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Abstract
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Lrationd” or random to the eyes of other traders. We then recorded the
reaction of the electronic market.
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1. Introduction

As dectronic media and computer networks made their appearance in the world of finance,
traders began to use software programs that could help them exploit the possbility of market
gains that are generdly forgone by humans. This is ether due to the rgpidity with which the
transaction must be executed or to the great amount of data that has to be processed in order
to perform these transactions. Such software programs - aso known as ,agents’ - are being
utilized for different transactions and, consequently, differ greatly in complexity, ranging
from the very smplest to complicated programs which require Satisticd andysis.

One of the possble future gpplications of agents is the field of eectronic commerce. In this
particular context a commercid interaction is composed of at least three didtinct steps. Fird,
there is a “searching moment” in which buyers and sdlers look and find one another; then the
two parties negotiate the terms of exchange, findly there is a settlement and the exchange of
the good (Guttmann et a. 1998, Wurman et d. 1998). Aim of this paper is to sudy the
negotiation procedure of atificid agents acting on eectronic markets that incorporate a
centrdized auctioneer process. Although our investigation seems to be more suited for
business-to-business dectronic commerce, where a “variable-price mode” is wel established,
this mode may be aso goplied to the consumer sde in fact there are strong sgnds in this
context - such as online auctions - tha the “fixed-price modd” may not be the only scenario
in retall electronic commerce.

To be more specific, the paper analyzes the impact of agents and their trading drategies on an
experimental  eectronic asset market. For this purpose, we added an XML-interface to an
exiging dectronic maket and introduced atificid agents which act as dements of
disturbance in the trading process. These atificid traders apply smple and congtant Strategies
which may sometimes appear ,rationa” or random to the eyes of other traders. We then
stepped back and recorded the reaction of the electronic market.

The research emphass lies not in finding the agent which applies the best drategy: other
papers have dedt with this problem in much greater detall (Rust et a. 1993). Rather the
emphasis lies with the “market” and with questions such as. “How does the market react to
agents?” Far from being obvious, this question is far more complicated than intuition would
prompt to think. There has been a discusson on the lower bound of traders intelligence to act
amilaly to human traders in a maket inditution. Gode and Sunder (1993), for example,
introduce “zero-inteligence’ traders that act randomly and, nevertheless, converge to the
theoreticd equilibrium price within a continuous double auction (CDA) framework,
suggesting that price is determined more by market Structure rather than by the intelligence of
the traders. On the other hand, Cliff and Bruten (1998) present criticism to this point of view,
aguing that these results are an atifact of the experimentad regime chosen by Gode and
Sunder and introduce “zero-intdligence plus’ traders, which seem to have some more
“intelligence’ by employing a modified adaptive verson of the random agent.

The paper is organized as follows In the next Section we discuss the technica
implementation of the market-agent interface. Section 3 gives an overview on the st of the
implemented trading drategies. Next comes the presentation of the results of the experiment
in Section 4. We then defer a discusson of related work to Section 5 in order to be able to
better place our work in the context of related efforts. Open research questions for further
exploration and concluding remarks are given in Section 6.



2. Market-agent interface

In this Section we fird present a short description of the eectronic market, whereas the
market itsdf is regarded as a black box. We then focus on the information available to the
agents and on the communication between agents and the market.

2.1 Market rules

Our market is an artificia stock market infrastructure that has been used for severa sports and
eection markets® So far, human traders invest their own funds and buy/sdl contracts, based
on their expectations about the outcome of some kind of event. The experiments that have
been run with human trader are in the tradition of experimenta economics (Smith 1976) in
that participants are paid according to their results. The desgn of the market follows closdy
the lowa Electronic Markets, who have pioneered political stock markets (Forsythe et 4.
1992).

This kind of dectronic market is dways open, i.e. the traders may trade anytime, d any hour,
and they are dways accessible from anyplace in the world which is connected to the Internet.
Traders have an account at the bank and can act on the market by buying and selling assets.
The make is a centrdized information hub in which dl the transactions are explicitly
regulated via predefined and fixed rules and the agents interact via the market system. In the
following the market rules are explained in brief.

