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Abstract

The relationship between macro behavior of the
market and micro behavior of traders is very com-
plex. Especially, the relationship between the in-
formation and interpretation of traders has not
been studied yet. In this paper, we model the
artificial market and adaptive trader agents with
the abstract information, and clarify the emergent
process of micro-macro behavior with traders’
learning mechanism of the information. The
learning and interpretation of trader is modeled by
the translation from the information to the inter-
nal and external signals, which are used for trader
as input signals to make a decision. Through sev-
eral computer experiments based on such agent-
based simulation, we confirm the micro-macro be-
havior between the artificial market and learning
trader agents. In addition, to implement the simu-
lation system, we used X-Economy system, which
is a platform system for multi-agent Economics
supplied in X-Economy project.

Introduction
What was happen in Tokyo stock exchange market? At
noon in 16, April, 2001, the Imperial Household Agency
of Japan had announced the possibility of pregnancy of
the Crown Princess. Then, the stock prices of Japanese
maternity goods companies had risen remarkably, such
as the stock price of a certain company had been in-
creased about 49 percent in a day (1). A month af-
ter, the Imperial Household Agency had officially an-
nounced the preg~lancy of the Crown Princess, and the
stock prices of maternity goods companies had remark-
ably risen again (2).

This phenomenon was observed twice, and it is men-
tioned that it was not obviously accidents. We know
that the announce of pregnancy was essentially unre-
lated with worth of Japanese maternity goods com-
panies, for example, everyone knows the birthrate of
Japan has decreased every year. Therefore, it is clear
that the announce of pregnancy effected trader psy-
chology in Tokyo stock exchange, and many traders ex-
pected the rise of prices and required the stocks of these
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companies. This phenomenon is an evidence that in-
formation, which is generated in external environment,
moreover, is not related with worth of stock, has the
possibility to affect trader psychology and behavior of
market.

How do we understand this phenomenon in the con-
text of economics? The efficient market hypothesis
(EMH) describes behavior of market as following sum-
mary(3).

¯ Each market participant of a financial market takes in
very quickly and exactly all the information related
to the movement of a market price, and uses it for
price expectation.

¯ The market price that determined by the dealings
between such market participants is reflecting prop-
erly all the relevant information that is available at
present.

¯ Therefore~ there is no room for a certain person to
find out the new relation between a market price and
the available information, and to become advanta-
geous from other persons. That is, the movement of
a market price becomes a random walk driven only
by new information, and nobody can predict it.

According to the above, the EMH supposes the exis-
tence of universal relationship between information and
interpretation, and the issue of information in the EMH
is whether they can know the information or not. How-
ever, to understand the fact that the announces of preg-
nancy had remarkably risen the price of some compa-
nies, we are necessary to focus on the heterogeneity of
relationship between the information and the interpre-
tation. Although the information is naturally unrelated
with the stock price, it has the potential to affect the
market.

It is easy to consider the effectiveness of information
if it apparently describes the worth of company like a
business report, however: it is necessary to study the
method to treat ambiguous information structure and
behavior of market in order to understand economic
systems profoundly. To understand relationship be-
tween information structure and macro-level behavior
of market, we focus on learning process of information
interpretation.
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Figure 1: The model structure with trading agents, an
artificial market, and the information.

In this paper, we assume the following simple sce-
nario in the first step of our study. There is finite
exogenous and endogenous information in the world,
and endogenous interpretation of such information does
not exist in advance. The behavior emerged from the
activity of participants varies the market prices, and
heterogeneous participants try to learn interpretation
of information based on the change of price. Namely,
we assume the model that interpretation of exdogenous
and endogenous information is learned by the micro-
macro feedback mechanism. The main purpose of this
paper is to clari~" learning mechanism of exdogenous
information and effectiveness for market behavior with
heterogeneous learning traders.

However, it is generally difficult for only theoretical
approach to investigate the complex phenomena with a
set of many adaptive and heterogeneous agents, there-
fore, we use computer simulations to realize the artifi-
cial market and traders with learning ability~ namely,
agent-based simulations(4) (5) (6) (7) 

To implement the experimental simulation system,
we develop X-Economy system in X-Economy project
which is the project to provide common agent libraries
and a server for artificial market and economy (9).

The remain part of this paper is organized as follows.
Section 2 describes the outline of our model, and Sec-
tion 3 is related with the detail of decision-making and
learning of the trading agents. Section 4 shows several
experimental results, and the results are discussed in
Section 5. Finally, Section 6 concludes this study.

