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Abstract 

 

 In the game theoretical studies on institutions so far, institutional changes have been 

viewed as either exogenous changes in game form (North, 1990; Hurwicz, 1996) or changes in 

game equilibrium through exogenous shocks (Lewis, 1969; Aoki, 1996; Young, 1998). Both of 

the institutional views are static, and cannot handle real-world endogenous changes of 

institutions
2
. The latter approach states that multiple institutional systems can be kept stable 

through institutional complementarity, and that the changes of institutional systems arise through 

exogenous shocks large enough to overturn the complementarity. However, they cannot account 

for the aspects of competition and co-existence where multiple institutions change their relative 

frequency through endogenous changes. 

 In this study, we modeled ecological systems of institutions, as a synthesis and extension 

of replicator dynamics and evolutionary games, in order to describe institutional systems that 

evolve phylogenetically associated with changes in population structure or a pool of rules as 

replicators, which corresponds to a gene pool. A mathematical model of Rule Ecology Dynamics 

(RED) describes rule dynamics wherein multiple rules change their relative weights through 

evaluations by individuals (Hashimoto and Nishibe, 2005; Hashimoto, 2006). In this model, the 

concept “a meta-rule = an individual value consciousness” is introduced for the rule evaluation. 

Depending on setting of meta-rule, the dynamics of game rules and individual strategic rules will 

change. In this manner, we can comprehend the endogenous formation, alteration, and extinction 

of institutions through interactions among game rules and interactions between game rules and 

strategic rules. 

 Until now, many studies have focused on how rational individuals select strategies to 

maximize their payoff, while never considering the bounds of rationality. Even when considering 

bounded rationality, individual cognitive frameworks and values are typically given. In contrast, 

this study assumes individuals with internal dynamics that express cognitive frameworks and 

values as meta-rules and analyzes the dynamic interactions between institutions, as social external 

rules at the meso-level, and strategic rules and value consciousness, as individual internal rules at 

the micro-level. 

 In our model, institutional changes do not arise as game equilibria, i.e., players’ selection 

of strategies in a game, but rather as the rise and fall of game forms, as diverse rules, in multi-

game based on a meta-rule. This view is based on an evolutionary approach where socio-

economic evolution is considered as selection of rules and institutions, higher-level of individuals 

or their strategies, rather than as that of individuals or their strategies (Hayek, 1967; Nishibe, 

2005, 2006, 2010 b). In this paper, we discuss how the model of institutional ecosystems has 

implications on the description of economic society and on policy development such as 

institutional design based on the description. 

 

                                                        
1 The present article is a revised version of Hashimoto, T. and Nishibe, M. (2012). 
2 The institutional view in Pagano (1999, 2012) is, somewhat similar to Aoki’s, static and can only change by way of 

exogenous shocks once organizational equilibria are obtained. It is because he focuses on institutional diversity brought 

by bidirectional causality and mutual complementarity between technical assets and property rights, not on real 

dynamic characters of institution. 
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1. Introduction 

 

 Institutions as ways of thought and behavior common in a society (Veblen, 1899) regulate 

consciously or unconsciously our thought and behavior in some way, and enable our social life. 

Most of these institutions are not given to us a priori, but rather are spontaneously formed from 

our behavior. Institutional changes refer to rule dynamics (Hashimoto and Nishibe, 2005; 

Hashimoto, 2006) that arise from interactions between institutions and individual behavior 

regulated by the institutions. 

 In regard to the institutions, there are two viewpoints from a game-theoretic perspective: 

“institutions as game forms” (North, 1990; Hurwicz, 1996) and “institutions as equilibria of 

strategies” (Lewis, 1969; Aoki, 1996; Young, 1998). The former states that institutions are rules 

of interactions; the institutions are described by game forms which is a set of players, options, and 

consequence functions (payoff matrices); and individual behaviors are described as options in 

games. In this case, as long as the game form is not changed externally, there will be no change in 

institution. 

 On the other hand, the latter states that institutions are Nash equilibria of games, and 

individual behaviors are moves chosen on the basis of strategies in games. In addition, institutions 

established are characterized by combinations of strategies at the equilibria. To make this static 

framework dynamic through the introduction of an evolutionary game, we can treat the 

establishment of institutions as a starting point for strategy combinations not in an equilibrium 

state moving to those in an equilibrium state. However, once an institution has been established, it 

is in equilibrium; therefore, as long as there are no Exogenous Shocks to displace the institution, 

it will not change. 

 Accordingly, from both perspectives, an established institution cannot handle endogenous 

changes, and it will remain static if there are no exogenous disruptions. Thus, in this paper, we 

will integrate the two game-theoretic viewpoints regarding institutions, and introduce a 

mathematical model for explicitly dealing with rule dynamics. Institutions are formed, 

maintained, altered, and eliminated through meso-level interactions among individual cognition, 

thought, and behavior (micro) and social consequences (macro), and are formed by alternative or 

complementary relationships in those processes. Institutions are of two types: “external 

institutions,” with explicitly shared social rules (laws, rules, regulations, etc.), and “internal 

institutions,” with implicitly shared values, norms, ethics, collective consciousness, etc. The latter 

type is composed of if-then (replicator) rules shared with many other individuals (interactors) at 

the micro-level. The rules are shared within the society external to each individual, i.e., at the 

meso-level, rather than with each individual internally, i.e., at the micro-level. Institutions that 

combine external and internal systems do not share externally influenced “external rules” among 

individuals. Instead, the specific if-then rules (replicators) for individuals that determine 

cognition, thoughts, and behaviors internally are called “internal rules.” These rules and 

institutions are ontologically arranged as follows: 

 

Meso-level: external rules = institutions (outer institutions, inner institutions) 

Micro-level: internal rules 

 

Each individual (interactor) exhibits routinized cognition, thoughts, and behaviors on the basis of 

institutions (external rules) and replicators that are not institutions (internal rules) (Nishibe, 2005, 

2006, 2010 a).
3
 Accordingly, these types of individuals are not rational entities that pursue 

                                                        
3 In this paper, we modify Nishibe’s (2010 c) definition and distinction of external/internal rules and outer /inner 

institutions by treating meso-level institutions as game rules (outer institutions) and meta-rules, or game rule 
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optimality. While there are limits to their ability to reason, calculate, and act, they are realistic in 

how they adapt to actual changes. Rule Ecology Dynamics (RED) is a type of system that 

continuously maintains a variety of institutions within the process of multiple institutions co-

existing and becoming extinct in an unending micro-meso-macro loop (Nishibe, 2005, 2006, 

2010 a, b, c; Hashimoto et al., 2010). We aim to construct a mathematical model for RED, which 

describes the ecosystem of this type of institution (Hashimoto and Nishibe, 2005). 

 The model outlined in this paper is, mathematically, an extension of Replicator Dynamics 

commonly used in Evolutionary Game Theory. First, we treat external institutions as interaction 

rules (hereinafter game rules), and represent the Game Form (payoff matrix). Replicators (internal 

rules), which take the form of individual behavior, are seen in the game strategies and will be 

called “strategy rules.” In addition, to show the results of interactions among multiple outer 

institutions, we will introduce multiple games along with their respective weights. Hereinafter 

weights will be used to express the significance of game rules. Each player will play all games 

and will earn a payoff equivalent to the weight of each game. Strategy rule distribution varies 

with time depending on the payoff (evolutionary game). Along with strategy rule distribution, 

game rule weights also vary with time, with the variations depending on payoff and strategy rule 

distribution. 

