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Abstract

Micro-Macro Loop (MML) is a feedback loop between micro structure and macro struc-
ture. MML is an important topic for researchers on multi-agents or complex systems.
However, the discussion of MML so far is extremely conceptual, it is not clear that whether
MML is representable or not and that whether MML is identifiable from observed macro
information. In this paper, we introduce market games for the experiments for MML iden-
tification and formulate them as nearly decomposable system. This formulation is called
Micro-Macro Dynamics. The usefulness of the market games is demonstrated through com-
puter simulation.

1 Introduction

One of the important thing about collective behavior of multi-agents 1 is Micro-Macro
Loop [1]. Micro-macro loop is a cycle in which micro behavior is regulated by macro
behavior, and macro behavior is regulated by micro behavior as well. We assume that
agents have limited abilities in its field of vision, rationality, and actions. Micro world is
an environment by which such agents are surrounded, and macro is the whole interaction
between the agents beyond their limited abilities.
In many research such as complex systems and multi-agents, existence of micro-macro

loop is extremely important [2], however, the discussion of micro-macro loop so far is
conceptual and we are not able to tell whether or not it is representable and identifiable.
The purpose of this paper is to propose Market Game as the standard problem for

identification of micro-macro loop because we can easily see the mutual regulation between
order (micro behavior) and price (macro index). We mean by the “game” that we model
the trading behavior in the market with game theory.

2 Market Game

When we consider the market game as experiment for identification of micro-macro loop,
it needs to satisfy following conditions:

• It can formulate rational trading behaviors.
• It can be solved analytically in ideal situation as aggregation of individual transaction.
• It can deal with actual trading under simple experimental environment.

1In this paper, we call the individual who behaves autonomously as an agent.



• It can describe heterogeneity and diversity of the population

In this model, we assume that trading is a rational behavior based on the calculation
of loss and gain. We also assume that the heterogeneity is represented by heterogeneous
payoff matrix of each agent, that is, psycological characteristics and attitude of risk taking
is formulated by different payoff matrix. Exsiting study [3] concentrate on heterogeniousity
of anticipation. On the contraly, our approach concentrate on heterogeneity of mentarity.
We deal with negociated transaction and use following two models: single population

model and multiple population model. In both model, each agent decides its strategy
rationaly reading on the trend of the market.

2.1 Market Game with Single Population

In this game, agents in the single population select whether they sell or buy. Table 1
shows the payoff matrix of a market game with single population, where α i denotes the
gain of buy (S1) in buyer’s market, βi denotes the gain of sell (S2) in seller’s market, and
x is a proportion of seller in the population.

Table 1. Payoff matrix of market game with single population
Others’ strategy

Strategy of Seller’s market (S1) Buyer’s market (S2)
Ai (x) (1− x)

Buy (S1) 0 αi

Sell (S2) βi 0
αi > 0, βi > 0

2.2 Market Game with Multiple Population

We consider two population A and B. population A consists of seller and population
B consists of buyer, and agents in both population decide whether they participate in a
market (S1) or not (S2) . Table 2 shows the payoff matrix of a market game with two
population, where αA, αB denote the profits of participating market, and on the other
hand, βA, βB denote the loss of failure of trading. x is a proportion of participants in
population A, and y is the proportion of participants in population B.

Table 2. Payoff matrix of market game with multiple population
Agents in Population B

Agents in Participate (S1) Withdraw (S2)
Population A (y) (1− y)
Participate (S1) αB 0

(x) αA −βA

Withdraw (S2) −βB 0
(1− x) 0 0

αA > 0, βA > 0, αB > 0, βB > 0



3 Formulation of Market Game with Micro-Macro Dynamics

Micro-Macro Dynamics [1] is one of the method for describing the interaction between
micro and macro behavior base on the possibility of semi decomposition [4]. We formulate
the two types of the market gaem by micro-macro dynamics.

