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Abstract

In this paper, we analyze a simple adaptive model of
competition called the “Minority Game” that is used in
analyzing the competition phenomena in markets. The
Minority Game consists of many simple autonomous
agents, and self-organization occurs as a result of sim-
ple behavioral rules. Up to now, the dynamics of this
game has been studied from various angles, but so far
the focus has been on the macroscopic behavior of all the
agents as a whole. We are interested in the mechanisms
involved in collaborative behavior among multi-agents,
so we focused our attention on the behavior of individ-
ual agents. In this paper, we suggest that core elements
responsible for self-organization to occur are:

1. rules of the game that potentially include a mecha-
nism for a form of self-organization,

2. rules that place a good constraint on each agent’s be-
havior, and

3. the existence of some rule that lead to indirect inter-
action; a process called “stigmergy”.

Introduction

The Minority Game, which is a simulation program for
analyzing models of adaptive competition that consist
of many autonomous elements like those in the mar-
ket (Cavagna 1998; Challet & Zhang 1997; Zhang 1998;
Challet et al. 2001). First, we summarize the rules of the
Minority Game. There are N agents, each of which inde-
pendently chooses between two alternatives (“group 0”
or “group 1”.) In one step of the game, all of the agents
choose one alternative or the other, and the agents that,
as a result, belong to the minority group are awarded a
point as a winner (the best case is a split of 100:101, and
the worst case is a split of 1:200). The selections by each
agent are based on the strategy tables that the agent
holds. A strategy table consists of a set of histories that
records the past m winning group choices, and a corre-
sponding set of choices which indicates which decision to
make for each history (see table 1). The strategy table
contains 2m entries, each of which consists of a {history,
next decision} pair. Each agent can randomly select s

strategy tables from a pool of strategy tables at the be-
ginning of the game (all agents have the same number of

strategy tables.) Each agent uses the s strategy tables
in the following way. For the first step, a strategy table
is randomly selected, and 1 point is given as a profit to
the strategy table if one time step of the game is won
or 1 point is deducted if the game is lost. In the second
and subsequent time steps, the strategy table that has
the highest number of points is always selected. Fig. 1
shows the standard deviation for the number of agents
that chose group 0, reported in the previous studies. The
game was played for the number of time steps described
below for the various numbers of strategy tables pos-
sessed by the agents, s = 2 . . . 64 and various history
depths in the strategy table, m = 1 . . . 16. For each pa-
rameter pair, {s, m}, the game was played for 10,000
time steps in one trial, and each trial was done in sets of
10. In this graph, the horizontal line represents the stan-
dard deviations when all the agents made their choices
randomly, and the actual standard deviations were lower
than for the random cases, mainly when m was 3, 4 or
5. This means that a winning group ratio that was in-
tentionally near 100:101 arose. However, their only in-
formation is the history of past winning groups. What is
characteristic is that actually a history depth of 3 cases
produced good behavior, whereas a history depth of 10
rounds produces results that were the same as random
behavior.

m

Next decision

0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

Table 1: Strategy table
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First, we explain the rules of the Minority Game. There are 
N agents, each of which is an autonomous actor that 
independently chooses between two alternatives  (“group 
0” or “group 1”, Buy or Sell, etc.) according to its own 
intent. In one step of the game, all of the agents choose one 
alternative or the other, and the agents that, as a result, 
belong to the minority group are awarded a point as a 
winner, while the agents in the majority group get nothing 
at this step of the game. That is to say, if, for example, 201 
agents are participating, and there are 100 minorities versus 
101 majorities, then the group of 100 agents can receive the 
highest scores (The worst case is a split of 1 : 200 agents). 
Which group each agent selects is based on strategy tables 
that the agent possesses. A strategy table consists of a set of 
histories that record the past m winning group choices and a 
corresponding set of choices which indicates which 
decision to make for each history. In the example strategy 

table shown in Fig. 1, the history contains the winning 
choices of the last three time steps of the game. The 
strategy table contains m2  entries, each of which consists of 
a {history, next decision} pair, so in this example, m = 3, 
there are 8 entries. Each agent can randomly select s 
strategy tables from a pool of strategy tables at the 
beginning of the game (All agents have the same number of 
strategy tables.) The pool of strategy tables contains 
strategy tables that express all possible combinations of 
histories and decisions, which is to say 

m22  strategy tables, 
and all these tables are available to each agent. Once 
selected, a strategy table cannot be subsequently changed. 
Each agent uses the s strategy tables in the following way. 
For the first step, a strategy table is selected randomly, and 
1 point is given as a profit to the strategy table if one time 
step of the game is won or 1 point is deducted if the game is 
lost. In the second and subsequent time steps, the strategy 
table that has the highest number of points is always 
selected. One time step of the game is repeated for a 
predetermined number of rounds following this rule, and 
the game results are the final number of points acquired by 
all of the agents collectively and the number of times that 
each agent won. 