 In this study, we introduce “meta-rules” anew in order to determine how game rule 

weights change. These meta-rules are used for evaluating game rules, and are thought to be at a 

more basic level than game rules when viewing changes. Such meta-rules, in general, are not 

necessarily expressed explicitly, but rather should be considered to be existing implicitly as a 

collective representation of game rule evaluations made by game participants. In other words, 

these meta-rules are external rules as inner institutions. However, this type of evaluation does not 

evaluate personal payoff or utility gained as a result of the game, but rather evaluates the game 

rules themselves. Note that this evaluation differs from the so-called consequentialism. Here note 

that the meta-rules discussed in this paper are not a type of aggregate rules set for obtaining a 

social welfare function composed of each member’s utility or social preferences from each 

member’s preferences in order to evaluate society’s overall satisfaction from a utilitarian 

standpoint.
4
 In addition, these meta-rules are exogenously given; we consider them to be neither 

(game) rules nor the consequences of rules. 

                                                                                                                                                                     
evaluations (inner institutions). While game rules (outer institutions) set the range of behavior for each individual “from 

the outside,” or top-down, meta-rules (inner institutions) set the nature of the total game “from the inside” using the 

Relative Frequency of each game rule, or bottom-up. While the “external/internal” within external/internal rules 

represents static “boundaries of a set” or “areas,” “outer/inner” implies a dynamic “causal direction” or “determined 

relationship direction.” This is why we use the terms inner/outer institution. 

 Note that outer and inner institutions are not distinguished by the explicit or implicit sharing of rules among 

individuals. If that were true, then it would be more appropriate to use the terms “explicit/implicit institution” or 

“formal/informal institution.” In that case, the classifications would become closer to legal, regulatory, and ethical 

practices, and “implicit” or “informal” institutions would merely be undocumented traditions or codes that arise from 

the range of freedom set by “explicit” or “formal” institutions, and fillers of the vacuum left by “explicit” or “formal” 

institutions.  

The problem is that, if “implicit” or “informal” institutions are merely implicit parts of game rules, they 

cannot be meta-rules for evaluating consciousness of meta-levels for game rule fairness and appropriateness; thus, it 

would be impossible to show mutual regulation of outer and inner institutions, as found in this paper. 

 In this paper, meta-levels are given, although this does not mean that they are approximated and that meta-

rules are transcendentally external. Through the sharing of the value evaluation consciousness originating in each 

individual’s heart, they move to the external and, changing dynamically, become meta-rules that define game rules. 
4 Games that explicitly introduce relationships between rules and meta-rules and then alter rules on the basis of meta-

rules are generally understood to be “triangle game processes” (Nishibe, 2006). Meta-rules herein are of two types. 

First, “definition and modification meta-rules,” which predefine rules and then modify them on the basis of after-the-

fact evaluations. Second, “standard meta-rules,” which evaluate rules on the basis of game results. As outlined in this 
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 As an example of a meta-rule, if we say that each market is evaluated by the sum of all 

market transactions within the broad principles of market economics, then the markets that give 

greater profit to participants overall will be evaluated higher and their weights will increase, 

whereas the ones that do not will be evaluated lower and their weights will decrease. Because of 

this, transactions in weaker markets will diminish until these markets have no choice but to 

eventually disappear. Alternatively, norms and Value Consciousness, such as those related with 

ethical foundations in utilitarianism or egalitarianism, express meta-rules. In the former, the rules 

closest to producing the greatest happiness for the greatest numbers will be evaluated higher, 

while in the latter, rules that produce the fewest disparities among people will be evaluated 

higher. 

 In RED as introduced herein, meta-rules do not change, and are set exogenously. 

Accordingly, one should be empirically led toward reasonable meta-rules. This is because we can 

expect it to be difficult, if not impossible, to discuss a priori what type of meta-rule is 

normatively most desirable (as in Arrow’s impossibility theorem (Arrow, 1951)). In addition, 

meta-rules are collective representations of norms and values formed by game participants 

according to game rules, and hence cannot be easily made explicit. In other words, they must be 

discovered by empirical research. 

 While each game rule (or Game Form) may not change, the overall rules of a society, as a 

set of games, may change through changes in the weights of game rules. There are many levels to 

game rule plasticity (or ease of change), so we must assume that there are hierarchies. For 

example, let us consider the body of law. We have, in Japan, constitutional law, criminal law, civil 

law, regulations, and many other types of rules. Within these are easily changeable types such as 

regulations or civil law, as well as difficult-to-change types such as criminal law. We also have 

types like constitutional law that preside both criminal and civil law, are very difficult to change, 

and set forth the manner in which lower-level rules may be changed. Within these hierarchies of 

plasticity, meta-rules are seen as highly universal and difficult to change compared to the rules on 

which we are focusing. For example, if we are interested in changes at the civil law level, we 

must treat constitutional law and its unchanging nature as a given. 

 Both strategy rule distribution and game rule weight distribution change in this 

framework. Moreover, there may exist equilibria, or perhaps certain periods of semi-stability or 

steady states. In case of semi-stability, institutions of equilibria have already been established. In 

this paper, we will first derive RED from Replicator Dynamics and then perform a simple 

Simulations Analysis. Next, we will consider examples of institutional ecology and meta-rules, 

and discuss future directions and economic implications. 

 

 

2. Introduction to Rule Ecology Dynamics 

 

RED is defined as an extension of Replicator Dynamics. We will explain, in order, 

Replicator Dynamics as the foundation; multi-game dynamics, which extend interactions into 

multiple games; and finally RED, wherein we introduce the dynamics of games themselves. 

                                                                                                                                                                     
paper, within RED, meta-rules are first understood to be “standard meta-rules.” This is the game evaluation function 

given in equation (21). Each game rule is evaluated from high to low on the basis of this function. 

In general, a game rule g is modified after having been evaluated low by these standard meta-rules (or 

perhaps by violating a meta-rules standard). For example, if a certain law or rule is determined to be unconstitutional, it 

will likely be altered. However, in RED, the game rule g itself is not altered or edited after receiving a low evaluation, 

but rather its weight, wg, will decrease. In this manner, “definition and alteration meta-rules” include situations where 

only the weight, wg, of game rule g is modified; game rule g itself is not modified. Within triangle game processes, it is 

possible to include meta-meta-rules, even higher-level processes that can alter meta-rules. As outlined in this paper, 

within RED, meta-rules are assumed to be exogenous, and do not include processes wherein they are revised. 



g  g(x,ug )
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2.1 Replicator Dynamics 

 People have certain patterns in cognition, thoughts, and behaviors in everyday social life. 

These patterns are “internal rules” that peoples’ cognition, thoughts, and behaviors follow within 

customs, habits, inclinations, and values. They are different from “external rules”, which 

constrain peoples’ range of cognition, thoughts, and behaviors externally as societal laws and 

regulations (outer institutions) or values and norms (inner institutions). These patterns are 

typically expressed as sets of if-then rules. The types are formed by education and traditions at 

home or at school, and spread by imitation and study via media or direct interaction. Methods of 

cognition, thought, and behavior are propagated and spread in this manner to families, 

communities, schools, corporations, markets, states, and other groups of people. We consider 

these “patterns” as replicators (Nishibe, 2006, 2010 b). 

 In general, propagation dynamics of replicators are described by Replicator Dynamics. 

The changes in the frequency of N-type replicators (as a ratio of population) in interactions as a 

game are described by the following differential equation: 

 

𝑥�̇� = 𝑥𝑖(𝑢𝑖 − �̅�),    (𝑖 = 1~𝑁)   .                                                                                            (1)  
 

The variable xi is the i-th replicator’s frequency and satisfies the following equation: 

 

∑ 𝑥𝑖
𝑁
𝑖=1 = 1  .                                                                                                                              (2) 

 

The variable ui is the payoff gained by the i-th replicator and  is the average payoff and 

written as 

  

𝑢𝑖 = ∑ 𝐸(𝑖, 𝑗)𝑥𝑗

𝑁

𝑗=1

 ,                                                                                                                   (3) 

�̅� = ∑ 𝑥𝑖

𝑁

𝑖=1

𝑢𝑖 = ∑ ∑ 𝐸(𝑖, 𝑗)𝑥𝑖

𝑁

𝑗=1

𝑁

𝑖=1

𝑥𝑗    ,                                                                                  (4) 

 

by supposing
5
  E(i, j) as the payoff resulting from interactions between replicators i and j. 

