so as teatchit perform the task. Or
which may involve other agent's needs and goals— how to apply data mining techniques to discover pat-
and assessment of its own and rivals’ performance terns of behaviour of rival agents.
expectations—which in turn may require knowledgeor ~ We trust this proposal may motivate Al theorists
reasoning about the external conditions that might af- and developers to look into auctions as a challenging
fect the auction. problem domain where they can investigate and put

Evidently, many approaches can be taken to deal their creations through a strenuous test, but we real-
with this decision-making process. From highly ana- ize that our proposed framework can serve other pur-
lytical Game-Theoretic ones, to mostly heuristic ones. poses as well. For instance, these tools may also in-
From very simple reactive traders, to deliberative teresteconomists who would like to examine issues of
agents of great plasticity. Moreover, it should be noted Mechanism Desigminder flexible theoretical and ex-
that the type of decision-making process involved in perimental conditions ([27]), since our trading scenar-
auctions is inherent in other common forms of trading ios may be seen as pseudo-markets with different de-
and negotiation, and specifically in those that are be- grees of indetermination. Moreover, financial regula-
ing identified as likely applications of multi-agent sys- tory bodies, and market developers may take advantage
tems[7, 33, 32, 8, 29]. However, it is not really obvious of this kind of framework for the design and experi-
which of the many possible approaches for automatic mentation with electronic market places, both in terms
trading strategies’ modelling are better, or under what of those characteristics that new Internet-based trading
conditions. We do not intend to present any such ev- institutions should have, but also in terms of features
idence in this paper, but instead to sketch a blueprint and components new market practices may be requir-
for the production, assessment and perhaps communi-ing to facilitate agent-based trading that is practical,

cation of such evidence. Actually, this paper will focus
on the description of a testbed—which permits the def-
inition, activation and evaluation of experimental trad-
ing scenarios that we shall refer to @&irnaments-
and will illustrate how it can be used.

As the starting platform for that testbed, we use a

Java-based electronic auction house inspired by the tra-

ditional fish market, FM96.5 [23]. This provides the
framework wherein agent designers can perfeon-
trolled experimentatioin such a way that a multitude
of experimental market scenarios of varying degrees
of realism and complexity can be specified, activated,

reliable and safe.

In Section 2, we outline the essential notions of how
an auction house works, how théshmarketmodel
was implemented to model auctions and how it has
been adapted to deal with tournament scenarios. In
Section 3 we introduce the concept of tournament de-
scriptor, and in Section 4 we illustrate how to instan-
tiate such tournament descriptor in order to character-
ize particular tournament scenarios. Finally, Section
5 discusses related work and argues about present and
future work.

and recorded; and trading agents compared, tuned and

evaluated.

This exercise will ideally serve to show how one
can conveniently devise experimental conditions to test
specific features in agent architectures. How, for exam-
ple, any-time strategies and off-line deliberation may

world, human-based trading institution, aRshmarketto denote
the artificial, formal, multi-agent counterpart. Hence, FM96.5 refers
to a particular implementation of tHeshmarketmodel of the fish
market. Notice that we use the temstitutionin the sense proposed
by North [16] as a .. set of artificial constraints that articulate
agent interaction’s

2. An Auction Tournament Environment

Following [15], the fish market can be described as a
place where severacenegake place simultaneously,
at different locations, but with some causal continuity.
The principal scene is the auction itself, in which buy-
ers bid for boxes of fish that are presented by an auc-
tioneer who calls prices in descending order,dben-
ward bidding protocal However, before those boxes
of fish may be sold, fishermen have to deliver the fish
to the fish market, at theellers’ admission scenand
buyers need to register for the market, at thuyers’
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admission scend_ikewise, once a box of fish is sold,

the buyer should take it away by passing througbg
ers’ settlements scenwhile sellers may collect their
payments at theellers’ settlements scenace their lot
has been sold.

In[23, 15] we present FM96.5, an electronic auction
house based on the traditional fish market metaphor.
In a highly mimetic way, the workings of FM96.5 also
involve the concurrency of several scenes governed by
the market intermediaries identified in tfshmar-
ket Therefore, seller agents register their goods with a
seller admitter agent, and can get their earnings (from
a seller manager) once the auctioneer has sold these
goods in the auction room. Buyers, on the other hand,
register with a buyer admitter, and bid for goods which
they pay through a credit line that is set up and up-
dated with a seller manager. Buyer and seller agents
can trade goods as long as they comply with Ffgdn-
market institutionatonventions.

The Fishmarket is amstitution (cf. North’s [16])
that establishes and enforces explicit conventions of
three types:

1. Ontological and Communicationalonventions
that determine the types of goods that are ex-
changed, the pricing and bidding elements and,
in general, the content and meaning of those mes-
sages that can and may be uttered within an auc-
tion house to perform an auction.

