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Abstract. Equity norm isan important feature in human society. The present paper studiesthe effects
of different network structures on the emergence of equity norm when agents interact distributed on
the complex networks. A revised Nash bargaining game is used to model the emergence of equity
norm. This paper focusses whether equity strategy equilibrium can emerge and what effects the
network structure plays in the spatial Nash bargaining game. The research results show that equity
norm always emerges in the Nash bargaining game no matter what network structure agents are
located on. The researches of the present paper reveal that network structure promotes the emergence
of the equity regime while different networks have a significant effect on the evolution process.

I ntroduction

In the past decade, the games on complex network have received many studies in the field of
academic research [1]. Many games, such as Prisoner's dilemma game, are studied in the networks
which is used as the basic structure of agents interactions [2-4]. As it is shown in the literature,
playing game on the complex networks provides a new way of research. Many difficult issues which
Is hard to explain such as the cooperation behaviors can be addressed from a new and promising
approach now.

However, there are still some important issues deserve more attentions. One of these issuesisthe
equity norm in human society. A norm can be regarded as a pattern of behavior that isaself-enforcing
or equilibrium that everyone expect and conform([5]. In game they, there is atradition which studies
the evolution of norms, conventions or rules in human society [5-7]. Y oung studies the evolution of
convention in an n-person population game which is played repeatedly by different agentg5]. Based
upon Nash's original ideaand Y oung, Axtell et al.[8] reviseit to study the equity norm emergencein
afinite population from an agent based approach. With the development of network science, thereare
some extensions which study the Nash bargaining game in the complex network which are based
upon Axtell et al.' smodel. Thus the effects of spatial structure of agents' interaction on the evolution
of equity norm emergence can be examined. However, the spatial structure of agents interaction is
limited on lattice or grid[9]. Recently, Santos et a. [10] extend Axtell's model to study the equity
norm emergence on the small world network and the diffusion of equity norm.

Since the equity norm plays an important role in the evolution, maintenance and devel opment of a
social system, it isrequired to further the study of the emergence of equity normsin asociety. Given
the advanced achieved, this paper develops a Nash bargaining game on complex network where
agents play the Nash demand game with their neighboring agents based upon the works of Axtell et al.
and Santos et al. The purpose of present paper is to study whether equity norm will emerge among
population and what is the effect of network structures on this emergence.

The moded

The model is based upon the Nash bargaining game proposed by Axtell et al. In the one-shot Nash
bargaining game, each agent will get its demand if the sum of the two demands is not more than 100
percent of the pie. Otherwise, each agent gets nothing. However, in the simplified Nash bargaining

© 2013. The authors - Published by Atlantis Press 522



game, agent has only three options or strategy to choose from: Low (30 percent of the pie), Medium
(50 percent of the pie), and High (70 percent of the pie). The M strategy is the equity strategy here.
The payoff matrix of the gameis shown in the table 1:

Table 1. The payoff matrix of Nash bargaining game

H M L
H 0,0 0,0 70,30
M 0,0 50,50 50,30
L 30,70 30,50 30,30

According to the analysisthe classical game theory, it is obvious that there are three pure-strategy
Nash equilibria: (L, H), (M, M) and (H, L). It is also obvious that the equity norm is not bound to
appear in the simple one-shot Nash bargaining game.

In the spatial evolutionary Nash bargaining game, there are N agents located on the vertices of the
complex network being studied in this model. In the evolution process, each agent plays the Nash
bargaining game with his neighborhood agents. The material payoff each agent getsin eachtimetis
the total payoff it has received from the Nash bargaining play with its neighboring agents. The payoff
can be described as:

= Z.'ffj (1)
J

Where | isthe agent which directly connected with agent i on the network and x, isthe payoff this

agents get from neighborhood agent | when the Nash bargaining game is played between them.

In the initial status of the game, each agent will be randomly assigned a strategy: L, M or H.
However, the total number of agents assigned L strategy or M strategy or H strategy is given by the
model designer.