Here we made the following simplification. First, each individual interacts with others in 

a certain game under the condition that the outcome of individual’s behavior depends on others’ 

behavior. In general, individuals interact with others within various games, but here we will use 

only one game. Second, each individual has only one internal rule for cognition, thought, and 

behavior within the game. Accordingly, the individual’s characteristic is expressed through 

internal rule as a replicator. This individual imitates the replicators used by another well-behaved 

individual, in other words, the other’s payoff in the game is high. Thus, although each individual 

is characterized by one replicator, one replicator can be used by many individuals. In this manner, 

the relative frequencies of successful replicators increase. Within Replicator Dynamics, the rate of 

imitation is proportional to the degree of success. More concretely, replicators with greater-than-

                                                        
5 E(i,j) need not be given prior to interactions; it only needs to be the sum of the interaction results. Replicators are  

behavioral patterns, and are not thought to be used to select behaviors on the basis of precalculation of game results. 



u 
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average payoff increase in proportion to the difference from the average, while those with lower-

than-average payoff likewise decrease.
6
 

 We set no particular specifications for E(i,j), the function (the outcome function of the 

game) that determines the payoff. We do assume that there will be some gain as an outcome of 

behaving and interacting by two individuals according to their own replicators. As shown in the 

example in note 6, this game could be an iterated game. We also allow interactions where 

situations outside a game decide antecedents of if-then rules. For example, in a game where 

acting with others brings higher payoff, the other player’s replicator could be “If the weather is 

nice, then go to the amusement park, else if it rains, then play video games at home.” Weather is a 

natural phenomenon, which does not depend on the other player’s behavior. However, the 

behavior of choosing whether to go to the amusement park or play video games at home is based 

on the other player’s strategy; thus, the outcome of a player’s behavior is dependent on the other 

player’s behavior. 

 

2.2 Multi-Game Dynamics 

 Institutional ecosystem conceptualizes social reality not as independent institutions but as 

the co-existence of and interactions among multiple institutions. In other words, in an institutional 

ecosystem, individuals simultaneously doing game theoretic interaction with other individuals in 

multiple games, not playing only one game. Multi-game dynamics is an extension of Replicator 

Dynamics From for describing an individual as playing multiple games simultaneously. 

 To make our explanation easy to understand, we will first use the example of two games 

being played simultaneously, and then expand that example into a general one. Let the payoff 

matrices of these two games A and B. The number of possible moves (matrix rank) can be 

different in these games. Strategy rules are considered as a set of replicators (an combination of 

replicators used in each game), and written as follows: 

 

Strategy rule (i,j) : replicator i is used in game rule A and replicator j in game rule B.
7
 

 

We suppose xij is the frequency (relative population) of an individual with strategy rule 

(i,j) (∑ 𝑥𝑖,𝑗 = 1𝑖,𝑗 ), and E[(i,j),(k,l)] is the payoff gained by the individual with strategy rule (i,j) 

in a competition between strategy rules (i,j) and (k,l),. Thus, 

  

𝐸[(𝑖, 𝑗), (𝑘, 𝑙)] = 𝐴𝑖𝑘 + 𝐵𝑗𝑙  ,                                                                                                   (5) 

 

where Aik represents the element of row i and column j of matrix A. We assume that both games 

are independent, and that the payoff from each game independently contributes to the sum of each 

player’s accrued payoff. 

                                                        
6 In general, explanations of Replicator Dynamics in Evolutionary Game Theory literature call these replicators 

“strategies.” Strategies are easily confused with moves in games, so some care must be taken. A strategy is a method 

for selecting a move. In individuals, replicators are strategies and behaviors correspond to moves. Even if strategies 

(replicators) differ, it may be possible to make the same move (behave the same way). The term “strategy rules” as used 

in this paper refers to this type of strategy. For example, the tit-for-tat strategy in the Iterated Prisoner Dilemma game is 

an if-then rule that states “if the other player previously cooperated, then I will cooperate this time, else if the other 

player previously betrayed me, then I will betray him this time.” This is a replicator of an individual. “Cooperate” and 

“betray” are specific moves. The All-C strategy can be written as “if *, then any wild card.” In other words, no matter 

what the past history between another player and an individual, this strategy always has the individual cooperating. 

These two strategies have the individual executing the same “move” when the other player has previously cooperated. 
7 Note that this is different from a strategy profile. Strategy profiles are groups of strategies selected by each player for 

one game rule, and are an overall expression of society. Strategy rule (i,j) herein expresses a method of deciding 

(internal rule) behavior of one individual for two game rules (A and B). 
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 Using these variables, we can now write the frequency changes (Replicator Dynamics) of 

an individual with strategy rule (i,j) as follows: 

  

�̇�𝑖𝑗 = 𝑥𝑖𝑗 {∑(𝐴𝑖𝑘 + 𝐵𝑗𝑙)𝑥𝑘𝑙 − ∑ ∑ 𝑥𝑖′𝑗′(𝐴𝑖′𝑘 + 𝐵𝑗′𝑙)𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗𝑘,𝑙

}   .                                    (6) 

 

This is organized as 

  

�̇�𝑖𝑗 = 𝑥𝑖𝑗 {∑ 𝐴𝑖𝑘𝑥𝑘𝑙 + ∑ 𝐵𝑗𝑙𝑥𝑘𝑙

𝑘,𝑙

− ∑ ∑ 𝑥𝑖′𝑗′𝐴𝑖′𝑘𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′

− ∑ ∑ 𝑥𝑖′𝑗′𝐵𝑗′𝑙𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′𝑘,𝑙

}

= 𝑥𝑖𝑗 {(∑ 𝐴𝑖𝑘𝑥𝑘𝑙

𝑘,𝑙

− ∑ ∑ 𝑥𝑖′𝑗′𝐴𝑖′𝑘𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′

) + (∑ 𝐵𝑗𝑙𝑥𝑘𝑙

𝑘,𝑙

− ∑ ∑ 𝑥𝑖′𝑗′𝐵𝑗′𝑙𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′

)}

= 𝑥𝑖𝑗 ∑(𝑢𝑖𝑗
𝑔

− �̅�𝑔)

2

𝑔=1

   ,                                                                                                              (7)   

 

where 𝑢𝑖𝑗
𝑔  

is the payoff that strategy rule (i,j) gains in game rule g, namely,  

 

  

𝑢𝑖𝑗
1 = ∑ 𝐴𝑖𝑘𝑥𝑘𝑙

𝑘,𝑙

,    𝑢𝑖𝑗
2 = ∑ 𝐵𝑗𝑙𝑥𝑘𝑙

𝑘,𝑙

    ,                                                                                 (8) 

 

and  �̅�𝑔 is the average payoff in game rule g, 

 

  

�̅�1 = ∑ ∑ 𝑥𝑖′𝑗′𝐴𝑖′𝑘𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′

,    �̅�2 = ∑ ∑ 𝑥𝑖′𝑗′𝐵𝑗′𝑙𝑥𝑘𝑙

𝑘,𝑙𝑖′,𝑗′

   .                                                  (9) 

 

 As multi-game dynamics with two games can be simply written as in equation (7), we 

can obtain the generalized form of playing M games as follows: 

 

�̇�𝑖1⋯𝑖𝑀
= 𝑥𝑖1⋯𝑖𝑀

∑(𝑢𝑖1⋯𝑖𝑀

𝑔
− �̅�𝑔)

𝑀

𝑔=1

   ,                                                                                 (10) 

 

where a strategy rule (i1, i2,⋯, iM) are internal rule, or a set  of replicators, playing “game rule 1 

with replicator i1, ⋯, game rule g with replicator ig,⋯, game rule M with replicator iM”, whose 

frequency is 𝑥𝑖1⋯𝑖𝑀
 . This also satisfies the following equation:  

 