. Socialconventions that establish the way interac-
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tions among participants are to take place. That
is, the process through which goods are regis-
tered, what is needed for a buyer to be admitted
in an auction, how bidding proceeds, or how dues
are taken care of.

. Individual rules of behavioyrwhich establish
the duties and rights of participants, and make
explicit the obligations and commitments they
would incur by participating in an auction.

Following [15], the Fishmarkesocial conventions
can be represented in terms oParformative Struc-
ture, PSpys that states the causal and temporal rela-
tionship among the Fishmarkstenesas depicted by
Fig. 1. Each scene in turn, is characterized [8cane
Protocolthat indicates how illocutions among partici-
pating agents are to be exchanged. For example, Fig.
2 shows the complete Bidding Rounds scene of the
Fishmarket (including the bidding round proper, plus
preparation and closing), and Table 1 the illocutions

Fig. 1. Fishmarket Superficial Performative Structure

used in that diagrafm

The conditions for generation and interpretation of
those illocutions make reference to the “market com-
mitments”. Commitments that either have to prevalil
before an illocution can be uttered by an auction par-
ticipant, or are affected bylagitimateutterance of an
illocution by an auction participant.

7In Fig. 2, circles represent states (of “commitments”), boxes,
other scenes. Arcs are labelled by (abridged) illocutions (see Table
1). Arrows indicate precedence, dotted lines indicate an optional il-
locutory move.
Note that each illocution in tables 1 and 2 has the fo(m,I" :
¢;7), whereq is the agent that utters the illocutiof, the set of
agents that receive the illocutios the propositional content and
7 the time of utterance (in particulat,,,., represents the moment
when the illocution is intended to be uttered). Whenever possible,
time is omitted here for simplicity.
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Fig. 2. Fishmarket Bidding Rounds Scene

offer(auct, all : tosell(g,p))
assert(b, auct : bid)
request(auct, bm : credit_status(b, p¢))
assert(bm, auct : valid(b))
assert(bm, auct : fined(b, fine))
request(bm, auct : expel(b))
declare(auct,all U {bm} : sold(g,b,p,t.))
declare(auct, {b, bm,ba} : expelled(b))
command(auct, b, outto(DR))
declare(auct, all : expelled(b))
declare(auct,b : fined(b, k))
declare(auct, all : invalidbid)
declare(auct, all : collision(g,b,p))
declare(auct, all : tiebreak(b,b))
declare(auct, all : endoflot)
request(b, auct : exitto(DR))
request(s, auct : exitto(BO))

Table 1
lllocutions used in a Fishmarket bidding round.

lllocution generation and interpretation conventions
are coded into the Fishmarkigdividual rules of be-
haviour, BRr1s, as exemplified in Table®2

8Fishmarket rules involve terms such &G andUG (the lists
of sold and unsold goodsyendg ¢ (the pending tasks of the auc-
tioneer),bundle(b) (all the purchases of buy®j, A,y nas (Wait-
ing period between two bidding rounds), etc. They may also in-

Market Commitments in the Fishmarket can be
thought as information structures, such as the auction
catalogue or the buyer and seller accounts that “inter-
pret” thetermsthat appear in the illocutions.

Ontological and Communicationabnventions are

formalized as the Fishmarkatalogical framework24,
15], DF g, Which contains those entities that con-
stitute the “auction world” in the Fishmarket; that is,
everything that is referred to in a legitimate illocution
or rule of behaviour. This can be made explicit in the
following way:

Definition 2.1. TheDialogical Frameworlof the Fish-
market is the structurBF ), = (Agents, Rolesp,
SRFM, LOCFM, LFM; CLFM, MLFM, T), where

1. Agents is a set of agent identifiers.

2. Rolespp={Boss, Auctioneer, Buyer Admitter,
Buyer Manager, Buyer, Seller Admitter, Seller
Manager, Sellér,

3. SRry = {authoritypy; = {(Boss,x) | x €
Rolespm — {Boss}}, Social relationships in
Fishmarket (Boss has authority over all of the
participants in an auction).

4. Locyny = {AH,RR,AR,BO,DR,M}, the
Fishmarket (virtual) locations.

5. Lras the “object language” of Fishmarket. Its
signature includes all symbols used to represent
the “propositional content” of legitimate illocu-
tions: {{ A ounas, credit, bundle, ... },...

{Admittance, Tosell,...},...po},

6. C'Lrp the communication language needed to
express legitimate illocutions in Fishmarket (in-
cludes {request, offer, accept, declare., }, as
part of its signature).