2.1 Self-organization 
 

We began by verifying the collective behavior of the agents 
in the same way as has been done in the previous studies. 
First, the standard deviation of the number of agents that 
chose group 0 is shown in Fig. 2. The game was played for 
the number of time steps described below for various 
numbers of strategy tables possessed by the agents, s = {2, 
3, 5, 10, 32, 64} and various history depths in the strategy 
table, m = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16}. For each parameter pair, {s, m}, the game was played 
for 10,000 time steps in one trial, and each trial was done in 
sets of 10. Although the results are similar to what is shown 

Figure 2: Standard deviation of the number of agents 
that selected “group 0” 

Figure 3: Standard deviation of the number of 
winning agents 

Figure 4: Mean values of winning agents 

Figure 1: Standard deviation for the number of agents
that selected “group 0”

in Fig. 2, Fig. 4 shows the standard deviation of the number 
of agents that actually won the game and Fig. 3 shows the 
mean value for the number of winning agents. The results of 
Figs. 2 and 4 are similar, but we think there is an important 
difference. Whereas Fig. 2 tracks agent behavior, Fig. 4 
shows the results of the game. To investigate the features 
and properties of the Minority Game, it is first necessary to 
examine Fig. 4, but to investigate the causes of those 
features and properties, it is necessary to examine the 
history of agent behavior in Fig. 2.  

Figures 2 and 4 both present results of deep interest. In 
these graphs, the horizontal lines represent the standard 
deviations for when all of the agents made their choices 
randomly, and the actual standard deviations were lower 
than for the random case, mainly when m was 3, 4 or 5. 
This shows that a winning group ratio that is intentionally 
near 100:101 arose, which is to say that some kind of 
collaborative behavior among the agents was taking place. 
However, it is not possible for individual agents to know 
the behavior of the other agents; their only information is 
the history of past winning groups. Nevertheless, because 

the history did reflect the result of the behavior of all of the 
agents, we can consider that there are some indirect 
relationships of collaboration or cooperation among agents 
(this kind of collaboration can be thought as stigmergy). 
What is characteristic is that, although we expected 
behavior based on longer histories to be more efficient, the 
results show that actually a history depth of three cases 
produced good performance, whereas a history depth of 10 
rounds produces results that are the same as random 
behavior. Indeed, the results showed that: “When 
circumstances are complex, they are not well captured by 
the past events, and it is better to make decisions 
concerning a situation appropriately on the basis of the 
circumstances of that situation.” However, to confirm that a 
small standard deviation truly results in a winning group 
proportion that is intentionally near 100:101, we plotted the 
numbers of agents that were actually in the winning group 
(Fig. 3). The results show that for m = 3, which produced a 
small standard deviation, the number of agents in the 
winning group approached 100, confirming that the winning 
group proportion became intentionally near 100:101 when 
the standard deviation was small. 

That fact that this mechanism, which gives rise to orderly 
and efficient overall behavior in spite of the fact that each 
agent operates on local information only, is consistent with 
market economic models, etc. and, moreover, that the rules 
of the Minority Game itself are very concise, are the 
reasons for so many studies on this topic in the field of 
econophysics. Those studies, however, have focused on the 
overall collective behavior of the agent, and although there 
are some examples of studies on extending the operating 
rules of each agents, etc. from that point of view, the 
analysis nevertheless still focused on the collective behavior 
of the agents. 

Figure 5:  Change in the number of agents 
winning   (m=3)     

Figure 6:  Changes in the number of agents 
winning (m=12) 

Figure 7: Agent advantage and disadvantage (s=2) 

 Figure 2: Agent Advantages and Disadvantages (s = 2)

Potential advantage among agents

We investigated how many times each agent could win
in several situations, and Fig. 2 shows the rankings of
the 201 agents based on their average scores.