The atificd stock market uses the continuous double auction (CDA), i.e. an auction in which
slers and buyers may submit bids and asks smultaneoudy and asynchronoudy: sdlers and
buyers are free to accept bids or asks a any time. The CDA is very popular among financia
markets, both red and virtua, and is thought to have te remarkable qudity of being fast and
efficient (Friedman 1984, 1993). In contrast to markets where the emisson of contracts is
organized by an initid public offering, the emisson of contracts on this market is
implemented via a so cdled bundle mechanism. The bundle conssts of a standardized unit-
portfolio of one piece of each contract a a fixed price: this can be bought from or sold to the
bank a any time and any quantity. The market foresees three valid operations. (1) posting
market orders (bids implement buy orders and asks sdl orders), (2) deleting own market
orders, and (3) buying/sdling bundles at the bank.

The marketplace implements an American futures market, where contracts can be traded on
some kind of event. The outcome of the event determines, depending on the market rules, the
payoff of the different contracts. For the experiment in Section 4 we have used a winner-
takes-dl (WTA) payoff scheme, where at the end of the market one contract pays off the price
of a bundle, and dl other contracts pay off zero. Compared to vote contract payoffs, where
each contract pays off a fixed percentage of the totd bundle, WTA markets are consdered a
risky environment: when the agent does not have the winning contract in his portfolio, he will
loose dl his invested money. We used a WTA market for the experiment, because of the nice
property, that contract prices relate directly to the probability of a contract paying off, and
human trader often prefer them over vote contract markets.

2.2 Information

In order to apply a Strategy the agents require information about the market. One of the design
goads of the market-agent interface was to give the same information to human and to

'Soccer world championships 1998, http://wm.wiwi.hu-berlin.de, State elections Berlin 1999,
http://www.wahlboerse-berlin.de, European soccer championships 2000, http://www.ribaldo7.de.
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atificid agents. For this purpose we anadlyzed the information avallable to human traders and
categorized the information into the following macro-categories:

(1) ruleinformation
basic bundle compostion
bundle price (bought/sold to the bank)
payoff rules at the end of the market
gart and stop time of the market

(2) public market informeation
last traded price of each contract
current bids and asks of each contract
order book: the top 5 bids and asks including prices and quantities of each contract
srver time

(3) persond information
portfolio of the trader
» typeof contracts
= quantity of contracts
liquid money

(4) transaction atus information
vdidity of transaction
success of transaction

Out of the above categories we dedgned the framework for the market-agent interface.
EXtensble Markup Language (XML) was chosen as high level data exchange format . Two
Document Type Definitions (DTD) incorporating the above information categories were
developed: the firs condgts of rule, market, and persond information; the second returns the
result status when an agent is performing one of the three legd market transactions (Fig. 1).

DID 1:

<?xm version='1.0" encodi ng='us-ascii'?>

<l-- DID for agent-experinments on el ectronic markets -->
<! ELEMENT MARKET (PUBLI C, PRI VATE?) >

<! ELEMENT PUBLIC ( MARKETI D, BUNDLEPRI CE, NO_OF_STOCKS, DA TS, OPENI NGHOURS,
STOCK+) >

<! ELEMENT MARKETI D ( #PCDATA) >

<! ELEMENT BUNDLEPRI CE (#PCDATA) >

<! ELEMENT NO _OF_STOCKS (#PCDATA) >

<! ELEMENT DI A TS (#PCDATA) >

<! ELEMENT OPEN NGHOURS (BEG N, END, NOW >

<! ELEMENT STOCK (1D, LASTPRI CE, OFFER*)>

<! ELEMENT OFFER (BI D*, ASK*)>

<! ELEMENT BI D (PRI CE, QUANTI TY) >

<! ELEMENT PRI CE (#PCDATA) >

<! ELEMENT QUANTI TY (#PCDATA) >

<! ELEMENT ASK (PRI CE, QUANTITY)>

<! ELEMENT PRI VATE (USERNAME, BALANCE, AVAI LABLE, STOCK+)>
<! ELEMENT PRI VATE. USERNAME ( #PCDATA) >

<! ELEMENT PRI VATE. BALANCE (#PCDATA) >

<! ELEMENT PRI VATE. AVAI LABLE (#PCDATA) >

<! ELEMENT PRI VATE. STOCK (1 D, PORTFOLI O, OFFER*) >

<! ELEMENT PRI VATE. | D (#PCDATA) >

<! ELEMENT PRI VATE. PORTFQOLI O (#PCDATA) >

<! ELEMENT PRI VATE. OFFER (BI D*, ASK*)>

<! ELEMENT PRI VATE. BID (PRI CE, QUANTITY, EXPI RATI ON_TI ME, CREATI ON_TI ME) >
<! ELEMENT PRI VATE. PRI CE (#PCDATA) >