7. M Ly, the metalanguage used to define rules
and diagrams (it includes all other languages).

8. T is a model of time (f.i., discrete, acyclic,
forward-branching order).

This agent-mediated abstract institutiaA,M =
(DFpm, PSFm, BRry) has FM96.5 as its compu-
tational realization. In it, all those conventions that af-
fect buyers and sellers have been coded into what we
call aninstitutor which constitutes the sole and exclu-
sive means through which a trader agent—be it a soft-
ware agent or a human trader—interacts with the mar-
ket institution. An institutor gives a permanent identity

clude standard programming language constructs sudty a97’
and RE'ST that refer to the intended computational realizations.
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Rule 1. (adjudicateayct)

SG := APPEND(SG;g)

UG := REST(UG)

Pendauct := UG)

declare(auct, all :

sold(g, buyer(g), pw(9), tw(9)); trow)

Rule 3. (newgood,,, ;)
IF

declare(auct, all :
sold(g, buyer(g), pw(9), tw (9)); t)
AND UG =10

THEN request(auct, sa : moregoods; tnow )

Rule 2. (newgoodauct)

IF assert(bm, auct : valid(b), t) IF (declare(auct, all :

THEN creditt,,, (b) := crediti(b) — pt(g) sold(g, buyer(g), pw (9), tw (9)); 1))
buyer(g) := b AND (UG #0)
bundle(b) := bundle(b) U {g} THEN g :=FIRST(UG)
tw(g) =1 p(g) := po(9)

WAIT(tnow 2 L+ Araunds)
of fer(auct, all : tosell(g,p(9)); tnow)

Table 2
Adjudication Rules in Fishmarket

to the trader and enforces arteraction protocolthat
establishes what illocutions can be uttered by whom

As to the systematization of our experiments, the
complete parametrizability of FM97.6 allows for the

and when —and consequently what their language and generation of different market scenarios. This capa-

content, sequencing and effects may.ben FM96.5
we decided to implement institutors as a particular in-
stantiation of the so-called market interagents intro-
duced by Martin et al. in [12].

In order to obtain an auction tournament environ-
ment, more functionality has been added to FM96.5 to
turn it into a testbed, FM97.6. This must be regarded
as adomain-specifienvironment that models and sim-

bility of scenario generatioappears as a fundamental
feature of any multi-agent testbed if it intends to guar-
antee thaepeatabilityof the experiments to be con-
ducted. Concretely, the customizability of FM97.6 al-
lows for the specification, and subsequent activation,
of a large variety of market scenarios: from simple toy
scenarios to complex real-world scenarios, from care-
fully constructed scenarios that highlight certain prob-

ulates an electronic auction house. Nonetheless, noticelems to randomly generated scenarios useful for testing

that the resulting multi-agent testbedrésalistic since
it has been grown out of a complex real-world applica-
tion, FM96.5.

Being an extension of FM96.5, FM97.6 inherits

buyer agents’ average performatteFig. 3 displays a
shapshot of FM97.6 Tournament Definition Panel, the
tool utilised by tournament designers to construct tour-
nament scenarios. Observe that most BAest-beds

the mechanism of interaction between buyer agents (f.i. Tileworld, Phoenix, DVMT, TAEMS) also support
and the market. This ensures that our testbed shows repeatability.

a crisp distinction between agents and the simulated

world. Furthermore, the use of institutors or market
interagents permits to consider FM97.6 aserhitec-
turally neutral environment since no particular agent
architecture (or language) is assumed or provided.
Analogously, other test-beds such as Tile-world[20],
Teems[18], and Mice[13] have also opted for re-
maining architecturally neutral, whereas test-beds like
Mace[18], Phoenix[4], DVMT[18], Archon[18], or
CooperA[18] provide a suite of development facilities
for building agents.

9In [23] we used the terrmomadic agent interfagein [15,
Chpt.10] the notion oinstitutor is defined and discussed.

Finally, there is the matter of evaluating a buyer
agent's performance. FM97.6 keeps track of all illo-
cutions taking place during an auction, so that a whole
auction can be audited step-by-step, and the evolving
performance of all the agents involved in a tournament
can be traced, calculated, and analyzed. Fig. 4 dis-
plays a snapshot of FM97.6 Trace Tool, the component
of the testbed which allows to trace the behaviour of
all agents within the market, and follow the progress of
the participants in tournaments.

10These are the kind of scenarios that we actually generated for
our first tournament as we explain in section 4.
DA stands forDistributed Artificial Intelligence.
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rﬂ FISHMARKET 97.6 Tournament Definition Pannel

Tournament Definition

Auclion Paramelers Tournameni Type List of Buyers
B ; ; ; jar (Javal buyerlinus
Time between rounds (ms) | 2000 Geods (infermation revelation Jdav(ijd (huma};ﬂ
. ) m seller name  Jlinitial price
Time between auctions {msy | 2000 X
M Good Type I Resale price
o . ¥
e e EegR : Eval Function ] I3
Humber of auctions = P Add buyer | Remove buyer |
Bidding Pratocol  Dutch Auction  — I Buyers specify their credit Listof Sellers
e S i Buyers’ initial credit I{QOOOO BEE i =
Time between offers (ms) [7100 Tournament mede J
Sanction facter (%) 25,0 Mode 1 tAutomatic randem) — ‘ £ Tl .
Price increment (%) 25.0 Boxes pergood |2 |
Top number of collisions %3 :
Y Tyfpe @i gostd cod Minimum number of buyers |1
Madilie P Starting price  |11200 [2o00
- ) I — 2400 " Trace the Tournament
ournament |orelg litacsices I ) P P
Resale price |04 0.5 I Database connection activated
Databaze Ii""”“g'”'a‘(s'('ES I;3333 Min. price rate [:2100 [2400 I~ RMIfor buyers enabled
Accept | Load | Save | Default | Exit