Model

To clari~, relationship between the macro behavior of
market and the information structure, e.g., consisting
of economic news, economic announcement of the gov-
ernment, behavior of economic index, the number of
black spots of sun, and so on, we construct the artifi-
cial trading agents and the artificial market (see Fig.
1).

An artificial trading agent in this model has two kinds
of simple properties, i.e., risky stock and risk-free asset.

The worth of risky stock is changed with link to the
market price, and the worth of risk-free asset is constant
in this model. An agent makes either sell or buy orders
of risky stock in each simulation time, and orders of all
agents are gathered to the market. Each order consists
of the volume and the price. If it is a sell order, the
price means the lower limit of the sell price, and if it
is a buy order, the price means the higher limit of the
buy price. Then, the market contracts gathered sell and
buy orders in the equilibrium price like the quantities
of supply and demand are balanced. The motivation
of each agent is only speculation, and in order to make
a large profit, a trading agent tries to use the world
information.

In the real world, there are infinite information that
we can not know essential relationship with the real
world, but many actual traders interpret and use in-
formation based on their subjectivity or expectation of
what this information causes. To investigate effective-
ness of such information, we model information as the
abstract information which is represent by simply and
clearly defined one, but it is noticed that the special
meaning or effectiveness for decision-making of agents
is not defined in advance. These are obtained by each
agent through the learning process of macro-level be-
havior.

The abstract information consists of two types, i.e.,
the internal information and the external one. The in-
ternal information is closed in the model, and gener-
ated according to endogenous behavior of market price.
Namely, it is merely reflective information of market
price behavior. This internal information means the
technical index calculated from the sequential data of
the market price. In the real market, many traders use
this type of information for the prediction of market
price. All trading agents can know the change of past
market price, and this internal information may repre-
sent the characteristic of dynamics of market price for
traders to make a decision.

Another important information is the external one.
This information is considered as an abstract of exoge-
nous information coming from external environment. In
the real world, there are infinite external information,
and we can not know the relation with the essential
worth of risky stock and this information. However, we
often observe the phenomena that one external infor-
mation affects the behavior of market price even if this
information is not related with the essential worth of
the stock. If the exogenous external information affects
the decision-making of trading agents, this information
becomes available for a trading agent to predict the
decision-making of other agents.

To model the internal and external information, we
adopt the world information model consisting of 11 bits.
First three bits mean the external information. Con-
cerning with the external information, we can not know
the occasion of generation, the relation with the mar-
ket price, and the effectiveness to the decision-making
of other traders in the real world. Therefore, we simply
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model the external information generated as random
noise one from the external of the system. This infor-
mation is common among trading agents but it is not
necessary true that all agents synchronously interpret
it. We know this suppose of the model is too simple
to represent the real economic system, but the main
topic of this study is to clarify dynamics of relationship
between exdogenous information and endogenous mar-
ket behavior. If we assume huge information space to
approach the real, it is difficult for a machine agent to
learn its behavior in limited computer resource. There-
fore, this simple model is suitable for the first step of
analysys.

The external information, I0,11, I2 are defined as fol-
lows.

Io,I1, I2 = RAND{O, 1} (1)
where, the function RAND{O, 1} returns the ran-

domly selected integer number from 0 and 1. Namely,
there are 23 patterns of external information in this
model.

As the internal information, we define 8 bits
I3,I4,...,Ilo based on the past market price. Let the
market price in the simulation time t be Pt, the middle
periods moving average of Pt in 5 periods be mmaPt,
: the long periods moving average in 25 be lmaPt, and
the volume of contracted orders be Vt. The bits of in-
ternal information are defined as follows.

I3 = {l:if
/4 = {l:if
/5 = {l:if
/6 = {l:if
I7 = {l:if

/s = {l:if
/9 = {l:if

/lo = {l:if

Pt-1 > Pt-2, 0 :otherwise} (2)
mmaPt-1 > rnmaPt_2, 0 : otherwis¢(l~)
lmaPt-1 > lrnaPt-2, O: otherwise} (4)

Pt-1 > mmaPt-1, 0 : otherwise} (5)

Pt-1 > ImaPt-l, 0 : otherwise} (6)
mmaPt-1 > ImaPt-1, 0 : otherwise](7)

mmaPt-2 > ImaPt-2, 0 : otherwise}(8)

Vt-I > I"t-2,0 : otherwise} (9)

Decision Making of Trading Agents

The agent trades for its speculation in the dynamic
market. To make its order to the market, the agent
forecasts the change of market price based on the infor-
mation. Many agents possibly use the information for
the prediction of market price behavior, and the infor-
mation, especially the internal one, are formed as the
emergence of such individual behavior. Therefore, the
information become available ones for each agent, and
must be the key to analyze the hnk between the micro
and macro level behavior.