<! ELEMENT PRI VATE. QUANTI TY (#PCDATA) >
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<! ELEMENT PRI VATE. EXPI RATI ON_TI ME (#PCDATA) >
<! ELEMENT PRI VATE. CREATI ON_TI ME ( #PCDATA) >
<! ELEMENT PRI VATE. ASK (PRI CE, QUANTITY, EXPI RATI ON_TI ME, CREATI ON_TI ME) >

DID 2:

<?xm version='1.0" encodi hg='us-ascii'?>

<l-- DTD for agent-experinents on el ectronic markets,
result codes of transactions -->

<! ELEMENT RESULT ( CCDE, MESSAGETEXT) >

<! ELEMENT CODE ( #PCDATA) >

<! ELEMENT MESSAGETEXT (#PCDATA) >

Figure 1: XML DTD'sfor the market-agent interface.

2.3 Agent-Market Communication

The implemented communication between the agent and the market may be broken down into
severa geps (Figure 2): (1) the agent makes a request to the eectronic market via HTTP, (2)
the dectronic market replies by supplying the rdevant maket information as an XML
document, (3) the agent applies its Strategy to the data and decides whether it should perform
one of the three legd actions (see Subsection 2.1) or do nothing, (4) the agent sends the
information regarding its decison to the dectronic market via HTTP and (5) receives an
XML document with the status of the transaction.

Agent Market
(client) (server)

Request information (1): HTTP request

Market information (2): xML document

Appliesits
strategy to
the data (3)

awiL

Send decision data (4): HTTP request

Result code (5): xML document

Figure 2: Time sequence diagram: communication between agent and market

In the following, the communication steps are described in more detail. Hereby we dso
present the URLSs for the complete set of available transactions and the resulting XML-files.
The data exchange between the agents and the market happens, as sad before, via the
Internet. Low level exchange protocols are therefore the TCP and IP protocols and the high
level data exchange format isthe HTTP protocol.

In step (1) the agent performs a HT TP-request to obtain private and public information:

http:// market.w wi . hu-
berlin. de: 7000/ xm / mar ket . xm ?user nane=nyuser nane&passwor d=nypasswor d



The market responds in step (2) with a resulting XML-file (Figure 3). Note that private
information is only supplied when a vdid username/password combination is used. Without
vaid identification the XML-file will only contain rule and public market information.

<?xm version="1.0"?>
<MARKET>
<PUBLI &
<MARKETI D>0</ MARKETI D>
<BUNDLEPRI CE>1000</ BUNDLEPRI CE>
<NO_OF_STOCKS>16</ NO_OF_STOCKS>
<DId TS>0</ D d TS>
<OPENI NGHOURS>
<BEG N>960188969</ BEG N>
<END>982569800</ END>
<NOW962645225</ NON
</ OPENI NGHOURS>
<STOCK>
<| D>0</ | D>
<LASTPRI CE></ LASTPRI CE>
<OFFER>
<Bl D>
<PRI CE>100</ PRI CE>
<QUANTI TY>1</ QUANTI TY>
</ Bl D>
<ASK>
<PRI CE>500</ PRI CE>
<QUANTI TY>10</ QUANTI TY>
</ASK> [...code follows...]
</ OFFER>
</ STOCK>
<STOCK>
<ID>1</1D> [...code follows...]
</ STOCK>
</ PUBLI &
<PRI VATE>
<PRI VATE. USERNAME>] ensg</ PRI VATE. USERNAMVE>
<PRI VATE. BALANCE>495000</ PRI VATE. BALANCE>
<PRI VATE. AVAI LABLE>410000</ PRI VATE. AVAI LABLE>
<PRI VATE. STOCK>
<PRI VATE. | >>0</ PRI VATE. | D>
<PRI VATE. PORTFQOL| O>5</ PRI VATE. PORTFCLI O>
<PRI VATE. OFFER>
<PRI VATE. Bl D>
<PRI VATE. PRI CE>155</ PRI VATE. PRl C&>
<PRI VATE. QUANTI TY>15</ PRI VATE. QUANTI TY>
<PRI VATE. EXPI RATI ON_TI ME>982569800</ PRI VATE. EXPI RATI ON_TI Me>
<PRI VATE. CREATI ON_TI ME>962640181</ PRI VATE. CREATI ON_TI Me>
</ PRI VATE. BI D>
<PRI VATE. Bl D>
<PRI VATE. PRI CE>135</ PRI VATE. PRI CE>
<PRI VATE. QUANTI TY>23</ PRI VATE. QUANTI TY>
<PRI VATE. EXPI RATI ON_TI ME>982569800</ PRI VATE. EXPI RATI ON_TI Me>
<PRI VATE. CREATI ON_TI ME>962640185</ PRI VATE. CREATI ON_TI Me>
</ PRI VATE. BI D>
<PRI VATE. Bl D>
<PRI VATE. PRI CE>75</ PRI VATE. PRI CE>
<PRI VATE. QUANTI TY>15</ PRI VATE. QUANTI TY>
<PRI VATE. EXPI RATI ON_TI ME>982569800</ PRI VATE. EXPI RATI ON_TI ME>
<PRI VATE. CREATI ON_TI ME>962640061</ PRI VATE. CREATI ON_TI Me>
</ PRI VATE. BI D>
</ PRI VATE. OFFER> [...code fol |l ows. . .]
</ PRI VATE. OFFER>
</ PRI VATE. STOCK>
</ PRI VATE>
</ MARKET>