Where each agent could randomly select “group 0” or
“group 1”, all of the agents were only able to get approx-
imately 4750 points. In contrast, when the standard de-
viation was small (m = 3, 4, 5), the mean score was high
and, although some differences can be seen in the scores,
all the agents were able to achieve stable scores. As m in-
creased, either a large number of wins or a large number
of losses occurred for a very small number of agents, but
at the same time the mean score decreased, and when
m was greater than 12, the trend was toward the same
level as seen in the random selection case. Why, in a
situation like m = 3, 4, or 5, could almost all agents get

 

An important point is that, in this situation, even if each 
agent selects table 1 or table 2, four agents (Agent 1, Agent 
2, Agent 3, and Agent 4) select the “group 0”, and only one 
agent (Agent 5) selects “group 1”. Therefore, the ratio of 
minority to majority becomes “group 0 : group 1=4:1.” And 
in the following situation (winning group history is “111”), 
always two agents (Agent 1 and Agent 3) can win 
(hereinafter we call it Entries-C). 

 

 

 

 

 

 

Although the above two cases are examples of radical 
combinations, what we want to say is that, in a situation like 
m=3 or 4, the possibility of including Entries-B will low, 
whereas in a situation like m=12 or higher, this possibility 
will be very high.  

The reason is as follows: there are only five possible 
combinations of Entries-B but ten of Entries-C. And when 
m=3, there are only eight entries in each strategy table, but 
when m=12, there are 4096, so, in the case of m=3, the 
probability of a situation like Entries-B being included is 
low, but in the case of m=12, the situation like Entries-B 
will certainly be included. Thus, to think about all the 
combinations of the strategy table, the combination of 
“group 0 : group 1=2:3 or 3:2” is larger than that of “group 
0 : group 1=0:5 or 5:0” or “group0:group1=1:4 or 4:1”, 
therefore, in m=3 or 4, the probability of situations like 
Situation-B being included is quite low and in each game, 
the ratio of “group0:group1” is nearly always “2:3 or 3:2”. 
Consequently, all agents can get high points. 

 

3.2.1 Verification I 
 

To verify our hypothesis, first, we investigated the 
correlations among the s strategy tables given to each agent 
(201 agents, s=2). The results reveal a natural, but 
interesting fact. When the standard deviation is small (m=3), 
because one strategy table contains only eight entries, the 
strategy table pool has only 256 tables and each of the 201 
agents selects two tables (s=2) from the pool, it is naturally 
highly likely that the two selected strategy tables will form 
combinations that have strong positive (100% correlation) 
or reverse correlations (-100% correlation) with equal 
probability. In fact, that tendency is confirmed by Fig. 8. In 
contrast, for m=12, the size of the strategy table pool 

becomes a huge 
1222  strategy tables, so if two of them are 

selected, it is highly likely that their correlation is close to 

zero (0% correlation). The most interesting result is that 
there is a correspondence between the rate of winning and 
the correlation of strategy tables within agents. That is to 
say, agents that have strategy tables that have a strong 
positive correlation have higher success rates, while agents 
that have strategy tables that have a strong reverse 
correlation have lower success rates.  

We initially took the size of m to mean simply how far into 
the past information is available, but this assumption was a 
misinterpretation; instead, if m is small, then there is 
variance in the correlation of the agent’s strategy tables, and 
what we can infer brings about differences in behavior 
among the agents. Thus, if we consider that the existence of 
an appropriate variance in the correlation among the 
strategy tables possessed by an agent is related to an 
improvement in the winning rate of the agents as a whole, 
then we can explain the fact that the score decreases and the 
standard deviation also increases when the number of 
strategies possessed (s) increases, even for the case of m=3 

Entries-C             Table1       Table2 
Agent1              1               1 
Agent2              0               0  
Agent3              1               1 
Agent4              0               0 
Agent5              0               0 

Figure 9: Is the memory necessary? 

Figure 8: Correlation of strategy tables within 
 agents (s=2)    

 

Figure 3: Is memory necessary?

in Figs. 2, 3, and 4. In the case of s=5, for example, in 
order for an agent’s the strategy tables to have a strong 
positive correlation, all five strategy tables must be similar, 
but because the probability of that occurring with random 
selection is, of course, low, the dispersion in the 
correlations cannot be obtained, and the score decreases. 

