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The field of Agent-Based Computational Finance (ACF) is concerned with constructing simulations of financial markets in a bottom-up way, by employing groups of independently-acting agents, and studying the aggregate market behavior that results. The steps that are followed with such a simulation are the following:

· The rules for one or more types of agent are defined.

· The effect of agent actions on asset prices in the market is defined.

· An overall market is set up, with some numbers of assets and agents.

· The simulation is run, to find what, if any, kind of realistic market effects may be observed.

It should be noted that in such a model, there will be parameters: numbers of assets and agents, price impact coefficients, etc. Once the simulation is up and running, a large part of the research will involve characterizing market behavior as parameter values are varied.

Influential previous work in ACF includes the Santa Fe Artificial Stock Market (ASM) model. In this simulated market, many agents follow a single risky asset with associated dividend process, and a risk-free bond with unchanging interest rate. Briefly summarizing agent and asset behavior,

· Each agent maintains a set of rules for forecasting the next period return. Each rule takes the form of an "if-then" statement, for example, "If the price is above its 50-period moving average, then the return forecast for next period is 5%." Rules are separated into two categories,

· technical rules: test past price movements

· fundamental rules: test recent dividend payments, as well as the level of the price relative to recent dividend payments.

At each time step, the agent sets a forecast, as a linear combination of all the forecasts from currently active rules. Each rule has a fitness value which determines its weighting in the combination. The fitness scores how well the rule predicts returns. The agents continually update the fitnesses through time, and also actively construct and test new rules.

· There is a Specialist agent, who clears the market at each time step, and whose actions translate agent demand into price movement. Each agent has a demand function, which decreases as the asset price is set further away from the agent price forecast. The Specialist sets the new asset price at each time step, so as to minimize the imbalance between buy and sell demands from the agents.

Two qualitatively different market behaviors are produced by ASM, which arise from different parameter regimes:

· Rational Expectations regime. If the agents do not aggressively pursue new forecasting rules, and are slower to update the fitness values of existing rules, then the market follows behavior which is consistent with a rational expectations equilibrium. The asset price converges to the analytic value expected from this framework, and trading volume remains low.

· Complex regime. If the agents explore new forecasting rules at a higher rate, and are quicker to update fitness values, then several real-world effects emerge. In particular, volume and volatility persist, and bubbles and crashes are observed.

Two papers are given in the References, which more fully describe ASM model construction, its theoretical framework, and observed behavior.

The master’s thesis I propose involves the following extensions to the ASM framework:

· The agent population is diversified to include “Speculators” and “Investors.”

· Speculators are the same agents carried through from ASM: agents who maintain and evolve a rule set, in the hopes of forecasting returns from price movements and dividends.

· Investors carry out a CAPM-style optimal allocation procedure at intermittent intervals.

· Several assets. Given that some agents follow a CAPM framework, there should be many assets in the market.  Each asset has an associated dividend process.

In this set-up, Investors are meant to be the analog of portfolio managers, who optimally re-balance at regular intervals. Speculators model short-term traders.

Behaviorally speaking, the effect to be studied is the mixing of 2 types of agents, who have different influences on the market. Investors seek stability and equilibrium, while Speculators may profit from short-term price movements and volatility. Previous studies with ASM have used one type of agent, and have been able to produce the 2 different kinds of market behavior in separate simulation runs, by varying underlying model parameters. This study mixes two types of agents, who have different effects in the market, and seeks to characterize the resulting behavior.

From a financial point of view, this framework may be seen as emulating a ‘healthy’ market, which should contain two types of investors: long-term investors, who seek to identify fundamental value, and short-term speculators, who provide liquidity.

To this point, I have implemented these extensions to ASM, using the Swarm Simulation System. Swarm is a set of libraries for simulation of multi-agent systems. It contains classes which implement the basic qualities and actions of agents, and groups of agents. There are also methods for scheduling events, graphically visualizing model runs, and saving outputs. Previously, a Swarm implementation of ASM existed. My efforts have been to simplify the class structure of the existing model, as well as adding several new classes.

Within this software framework, I initially plan to run model verifications, to test the soundness of the code. In particular:

· Set the number of Speculators to zero, so that all agents are Investors. Test for the emergence of a CAPM efficient-frontier style equilibrium.

· Set the number of Investors to zero, leaving only Speculators. Attempt to reproduce the behaviors described in the ASM papers.

For research to pursue after the initial verification phase, I have spoken with the following people, and received the feedback and suggestions:

· xxxxx xxxxxxx, Professor of Finance at Brandeis University, and one of the authors of ASM.

I spoke with Prof. xxxxxxx after a talk he gave in the Boston area. He agreed to meet with me at Brandeis, to see the model and offer suggestions. In particular, he thought that wealth effects would be an interesting subject to study: How the distribution of wealth changes through time, and what characterizes successful vs. unsuccessful agents.

· Xxxxxx xxxxxxxx, formerly Professor of Finance at USC, currently Director of Research at ITG, and xxxx xxxx, formerly on the Econometrics faculty at the University of Western Ontario, currently Research Analyst at ITG.

I have spoken with xxxxxx and xxxx about this modeling framework, and they have expressed interest in conducting simulations, to test the effect of microstructure changes on overall market behavior. In particular,

· What changes arise from the substitution of different kinds of specialists for order clearing?

· What are the effects of different levels of transparency of the specialist limit order book? xxxxxx has a paper in progress (xxxxxxxx, xxxxxx, and xxxxxx, 1999) which studies the market effects of a rule change by the Toronto Stock Exchange in 1990, that allowed market participants to see more of the book. One potential research project would be to see if these changes could be reproduced within the ACF framework.

For the basic question of what will be my master’s thesis, I do not have a direct answer yet. In talking with different people, several interesting questions have been raised, a few of which are described above. These questions will translate into research studies, and conclusions will be drawn. Once enough results accumulate, I will gather and summarize them for submission as my thesis.
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