Figure 3;: XML interface definition for the private and public information
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Based on the information contained in the XML-file the agent applies its drategy to the data
in gep (3), which is outlined in more detall in the next section. In step (4) the agent has the
option to initiate three valid market transactions:

posting bids and asks on the market:

http://market.w w . hu-
ber|in.de: 7000/ xm /t rade. xm ?not ati onl D=0&mar ket | D=0&t r ansact i on=b&pri ce=10&q
uantity=5&expiration_time=&user nane=nyuser nane&passwor d=nypasswor d

deleting its own bids or asks on the market:

http://market.w w . hu-berlin. de: 7000/ xni / del et e. xmi ?not at i onl D=0&nar ket | D=0&
pri ce=10&quantity=5&creati on_ti me=9677777777&of f er =bi d&user name=nyuser nane&pa
sswor d=nypassword

buying bundles form or sdll bundles to the bank:

http://market.w w . hu-
ber|in. de: 7000/ xm / bundl e. xm ?mar ket | D=0&t r ansact i on=b&quant i t y&user name=nyus
er nane&passwor d=nypasswor d

In gep (5) the market responds with an XML-file regarding the status of the transaction (Fig.
4). Now the agents continue with step (1) in order to get new market information.

<?xm version="1.0""?> <?xm version="1.0""?>
<RESULT> <RESULT>
<CODE>0</ CODE> <CODE>1</ CODE>
<MESSAGETEXT> <MESSAGETEXT>
The market is closed! Transacti on successful ! Bought 4
</ MESSAGETEXT> bundl es fromthe bank!
</ RESULT> </ MESSAGETEXT>
</ RESULT>

Figure 4. XML interface definition for the three market transactions: market was closed (left), and market was
operating (right).

3. Agents and strategies

Congdering the game theoreticd point of view we can define drategy as a player’s complete
plan of action for al possble occurrences in the game. From the computer science point of
view, drategy is the execution of a fixed dgorithm. The two definitions are, of course, not
mutudly exclusive and indeed we need both of them.? However, because we will describe the
actions of the agents we have implemented, we will gtick to the latter interpretation of the
drategies. We have chosen the sample of drategies on behdf of basic and pure drategies
which have been obsarved in atificid stock markets with human traders. This compilation
may not be complete nor is it designed to find out a successful strategy. Here we first describe
the genera idea behind each drategy, then the reason for which we have created such a
drategy (the “red world andogy”) and findly we describe, in words, the dgorithm (the

? Different would be the case of a market that does not use software agents. In this case the game
theoretical interpretation would be sufficient



ingance). The agents and their drategies have been implemented as a dand-done Java-dient
(JavaSoft 1997), that can be used on any standard persona computer.?

3.1 The fundamentalist (patriot style)

Strategy description: A “fundamenta Strategy” is one in which a trader buys a contract and
waits for the find event to happen, trusting hisher andyss of the fundamentd data regarding
the entity (company, soccer team, etc.) whose contract is bought.

