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Abstract

It has been observed in many instances that markets have a tendency to segment themselves into distinct sub-
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. Introduction

With emergence of electronic transactions as a predominant form of business-to-business
trading (Frc:eMarkets.com, 2000; FastParts.com, 2000; Chemdex.com, 1999), the study of
such markets becomes more and more important. While in many ways electronic markets
resemble the traditional trading floor-based marketplaces, the immediacy of available data
on the behavior of such markets as a whole as well as individual market agents makes
electronic markets an alluring subject of study.

It has been noted that unregulated markets have a tendency to become increasingly
segmented over time (Hannan and Freeman, 1977).

A market is often described in terms of competition and natura] selection. Organizations
or individual may fail to flourish in certain environmental circumstances because others
compete with them for essential Tesources. As long as the resources which sustain the
market are finite and market participants have unlimited capacity to expand their business,
competition must ensue,

A. Howley (1950) shows in his model that competition processes typically involve four
components:

= demand for resources exceeds supply,

— selection eliminates weakest competitors

— competitors differentiate territorially or functionally, yielding a division of labor in a
number of market niches,
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4.3.  Information Flow Realism

In a multi-agent network, the agents do not have perfect knowledge about the world. The
only way to obtain information about either the world or other agents is to ask about it
m.sn_ then learn the results of the query—or obtain the information as a result of informa-
tion exchange interaction. Agents may or may not communicate their beliefs truthfully
and can be strategic about their communication. This is required for simulation of do-

:.S:a where the agents are competitive (i.e. electronic markets) or hostile (i.e. military
simulations).

4.4. Task Realism

In building a multi-agent model of a social phenomenon, one has to take into a count several
major factors.

First of all, the multi-agent model must accurately represent the processes present in the
subject of study. In many cases it requires building a large knowledge base that mimics
the cognitive processes of a human involved in the similar situation. An example of such
cognitively accurate model is Soar (Jones et al., 1995), which employs complex rule-based
reasoning and learning processes to emulate performance and cognitive processes of a
human operator.

However, in order to create accurate models of emergent phenomena, such as mar-
ket activities, one must create simulation environments that include large numbers of
agents. Due to their complexity and computational requirements, Soar and other cogni-
tively accurate models cannot be used as part of large multi-agent system. Thus, emergent
behaviors are often modelled using large collections of very simple agents (cellular au-
SB.va. However, the simpler agents often cannot replicate the processes involved in market
environments.

Thus, in order to build scalable and yet accurate simulation of a market, one must find a
balance between cognitive complexity and computational requirements of a large number
of agents.

We find that such a balance can be achieved with accurately modelled transaction proto-
cols and realistic decision functions based on agent’s self-interest.

5. MarketSim—The Multi-Agent System

The MarketSim system was built on the foundation of the RETSINA multi-agent system
framework. The RETSINA framework provides communication functionality (Sycara et al.,
1996), yellow and white-pages services (Decker et al., 1996; Sycara et al., 1999a) that allow
agents to find each other and interoperability (Sycara et al., 1999b) services. The system
allows wide re-use of tools and agents across different projects.

In building this model, we have used the communication and advertising components of
the RETSINA architecture, a AgentFactory (Economou et al., 2001) protocol compiler and
a logging and display services agent.
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6. Analysis Tools

The RETSINA system was built with the presumption that behavior of multi-agent systems
as a whole can be studied in conjunction with building of the agents on a micro level. Thus,
the architecture provides for an easy way to integrate global logging and visualization into
the multi-agent system.

The resulting logs are usually used to visualize the agent behavior via a tool called
DemoDisplay. The DemoDisplay shows each agent as an icon on a field, and shows the
communications between agents using animated arrows. When two agents communicate,
their icons move closer to each other, and when they stop communicating the agents retreat
to their initial positions around the border of the screen.

Thus, the screen becomes a real-time display of the social network of agents, showing
clusters of agents as they communicate or conduct transactions.

The output of the logging tools can be also converted into MatLab data for further
analysis. In this project, the logging data is converted into agent adjacency matrices and
network diagrams. It is possible to sample the network diagrams at different times within
the same system, so one can analyze the dynamics of relationships between agents.