∑ ∑ ⋯ ∑ 𝑥𝑖1⋯𝑖𝑀

𝑟𝑀

𝑖𝑀=1

= 1

𝑟2

𝑖2=1

𝑟1

𝑖1=1

    ,                                                                                              (11) 
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where rg is the number of options within game rule g (the number of replicators, or the rank of 

payoff matrix A
g
 when expressed as a matrix form). The variable 𝑢𝑖1⋯𝑖𝑀

𝑔
 is the payoff of strategy 

rules (i1, i2,⋯, iM) in game rule g: 

 

𝑢𝑖1⋯𝑖𝑀

𝑔
= ∑ 𝐴𝑖𝑔𝑘𝑔

𝑔
𝑥𝑘1⋯𝑘𝑀

𝑘1⋯𝑘𝑀

  ,                                                                                           (12) 

 

and the variable  �̅�
𝑔 is the average payoff in game rule g: 

 

  

�̅�𝑔 = ∑ ∑ 𝑥𝑗1⋯𝑗𝑀
𝐴𝑖𝑔𝑘𝑔

𝑔
𝑥𝑘1⋯𝑘𝑀

𝑘1⋯𝑘𝑀𝑗1⋯𝑗𝑀,

   .                                                                         (13) 

 

 

2.3 Rule Ecology Dynamics 

 Attempts have been made to analyze institutions using the framework of multi-game that 

illustrate individual social behavior within multiple institutions (Gagen, 2000, 2003; Sallach et 

al., 2010). Analyses showing how game equilibrium structures and dynamics change for each 

game in a multi-game environment have also been conducted (Hashimoto, 2009; Hashimoto and 

Aihara, 2009). Within the multi-game dynamics introduced in this paper, individuals are 

expressed as strategy rules (internal rules), or sets of replicators, playing multiple games. From 

the standpoint of game rules (Game Forms) as institutions, this framework illustrates the 

replicator dynamics within multiple institutions where populations of strategy rules (replicators) 

that have greater-than-average payoffs increase their relative frequencies, while strategy rules that 

do not generate such greater-than-average payoffs decline. But the conception so far, namely, 

multi-game dynamics, still considers institutions as static. 

 As stated above, institutions are not static within institutional ecosystem. At the meso-

level they intermediate between individual cognition, thought, and behavior at the micro-level 

and societal consequences at the macro-level, and interact with these two levels. With these 

interactions, institutions emerge, alter, and diminish, further an institutional ecosystem with 

substitutive and complementary relationships among institutions change in time. Let us now 

extend multi-game dynamics in order to express the dynamics of micro-meso-macro-loop. We 

will do this by first weighting each game rule in the multiple games, and then modeling each 

weight to change over time in accordance with the time development of distribution of strategy 

rule. By introducing the weight w
g
 of game rule g, we rewrite the multi-game dynamics equation 

(10) as follows: 

 

�̇�𝑖1⋯𝑖𝑀
= 𝑥𝑖1⋯𝑖𝑀

∑ 𝑤𝑔(𝑢𝑖1⋯𝑖𝑀

𝑔
− �̅�𝑔)

𝑀

𝑔=1

  .                                                                         (14) 

 

This represents the dynamics of distribution of strategy rules. 

 The weights of game rules also have dynamics. We suppose that the changes depend on 

how individuals evaluate each game rule (outer institutions of external rules) which includes 

payoff structure (or payoff matrix). Game rules with higher-than-average evaluations increase 

their weights, while those with lower-than-average evaluations decrease their weights. In other 

words, the weights of game rules change just as in Replicator Dynamics according to the 

evaluations. The dynamics can be written as: 
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𝜏�̇�𝑔 = 𝑤𝑔(𝜆𝑔 − �̅�)  ,                                                                                                             (15) 

 

where 𝜆𝑔 is the evaluation of game rule g and 

 

�̅� = ∑ 𝑤𝑔𝜆𝑔

𝑀

𝑔=1

                                                                                                                         (16) 

 

is the weighted average of evaluations. The parameter τ is a time constant that determines the rate 

of change of game rules, in other words, the ratio of changing rate of overall institutions to that of  

changing rate of individual strategies. The weight for game rule g satisfies the following 

equation: 

 

∑ 𝑤𝑔

𝑀

𝑔=1

= 1   .                                                                                                                          (17) 

 

 

 Now the problem is how to evaluate the game rules. We believe that they can be 

evaluated by “meta-rules” discussed above. Namely, meta-rules are collective representations of 

an individual’s Value Consciousness used in evaluating game rules themselves, and are 

introduced into RED beforehand as an evaluation function for game rules. The evaluations of 

Game Form (external rule) arise as a result of cognition, thought, and behavior according to 

particular strategy rules (internal rules or replicators) within games. Accordingly, the evaluation 

of game rules must be a function of the strategy rule profile and the payoff profile. In other 

words, they take the following form: 

 

𝜆𝑔 = 𝜆𝑔(𝒙, 𝒖𝑔)  ,                                                                                                                    (18)  

 

where 𝒙 = (𝑥1,1,⋯1, 𝑥1,1,⋯2, ⋯ , 𝑥𝑟1,𝑟2,⋯𝑟𝑀) is a strategy rule profile (a vector of population ratio 

of each strategy), and 𝒖𝑔(𝒙) = (𝑢1,1,⋯1
𝑔 (𝒙), 𝑢1,1,⋯2

𝑔 (𝒙), ⋯ , 𝑢𝑔
𝑟1,𝑟2,⋯𝑟𝑀(𝒙)) is a payoff profile (a 

payoff vector for each strategy rule) within game g. 

In summary, RED is defined by the following three equations. 

 

�̇�𝑖1⋯𝑖𝑀
= 𝑥𝑖1⋯𝑖𝑀

∑ 𝑤𝑔(𝑢𝑖1⋯𝑖𝑀

𝑔
− �̅�𝑔)

𝑀

𝑔=1

   ,                                                                        (19) 

  
 𝜏�̇�𝑔 = 𝑤𝑔(𝜆𝑔 − �̅�)   ,                                                                                                         (20) 

 

𝜆𝑔 = 𝜆𝑔(𝒙, 𝒖𝑔)   .                                                                                                                  (21) 

 

Equation (19) represents changes in individual replicators (strategy rule distribution), equation 

(20) represents the dynamics of game rule weight, and equation (21) is used to determine the 

evaluation of games. The characteristics of this framework, in comparison with those of 

Replicator Dynamics and multi-game dynamics, are shown in Table 1. 
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 Table 1: Comparison of the Three Frameworks 

 

Although replicators within evolution dynamics are seen, as with Replicator Dynamics, 

as replicators (or behavioral patterns) that express internal rules of individuals, or strategy rules 

used by individuals, they are different from Replicator Dynamics in that the game rules can be 

considered as equivalent to replicators in a multi-game framework. RED introduces the dynamics 

of how they are selected. As seen in equations (19) and (20), there are two types of replicators, 

micro-level strategy rules (internal rules) and meso-level game rules (an external rule as an outer 

institution). Each exists simultaneously at different levels. Individuals are seen as merely vehicles 

(interactors) for these two types of replicators, strategy rules and game rules. The meta-rule in 

equation (21) determines the rise and fall of game rule replicators. Although we say that each 

individual is a vehicle for these two types of replicators, it is thought that they are collectively 

involved as intermediaries for Value Consciousness in response to the formation of game 

evaluation functions in equation (21). 

 

 

3  Examples of Rule Ecology Dynamics 

 

 We will now discuss two examples, kept as simple as possible, of specific game rule 

evaluation functions (meta-rules) and show examples of their simulations, so that one can see 

how they actually act. 