Real world analogy: Fundamentdist actions are quite common among traders in red world
markets. Traders, for example, buy contracts rdying on finandd information regarding the
firm (fundamentd data) and keep them regardless of short-run price fluctuations of the
contracts. In the context of a market on a sports evert the fundamentdist strategy may be seen
asasort of patriotic behavior, in which the trader buys the contracts of his home team.

Instances: We implemented one fundamentalist agent. It bascdly concentrates its efforts only
on one entity and buys the contracts only of that entity. For smplification this agents posts
only bids: the price a which the contracts are bought is the last paid price on the market or, if

possibly, lower.

3.2 The follower

Strategy description: A “follower drategy” is one in which a trader echoes the actions of the
other subjects of the market based on a pre-defined signd. In our case, the agent reacts to the
price of a contract (the sgnd), buying when the price of the contract is high or low. The
underlying assumption is that the price of a contract is a sgnd regarding the qudity of the
entity (eg. a firm): if the contract’'s price is high, this means tha many traders are asking for
this contract and therefore we may presume that the contract is very vauable. On the other
hand, if the price of the contract is very low, we may come to the conclusion that the entity
whose contract istraded is not very vauable.

Real world analogy: Follower actions are quite common. Many traders rely only on the trend
of the price of the contract, sometimes acting as if the contract had its own life and did not
relate to a red world entity. Chart analyss, andyss based on historicd data of the contract’s
price, is nowadays a“ science’ to which many traders relate.

Instances: We implemented two follower agents.

1. The follower high buys the contract with the highest price and does it as long as there is
enough money. To put it differently, this Strategy prompts to follow the mess if the
expectations about the find vaue of the contract are high, everyone will be willing to buy
the contract. Thus, its price will be very high. This agent “adapts’ its expectations to the
others.

2. The follower low buys the contract with the lowest price and does it as long as there is
enough money. It is bascdly the opposte of the fird one. The trader buys the contracts
which are discarded by dl other traders. The price of the contract, again, reflects the
expectation about the find vaue of the contract: the entity whose contract is bought is
thought of being a sure looser. With a high pobability the trader is going to incur a loss.
Neverthdess, if , a the find event, the contracts bought are the paying-off ones, the
agentswill gain congderably.

® The source code is available at http://www.wiwi.hu-berlin.de/~jensg/etrade. The following

requirements are needed in order to run he agents: JDK 1.1.8 or later (including the Java 2 SDK),
JAXP - JAVA API for XML Parsing, http://java.sun.com/xml.
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3.3 The stochastic

Strategy description: A “stochadtic drategy” is one in which a trader buys contracts a a
random price. In our case the agent does not choose a completely random price in the set of
al possble numbers, rather a price which floats in a fixed range or in a range around a given
vdue. We have implemented two kind of variations, one that uses the market rule information
and one that uses the public market information to calculate the given vaue.

Real world analogy: Stochestic actions are difficult to be proven in a rea stock market: even
if we could find a trader who candidly admitted that he/she traded without knowing what
he/she was doing, there is dways a rationae behind a trading action. Nevertheless, traders
have different degrees of information, and traders who dispose of more informaion may
appear to act irrationdly in the market to the eyes of poorly informed traders. A typica
example may be the action of an “indde trader” that handles contracts in a rationa manner,
but may appear “stochagtic” to the eyes of non informed traders.

Instances: We planned four stochadtic agents. All of them continuoudy and randomly chose
the contracts they bought and sold.

1. The stochastic generates its stochastic price bid/ask based on the following formula: ‘the
stochastic price is an equally distributed value which lies between 0 and 1.5*bundle-
price/number of contracts’

2. The static stochastic generates its stochastic price bid/ask based on a fixed predetermined
parameter, s0 the prices of its orders will be randomly digtributed around a given vaue.
The formula gates “ the stochastic price lies in the range of + 100*RV around a given
vaue’, where the random vaue (RV) is normdly distributed between —1 and +1.

3. The dynamic stochastic generates its stochastic price bids/asks based on a congantly
changing parameter, the last price on the market. The formula gates. “ the stochastic price
lies in the range of = 100*RV around the last paid price’”, where RV is a normdly
digributed random value between —1 and +1. If we may say o, the dynamic stochestic
agent has a higher degree of adaptation to the sub events of the market than the datic
stochagtic.