 

3.2.2 Verification II 
 

Second, if self-organization occurs by the initial 
combinations of the strategy tables, the winner group 
history may not be the important element of the Minority 
Game. In other words, self-organization may be able to be 
formed without each agent deciding its selection by the 
winning group history. 

To verify this hypothesis, we examined the following 
simulations: In the normal algorithm, if the current winner 
group history is “ 010”, each agent sees the entries of “010” 
of their holding strategy tables, and selects one of them, 
depending on their points.  

 

At this point, we raise the following questions:  

(1) If each agent is allowed to select the entry of strategy 
tables randomly, can self-organization occur?  

(2) If only one agent-A is allowed to select the entry by its 
own rule based on the winning group history and the 
other agents use as same entry as agent-A, can self-
organization occur?  The game’s rules that agents can 
decide which entry to use by their own, not by the 
winning group history. 

(3) If we intentionally generate a random winner group 
history, can self-organization occur?   

 

If self-organization can be formed in the above situation, 
our hypothesis that there is no effectiveness in the memory 
of winner group history may be correct. 

Fig. 9 shows the result: self-organization the same as in the 
normal algorithm could be formed in situations (2) and (3). 
Even when we made a random winner group history, and 
none of the agents used the entry of the strategy tables 
depending on the memory of history, they could form a 
good organization. This result shows that the memory of 
winner group history may not be important in forming self-
organization. But when each agent could select the entry of 
strategy tables randomly, their behaviors were the same as 
the random selection version. Therefore, an important point 
concerning the strategy tables is that, in the normal 
algorithm, depending on the winner group history means 
giving a constraint on using the strategy tables.  In other 
words, we can use any kinds of rules that enables us to give 
a constraint on using strategy tables like situation (2). 
Giving a good constraint to the agents is the same meaning 
as decreasing their freedom, and by this constraint, 
organization must be formed. In [8], authors also discussed 
how to form self-organization by using other frameworks, 
and came to the same suggestion we do in this study. 

 

3.3 Existence of “stigmergy”  
 

If self-organization is formed only by the mechanism based 
on our hypothesis, then the following new question 
emerges: Even if each agent can select the strategy tables 
randomly, will game result be as same as with the normal 
algorithm? In the normal algorithm, each agent selects its 
strategy tables according to their obtained points. Fig. 10 
shows the result: If each agent could select the strategy 
tables randomly, there would be a very big gap between 
winner and loser and self-organization would not form. This 
result reveals that,  in the Minority Game, indirect 

Figure 11: Existence of stigmergy Figure 10: How to select the strategy tables?  

Figure 4: How to select the strategy tables

higher points than for m = 12 or higher and the random
selection case? In an attempt to explain this, we set up
the following hypothesis:

[Assumption] Situations like m = 3, 4, or 5 can
initially produce good strategy tables, where self-
organization can easily occur.

[Reason] Now, let’s think about the Minority Game
using five agents (m = 3) where each agent has two
strategy tables (s = 2), as shown in table 2

Then, for example, if the winning group history is
“010”, each agent must select one of two strategy ta-
bles based on their obtained points, where the strategy
of each table of entry “010” is shown as Entries-A in ta-
ble 3. If the winner group history is “110”, the above
selected strategies will change as shown in Entries-B.

An important point is that, in this situation, even if
each agent selects table 1 or table 2, four agents (Agent
1, Agent 2, Agent 3, and Agent 4) select “group 0”, and
only one agent (Agent 5) selects “group 1”. Therefore,
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in Figs. 2, 3, and 4. In the case of s=5, for example, in 
order for an agent’s the strategy tables to have a strong 
positive correlation, all five strategy tables must be similar, 
but because the probability of that occurring with random 
selection is, of course, low, the dispersion in the 
correlations cannot be obtained, and the score decreases. 

 

3.2.2 Verification II 
 

Second, if self-organization occurs by the initial 
combinations of the strategy tables, the winner group 
history may not be the important element of the Minority 
Game. In other words, self-organization may be able to be 
formed without each agent deciding its selection by the 
winning group history. 

To verify this hypothesis, we examined the following 
simulations: In the normal algorithm, if the current winner 
group history is “ 010”, each agent sees the entries of “010” 
of their holding strategy tables, and selects one of them, 
depending on their points.  