The decision making process of an agent, which is
denoted as the agent k, consists of four steps, that is,
translating the world information, forecasting the mar-
ket price, making an order, and learning the prediction
factor. In the translating step, the agent k observes the
world information and translates it to the input sig-
nals for decision-making. In the forecasting step, the

agent k forecasts the next time market price based on
the input signals. In the making an order process, the
agent decides the desirable quantity of kept risky stock,
and makes an order to control the quantity of the stock
based on the comparison with the actual quantity. And
in the learning step, the agent modifies its prediction
factor by the error between the predicted price and the
achieved one in the market.

In detail, the agent k behaves according to the fol-
lowing steps.

Step 1: translate the external and internal informa-
tion to the input signals.

Step 2: forecast the change value of market price
based on the input signals.

Step 3: determine the desirable quantity of risky
stock in the next time.

Step 4: choice either sell or buy order and decides the
quantity of order according to the difference with the
desirable quantity and actual one.

Step 5: modify the forecasted change value to the re-
alized one.

Translation and Decision Making

To translate the information consisting of the external
and internal one, the agent k maps the world informa-
tion to the input signals. In this agent model, the agent
k simply translates the intarnal information to the in-

.k = Ij.3 < j < 10. but, the agent kput signals as zj ....
translates the external information, that is, /1, I2,/3,
to the external signalszl,z2,k .k i3k according to the follow-
ing equations.

¯ k f /j if rand(O, 1) < synck
zj =~ RAND{O, 1} otherwise (10)

where, the function rand(a, b) returns the real value
randomly selected from a to b, and synck(O < synck <
1) is the parameter of synchronization rate with the ex-
ternal signals. If this parameter is set close to 1, this
agent synchronously maps the external information to
the external signals. If this parameter is close to 0,
this agent ignores the external information, and tries
to utilize own personal information, that is: noise infor-
mation.

In the viewpoint of macro behavior, if many agents
synchronize to the external information with high val-
ues of synck, it is expected that the external infor-
mation is common and available one for participant
agents because macro behavior of agents is weakly
linked through its information. On the other hands,
if many agents asynchronously use the external infor-
mation with small values of synck, the external infor-
mation must not be common information and becomes
unavailable one for other synchronizing agents. There-
fore, we try to analysis the micro-macro structure of
external information in various settings of these values.
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After translation of the world information to the in-
put signals -k -k(*0,h,...,i~0), the agent k forecasts the
next market price for making an order to the market.
Let k .k if,. aat (~0, "" ,i~0) be predicted change value 
the market price in the condition of the input signals

¯ k "k(%,h,---,i~0), the predicted change value of market
price between t - 1 and t is defined as follows.

yk : k "kat (z0, if,..., iko) (11)

According to the predicted change value, the agent k
can easily decides the des,able quantity of risky stock
as follows.

~£ = round(y~l~) (12)
where, the function round(a) rounds the real value a

to the nearest integer value. The parameter Ak(0 < A)
means the risk averse rate of agent k. If this value is
small, the agent k tries to make a large profit with high
risk. If this value is large, the agent tends to avoid the
risk for losing its property, but this agent can not have
chance to make a large profit.

Next, the agent k makes an order to the market in
order to control the quantity of its risky stock to the
desirable quantity 0~- The order of agent k, otk, is cal-
culated as follows.

= - 4 (13)
If o~ takes negative value, the agent k makes a sell

order, and the quantity of order is -o~. Otherwise, the
agent makes a buy order with the quantity otk. The or-
der price of agent k is simply decided as the predicted
one, Pt-1 + Y~. After all trading agents complete to
make orders, these orders are gathered to the market,
and the market contracts the combination of sell and
buy orders in the equilibrium point that the quantities
of supply and demand are evenly balanced. Then, the
market price Pt is fixed, and this price effects the inter-
nal information.