Fig. 3. FM97.6 Tournament Definition Panel

Summarizing, the resulting environment, FM97.6, Next, we define the notions éfuction round Auction
thus constitutes a multi-agent testbed where a very rich andTournament descriptor=inally, we close this sec-
variety of experimental conditions can be explored sys- tion defining the framework wherein buyers and sellers
tematically and repeatedly, and analyzed and reported may be evaluated.

with lucid detail if needed.
3.1. Bidding Protocol

When auctioning a good, one could choose among
a wide range of bidding protocols (DBP,UBRetc.).
Each of these protocols can be characterized by a set
of parameters that we refer to bglding protocol dy-

3. Defining Standard Market Conditions

A trading scenario will involve a collection of ex-
plicit conventions that characterize an artificial market. i > : i o
Such conventions define the bidding conditions (tim- namics descriptorsso that different instantiations of

ing restrictions, increment/decrement steps, available SUCh descriptors lead to different behaviours of their
information, etc.), the way goods are identified and COrresponding bidding protocols. As a particular case,
brought into the market, the resources buyers may have W€ Will concentrate on the downward bidding proto-
available, and the conventions under which buyers and 0! (OBP) since it was the one utilized in theshmar-
sellers are going to be evaluated. This proposal com- kettourname_nts. Thus, we _state _epr|C|tIy the bidding
bines the ideas presented in [22] and [15] and shares Protocol of Fig. 2 (as described in [15, 23] along
some commonalities with [14, 31] in the identification With itS respective parametrization. The description
of auction parameters. In this section we discuss these that follows has been encoded in the algorithm in Fig.
underlying ideas from a formal point of view and in-

troduce some of the elements needed to make a precisgStep 1] The auctioneer chooses a good out of a lot

instantiation of actual tournament scenarios in section of goods that is sorted according to the order in
4.

We shall start by studying the dynamics of the pro- :
tocol governing the main activity withifishmarket 12pBP stands fodownward-bidding protoco{‘'or ‘Dutch”) and

UBP stands foupward-bidding protoco{or “English”)

that is, a part of the performative StruCtURS .- L3 nttp:/iwww.iiia.csic.es/Projects/fishmarket
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Fish Market Trace Tool ¥1.5

Exit Tool| e fuf oF wihiniy
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100 ACK 101 Auctioneer Round: 1 Price: 1420
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[ E—

I~ TP« T 275 ACK 276 Auctioneer Round: 3 Price: 1840
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Sender Sending Time Tag Reception Time Contents

w
5}
5
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Auctioneer 370 PRICE 271 3170
Auctioneer 372 PRICE 373 3180
Auctioneer 374 PRICE 375 3150

Auctioneer 376 PRICE 377 3140 -1
Auctioneer 378 PRICE 379 3130 7
Good praw ns
H 1

seller Start price | 3200

Current price

3080

Fig. 4. FM97.6 Trace Tool

which sellers deliver their goods to the sellers’ ad- One bid Only one buyer submits a bid at the
mitter. current price. The good is sold to this
[Step 2 ] With a chosen good, the auctioneer opens buyer whenever his credit can support his
abidding roundby quoting offers downward from bid. Whenever there is an unsupported bid
the good'’s starting pricep{) previously fixed by the round is restarted by the auctioneer at a
the sellers’ admitter, as long as these price quota- higher price, the unsuccessful bidder is pun-
tions are above geserve pricgp,s,) previously ished with a fine, and he is expelled out from
defined by the seller. the auction room unless such fine is paid off.
[Step 3] For each price called by the auctioneer, sev- No bids No buyer submits a bid at the current
eral situations might arise during the open round: price. If the reserve price has not been

. . . L reached yet, the auctioneer quotes a new
Multiple bids Several buyers submit their bids at price which is obtained by decreasing the

the current prlcE. In th's. case, alcoII|S|on current price according to the price step. If

comes about, the good is not sold to any the reserve price is reached, the auctioneer

buyer, and the auctioneer restarts the round declares the goodithdrawnand closes the
at a higher price. Nevertheless, the auction- round

eer tracks whether a given number of suc-

cessive collisionsX.,;;) is reached, in order [Step 4 ] The first three steps repeat until there are no
to avoid an infinite collision loop. This loop more goods left.