7. Virtual Experiments with MarketSim

In the beginning of the paper we have stated a hypothesis that the despite being myopic

and self-interested, the agents, in their quest for higher profits, will produce a market that

is optimized on global scale. With the development of the MarketSim model, it is now high
" time to prove the validity of the hypothesis through a set of virtual experiments.

In these experiments, we have used several markets containing 25, 50 and 100 agents. All
agents are similar in the way they compute their utilities, with the exception of reservation
prices at every transaction. In all experiments, transactions are done via first-price English
auction.

Agents are cognitively and conversationally limited—i.e. an agent can only participate
in a small number of auctions at the same time due to both communication and reasoning
load. There are 3 distinct goods to be traded. An agent starts out randomly initialized to be
interested in 1 or more for both buying and selling.

The timekeeping for all agents is provided by a controlled clock, allowing the exper-
imenter to slow down the agents to an observable speed, or increase the performance to
near-realtime. In runs involving larger numbers of agents, it is often necessary to siow down
the simulation clock to prevent overloading of the network interfaces.

The independent variables are:

— market size—the number of agents in the market
— market saturation—proportion of agents offering each of the goods; market saturation is
equivalent to social network term “initial probabilistic density”.

The main measurements in each of the experiments are:

— Average Network Load-—the number of messages that pass through the network in one
time period
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Figure 3. Social network for baseline market and its adjacency matrix.

— Average Transaction Cost—proportional to number of messages that have to be ex-
changed to complete one transaction

— Average Agent Utility—how well do the individual agents do?

— Overall Social Welfare—how well does the whole market do?

7.1. Undifferentiated Markets—A Baseline

Let us start with the most basic of the markets. Each of the market agents is randomly
initialized with a set of goods to sell and a set of buy orders to fill.

In this run, the agents are not capable of changing their buy and sell lists, or estimating
their future utility. They just blindly trade in auctions, and attempt to maximize their utility
one auction at a time.

At the end of 20 auction periods, the messages were collected and collated into an
adjacency Matrix and a social network. The social network diagram on figure 3 illustrates
the connections that traders had to make to establish to other traders in order to complete
one transaction. Even given fairly advance matchmaking tools (Sycara et al., 1999b), an
agent had to communicate with as many as 12 other agents before being able to complete
a transaction.

As the adjacency matrix (figure 3) shows, there is no clear pattern to which agents have
to communicate in order to complete transactions, which results in higher transaction costs
and necessity for more communication to achieve a resuit.

7.2. Baseline Results

The baseline results are not at all surprising, or even useful (Tables 1-3). There is a strong cor-
relation between the average network load and market saturation—higher market saturation
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Table 1. Transaction cost in baseline configuration.

Market saturation

Market size 0.1 05 0.8
25 4.7200 18.0800 23.2000
50 9.4800 36.0400 47.4000

100 18.9800 74.5600 94.9200

Table2. Average agent utility (per transaction)
in basicline configuration.

Market saturation

Market size 0.1 05 08
25 0.81 0.63 0.47
50 0.72 041 0.28

100 0.45 0.37 0.14

Table 3. Average network load (msg/sec) in baseline

configuration.
Market saturation
Market size 0.1 0.5 08
25 7.2000 22.1000 28.9000
50 21.9000 92.8000 118.2000
100 92.2000 364.9000 473.4000

results in necessity for more communication to achieve a similar result. As market size and
suturation increase, transaction costs go up, thus bringing down average agent utility.

The baseline experiment shows that a undifferentiated continuous double auction-based
market is only viable while the number of agents involved is small and the market saturation
is low. Any increase in the market saturation or market size results in rapidly increasing
costs and, therefore, decreasing utility of individual agents as well as overall social welfare.

In a large and saturated market, there is a greater chance that lower-priced goods will
appear, however the competition for them is very intense and many agents are forced to
contend with buying higher-priced versions of the same good.

7.3.  Emergence of Market Segmentation

As Hannan and Freeman (1977 state, ... Organizations may insure reliable perforiance
by creating specialized units. .."” or-retreating into market niches that allow a highly spe-
cialized organization to thrive.
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