3.1 Dynamics of Single Populaion

Using Table 1 we can calculate the expected payoff of the agent Ai. The utility of taking
S1 equals to the utilty of taking S2 when the proportion of the agents choosing S1 is:

θi =
αi

(αi + βi)
(1)

We call this value as threshold the θi of agent Ai. The rational strategy of agent A i is
determined by a function of θi: (a) θi ≤ x → Select S1, (b) θi > x → Select S2.
Let us suppose that f(θ) is a density function of the threshold in the population. We

can derive F (θ), the proportion of the agents that have a threshold less than θ:

F (θ) =
∫

τ<θ
f(τ)dτ (2)

Agents behave rationally based on above rule. Thus, agents that have a threshold greater
than x(t) select S1 in the next step. We can get the following relation between x(t) and
x(t + 1) called “Micro Macro Dynamics”:

x(t+ 1) = 1− F (x(t)) (3)

3.2 Dynamics of Multiple Population

Using Table 2, we can calculate the expected utility of agent A in seller population. The
utility of choosing S1 equals to the utility of choosing S2 when the proportion of agents in
population B that take S1 is:

θA =
αA

(αA + βA)
(4)

The behavior of agent Ai is regulated by the following rules: (a) θA ≥ y → Select S1, (b)
θA < y → Select S2.
In the same way, the rational strategy of agent B belonging to buyer population B is

regulated by the following rules: (a) θB ≥ x → Select S1, (b) θB < x → Select S2.
We now consider the proportion of agents that have a threshold less than θ. Suppose

that x is a proportion of agents choosing S1 in population A, y is a proportion of agents
choosing S1in population B, and θA and θB are the density distribution of the threshold
of each population. The proportion of agents that have a threshold less than θ in each
population, FA(θ) and FB(θ) is:

FA(θ) =
∫

τ<θ
fA(τ)dτ, FB(θ) =

∫
τ<θ

fB(τ)dτ (5)

Each agent behaves rationally based on above rules. If we use a discrete time step model,
micro-macro dynamics of the multiple population is defined by:

x(t+ 1) = 1− F (y(t)), y(t+ 1) = 1− F (x(t)) (6)



4 Experiments

4.1 Single Population Model

We consider following two situation: (a) agents prefer their own choice to their circum-
stance, (b) agents set their circumstance above their own choice. Figure 1 (a), (b) show
the distributions of threshold in each situation and the variation of their choice.
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Figure 1. Initial distribution of threshold (left) and behavior of market (right) in single
population: (a) Hard core agents, (b) Opportunistic agents

In situation (a), regardless of the initial population, a half of the population become to be
seller and a half of the population become to be buyer. On the other hand, in situation (b),
all agents become to be seller at some time and they become to be buyer at next time step,
so there is no transaction. This is because our agents are myopic and these phenomenon is
very common. We can create other situation by adjusting the threshold distribution.
We now consider trading price as macro information. The variation of the price p(t) is

the function of the difference between the proportion of seller S(t) and buyer B(t):

p(t+ 1)− p(t) = e(S(t)− B(t)) = e(1− 2x(t)) (7)

Considering variation of x(t), price become to be stable in situation (a), There exist infla-
tion and crash in situation (b). In other situation, the variation of price shows the small
fluctuation.

4.2 Multiple Population Model

We now show the simulation results of multiple population. Figure 2 (a), (b) depict
distributions of threshold of population A and B, and Figure 2 (c) depicts the proportion
of agents that take strategy S1 (c). The x axis of (c) represents a proportion of S1 in
population A, and the y axis represents a proportion of S1 in population B. Ss are initial
points and the lines show the time evolution of the population. The points printed by
“stable” is a fixed point, and the points printed by n-cycle show the oscillation.
The result of trading between sellers that consist of trade demanding agents and buyers

consist of trade avoiding agents is shown in the left side of Figure 2. The point (1, 1) is
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Figure 2. The behaviors of multiple population: (a) distribution of threshold for buy-
ers, (b) distribution of threshold for sellers, (c) proportion of agents that takes S1

the fixed point in any initial states. This means all agents in both population want to
participate in the trading.
The result of trading between sellers that consist of a half trade demanding agents and a

half trade avoiding agents, and buyers that consist of opportunistic agents is shown in the
right side of Figure 2. In this case, final states are classified into six patterns.

5 Conclusion

In this paper, we discuss the methodology of identification of micro-macro loop using
the market game. We consider following two models: single population model and multiple
population model, and formulate the trading behaviors by micro-macro dynamics based
on the semi decomposability. Both models can be used as normal problem and as reverse
problem. They are simple but have essence of micro-macro loop, so it is possible to say
that the models have the nature of standard problem.
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