 

3.1 Examples of Meta-rule 

 One is the average type payoff meta-rule, defined as follows: 

 

𝜆𝐴
𝑔(𝒙, 𝒖) = ∑ 𝑥𝑖1⋯𝑖𝑀

𝑢𝑖1⋯𝑖𝑀

𝑔

𝑖1⋯𝑖𝑀

                                                                                        (22) 

 

This means that the higher the average payoff gained from game rules, the higher those rules are 

evaluated. Note that this is not the total of each individual’s payoff or each strategy rule’s payoff, 

but rather the total of payoffs of strategy rules for each game rule. For example, among 

diversified exchanges with various regulations and financial products, we can assume a meta-rule 

in financial markets, which regards exchanges giving large profit in average as highly. Or 

supposing cardinal utility, this is similar to the case that total of each individual’s utility functions 

represents social welfare. 

 Replicator 
Dynamics 

Multi-Game 
Dynamics 

Rule Ecology 
Dynamics 

Individual 
characterization 

Games played 

Game rules 

Payoffs 

Game evaluations 

 

Meta-rules 

 

Replicators 
(Strategies) 

One game 

No weights 

No weights 

None 

 

None 

Replicator groups 
(Strategy rules) 

Multiple games 

No weights 

No weights 

None 

 

None 

Replicator groups 
(Strategy rules) 

Multiple games 

Weighted 

Weighted 

According to meta-
rules 

Strategy rule 
distribution and 

score distribution 
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 Another example is the inverse variance type meta-rule, defined as follows: 

 

𝜆𝐼𝑉
𝑔 (𝒙, 𝒖) = ∑ {𝑥𝑖1⋯𝑖𝑀

(𝑢𝑖1⋯𝑖𝑀

𝑔
− �̅�𝑔)

2
}

−1

𝑖1⋯𝑖𝑀

   .                                                         (23) 

 

This means that a game rule with larger variance of individuals’ payoffs is lower evaluated. This 

is an egalitarian meta-rule. For example, this corresponds to a social democratic meta-rule in 

which it is thought that a government should correct economic disparity by redistribution of 

income. 

 

3.2 Simplifications 

 RED has two types of replicators, strategy rule and game rule, resulting in very high 

dimensional dynamical systems. In order to view the basic behavior of two types of meta-rules 

introduced above, we simplify them by posing several constraints in the framework. First, we will 

set the number of options for all game rules to be the same, expressed herein as N, 

 

𝑟𝑔 = 𝑁,    (𝑔 = 1~𝑀)   .                                                                                                  (24) 

 

The types of thoughts and behaviors that can be selected are the same in number in situation of  

interactions, namely, in all elemental game rules being played simultaneously. 

 In addition, we limit strategy rules to select an identical strategy number (strategies with 

the same row and column) within all game rules, 

 

𝑥𝑖1⋯𝑖𝑀
= 𝑥𝑖    .                                                                                                                    (25) 

 

In other words, individuals in game rule 1 that select strategy rule 1 will select strategy rule 1 

even in game rule 2. Because the numbering of strategy rules is arbitrary and the game structure 

does not change when simultaneously substituting rows and columns in the matrix, the generality 

of “strategy rule numbers” does not decrease.
8
 However, there is a constraint imposed upon 

individuals who choose “game rule 1 with strategy rule 1 and game rule 2 with strategy rule 1” 

and those who choose “game rule 1 with strategy rule 1 and game rule 2 with strategy rule 2.” In 

other words, individuals who choose the same game rule and strategy rule cannot co-exist with 

those who choose the same game rule but a different strategy rule. This constraint means that the 

strategy rules (internal rules) of each individual are consistent with customs, habits, routines, 

norms, and values. For example, a strategy rule of a corporation may be adjusted depending on 

each market, but the basic strategy rule remains the same; one does not have the liberty to behave 

differently depending on differing game rules, but one’s basic personality is nevertheless the 

same. This constraint limits the subspace of replicator diversity that can exist, but as the first steps 

in understanding, the nature of RED can be seen in this subspace. 

 

3.3 Simulation Results 

 We now determine the number of strategy rules N and that of game rules M for each 

game, and randomly create elemental game rules. The average payoffs for these elemental game 

rules are 0, and the variances are 1. The time constant  = 1000. The initial shares are the same 

for all strategy rules. 

                                                        
8 In populations that select strategy rule 1 for game rule 1 and strategy rule 2 for game rule 2, row 1 column 1 and row 

2 column 2 are replaced in the game rule 2 matrix, making it possible to change to a population that selects strategy 

rule 1 in game rule 2.    

t
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 With these settings, we show a typical example of average payoff type meta-rule 

(equation (22)). Figure 1 shows changes over time for strategy rule frequency distribution (a) and 

game rule weight share distribution (b), with the number of strategy rules set to N = 5 and that of 

game rules set to M = 7. In this case, one particular strategy rule rapidly dominates. Then, as if in 

pursuit, game rules where the strategy rules earn the highest payoff grow the most (i.e., have the 

highest weight share). This phenomenon is a kind of globalization.  

 

 
Figure 1: Typical example of dynamics: strategy rules within average-payoff-type meta-rules (a) 

and game rule weight share (b) (5 strategy rules, 7 game rules). 
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 When a particular strategy rule becomes successful, gaining in frequency, game rules in 

which that strategy gains highly becomes highly evaluated and viewed as being relatively 

important. Then, the frequency of the successful strategy rule in that game rule increases again in 

a positive feedback loop, and the strategy rule monopolize. Whether the speed of game rule 

monopolization follows strategy rule monopolization depends on the parameter



 , which decides 

the time constant. However, the phenomenon of monopolization by a strategy rule and a game 

rule always occurs with the average-payoff-type meta-rule. 

 

 
 

Figure 2: Typical example of a strategy rule (a) and game rule (b) dynamics within inverse 

variance-type meta-rules (3 strategy rules, 10 game rules). 
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Figure 2 shows an example of the inverse variance type meta-rule (equation (23)), with N 

= 3 and M = 10. While there are periods where a particular strategy rule dominates, the results are 

completely different from those of the average payoff type example, as those periods do not last 

long and dominant strategy rules are continually changing. Likewise, there are periods where one 

particular game rule dominates, but dominant game rules are continually changing as well. Thus, 

saddle networks, characteristic of Replicator Dynamics, are formed. While they may last for a 

long period until a replacement occurs, this phenomenon of continual replacement continues 

unabated. The sudden changing of dominant game rules, such as in revolutionary changes in 

social structure, is often raised as a characteristic of this meta-rule. 

 In case of inverse variance type meta-rules, when a particular game rule and a particular 

strategy rule have relatively high scores than others, the score variance for that game rule will 

increase, and the game rule’s evaluation will decrease. Accordingly, games with many strategies 

of equal scores will have their weight share increase. While one might think this type of 

“egalitarian” game becomes dominant and an egalitarian society will emerge, any game rule will 

have strategy rules with disparate scores. Because of the replicator dynamic characteristic of 

having strategy rules with higher-than-average scores increase and those with lower-than-average 

scores decrease, disparities in the score distribution are magnified. When this happens, that game 

rule’s variance is not small, and its evaluation decreases. At that point, weight shares of game 

rules with small variances relative to strategy rule distributions will increase. This phenomenon 

will repeat itself. In this manner, two types of replicators, game rules (external rules) and strategy 

rules (internal rules), form a loop within the inverse variance type meta-rule. The strategy rule 

loop precedes the game rule loop. While each cycle is more or less the same, game rules change 

more dramatically. 

 

 

4 Implications 

 

4.1 Rule Ecology as Interactions between Strategy Rule Replicator Groups (Internal Rules) and 

Game Rule Replicator Groups (External Rules as Outer Institutions) 

 RED can be written as a form of multiple groups replicator system. A replicator system 

consists of two replicator groups, x and y, is generally be written as the following system of 

equations: 

 

�̇�𝑖 = [𝑢(𝑥𝑖; 𝑦) − �̅�(𝑥𝑖; 𝑦)]𝑥𝑖    ,                                                                                             (26)   
 

�̇�𝑖 = [𝑢(𝑦𝑖; 𝑥) − �̅�(𝑦𝑖; 𝑥)]𝑦𝑖    ,                                                                                             (27)     
 

where  is the payoff gained by the i-th individual in group x in competition with group y, 

and 



u (xi;y) is the average payoff in group x. Likewise, 



u(y j;x)  is the payoff gained by the j-th 

individual in group y in competition with group x, and 



u (y j;x) is the average payoff in group y. 