 

At this point, we raise the following questions:  

(1) If each agent is allowed to select the entry of strategy 
tables randomly, can self-organization occur?  

(2) If only one agent-A is allowed to select the entry by its 
own rule based on the winning group history and the 
other agents use as same entry as agent-A, can self-
organization occur?  The game’s rules that agents can 
decide which entry to use by their own, not by the 
winning group history. 

(3) If we intentionally generate a random winner group 
history, can self-organization occur?   

 

If self-organization can be formed in the above situation, 
our hypothesis that there is no effectiveness in the memory 
of winner group history may be correct. 

Fig. 9 shows the result: self-organization the same as in the 
normal algorithm could be formed in situations (2) and (3). 
Even when we made a random winner group history, and 
none of the agents used the entry of the strategy tables 
depending on the memory of history, they could form a 
good organization. This result shows that the memory of 
winner group history may not be important in forming self-
organization. But when each agent could select the entry of 
strategy tables randomly, their behaviors were the same as 
the random selection version. Therefore, an important point 
concerning the strategy tables is that, in the normal 
algorithm, depending on the winner group history means 
giving a constraint on using the strategy tables.  In other 
words, we can use any kinds of rules that enables us to give 
a constraint on using strategy tables like situation (2). 
Giving a good constraint to the agents is the same meaning 
as decreasing their freedom, and by this constraint, 
organization must be formed. In [8], authors also discussed 
how to form self-organization by using other frameworks, 
and came to the same suggestion we do in this study. 

 

3.3 Existence of “stigmergy”  
 

If self-organization is formed only by the mechanism based 
on our hypothesis, then the following new question 
emerges: Even if each agent can select the strategy tables 
randomly, will game result be as same as with the normal 
algorithm? In the normal algorithm, each agent selects its 
strategy tables according to their obtained points. Fig. 10 
shows the result: If each agent could select the strategy 
tables randomly, there would be a very big gap between 
winner and loser and self-organization would not form. This 
result reveals that,  in the Minority Game, indirect 

Figure 11: Existence of stigmergy Figure 10: How to select the strategy tables?  

Figure 5: Existence of Stigmergy

the ratio of minority to majority becomes “group 0” :
“group 1”=4:1. Also, in the situation where the winning
group history is “111”, two agents (Agent 1 and Agent
3) can always win (marked Entries-C).

Although the above two cases are examples of radical
combinations, in a situation like m = 3 or 4, the pos-
sibility of including Entries-B will be low, whereas in a
situation like m = 12 or higher, this possibility will be
very high.

The reason for this is as follows. There are only
five possible combinations type of Entries-B but ten of
Entries-C. Further, when m = 3, there are only eight en-
tries in each strategy table, but when m = 12, there are
4096, so, when m = 3, the probability of a situation like
Entries-B being included is low, but when m = 12, a sit-
uation like Entries-B will certainly be included. There-
fore, considering all the combinations of the strategy ta-
ble, the combination of “group 0” : “group 1” = 2:3 or
3:2 is larger than that of “group 0” : “group 1” = 0:5 or
5:0 or “group 0”:“group 1” = 1:4 or 4:1, therefore, when
m = 3 or 4, the probability of situations like Situation-B
being included is quite low and in each game, the ra-
tio of “group 0”:“group 1” is nearly always 2:3 or 3:2.
Consequently, all agents can get high points.

Testing

If self-organization occurs by initial combinations of the
strategy tables, the winner group history may not be
an important element of the Minority Game. In other
words, self-organization may be able to occur without
each agent deciding its selection using the winning group
history.

To test this hypothesis, we examined the following sit-
uations: In the normal algorithm, if the current winner
group history is “010”, each agent sees the entries of
“010” of their holding strategy tables, and selects one of
these depending on their points.