During the evolutionary process of Nash bargaining game, every agent will first compute the
payoff it has received from the games played with its neighboring agents. Based upon its own payoff
and the payoff of its neighboring agents, each agent will update its strategy in the next step of the
evolution. If the neighboring agent chosen receives more payoffs than this agent itself, this agent is
more likely to imitate the strategy which this neighboring agent uses currently. The strategy transition
rule is shown in the following formulae.

1
1+ exp[(AM(u; — u;)]
Here A indicates the noise in the choice.
In the updating way just described, each agent may update his strategy if imitating neighboring
agent's strategy may give him more utilitiesin Nash Bargaining game. If the evolution process comes

to astatus where all agents choose M strategy, it can be said that the system is converged to an equity
equilibrium or norm.

(2)
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Simulation resultsand analysis

In the simulation of the evolution process of Nash bargaining game on small-world network,
RePast Simphony framework is used to build the multi-agent model. In default, there are 5000 agents
total in the system. Agents network topology is built using standard network building algorithm. The
network neighborhood size is to 6 by default. The BA network average degree is 6 also for

comparison. The parameter A in transition rule is set to a reasonable value 0.1. By default, in the
initial status, the number of agents using strategy L, M and H is the same.

To make our computer experiment's results more robust, in each parameter combination, each
simulation is repeated for 100 times and the average results are used as the basis of the following
analysis.
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The emergence of equity norm on networks

First, the emergence of equity norm is studied using various parameter combinations. We do alot
of computer experiments using different networks and parameter combinations. All these simulations
results demonstrate that agents' strategies always converge to equity norm through the distributed
interaction among the agents in Nash bargaining game on the networks no matter what the network
structure may be. It isalittle surprising result and it is quite different from previous research results.

The figures in Figurel are from the evolution process in the complex network when different
networks are used. These figures show the dynamic process of the convergence of the agents
strategies to equity strategy

Fig. 1. The convergence of equity on small-world and BA network respectively.

The result about the convergence of agent's strategies to equity equilibrium shows that the equity
regime can emerge from the spatial Nash bargaining game. Through learning from their neighboring
agents, agents eventually find that equity will bring them more utilitiesin the long run and the equity
preference will emerge in the Nash bargaining game on different networks.

The effect of network structure

In this paper, this simulation is conducted on small-world and BA network structures given other
parameters unchanged at the same time. We let the average neighborhood size be the same for BA
network and small-world network first and then various BA networks are used.

The simulation results are shown in the figures:
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Fig.2 The covergence time needed on WS small-world network and BA network. The lefe graph
is the comparison between small-world network and BA network. The right graph is the result of
BA network when BA network initial network size and average network degree are 06 and 04, 06
and 04, 06 and 02, 06 and 05 respectively.

From the simulation results, it can be concluded that the convergence time needed for BA
networks are far more less than that of small-world network. The can be explained by the difference
of network structures. In BA network, some hub nodes in the network have much more connections
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with other agents; therefore the changes of hub nodes’ strategieswill affect many agentsin the system.
While in the small-world network, agents' degree is much more homogeneous. One agent’ s strategy
only affectsasmall network. Then it isnot surprising that agents’ strategies will converge quickly to
equilibrium than small-world network. Therefore, it is demonstrated that network structure has a
great influence on the emergence of equity norm on complex networks.

Conclusion

Equity norm and its emergence in large society is an important topic for social science and
computational sciencefor along time. In this paper, we have used Nash bargaining game to study the
evolution of equity norm in the complex networks. Through computer simulation and analysis, this
paper has gotten some interesting results which deserve more attentions. This research results show
that networks promote the emergence of equity norm while BA network can speed up the
convergence of equity strategy due to the feature of network structures. But there are still some
limitations in the present paper. In the present model, three strategies are given first and then agents
can imitate their neighboring agents' strategies. What about the situations when agents' strategies are
not limited to these three choices? These issues deserve more researches in the coming works.
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