In other words, these two groups compete in a game, and the results of the competition are 

compared with those of other individuals in each group. This can be written in a matrix form as 

follows: 

 

�̇�𝑖 = [(𝐴𝑦)𝑖 − 𝑥 ⋅ 𝐴𝑦]𝑥𝑖     ,                                                                                                    (28) 

  

�̇�𝑗 = [(𝐵𝑥)𝑖 − 𝑦 ⋅ 𝐵𝑥]𝑦𝑗     ,                                                                                                    (29) 

 



u(xi;y)
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where A is interaction matrix of group x interacting with group y, B is that of group y interacting  

with group x. 

 Now let us consider the case of RED. First, we define a matrix A whose  (𝑖1 ⋯ 𝑖𝑀 , 𝑔) 

element is (𝐴𝑔𝒙)𝑖1⋯𝑖𝑀
 which represents payoff  𝑢𝑔

𝑖1⋯𝑖𝑀
 gained by strategy rule 𝑥𝑖1⋯𝑖𝑀

 in an 

element game rule g, where matrix A
g
 expresses the element game rule g. By introducing the 

vector expression of weight (weight profile) 𝑤 = (𝑤1, ⋯ , 𝑤𝑔, ⋯ , 𝑤𝑀), the payoff of strategy rule 

𝑥𝑖1⋯𝑖𝑀
when accounting for weight is (𝐴𝒘)𝑖1⋯𝑖𝑀

, and the average within group x is 𝒙 ∙ A𝒘. As a 

result, equations (19) and (21) can be rewritten as follows: 

 

�̇�𝑖1⋯𝑖𝑀
= [(𝐴𝒘)𝑖1⋯𝑖𝑀

− 𝒙 ⋅ 𝐴𝒘]𝑥𝑖1⋯𝑖𝑀
  ,                                                                           (30) 

 

𝜏�̇�𝑔 = [𝜆𝑔(𝒙, 𝒖𝑔) − �̅�(𝒙, 𝒖𝑔)]𝑤𝑔   .                                                                                   (31) 

 

These equations indicate that RED comprises Replicator Dynamics for multiple groups with 

interactions between a group of strategy rules (internal rules) and a group of game rules (external 

rules as outer institutions). Namely, each strategy rule interacts with the game rule group and 

competes within the strategy rule group, and each game rule interacts with the strategy rule group 

and competes within the game rule group. This interaction causes the frequency and weight of 

each to fluctuate. In this manner, RED is a model that describes co-evolutionary processes as 

interactions between replicators of game rules (external rules as outer institutions) at the meso-

level and replicators of strategy rules (internal rules) at the micro-level via the vehicles of 

individual cognition, thought, and behavior. In the co-evolutionary process these two types of 

replicators not only rise and fall with altering their relative frequencies, but also form mutually 

complementary or alternative relationships. 

 

4.2 Monetary Institutional Ecosystem 

 How are institutions understood within RED? Institutions are defined as replicator groups 

(internal and external rules) stably shared among relatively large number of individuals or 

organizations (interactors) (Nishibe, 2006, 2010 a). 

 The phrase “stably shared among relatively large number of individuals or organizations 

(interactors)” within RED means that the relative frequencies (weights) of game and strategy 

rules exceed a certain value for a certain period. The value of the relative frequencies (weights) 

can be 0.5, 0.1, or 0.01 depending on interest. The issue of how reasonable these values are is 

reduced to a matter of degree, the point at which we can call these replicators “institutions” on the 

basis of their dissemination. For example, if we say there is only one institution, the value will be 

greater than 0.5. If we are interested in understanding the conditions in which many institutions 

co-exist, the value will be smaller, perhaps 0.1. Furthermore, when we are observing the 

formation of a new institution, the value may be set to 0.01. We wish to understand the evolution 

of economic society as an institutional ecosystem wherein institutions are formed, persisted, 

altered, and extinguished, and where multiple institutions co-exist. In this case, we must consider 

a broad range of relative frequencies for replicators (rules). The period they share is also reduced 

to a matter of degree, and needs to be set appropriately depending on the problem we are 

considering. 

 RED can be considered as a system of interactions between two types of replicators, 

strategy rules (internal rules) and game rules (external rules as an outer institution). Within 

institutional ecosystem dynamics, there are many “outer institutions” (or game rules) such as 

laws, rules, and regulations, as well as “inner institutions” (or strategy rules) such as customs, 

practices, and values that are shared among relatively large number of individuals. Just as there 

are two types of replicators, there are also two types of institutions, which interact with each other 

within institutional ecology, mutually supporting and inducing changes in one another. Traditional 



 16 

views of institutions have focused exclusively on outer institutions in an attempt to understand 

institutions. Therefore, the existence and roles of inner institutions have been ignored. However, 

within institutional ecology, understanding the interaction dynamics between outer and inner 

institutions is critical. 

 Exactly what is institutional ecology, where multiple game rules (outer institutions) 

exhibit complementarity and substitutability relationships and change as they interact along with 

individual strategies? One example can be found in the Argentine monetary system in the first 

decade of this century. The Argentine government at the time had defaulted on its foreign debt; 

the peso, the national currency, was devalued. At times, there were multiple currencies being used 

simultaneously: the key currency (the US dollar), the national currency (peso), bond currencies  

(patacón and LECOP), and community currencies (such as the RGT) (Gomez, 2009). These 

various currencies were used in different domains, differing in the class they were used, what they 

could purchase, and in which markets they were used. 

 The fact that various societal groups tried to expand the use of these multiple currencies 

indicates that this is a monetary ecosystem with two parties interacting with each other: 

currencies were outer institutions (game rules) and the portfolio mixes of these currencies were 

inner institutions (strategy rules). Along with the outer institution replicators, or currencies, for 

inner institution (internal rule) replicators, or currency Value Consciousness, users were vehicles, 

and both aimed to get as many people using that currency as possible. Users viewed currencies as 

resources and wished to get as many different types of currencies as possible. At the same time, 

users evaluating the institution of currency contributed to the formation of meta-rules. This is 

replicator interaction dynamics occurring on two levels within the institutional ecosystem: game 

rules and strategy rules, exactly as shown in equations (30) and (31). 

 

4.3 Meta-Rules in Monetary Institutional Ecosystem 

 Within monetary institutional ecosystem like as seen in the Argentina example, the range 

of currency flow and the amount of flow change along with user strategy rules (internal rules). 

The monetary institutional ecosystem itself, with its multiple co-existing currencies, undergoes 

changes. Internal rules corresponding herein with strategy rules include customs, habits, routines, 

norms, and values derived from rules, as well as those determining individual cognition, thought, 

and behavior. Might not human Value Consciousness be at the root of the evolutionary processes 

that change outer institutions like currencies, i.e., game rules, along with inner institutions like 

currency portfolios? This Value Consciousness contains rules for evaluating currency systems, or 

in others words, it plays the role of meta-rules within RED. Each individual not only refers to his 

own internal rules (strategy rules) and the payoff one might receive from those internal rules (not 

only in currency income but also including social and cultural values), but he also shows his 

evaluations of the currency system (game rules) in his weights of how much of each currency he 

will use (i.e., what game he will relatively participate in). Meta-rules are the basis for determining 

those weights, but what are they really? A money consciousness survey based on these types of 

issues has been conducted (Kobayashi et al., 2010). 