Agent 1
Strat. 1 Strat. 2
Hist Hist

000 1 000 0
001 0 001 1
010 1 010 0
011 1 011 1
100 1 100 1
101 0 101 0
110 0 110 0
111 1 111 1

Agent 2
Strat. 1 Strat. 2
Hist Hist

000 1 000 0
001 0 001 0
010 1 010 1
011 0 011 1
100 1 100 1
101 1 101 1
110 0 110 0
111 0 111 0

Agent 3
Strat. 1 Strat. 2
Hist Hist

000 1 000 0
001 1 001 0
010 0 010 1
011 1 011 1
100 0 100 1
101 1 101 0
110 0 110 0
111 1 111 1

Agent 4
Strat. 1 Strat. 2
Hist Hist

000 1 000 1
001 0 001 0
010 0 010 1
011 1 011 0
100 1 100 0
101 0 101 0
110 0 110 0
111 0 111 0

Agent 5
Strat. 1 Strat. 2
Hist Hist

000 0 000 1
001 0 001 0
010 1 010 1
011 0 011 1
100 1 100 0
101 0 101 0
110 0 110 0
111 0 111 0

Table 2: Strategy tables for example m = 5, s = 2 game

At this stage, we raise the following questions:

1. If each agent is allowed to select the entry of strategy
tables randomly, can self-organization occur?

2. If only one agent-A is allowed to select the entry using
its own rules based on the winning group history and
the other agents use the same entry as agent-A, can
self-organization occur? The game’s rules are where
agents can decide which entry to use on their own, not
by the winning group history.

3. If we intentionally generate a random winner group
history, can self-organization occur?

If self-organization can be formed in the above situ-
ations, our hypothesis that the memory of the winner
group history is ineffective may be correct.

Fig. 3 has the memory results: the same self-
organization as in the normal algorithm could occur in
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Entries-A
Agt S1 S2
1 1 0
2 1 1
3 0 1
4 0 1
5 1 1

Entries-B
Agt S1 S2
1 0 0
2 0 0
3 0 0
4 0 0
5 1 1

Entries-C
Agt S1 S2
1 1 1
2 0 0
3 1 1
4 0 0
5 0 0

Table 3: Strategy outcomes for various winning histo-
ries: Entries-A=“010”, Entries-B=“110” and Entries-
C=“111”.

situations (2) and (3). Even when we established a ran-
dom winner group history, and none of the agents used
the entry of the strategy tables that depended on the
memory of history, they could organize themselves well.
This means that the memory of the winner group his-
tory may not be important in self-organization. How-
ever, when each agent could select the entry of strategy
tables randomly, their behaviors were the same as for the
random selection version. Therefore, an important point
concerning the strategy tables is that, in the normal al-
gorithm, the winner group history applies a constraint
that has evolved from the agents’ using the strategy ta-
bles. In other words, we can use any kind of rule that
enables us to apply a constraint on using strategy tables
like situation (2). Applying a good constraint on the
agents means the same as decreasing their freedom, and
through this constraint, organization must occur. In a
previous work (Kurihara, Onai, & Sugawara 1998), we
also discussed how to achieve self-organization by using
other frameworks, and came to the same conclusion we
have in this study.

Indirect interaction

If self-organization is formed only by the mechanism
based on our hypothesis, then it raises the following
question: Even if each agent can select the strategy ta-
bles randomly, will the game results be the same as with
the normal algorithm? Fig. 4 has the results for how the
strategy tables are selected. If each agent could select the
strategy tables randomly, there would be a very big gap
between the winner and loser and self-organization would
not occur. This means that, in the Minority Game, indi-
rect interaction between agents is also an important ele-
ment of organization forming. The reason is as follows.
The process whereby each agent selects strategy tables
by points means that they decide their behavior based
on the results of each step, and their decision changes in
the next step.

At this point, if we change the rules for selecting the
strategy tables, will self-organization still occur? Fig.
5 plots the results of doing this. We implemented the
following rules.

(Version-I) Each agent selects one of two strategy tables

in turn. The interval of the exchange is randomly set
up.

(Version-II) If it wins, 1 point is add to the selected
strategy table, but if it loses, 2 points are subtracted.

(Version-III) If the agent loses one game, the strategy
table is changed even if the table produced several
wins.

Unfortunately, self-organization did not occur using
any of these versions. The way the strategy table is
selected must bear a close relationship with the initial
combinations of the strategy tables of each agent, so a
detail investigation will be necessary to determine what
is an essential mechanism responsible for selecting strat-
egy tables, and this is for future work.

Can we easily control agents?