is broken by randomly selecting one buyer

out of the set of colliding bidders.
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Functionround (BL, g%, p, coll, Dppp) =
let Functioncheck credit(b; ) =
if C}.(b;) > p then
update_credit(b;, p);
sold(g; , b, p);
elseif CL(b;) > p * Lsanction then
update_credit(b;, p * sgnction);
round(B;, gi:p * (1 + Hrebid): 07 DDBP);
else
round(B; - {bi}ag;ap * (1 + Hrebid)a 07DDBP);

n
offer(g;., p);

wait (A, gers );
let B = {b;|bid(b;) = true,b; € B.}in
case

[1B|| = 0: if p = p., thenwithdraw (g});

iseround(B:‘- b gi:p - Aprice: 07 DDBP);
check.credit (b;);
if coll < X7 then

round(BL, gi.,p * (1 + Iyepia), coll + 1,DpBp);
elsecheck credit(random_select{ B));

B ={b;}:
[|IB|]| >1:

end case
end
end

DBP(B:; ) g;-) = round(B;' ) gi-apou 0)

Fig. 5. Downward bidding protocol

Six parameters that control the dynamics of the bid-
ding process are implicit in this protocol definitidn

We shall enumerate them now, and require that they
become instantiated by the tournament designer as part

of a tournament definition.

Definition 3.1 (DBP Dynamics Descriptor). We de-
fine a Downward Bidding Protocol Dynamics Descrip-
tor DDBP as the 6'tup|e<Apricea Aoﬁers,Aroundsv
Ecoll: Hsanction: Hrebid > such that

— Aprice € IN (price step). Decrement of price be-
tween two consecutive quotations uttered by the
auctioneer.

— Aygers € IN (time between offers). Delay be-
tween consecutive price quotations.

— Ayounds € IN (time between rounds). Delay be-
tween consecutive rounds belonging to the same
auction.

— Y.ou € IN (maximum number of successive col-
lisions). This parameter prevents the algorithm
from entering an infinite loop as explained above.

L40ther bidding protocols—f.i. UBP, Yankee, Double auction,
etc.—would be characterized by other sets of parameters)

d for Trading Agents in Electronic Auction Markets

— Isunction € IR (Sanction factor). This coefficient
is utilized by the buyers’ manager to calculate the
amount of the fine to be imposed on buyers sub-
mitting unsupported bids.

— Il,¢p5q¢ € IR (price increment). This value deter-
mines how the new offer is calculated by the auc-
tioneer from the current offer when either a colli-
sion, or an unsupported bid occur.

Note that the identified parameters impose signifi-
cant constraints on the trading environment. For in-
stance, A gers @and A,,unqs affect the agents’ time-
boundedness, and consequently the degree of situated-
ness viable for bidding strategies.

3.2. Auctions

Auction roundsaim at identifying and characteriz-
ing the ontological elements involved in each bidding
round.

Definition 3.2 (Auction Round). For a given round
of auctioni we define theauction round A% as the
5-tuple

Al = (B, g5,

where

Cpdy, I,

)

— Bi is a non-empty, finite set of buyers’ identifiers
such thatB? C B, the set of all participating buy-
ers.
gt = (4, T, Pas Prsv, S5, Pw, br) IS @ good where
stands for the good identifier,stands for the type
of good,p, € IN stands for the starting price,
Prsv € IN stands for the reserve pricg, € S—
the set of all participating sellers—is the seller of
the goodp, € IN stands for the sale price, and
b € B is the buyer of the good. Notice that
gl is precisely the good to be auctioned during
roundr of auctioni, and thap,, andb; might take
on empty values when the round is over, denoting
that the good has been withdrawn.
Ci : Bi — IR assigns to each buyer B his
available credit during roundof auctioni.
d? stands for an instance of a bidding protocol dy-
namics descriptdr.
— 7! is a set of information functions available for
the agents during the round. It contains those
functions labelling some of the events occurring

151n the Fishmarkettournaments It will always be an instance of
the DBP dynamics descriptor.
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during the round. Thus, the contents of this set
will depend on the bidding protocol governing
each round. For instance, following the descrip-
tion of the downward bidding protocol in Fig. 5,
functions for labelling offers, sales, fines, expul-
sions, collisions, and withdrawals must be pro-
vided within this subset. For example, the auction
catalogue could be included as an element of this
set.

FM97.6 lets the tournament designer decide on
the degree of transparency to be attacheduotion
rounds In other words, the designer will have to de-
cide what information abowduction roundss to be
conveyed to the contenders, whether these should be
informed about the participating buyers, and the subset
of the set of information functions to be transmitted.

Finally, a notion ofAuctionarises naturally from the
definition above.