4. The demand function stochastic builds its srategy on the dynamic stochastic agent, but
adds a peculiaity: it follows the price of a contract and modulates the quantity
accordingly. Formdly spesking, the agent has a fixed vaue for the price of a contract
(threshold vadue) under which it buys the contract with increesng quantities as the price
of the contract declines, and over which it sdlIs the contract with increesing quantities as
the price increases. In more smple words. (when acting as a sdler) the more the contract
IS in demand, the higher is the price and the more this agent sdls that contract; on the
other hand (when acting as a buyer) the more the contract is sold, the lower is the price
and the more this agent buys of that contract. It bascdly follows the demand or the offer
curve.

3.4 The arbitrageur

Srategy description: An “arbitrageur drategy” tries to earn a profit without taking a risk. This
is implemented by buying a sandardized portfolio from the market and sdling it back to the
bank or the other way around. Differently dated, the agent exploits the difference between
market price and bank price for the same bundle. This will lead to sure profit when the agent
can perform the complete set of transactions.

Real world analogy This is a more degant strategy and probably the one which bears the
greatest resemblance to red trade strategies. Arbitrage trading happens daly in the markets.
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These actions may be peformed by expert traders who can smultaneoudy follow different
markets, but, snce these actions are quite tedious and need congtant attention, they can be
performed by software agents.

Instances: For the arbitrageur drategy we planed one agent. The agent considers the
contracts which form the bundle X, the bundle that the bank is dways ready to buy and sdl at
any time at a fixed price. Then it looks for the outstanding bidsasks of the sngle contracts
forming the bundle. If the overdl ask of the bundle is lower than the bank price the agent will
buy the bundle from the market and afterwards resdl it to the bank. On the contrary, if the
best luy offers (bid) on the market sum up to a higher bundle price than the price of the bank
the agent will buy the bundle from the bank and resdll it to the market.

3.5 The speculator

Strategy description: This agent applies a Smilar drategy to the arbitrageur, though with a
sndl but rdevat difference it does not am for a sure win by exploiting the difference
between market price and bank price, rather it “raids on the wave of speculation”, pushing the
willingness to pay of the other traders. To put it differently, it gives them the contracts they
want gambling on the fact that in a Stuation of collective excitement, traders will be reedy to
pay alittle bit more in order to possess the “hot” contract.

Real world analogy: Speculative bubbles may be our best examples. People - both experts and
non experts - buy contracts because of “voices’ or because in recent times the contract’s vadue
has risen tremendoudy (possbly because others before bought them based on the same
reasoning). The speculator hopes to make money not from the “dividend” of the contract, but
from the difference between buying price and sdling price, trusting that the price of the
contract will continue to rise even more &fter the contract was bought.

Instances We planned one speculator agent. It looks at the market price of the contracts or,
better said, of the bundle of contracts: if the market price of the bundle is overvaued, that is,
if the sum of the ak is greater than the bundle price a the bank, the agent buys the bundle
from the bank and tries to resdl it to the market a the overvaued price plus a mark-up. The
formula gates. “ buy stock form the bank and resell it in the market at the last-price + RV*
given value”, where the random vaue (RV) is between 0 and +1 the right hdf of a norma
digtribution. The “given vaue’ is a parameter which gives the higher cgp on the mark-up or,
in other words, how much more the agent may ask a maximum.

4. Experimental results

To test the market-agent interface, we conducted a smple smulaion experiment where the
market desgn was teken from the previoudy running Euro2000 market (Schmidt and
Werwatz 2001): traders could buy and sdl contracts of 16 countries participating in the
European soccer championships with a payoff of 1.000 Centicent* for the Europesn
Champion and a payoff of O Centicent for al other 15 teams. The agent experiment used the
same rules, yet there were some changes. the a priori probability for each contract being the
winner was 1/16, the market was open only for one hour, and during that time only market
information was avalable to the agents Each of the 11 agents dated with an initid
endowment of 500.000 Centicent and without any contracts. The exact parameters of the
agents drategies are described in Table 1. To give dl agents an equal opportunity to trade on
the market each indance of an agent was started on the same computer consuming the same
amount of CPU time and memory.