In terms of the strategy tables, if we assume that the
variance in the correlations within agents and the corre-
lations between agents has a major effect on good scores,
then we can expect that a change in the behavior of the
agents will result from intentionally increasing the vari-
ance. Therefore, we selected one appropriate agent from
among the 201 agents, and 19 agents were made to pos-
itively (100%) correlate with that agent. This means
that they possessed exactly the same set of strategy ta-
bles. In addition, 20 agents were made to have reverse
(−100%) correlation with that agent. This means that
their behavior was always the opposite, and the game
was played with m = 3, for which good scores were ob-
tained, and with m = 12, for which the results were the
same as for random choices. The results for these two
cases are compared in Figs. 6 and 7.

interaction between agents is also an important element of 
forming organization. The reason is that each agent 
selecting strategy tables by points means that they decide 
their behavior based on the results of each step, and their 
decision will change in the next step, in other words, their 
behavior influence the behaviors of the other agents 
indirectly.    -This cycle is called “stigmergy"- 

In the normal algorithm, if the agent wins, 1 point is add to 
the selected strategy table, and if it loses 1 point is 
subtracted. For example let’s consider one agent and its two 
strategy tables: table-A and table-B. If table-A is selected 
and wins four times in a row, then the table-B is not 
selected until table-A has lost at least four times in a row.  

At this point, if we change the rule for selecting the strategy 
tables, will self-organization still be formed? Fig. 11 shows 
the result of our investigation of this question. We 
implemented the following rule. 

 

(Version I) Each agent selects the strategy tables mutually. 
The interval of the exchange is randomly set up. 

(Version II) If it wins, 1 point is add to the selected strategy 
table, but if it loses, 2 points are subtracted. 

(Version III )  If the agent loses one game, the strategy table 
is changed even if the table gave several wins. 

Unfortunately, the self-organization was not formed by any 
of these versions. The way of selecting the strategy table 
must have a close relationship with the initial combinations 
of the strategy tables of each agent, so a detail investigation 
will be necessary to determine what is an essential 
mechanism of the selection of the strategy tables, and this is 
for future work. 

 

4. Can we easily control agents? 
 

Concerning the strategy tables, if we assume that the 
variance in the correlations within agents and the 
correlations between agents has a major effect on good 
scores, then we can expect that a change in the behavior of 
the agents will result from intentionally increasing the 
variance. Therefore, we selected one appropriate agent 
from among the 201 agents, and 19 agents were made to 
positively (100%) correlate with that agent, which is to say 
that they possessed exactly the same set of strategy tables, 
and in addition, 20 agents were made to have reverse (-
100%) correlation with that agent, which is to say that their 
behavior was always the opposite, and the game was played 
with m=3, for which good scores were obtained, and with 
m=12, for which the results were the same as for random 
choices. The results for these two cases are compared in 
Figs. 12 and 13.  

This comparison yields profoundly interesting results. 
Initially, we expected that one of the two groups of 20 
agents (either the 100% group or the -100% correlation 
group) would get the highest scores and the other group 
would get the lowest scores. Contrary to our expectations, 
both groups were able to attain high positions. Moreover, 
the overall average scores for the agents as a whole 
improved considerably, for both cases (m=3 and m=12), 
from the effect of intentionally setting the behavior of the 
40 agents, and the scores of the other agents that were not 
modified also improved above the agent ranked 100th place. 
In addition, the scores of the agents in the vicinity of the 
lowest score also increased. 

These results strongly suggest the possibility that the 
existence of agents that possess strategy tables that have 
extremes of positive and reverse correlations is a major 
factor in improving the efficiency of the collective behavior 
of the agents as a whole, and we are currently in the midst 
of evaluating various changes in the settings. 

Figure 12: For m=3 

 

Figure 13: For m=12 

Figure 6: For m = 3

This comparison yields profoundly interesting results.
Initially, we expected that one of the two groups of 20
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interaction between agents is also an important element of 
forming organization. The reason is that each agent 
selecting strategy tables by points means that they decide 
their behavior based on the results of each step, and their 
decision will change in the next step, in other words, their 
behavior influence the behaviors of the other agents 
indirectly.    -This cycle is called “stigmergy"- 

In the normal algorithm, if the agent wins, 1 point is add to 
the selected strategy table, and if it loses 1 point is 
subtracted. For example let’s consider one agent and its two 
strategy tables: table-A and table-B. If table-A is selected 
and wins four times in a row, then the table-B is not 
selected until table-A has lost at least four times in a row.  

At this point, if we change the rule for selecting the strategy 
tables, will self-organization still be formed? Fig. 11 shows 
the result of our investigation of this question. We 
implemented the following rule. 