Definition 3.3 (Auction). We define an auction’ as
a sequence dkuction rounds
A =[AL.- AL

To summarize, firstly we have identified all the es-
sential elements characterizing bidding rounds: the
participating buyers and their credits, the sellers and
their goods, those features typifying the bidding proto-
col, and the most relevant information produced during
the round that allows the participating agents to know
the current state of the bidding process. Secondly, we
have introduced the notion of auction in terms of our
view of Auction rounds

3.3. Market Interagents

When developing our testbed, a major question

Juan A. Rodguez-Aguilar et al. / Towards a Test-bed for Trading Agents in Electronic Auction Markets

explicit allows the management of the interdependen-
cies among agents’ activities.

In [15] the abstract role of aimstitutor is discussed
and in [12] a computational analogue is developed. In
[12] we introduce ainteragentas an autonomous soft-
ware agent which intermediates the communication
and coordination between an agent and the agent soci-
ety wherein this is situated. An interagent allows inter-
dependencies between agents’ communicative acts, ex-
pressed as performatives of a high-level agent commu-
nication language, to be ordered by meansariversa-
tion protocolswhich represent the conventions adopted
by agents when interacting through the exchange of
messages. We model and implement conversation pro-
tocols as a special type of pushdown automaton be-
cause unlike finite state machines, pushdown automata
allow to store and subsequently retrieve the context of
an ongoing conversation. These conversation proto-
cols can be easily defined in a declarative way for each
interagent.

The functionality provided by an interagent will
highly depend on the role played by the agent interact-
ing with it. Thus we will distinguish two distinct roles
for agents making use of interagents:

— the userof an interagent will regard it as the
sole and exclusive means through which he can
interact with the agent society thanks to the set
of communication and coordination services pro-
vided by the interagent, but previously defined by
the owner

— the ownerof an interagent is provided with a wide
range of facilities to either load or program—
before and during the user’s run-time—into the in-
teragent the communication and coordination ser-
vices that the user is allowed to employ

arose: how to handle the interdependencies among the Needless to say that an agent can possibly play both

agents situated in a market setting? On the one hand,
there is the matter of coordinating the activities of the

roles at the same time.
Thus, interagents have been incorporated into our

several market intermediaries composing the market testbed in order to handle the intra-market coordina-
institution so as to guarantee the proper workings of the tion problems as well as the interplay between trading
institution itself. On the other hand, there is the matter agents and the market institution. Notice, though, that
of coordinating the interplay between trading (buyer we draw a distinction between the so-caliaternal
and seller) heterogeneous (human and software) agentsmarket interagentand theexternal market interagents
and the market institution. based on two criteria: ownership and usage. Fig. 8
In general, it is widely accepted that when several depicts the two types of interagents included into the
computational entities interact by exchanging mes- Fishmarket
sages, a higher level of interaction concerning the con-  Whereas internal market interagents are both owned
ventions shared during the exchange should be ad- and used by those agents functioning as market inter-
dressed [30, 9, 2, 19, 15]. Making such conventions mediaries within the market institution, external mar-
ket interagents are owned by the institution too but
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Fig. 8. Fishmarket A multi-agent system using interagents

used by trading agents to interact with the market. sages received by a buyer agent. For instance, 2/ means
For instance, Fig. 7 depicts the communication that the buyer submits a bid at the price called by the
states of a buyer when interacting with his interagent auctioneer within /11.
when a good is auctioned following the downward bid- In FM97.6, external market interagents have been
ding protocol in Fig. 5, while Fig. 6 depicts the anal- designed to work as Java processes which use its stan-
ogous finite state control for the UBP. Tables 3 and 4 dard input and standard output to communicate with
specify the syntax of the messages labelling the edgesbuyer agents (the users) and (TCP-)stream sockets
of both finite state control§. These messages corre-
spond to the propositional content of the illocutions in

#Message| Predicate Parameters
Table 1. 4 deny deny_code
5 accept open|closed auction_number
#Message| Predicate | Parameters 6 open-auction auction-number
1 admission | buyerlogin password 7 open.-round m”"d.-”umber
2 bid [price] 8 good good_id good_type
3 oxit starting_price resale_price
Table 3 9 buyers buyerlogin}*
Market Interagent Incoming Messages 10 goods good-id good-type o
starting_price resale_price}
11 offer good_id price
12 sold good_id buyerlogin price
Notice, however, that both diagrams display the in- 1431 Sa”CT"_’” E“yer:"g!” fine
teraction between a buyer agent and his interagent iE iéﬁil;iz'sn p;’izgr ogin
from the agent's view. Therefore, message numbers g withdrawon good_id price
followed by / stand for messages sent by a buyer agent,| 17 end_round round-number
while message numbers preceded by / stand for mes-| 18 end_auction auction-number
19 going {single|multiple} + {1,2}
20 gone
16For the sake of simplicity, these examples restrict to show the 2; tlle'brdeak el buyerlogin
finite state controlsof the conversation protocols used for encod- closed-mar 'T'able 7

ing the coordination patterns underlying the dialogues held between
buyer agents (the users) and the interagents attached to them by the
institution (the owner).