 This survey included 164 subjects and targeted operators, issuers and participants of the 

community currency and those who are and were employed at financial institutions, as well as 

others (citizens, students, graduate students). It asked the subjects to respond to 27 randomly 

ordered question items on money consciousness. Each statement had five options (strongly agree, 

weakly agree, neutral, weakly disagree, strongly disagree); the subjects selected the option that fit 

them best. In a factor analysis of the results, three factors stood out: “variety,” “fairness,” and 

“profit orientation” (Kobayashi et al., 2010). Such question items as “it is good for us to have 

different moneys from national currencies to live with”(Q.22),  “it is good for money to be able to 

be created or issued freely by people”(Q.4) and “it is good for money to be able to be issued or 

created not only by the central bank or commercial banks, but also by people or 

communities”(Q.25) load highly onto “diversity,” which is extracted as the first factor. Such 
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question items as “it is good for us accommodate money to each other”(Q.19) and “money should 

be loaned by the government, not by commerce banks or other financial institutions”(Q.13) with 

respect to fair distribution of money load highly onto “fairness,” which is the second factor. Such 

question items as  “it is good for money to be able to buy anything you want,” “the more money I 

make, the better,” and “money should be issued for commercial purposes” load highly onto 

“profit orientation” as the third factor. 

 An analysis of the meta-rules shown in section 3 indicates that “fairness” highly 

evaluates fair distribution, which results in an orientation toward equality made possible by the 

“inverse variance-type meta-rule.” This is in contrast to “profit orientation,” which favors having 

more money to use for one’s convenience; is oriented toward an increase in average payoff, an 

idea similar to a doctrine of economic growth; and corresponds to the “average-payoff-type meta-

rule.” 

 As we consider the results of the simulation analysis above, if everyone had a “profit 

orientation” meta-rule, then there would be convergence upon a single currency that could be 

earned and spent to buy anything. This implies that currency, as a platform institution, would be 

locked in as a de facto standard, which is similar to what is forecasted in the argument (Arthur, 

1994) for standards competition based on increasing returns and network externalities. Even if a 

currency system that encouraged equality and, as a result, was oriented to fairness was 

established, economic activities utilizing that currency would result, and there always would be 

resulting disparities in income. The results of our simulations above indicate that the currency 

system would continue to be revised in an effort to achieve true fairness. 

 How would “variety,” the first factor in the money consciousness survey (Kobayashi et 

al., 2010), be formulated as a meta-rule (game evaluation function) within the RED framework? 

For example, if we think of “variety” as the breadth of score distribution, then we can think of it 

as a function that uses variance (a payoff variance type meta-rule), 

 

𝜆𝑉
𝑔(𝒙, 𝒖) = ∑ 𝑥𝑖1⋯𝑖𝑀

(𝑢𝑖1⋯𝑖𝑀

𝑔
− �̅�𝑔)

2

𝑖1⋯𝑖𝑀

    .                                                                        (32) 

 

This evaluates variety in the payoff profile of each strategy rule as a result from interactions. But 

question items in the money consciousness survey dealing with “currency variety” included “it is 

good for us to have different moneys from national currencies to live with”(Q.22),  “it is good for 

money to be able to be created or issued freely by people”(Q.4) and “it is good for money to be 

able to be issued or created not only by the central bank or commercial banks, but also by people 

or communities”(Q.25).  This indicates that multiple currency systems existing simultaneously 

were considered important. In other words, this should not be considered to be a result of 

interactions, but rather an evaluation of opportunity variety. Accordingly, meta-rules that evaluate 

payoff profiles for their variety can only be used as an indirect result (0th order approximation) of 

game rules (outer institutions) having variety. 

 Unfortunately, institutional ecosystem dynamics formulated until now have not been able 

to directly evaluate the diversity of game rules. Therefore, we will now examine whether we can 

extend the RED framework to directly evaluate the diversity of game rules. In order to do so, we 

must redefine equation (21) such that we can include a weight profile, w, into our meta-rule 

evaluation function, 

 

𝜆𝑔 = 𝜆𝑔(𝒙, 𝒖𝑔, 𝒘)   .                                                                                                                (33) 

 

In addition, we will introduce a function (meta-rule) to determine the evaluation of a game rule 

considering weight variance or its distance from average. Apparently, we cannot use weight 

variance to evaluate the diversity of game rules because, as seen in the following equation,  
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𝜆𝑤𝑣
𝑔 (𝒙, 𝒖, 𝒘) = ∑(𝑤𝑔 − �̅�𝑔)2

𝑀

𝑔=1

   ,                                                                                         (34) 

 

this is determined as the overall game rule weight profile, and not to evaluate each game rule, so 

that the index g on the right side disappears. This is not an evaluation of each monetary system, 

but rather a basis for evaluating the state of the overall monetary ecosystem (or the variety of 

institutions in an ecosystem). Therefore, we consider the distance from the highest weight rule 

valuation (which we set as w
MAX

), 

 

𝜆𝑊𝐷
𝑔 (𝒙, 𝒖, 𝒘) = 𝑤𝑀𝐴𝑋 − 𝑤𝑔   .                                                                                               (35) 

 

This meta-rule highly evaluates game rules with low weights. In other words, it works to evaluate 

game rules that have not been evaluated. Accordingly, we expect weights to become 

homogenized over time. 

 Alternatively, we can also suppose a meta-rule that evaluates the closeness of each game 

rule weight to the average weight, instead of the overall variance of weight profile, 

 

𝜆𝑊𝐷
𝑔 (𝒙, 𝒖, 𝒘) = (𝑤𝑔 − �̅�𝑔)−2   .                                                                                           (36) 

 

 In addition, since three meta-rules were found through the money consciousness survey, 

all three probably existed simultaneously rather than simply just one at a time. The allocations of 

those meta-rules likely varied by person. Actualy, Kobayashi et al. (2010) showed the difference 

of emphases by people related to community currencies and people working in financial sectors. 

Therefore, we must pursue our analysis by combining multiple meta-rules in RED as below, 

 

𝜆𝐴
𝑔(𝒙, 𝒖) = 𝛼𝜆𝐴

𝑔
+ 𝛽𝜆𝐼𝑉

𝑔
+ 𝛾𝜆𝑉

𝑔
    (𝛼 + 𝛽 + 𝛾 = 1)    .                                                      (37) 

 

These meta-rules are a combination of functions with different behavior such as variance and 

inverse variance types, and their dynamics are likely to be complex. 

 

4.4 Rule Ecology Dynamics as Micro-Meso-Macro Loops 

 A dynamic society can be viewed as the following type of micro-meso-macro loop. 

Namely, institutions connect individual cognition, thought, and behavior (micro) and societal 

consequences (macro) at the meso-level, and are formed, maintained, altered, and diminished by 

individual interactions. Substitutive and complementary relationships are formed among 

institutions in that process. The micro, with the meso as an intermediary, determines the macro, 

and the macro, with the meso as an intermediary, determines the micro. That is, a micro-meso-

macro loop works (Nishibe, 2006). Let us reconsider rule ecology from this perspective. 

 Figure 3 shows our thinking in regard to the original replicator system. Individuals at the 

micro-level with strategy rules (internal rules) interact with game rules (external rules as outer 

institutions). A score distribution is formed as a societal consequence at the macro-level. 

Replicator Dynamics state that the distribution of a set of strategy rules changes in response to the 

payoff distribution, and relationships are formed from macro to micro. Game rules are thought to 

be in a dimension (i.e., the meso-level) that connects the micro and macro. If game rules (forms) 

are viewed as external rules, we can make the following comparisons: 

micro: meso: macro = strategy rules (internal rules): game rules (external rules as outer 

institutions): societal consequences  
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Figure 3: Micro-meso-macro loop in a replicator system. 

The dotted line represents input, while the black line shows actions. Gray areas are dynamic, 

while the white area is static. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Micro-meso-macro loop in an equilibrium state within a replicator system. 

The dotted line represents input, while the black line shows actions. The white area is static. 

 

However, within regular Replicator Dynamics, there are no regulatory relationships from 

macro to meso; thus, there are no changes in the game. This makes it impossible to describe 

institution formation and alterations through micro-meso-macro loops. 