Learning

In order to learn the change value of market price, a
trading agent must modi~" the set of change values atk

by the result of market behavior. In the learning pro-
cess, we adopt very simple learning method like that
the predicted change value is modified according to the
actual change value between Pt-1 and Pt.

Let Rt be the reinforcement value, which is the ac-
tual change value between time t - 1 and t, and it is
represented as

Rt = Pt-1 - Pt (14)
The learning equation of change value defined as fol-

lows is apphed to the agent k in each simulation time.

k "k -k k k "k "k
at-I-l(lO,#’l,’’’ ,ilko) = .)..at(ZOiZl,...,ilko)_t_(l_~/.k).Ri

(15)

Table 1: Experimental Settings. In the table, rand(a, b)
is the function to return uniformly randomized real
value from a to b. nrnd(a,b) returns the randomized
value based on the normal distribution with mean a and
distribution b.

,./k rand(O, 1)
1/Ak rand(O, 5)

k "k "kao (Zo: zl,---, ifo) nrand(O, 10)

synck (setting 1) 0.0
synck (setting 2) 0.5
synck (setting 3) 1.0

Table 2: The time to converge in each experiment. The
numbers of time are averaged in 15 trials in each exper-
iment. Std. Dev. means the standard deviation of each
trial. In addition, Exp. 1-1 indicates the experiment in
setting 1, Exp. 1-2 is in setting 2, and Exp. 1-3 is in
setting 3.

Exp. i-i Exp. 1-2 Exp. 1-3
Averaged Time .707.7 834.1 955.6

(Std. Dev.) (355.9) (586.6) (52O.O)

where, the parameter 7k is the learning rate of agent
k. If ~,k is set to a small value, the agent k modifies
its learned rate slowly. If ,).k is set to a large value, the
agent k drastically modifies its learned rate according
to the recent chmlge of actual market price.

Experimental Results
Experiment 1

In the computer experiment, we prepared the parame-
ter settings shown in Tab. 1. The parameters 7k and
1/Ak are set to independent random values in every
agent. That is, the learning rate and risk averse rate
are heterogeneous in every agent. The initial set of pre-
dict factor a~ is set with normal distribution raz~dom
values. The setting of parameter synck was prepared
three types, i.e., setting 1, setting 2, and setting 3. In
each setting, the value of synck is set to same one in
all agents. The setting 1 is supposed that the market
with the information structure based on entirely same
interpretation, the setting 3 is supposed that the mar-
ket with entirely independent interpretation: and the
setting 2 is intermediate of two settings. For the exten-
sion, it is able to prepare the set with variety synck but
we did not adopt it for investigation of basic behavior
of proposed model. The main purpose of simulation is
to investigate the effectiveness of information structure
based on such basic settings.

For the first experiment, we focus the convergence
of market behavior. In the proposed model, all trad-
ing agents learn with same reinforcement value simply,
and it is expected that the behavior of market price
would converge quickly. In such case, orders of traders
converges to either sell or buy in the condition of in-
formation, and the equilibrium point of orders does not
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Table 3: The average and standard deviation of the
market price, and the balace shown in Figs. 2, ??, 3.
The upper number and lower one in each cell represents
the average and the standard deviation,respectively.

Exp. 2-1 Exp. 2-2 Exp. 2-3
Averaged Price 11416.78 11129.80 10542.78

(Std. Dev.) (1147.03) (828.01) (312.46)
Averaged Volume 536.85 547.68 570.3

(Std. Dev.) (135.69) (130.43) (136.09)
Averaged Balance 0.488 0.492 0.499

(Std. Dev.) (0.085) (0.079) (0.078)

exist. Once the market behavior falls into such case, it
can not escape from the convergence.

We prepared small group of 10 traders with the rep-
resented settings and the set of 15 trial simulations w, as
carried out in each settings. Table 2 shows the time for
achieving the convergence of market behavior in each
setting. Table shows the averaged time for convergence
in 15 trials and the standard deviation. In the results,
the market of setting 1, which consists of traders with
independent interpretation, converged earlier, and the
market of setting 3, which consists of traders w’ith com-
mon interpretation, converges later. This result is in-
teresting that the time to converge in the setting 1 is
shorter than 3 although the traders in 1 learn based on
independent external signals each other, and the traders
in 2 synchronously learn based on same external signals
each other. In other words, the agent group of setting
1 treats heterogeneous interpretation, and the group of
3 treats homogeneous interpretation. Simply consider-
ing, it seems more difficult to learn in heterogeneous
interpretation than in homogeneous interpretation.