4 Experimental currency unit: 100 Centicent = 1 Euro cent.
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# JAgent Parameter Value |Market transactions Market-adaptive

contract 1D 0

1] Fundamentalist (1) limit price 2501 market bid ves
contract 1D 5

2] Fundamentalist (2) limit price 200l market bid yes

3] Follower High limit price 500)market bid ves

4] Follower Low market bid ves

5]Pure stochastic bank buy/sell, market bid/ask __Ino

6] Static stochastic (1) mean price 65)bank buy/sell, market bid/ask |no

7| Static stochastic (2) mean price 60Jbank buy/sell, market bid/ask __|no

8]Dynamic stochastic bank buy/sell, market bid/ask _|yes

9]Demand function stochastic bank buy/sell, market bid/ask __|yes

| 10]JArbitrageur bank buy/sell, market bid/ask _|yes

11)Speculator max. surplus 30]bank buy, market ask ves

Table 1: Agentsand parameter vaues

The agents can be described as stable, i.e. dl agents traded until the end of the session,
independent, i.e. al of them could start and stop independertly from others, interface-humant
like, i.e. dl agents used the same information that the market provides to human traders, and
market-adaptive, i.e. the mgority (ruling out, for example, the datic stochastic agent) made
their transaction based on market information. During an one hour trading period the average
trading volume was 2,4 Mio Centicent and there was about one market transaction, where buy
and sl offers were matched, every second.

During a maket run, the fird active traders are the nonadaptive agents. these are the one
which gart posting offers and trade with each other. At the point where the market is over-
/undervalued the arbitrageur darts trading. When prices for dl contracts develop the other
market-adaptive agents dtart to post offers. A very active trader in sdling contracts is the
speculator, whereas the follower low is the mogt active in buying contracts. Yet, the overdl
mogt active traders are the stochastic agents, which are doing both, buying and sdling on the
market. A more background-like strategy can be observed for the fundamentalists, which try
to buy their specific contract at a reasonable price. An overview on some behaviord variables
of the individua software agents can be found in Table 2.

No of market |No of market |First trade after |No of different
transactions: |transactions: |X market shares in
# |Agent buy sell transactions  Jportfolio Yield
1] Fundamentalist (1) 209 0 129 1 -40,9%
2|Fundamentalist (2) 161 0 88 1 -36,9%
3| Follower High 197 0 107 5,3 -45,1%
4| Follower Low 622 0 425 13 37,2%
5|Pure stochastic 570 961 8 15 11,6%
6| Static stochastic (1) 601 452 21 16 34,6%
7| Static stochastic (2) 567 474 6 15,6 30,9%
8| Dynamic stochastic 222 151 34 16 9,.3%
9|Demand function stochastic 191 141 32 16 10,2%
10] Arbitrageur 40 236 18 14.6 2,2%
11|Speculator 0 965 279 16 -13,1%

Table 2: Descriptive agent results, vaues are the average of 30 market runs.

The time series of the market prices of the 16 contracts can be divided in two categories. The
contracts the fundamentalist srategies are buying (0 and 5) on the one hand, and the rest of
the contracts on the other hand. The private information of the fundamentdidt, to buy contract
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0 up to until 250 Centicent and contract 5 up to until 200 Centicent, results in a concave rise
of these contract prices, yet the full information is not reveded (Figure 5, top left). The public
informetion, that dl contracts have a winning probability of 1/16, is reveded in the market by
amilar prices for the rest of the contracts. These contracts do not seem to follow a pattern,
which may give a hint on a random wak (Figure 5, top right). When we look at information
effidency, Fama (1970) diginguishes between makets with fully reveded privae
information and not reveded private information. Our market experiment revealed the private
information partly, which goes in accordance with empirica market data.
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Figure 5. Sample time series of traded prices of contract 5 (top left) with the corresponding trade volumes
(bottom left) and contract 4 (top right and bottom right).

To our surprise the arbitrageur only yielded a tiny win on average and even lost money on
occasions. It turned out that the agent could often not complete the whole set of trades to
employ its arbitrage drategy. This is due to the market mechanism, which does not alow for
atomic transaction for a st of trades in order to gain arbitrage. In the case of the arbitrageur
the result was an unbdanced portfolio, which is equa to engaging in a risk. The Strategy may
be improved by re-baancing the portfalio.