Market Interagent Outgoing Messages



12

to communicate with the institution (the owner). In
adopting such a simple convention, we allow agent
programmers to build their agents in any programming
language that allows for firstly spawning the interagent
as a child process and then plugging to it.

Finally, we would like to emphasize that two major
benefits derive from the usage of interagents within our
testbed (as summarized in [12]):

— they permit agents to reason about both commu-
nication and coordination at a higher level of ab-
straction, and

— they provide a complete set of facilities that al-
lows agent engineers to concentrate on the design
of their agents’ internal and social behaviour

3.4. Tournament Descriptor

By bundling together all the elements introduced so
far, we can formulate descriptions of tournament sce-
narios.

Definition 3.4 (Tournament Descriptor). We define
a Tournament Descriptdr as the 8-tuple

T = <77,, Aauctio’ns, D; 737 B, 87 -7:, E>
such that:

— n is the number of auctions to take place during a
tournament.

— Aqguctions IS the time between consecutive auc-
tions.

— D is a finite set of bidding protocols’ dynamics
descriptors.

— P is a finite family of communication protocols
that a buyer agent must employ to interact with its
interagentindexed by different bidding protocol
types (fIP = {PDBP7PUBP7 - })

- B ={b,...,by} is afinite set of identifiers cor-
responding to all participating buyers.

- 8§ ={s1,...,54} is afinite set of identifiers cor-
responding to all participating sellers.

- F=[F',...,F"]is asequence of descriptors.
EachF? specifies the way auctiad? is dynami-
cally generated.

— E = (Ey, E) is a pair of winner evaluation func-
tion that permit to calculate respectively the score
of buyers and sellers.

First of all, notice that the tournament designer will
include a non-emptyDpgp in D, for the Fishmar-
ket tournaments, and that the designer will have to
specify also the time between consecutive auctions.

Juan A. Rodguez-Aguilar et al. / Towards a Test-bed for Trading Agents in Electronic Auction Markets

Observe as well that the sefy P, B, andS are the
domains taken by the set of descriptdrdn order to
dynamically generate the contents of each auctign
during the tournament, for instance, the set of buyers
participating in round of auctioni must be a subset of
the domain3. Note also that any given auctioff will

not be fully instantiated till all their bidding rounds:.

are over, because although some elementd‘irare
known before this round starts, the rest are produced
during the round. On the other hand, notice that differ-
ent sets of descriptors determine different tournament
modes. In FM97.6, tournament designers can choose
among some standard modes whose main features are:

Automatic The lots of goods are automatically gen-
erated based on functions of arbitrary complexity
provided by the tournament designetinand so
no sellers are involved in these tournaments.

Random The lots of goods are randomly generated
based on uniform distributions given i pro-
vided by the tournament designer, and thus no
sellers are involved in these tournaments either.

One auction Once all participating sellers have sub-
mitted their goods, the same auction is repeated
over and over with the same lot of goods till the
number of auctions set by the tournament de-
signer is reached.

Fishmarket The mode closest to the workings of the
fish market. The tournament designer simply
specifies the starting and closing times. During
that period of time buyers and sellers can enter,
submit goods, bid for goods, and leave at will.

Observe that the degree of complexity of the scenar-
ios that trading agents will face results from the com-
bination of the chosen tournament mode, the amount
and complexity of the information supplied withif,
and the transparency attached to eagttion round

3.5. Tournament Evaluation Framework

Finally, the following definition provides the frame-
work that the tournament designer is to use when trac-
ing, evaluating, and analyzing tournament scenarios.

Definition 3.5 (Tournament Evaluation Framework).
We define a Tournament Evaluation Framewéris
the pair(7, A) such that:

— 7T is a Tournament Descriptor.
- A = [AL,..., A" is a finite sequence duc-
tions
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n 21
Aquctions 5000 msec
D dppp} = {(10ptas, 1000msec, 3000msec, 3,0.25,0.25) }
P Pppp}
B warakaman akira fishbroker tindalos dolphin 2422080
panipeixos josnat satan xanquete e0934125
S 5]
F(i=1...n)
ri cardinal of goods
B: B
T #Boxes Pa Prsi Prsv
cod U[1,15] | U[1200,2000] | U[1500,3000] | U[0.4,0.5]
J tuna fish | U[1,15] | U[800,1500] | U[1200,2500] | U[0.3,0.45]
gooes 1 prawns | U[1,15] | U[4000,5000] | U[4500,9000] | U[0.35,0.45]
halibut | U[1,15] | U[1000,2000] | U[1500,3500] | U[0.4,0.6]
haddock | U[1,15] | U[2000,3000] | U[2200,4000] | U[0.35,0.55]
[ Ci(b) = 50000 Vb € Bi,C; ., (b) = C;(b) — expenses; (b
d;. dpBp
I} fine, expulsion, sanction, sale, offer, collision, withdrawal
b (Ey, Bs ) = (Bn [ 5 (n(r — )], @)
Table 5

UPC Tournament Descriptor

The sequence dkuctions .4, must be regarded as
the tournament history, i.e., the complete instantiation
of the auctions composing the tournament. Moving to
the implementation level, we find that such history of
tournaments is kept by FM97.6 in a database.