Score Distribution 

Game Rules 

Strategy Rules 
Strategy Rules 

Strategy Rules 

Macro 

Meso 

Micro 

Equilibrium Score 
Distribution 

  Game Rules 
 
 

   Equilibrium    
   Strategy 

Rule Distribution 

Strategy Rules 
Strategy Rules 

Strategy Rules 

Macro 

Meso 

Micro 



 20 

 

 

 

 

 

 

 

Figure 5: Micro-meso-macro loop in rule ecology. 

The dotted line represents input, while the black line shows actions. Gray areas are dynamic, 

while the white area is static. 

 

 Within arguments that consider strategic equilibriums as institutions (Lewis, 1969; Aoki, 

1996; Young, 1998), an equilibrium strategy distribution becomes an institution when positioned 

within a meso as a shared belief (Figre 4). From this viewpoint, micro, meso, and macro are all 

maintained statically, and macro-micro regulatory relationships work to stabilize and self-

maintain the institution. 

 Next, we consider micro-meso-macro loops within RED (Figure 5). Because we have 

introduced meta-rules herein, the states of micro and macro act on game rules via meta-rules. 

Thus, we have the addition of three relationships. One is a relationship from macro to meta-rules 

at the meso. The other two are from micro to meso, in which one is direct path to game rules and 

the other is  a path that impact game rule evaluations coupled with the influence from macro 

through meta-rule. As a result, a loop among micro-meso-macro levels is formed, and game rules 

change dynamically. 

 Replicator systems with games incorporating rule ecology frameworks that change over 

time are more easily understood by the following formulation. We shall characterize the state of a 

society made by individuals playing multiple games with the weighted average of element games.  

We call this the total game, as shown in the following equation. 

𝐺𝑇 = ∑ 𝑤𝑔𝐴𝑔

𝑀

𝑔=1

    ,                                                                                                                    (38) 

 

where   𝐴
𝑔 (𝑔 = 1, ⋯ , 𝑀) is a payoff matrix of element game g. As is clearly shown, w

g
 changes 

with w
g
(t) over time, GT is a function that depends on time. Using this total game, the dynamics of 

distribution of strategy rules in RED  (19) can be shown as a matrix form, 

 

�̇� = (𝐺𝑇(𝑡)𝒙 − 𝒙 ⋅ 𝐺𝑇(𝑡)𝒙)𝒙    .                                                                                             (39)   
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In other words, this system is expressed as an extended replicator equation that has two layers of 

sets of replicator, a set of strategy rules and that of game rules, which interact and develop over 

time through an interaction matrix GT(t), which changes over time. 

 As with the equilibrium distribution of strategy rules, we can also consider an equilibrium 

of game rules. Under a strategy rule profile x and a meta-rule, when game rule g (or a total game) 

satisfies 

 

𝜆𝑔(𝒙, 𝒖𝑔) > 𝜆𝑔′
(𝒙, 𝒖𝑔′

)                                                                                                          (40)  

 

for any game rule g', the game rule g is stable in response to invasion by any game rule. 

Furthermore, if the strategy rule profile x is an evolutionary stable strategy rule profile, then both 

the game and strategy rules will not be induced to change. Thus, that system will be in a state of 

equilibrium for both game and strategy rules. These evolutionary stable game rules for game rule 

g within the evolutionary stable strategy rule profile x are called evolutionary stable game rules 

(ESGR). 

 

 
Figure 6: Micro-meso-macro loop of a rule ecosystem in a state of equilibrium. The dotted line 

indicates input, while the black line shows actions. White areas are static. 

 

In rule ecology, both ESGR and evolutionary stable strategy rules (ESSR) exist. If the 

overall system is in equilibrium, micro, meso, and macro will not change; they will be in a state 

of stability. As with average type meta-rules, simple meta-rules will also manifest this type of 

equilibrium state, but there are also meta-rules, such as the inverse variance type meta-rule, that 

are constantly being invaded by other game rules. As stated previously, in actual society, it is 

typical for these types of meta-rules to be combined and difficult for ESGRs like 𝜆𝑔(𝒙, 𝒖𝑔) >

𝜆𝑔′
(𝒙, 𝒖𝑔′

) for all games g' to exist. 

Macro 

Meso 

Micro 

Evolutionary 
Stable                             Meta-rules 
Game Rules            
 
 
Evolutionary Stable 
Strategy Rules 

Strategy Rules 
Strategy Rules 

Strategy Rules 

Equilibrium Score 
Distribution 



 22 

 

5  Conclusion 

 

 In this paper, we introduced RED as a consolidation and extension of Evolutionary Game 

Theory and Replicator Dynamics, and observed dynamic changes within both strategy and game 

rules. Through treating strategies and games as rules in a unified manner, both institutional game-

theory viewpoints can be successfully integrated. We also actually observed intermittent change 

dynamics between semi-stabile periods of strategy and game rules. 

 Because we can view rule ecology as multiple groups of replicator systems, game rules 

may also be considered as replicators or external rules that replicate through strategy rule 

interactions of each person. In order to deal with the duality of replicators and shared strategy 

rules, or internal rules, the micro-meso-macro loop principle is necessary to introduce the meso-

level, which connects micro and macro. 

 By considering monetary ecology and results from a money consciousness survey, we 

formulated a meta-rule that expresses “variety”; it was clear that an analysis of systems, a 

combination of variety, fairness, and profit orientation, was necessary. In order to directly 

evaluate variety in an institution, we examined an extension of the RED framework itself. 

Furthermore, it is necessary to deal with these three meta-rules in an integrated system. Analyzing 

the dynamics of this system is a topic for future study. 

 Meta-rules are expressed collectively as individuals’ weighted game evaluations, and are 

difficult to manipulate. Considering micro-level replicators, or strategy rules, as internal rules, 

which are determined by individual cognitive frameworks, practices, routines, and values, and not 

assuming a priori rationality per neo-classical economics, these become cultures, traditions, 

norms, and societal consciousness (money consciousness), or inner institutions. Consciously 

working in response to these internal rules and inner institutions, it is not impossible to change 

them. Their awareness is growing in pressing policy matters. For example, Japan has 

implemented a policy of promoting energy conservation by appealing to people’s sense of danger 

in response to nuclear accidents. However, it is of course difficult to directly manipulate those 

perceptions, or implement designs for this purpose. Thus, Evolutionist Institutional Design 

(Nishibe, 2006, 2010 b) tells us that we can plan to have an indirect impact on these replicators 

(games, or external rules; outer institutions) through platform institutional design, particularly in 

currencies and accounting. Further developing and substantiating of the RED framework will 

enable the creation of a simulation model that can be used in Evolutionist Institutional Design. 
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Theoretical Model of Institutional Ecosystems and Its Economic Implications 

 

Takashi Hashimoto & Makoto Nishibe 

 

Summary 

 

In this paper, we propose RED as a mathematical model for describing institutional ecology that 

display institutional variety and endogenous changes, describe aspects of its socio-economic 

evolution, and discuss economic implications in regard to policy development. First, we redefine 

strategy rules (individual internal rules at the micro-level) and game rules (outer institutions) as 

socio-economic replicators (if-then rules). We then understand institutions as rules shared by 

micro-level individuals mediating at the meso-level between micro-level individual cognition, 

thought, and behavior, as well as macro-level societal consequences. By doing so, it is possible to 

have an integrated understanding of two traditional institutional views (Game Form and strategic 

equilibria) as “game rules” and “shared strategy rules.” Within this evolutionary institutional 

viewpoint, RED introduces collective representations (inner institutions) of micro-level individual 

Value Consciousness for evaluating game rules as “meta-rules,” integrates and extends 

Evolutionary Game Theory and Replicator Dynamics, and describes and analyzes co-evolution 

such as endogenous changes in strategy rule and game rule Relative Frequency. Therefore, RED 

is a theoretical framework for Evolutionist Institutional Design. 
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