 

(Version I) Each agent selects the strategy tables mutually. 
The interval of the exchange is randomly set up. 

(Version II) If it wins, 1 point is add to the selected strategy 
table, but if it loses, 2 points are subtracted. 

(Version III )  If the agent loses one game, the strategy table 
is changed even if the table gave several wins. 

Unfortunately, the self-organization was not formed by any 
of these versions. The way of selecting the strategy table 
must have a close relationship with the initial combinations 
of the strategy tables of each agent, so a detail investigation 
will be necessary to determine what is an essential 
mechanism of the selection of the strategy tables, and this is 
for future work. 

 

4. Can we easily control agents? 
 

Concerning the strategy tables, if we assume that the 
variance in the correlations within agents and the 
correlations between agents has a major effect on good 
scores, then we can expect that a change in the behavior of 
the agents will result from intentionally increasing the 
variance. Therefore, we selected one appropriate agent 
from among the 201 agents, and 19 agents were made to 
positively (100%) correlate with that agent, which is to say 
that they possessed exactly the same set of strategy tables, 
and in addition, 20 agents were made to have reverse (-
100%) correlation with that agent, which is to say that their 
behavior was always the opposite, and the game was played 
with m=3, for which good scores were obtained, and with 
m=12, for which the results were the same as for random 
choices. The results for these two cases are compared in 
Figs. 12 and 13.  

This comparison yields profoundly interesting results. 
Initially, we expected that one of the two groups of 20 
agents (either the 100% group or the -100% correlation 
group) would get the highest scores and the other group 
would get the lowest scores. Contrary to our expectations, 
both groups were able to attain high positions. Moreover, 
the overall average scores for the agents as a whole 
improved considerably, for both cases (m=3 and m=12), 
from the effect of intentionally setting the behavior of the 
40 agents, and the scores of the other agents that were not 
modified also improved above the agent ranked 100th place. 
In addition, the scores of the agents in the vicinity of the 
lowest score also increased. 

These results strongly suggest the possibility that the 
existence of agents that possess strategy tables that have 
extremes of positive and reverse correlations is a major 
factor in improving the efficiency of the collective behavior 
of the agents as a whole, and we are currently in the midst 
of evaluating various changes in the settings. 

Figure 12: For m=3 

 

Figure 13: For m=12 

Figure 7: For m = 12

agents (either the 100% group or the −100% correla-
tion group) would get the highest scores and the other
group would get the lowest scores. Contrary to our ex-
pectations, both groups were able to attain high scores.
Moreover, the overall average scores for the agents as a
whole improved considerably, for both cases (m = 3 and
m = 12), as a result of intentionally setting the behavior
of the 40 agents, and the scores of the other agents that
were not modified also improved above the agent ranked
in 100th place. In addition, the scores of the agents in
the vicinity of the lowest score also increased.

These results strongly suggest that agents that possess
strategy tables that have extremes of positive and reverse
correlations are a major factor in improving the efficiency
of the collective behavior of the agents as a whole, and we
are currently in the midst of evaluating various changes
in the settings.

Conclusion

In this paper, we analyzed a simple adaptive competition
model called “the Minority Game,” which is used in the
analysis of competition phenomena in markets. The Mi-
nority Game consists of many simple autonomous agents,
and self-organization occurs through simple behavioral
rules.

As we were interested in the mechanisms for collabo-
rative behavior in multi-agent systems, we focused our
attention on the behavior of individual agents. We sug-
gest that core elements for self-organization to occur are:

1. rules of this game that potentially include a mecha-
nism for a form of self-organization,

2. rules that place a good constraint on each agent’s be-
havior, and

3. the existence of some rule that lead to indirect inter-
action; a process called “stigmergy”.

In terms of the rules for good constraint (2), A. Cav-
agna (1998) suggested basically the same as us. He said
that, in the Minority Game, the memory of the winning
group is irrelevant, and the important point is sharing
data among agents. However, we think that it is more
important to place a good constraint on agents’ behav-
iors, and to constrain them to share some data. In the
normal algorithm, this data is designed for use by the
winning group history. Finally, in terms of stigmergy
(3), a detailed investigation will be necessary to clarify
the essential mechanism responsible for selecting strat-
egy tables. Of course, we will continue with further anal-
ysis aimed at establishing a general algorithm that can
be applied to other competition problems.
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