Next section aims at introducing a rather straightfor-
ward example that intends to illustrate how to gener-
ate a market scenario, and, at the same time, to report
on the results of the firdtishmarkettournament con-
ducted at the Technical University of Catalonia(UPC).

4. A Toy Fish Market Tournament: The UPC
Tournament

This section presents the definition of the fiFgh-
market tournament which involved a group of final
year students at the UPC. For the sake of brevity, we
only describe the main features of the tournament sce-
nario. For more detailed information, we address the
reader to the tournament web page

room, all buyer agents were endowed with the
same credit at the beginning of each aucti¢n
(Ci(b) = 50000 Vb € Bi) of the tournamerf .

— Because the tournament mode was seatmlom

the number of fish boxes for each type of fisf (
were randomly generated for each auctidipand

the starting pricep,), resale pricept, ), and re-
serve pricef,.s,) of each one of these fish boxes
were also randomly generated according to the
uniform distributions in Table 5. All those distri-
butions except those referring to the reserve prices
were known by the contenders.

— Skeleton programs for buyer agents were pro-

vided in Java, C, Prolog, and Common Lisp.

— The chosen evaluation functiorizf) calculates

the performance for each buyer at round num-
berr of auction number based on the accumu-
lated benefits {7), the accumulated number of
purchases), and the number of rounds)(where
that buyer is active.

We opted for a simple scenario characterized by the
tournament descriptor in Table 5. There are some com-

ments to be made on the resulting scenario:

— Buyer agents were identified by a unique login

and password delivered to their owners after reg-

istering. Then, once admitted into the auction

L7 http://www.iiia.csic.es/Projects/ishmarket/tournament97.html

In spite of the rudimentary character of this experi-
ence, two considerations are worth reporting:

— The experimental conditions defined (mainly start-
ing prices, available endowments, and evaluation
functions) favoured voracious strategies (buy as
much as possible, as soon as possible).

— The setting of time-delays (K& ,gers, Arounds
andA,..tions) acted against deliberative agents.

De Toro (in [5]) devised variants to these tourna-
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ment conditions and showed that deliberative agent Santa Fe Institute[1] where the contendants competed
performance, relative to simple reactive heuristics, im- for developing optimized trading strategies. Though
proved with scarcity of resources and experience, as similar enough, our approach has a wider scope. We
long as time delays between rounds and between auc-are interested not only in testing agent strategies and
tions were kept above a threshbld building trading agents [28], or in the use of artificial
intelligence to study economic markets [21]. We are
also interested in the study of market conditions and
5. Related and Future Work market conventions, thus our emphasis on the flexibil-

_ ity of the specification framework, and the generality
Several attempts have been made by researchers inyf the underlying definitions.

electronic commerce concerning the proposal of elec-  oyr future work shall proceed in two complemen-
tronic marketplace architectures [3, 23, 26, 31]. Such tary directions. Firstly, trading agents. We envision as
efforts share the common goal of building electronic 5, immediate future task the deployment of more com-
markets where b_oth buying and selling agents can tre_lde plex buyer agent models such as those already intro-
on behalf of their users. Nonetheless there is the in- 4,cedin [5-7] and tools and techniques for deploying
tricate matter of providing agent developers (and agent anq testing trading-agent shells, strategies and actual
users) with some support to help them face the ardu- agents. Secondly, FM97.6 will be made to evolve to
ous task of designing, building, and tuning their trad- host other (even more flexible) agent-mediated institu-
ing agents, before letting them loose in wildly com-  tjons, In particular, we expect to release in the near
petitive spengrios. We have attempted to contribute f tyre an agent-mediated auction house where goods
in that direction. We have develqped a testbed that can pe traded under the rules of several bidding proto-
can be used to test and tune trading agents, FM97.6, co|s. Later on, we shall concentrate on agent-mediated
that happens to be built as an extension of an actual marketplaces where other forms of price-fixing mech-

agent-mediated auction house, FM96.5. Our test-bed gnisms (double auction, discounting, open negotiation)
shares many commonalities with the AuctionBot ini-  ¢an take place.

tiative [31]'°. AuctionBot is a highly versatile on-

line auction server that permits the generation of a

wide range of auction environments wherein both hu- Acknowledgements
man and software agents (they provide an API to help

build trading agents) can participate. It has already  This work has been partially supported by the Span-
proven its usefulness as a research platform hosting jsh cicyT project SMASH, TIC96-1038-C04001, and
large-scale experiments to study computational market he Mexican CONACYT grant [69068-7245]. J. A.
mechanisms and agent strategies. Rodnguez-Aguilar and F. J. Mart”enjoy the CIRIT
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