Given the st of implemented agents and the WTA market rule, the most successful drategy is
the follower low, who attempts to buy a portfolio of low priced contracts. This agent arts his
firg market transaction late, waiting for the other agents to generate prices. At this point the
drategy is very effective in conducting market transactions that implement a successful
portfolio (see Table 2). Smilar to the most successful strategy described by Rust et. d (1994)
the agent can be described as “st in the background”. Yet, the follower low would not be as
successful, if the fundamentalist would buy the paying-off contract, driving the prices of this
contract up. Runner up is the static stochastic drategy, which dso manages to get a
diversfied portfolio by posting rather congtant prices on every contract. Not successful have
been the specidizing fundamentalists, who attempt to buy an extremey unbalanced portfalio.
These drategies|ogt Al ther invested money in picking up a contract that did not pay off.

5. Related work

Much work has been done about automated agents in the context of eectronic commerce. A
good darting point on agent mediated eectronic commerce can be found in Guttmann et d.
(1998). In the following, we will focus on reated work that is concerned about autometed
negotiation. In particular we will review market based approaches, which provide a market
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inditution and a set of rules to do the negotiation. In our context agents negotiate in a
compstitive environment, yet there are other gpproaches in the Al community, such as
collaborative agents, that will not be reviewed here.

In experimental economics community work on drategies has been done by conducting
tournaments (Abreu and Rubingtein 1988, Sdten et d. 1997). Rug et d. (1993, 1994) report
on the Santa Fe's tournament, where researchers where invited to submit software agents that
compete on a CDA market againgt one another. The focus was to find successful trading
drategies out of the submitted set of agents. The most successful drategy in this tournament
can be described as rather parastic: gtting in the background and exploiting the drategies of
other traders. In addition, they report about an evolutionary tournament, where the percentage
of traders was adjusted in accordance to the success of a drategy over time. Pardld to the
tournament there has been a discusson on the lower bound of traders intelligence to act
amilaly to human traders in a market inditution (Gode and Sunder 1993a&b, Cliff and
Bruton 1998). A recent overview on agent-based computationd finance can be found in
LeBaron (2000).

Applications for multi-agent systems using the CDA mechanism have been developed by the
XeroX Pdo Alto Ressarch Center (Parc). This includes a system for controlling building
envirorments, where cool ar is auctioned in the Parc building (Clearwater and Huberman
1994, Huberman and Clearwater 1995). In this application thermostat-agents buy and sdl cool
ar with the help of a centrd auctioneering process. Other agpplications include computationd
resource allocation (Huberman and Hogg 1995).

The cavest of CDA sysems is tha they will only be useful for spot markets, where
homogenous goods can be described with a single price. Systems that handle goods with muilti
dimensond properties include Kasbah developed by MIT, a syssem where users can create
autonomous agents that buy and sell goods on their behaf (Chavez and Maes 1996, Chavez
et d. 1997). This system uses a classfied ad metaphor, where agents post their offers to the
common blackboard and agents rely on one-to-one bargaining. A market based gpproach is
the Michigan AuctionBot where human and atificid agents can engage in online auctions via
Internet (Wurman et a.1998). Other systems include the fishmarket project (Callins et 4d.
1998) and MAGNA, an integrated approach to an agent-based virtud market that should
include al steps of acommercid interaction (Tsvetovatyy et d. 1997).

An introductory text for usng economic principles in automated negotiation can be found in
Binmore and Vulkan (1999). Varian (1995) gives an introduction to economic mechanism
design for computerized agents.

6. Conclusions and Outlook

We have extended an atificia stock market, used for experiments with human traders so far,
with an autometed agent interface. The application of a market inditution resulted in a smple
negotiation protocol which was implemented by using the eXtendgble Markup Language
(XML). For the firg amulaion experiment we employed a st of agents that implemented
pure and dmple drategies on the ground of market rules and market information. These
agents, some of which show random, others market adaptive behavior, can smulate human
like trading performance in the existence of a market ingtitution.

Further work can compare drategies in different payoff regimes that impose different degrees
of rik, eg. vote-share markets compared to winner-takes-adl makets The anayds of the
drategies should include a larger set of agents, that might be collected in a tournament, where
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traders might send in their own drategies. In addition, the stability of successful drategies can
be tested in an evolutionary experiment, where the population of srategies converges towards
the more siccessful drategies. So far, the automated agents trade on behdf of rule and market
information only. An extenson could be to add a information source, that provides a stream
of news about the contracts.

The ultimate god for further experiments is to inductively observe how agents change the
drategies of human subjects operating in the eectronic market. Now, the market-agent
interface gives us the ability to explore this question in a laboratory environment, where
human and artificia agents can participate dike.
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