The reason why the market in setting 1 converges ear-
lier is considered as follows. In the market of setting 1,
each trader uses the external signals with independent
translation, and the external signals are unavailable be-
cause these can not be linked to the macro behavior and
not be distinguished by the agent. Namely, the traders
in setting 1 learn the prediction in only the conditions
of internal signals, which pattern is 2s. On the other
hands, the traders in setting 3 make a decision based
on the same external signals with common trmlslation,
and the behavior of market can be distinguished in the
condition of internal signals. Then, the external infor-
mation becomes to have the worth for the traders, and
the traders learn the prediction in the conditions of the
combination of external and internal signals, which pat-
tern is 2ll. Therefore, the pattern for learning is less
than in the setting 1, and such difference of information
structure, which is able to be known from the viewpoint
of macro-level, is considered to cause the difference of
convergence between the settings.

Experiment 2

In the experiment 1, the behavior of market converges
because all traders learn based on same reinforcement
learning value and the members of system are fixed

through the time, namely, the closed system. As the
next experiment, we focus on the situation that the
members of system are not fixed and changed, that
is, the open system. In the open system, the learned
decision-making of agents is changed according to the
stream of members, and the investigation of forming
process in such system is important to clarify the rela-
tionship between the information and interpretation in
economic sense. In the experiment 2, the behavior of
open system is investigated in the viewpoint of macro
behavior and information structure.

In the concrete, we prepared 50 traders for the exper-
iment 2 with same settings in experiment 1, i.e., setting
1, 2, and 3. The different point compared with the
experiment 1 is that each trader is initialized its pa-
rameters with the probability 3% in each time. It very
simply extends the closed system to the open system
like that some traders go and other ones come in each
time. By the suppose of the open system, the behavior
of market is considered not to converge.

We carried out 10 trims with 4000 simulation time
in each settings. Fig. 2 shows the examples of time
series data of market price in one trial of each setting.
It is observed that the behavior of market price did not
converge in each setting but is not observed the different
aspects from these graphs.

Moreover, Fig. 3 show-s the examples of time series
data of the market balance, which represents the bal-
ance betw, een the volume of sell and buy orders. The
balance in each time is calculated to divide the volume
of sell orders by the total volume of both sell and buy
orders. If this value is close to 0 or 1, the balance of or-
ders inclines to the one side. In each graph, the balance
fluctuates around 0.5.

The average and standard deviation of 10 trims data
in each settings is shown in Tab. 3. According to the
results of Tab. 3, the change of market price (standard
deviation of market price) in the setting 1 is larger than
other settings~ also the change of balance (stmldard de-
viation of balance) in the settings is larger. This phe-
nomenon that the behavior of market in the setting is
changeable compared with other settings is considered
as based on same reason in the experiment 1. The inde-
pendent interpretation makes the external information
unavailable, and all traders become to regard only the
internal information as important. Then, the unbalance
of orders occurred according to the progress of learning.
and the market price is changeable.

As the result of experiment 2, it is indicated that the
situation that the traders have common interpretation
of information leads the fertility of macro behavior and
the dimension of macro level behavior is higher com-
pared with the case of independent interpretation. It
is difficult to model the relationship between the real
market and real information, and the model used in
this study is too simple to explain the real behavior of
market. However, it is important result that this arti-
ficial market model with simple information structure
causes the difference of macro-level behavior.
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Figure 2: Examples of time series data of market price. In each graph, X-axis indicates the number of simulation
time, and Y-axis represents the market price of risky stock.
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Figure 3: Examples of time series data of the balance in sell and buy orders. In each graph, X-axis indicates the
number of simulation time, and Y-axis represents the ratio of sell order volume in total volume of both orders. The
ratio is simply calculated to divide the volume of sell orders by total volume of both sell and buy orders.

Conclusions
In this paper, we focus on the relationship between the
information structure and the interpretation in artifi-
cial market. In the traditional economics theory like
EMH, it is supposed that the universal interpretation
of information exists in advance, and the importance for
traders is whether it is known or not. However: in real
world, it is often observed that the information which is
essentially unrelated with the market affects the behav-
ior of market. In one hypothesis, such phenomena can
be understood that it is supposed the formation process
of of interpretation between leaning trader. According
to the results of simulation, we show the relationship
between the information structure and macro behavior
of market, although the model is very simple. On the
other words, it is shown that simple model can lead the
difference of market behavior.
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