
LEI WANG et al: THE IMPACT OF INFORMATION ASYMMETRY ON THE EVOLUTION OF MARKET PRICE . .  

DOI 10.5013/IJSSST.a.17.12.05 5.1 ISSN: 1473-804x online, 1473-8031 print 
 

The Impact of Information Asymmetry on the Evolution of Market Price Collusion 
 

Lei Wang, Yanchao Ren, Zhiyuan Dong 
 

Department of Management 
Hangzhou Dianzi University 

Hangzhou 310018, China 
 

Abstract — It is generally believed that price collusion behavior is difficult to achieve in large groups, But In recent years, in non-
monopoly competitive enterprises, the phenomenon of price collusion often occurs. In this paper, we use the neighborhood effect to 
study the selection mechanism of individual price decision behavior under asymmetric information environment, and explore the 
evolutionary mechanism of price collusion in interactive networks by modeling and simulation. 
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I. INTRODUCTION 

In general, non-cooperative strategy behavior is a kind of 
instinct of the manufacturers in the competitive economy, 
enterprises have a strong motivation to break the price 
collusion and earn their own benefit maximization, however, 
it is also common of price collusion that taken by the firms 
within the same competition industry for limiting 
competition. It is a kind of Pareto improvement when 
achieving the collusion behavior, it is a kind of non-zero sum 
game. This paper will explore the evolutionary process of the 
price collusion under the asymmetric information 
environment. 

In the economic sense, collusion is usually used to mean 
the collusion between competing firms in order to obtain a 
high monopoly profit. Chamberlain argues in the study of 
production of similar products of oligopoly enterprises that 
companies understand the interdependence between them: 
the threat of brutal price war is enough to stop undercutting 
temptation, oligopoly enterprises can in a pure non-
cooperation way to collude to maintain a monopoly price [1]. 
Chamberlain also speculated that "due to any party's discount 
results are inevitably reduce his own profit, so there is no  
discount, although sellers is completely independent, 
balanced results are as they signed the monopoly agreement 
". Thereafter, Chamberlain [2], Bain [3], Telser [4], Stigle 
[5], Orrand MacAvory [6] and so on made a fruitful 
contribution to the collusion between the organizations, 
making this field a splendid sight. Jehiel analyzes the impact 
of the degree of price collusion on the level of product 
differentiation [7]. Yahua Zhang analyzes the price collusion 
mechanism in aviation domain [8]. Lambertini Luca proved 
that the joint product development and the lack of horizontal 
product differentiation may be shaken to the collusion [9]. 
Kyle Bagwell analyze collusion in an infinitely repeated 
Bertrand game [10]. 

II. CONSTRUCTIONOF PRICE COLLUSION GAME 

MODEL 

In an oligopoly industry, the enterprise will not easily 
lower prices, but may be a phenomenon that is competing to 
elevate the price. However, because of some unexpected 
events or human factors, spontaneous collusion is often 
found in the non- monopoly enterprises which produce 
homogeneous products, so we construct the corresponding 
model to ex-plain the mechanism of this phenomenon and 
the related factors. 

A. Basic Hypothesis 

Some simple assumptions of price game model in 
enterprise networks: 

The individual in the model is the enterprise which 
produces homogeneous products, each enterprise sets its own 
product sales price, in order to obtain the maximum profit. 
Enterprise individual can be expressed as 

 1, 2, , ,N i N   , there is a certain competitive 

relationship between each other. This research only considers 
the interaction between the enterprises without considering 
the influence of the third party. 

We assume that the supply and demand of products in the 
short term are relatively inelastic, the price changes in the 
short term will not have a big impact on sales. The change of 
enterprise income is only related to the adjustment of price 
strategy and the completeness of enterprise information. 

The number of enterprises participating in the price 
competition is limited. In the real economic activities, the 
enterprises’ competition network generally has small world 
characteristic. 

There are two behavior strategies of individual node i, 
the strategy set   ,   X collusion not collusion . Each 

individual can only use one of these two strategies in the 
process of game, where tiX represents the strategy choice 

that i  made in the t  game round, if i  follows, then 1tiX  ; 

otherwise 0tiX  . 
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The round of games is represented by t, the next strategy 
choice depends on the update rule, and the maximum 
number of games is determined according to the network 
background of the game. 

The behavior update strategy of the individual node i  is 
only related to the neighbor individual, which is directly 
related to, and has nothing to do with the other individuals in 
the interactive network. We use the adjacency matrix Ai,j 
indicates that the node i  is connected with the node j, and if 
the individual i  has a competitive relationship with the 
individual j , 1ijA  , otherwise 0ijA  ; ik  is the number of 

neighbors of the node i, namely i  is the number of links, 

 = 0,1, 2,3,4...ik . ik is used to restrict the individual's 

strategy interaction, and it can be considered as the threshold 
of the interaction between individuals.  

 ( )iq t  represents the sales volume of t round of the game, 

( )iq t is related to the price of t round of the game,  ( )ip t ,  

 ( )ip t is subject to the interval random distribution [c, 3c], 

the c is the fixed cost, the revenue function is ( )i t . We can 
deduce the equation (1) and equation (2). 

  ( ) ( ( )) / ( )i i iq t f p t a p t                        (1) 

   ( )  ( ) [ ( ) ] / ( ) [ ( ) ]i i i i it q t p t c a p t p t c          (2) 

The cost function that note i follow in every round is 

i ic cq . And it is assumed that the individual pays a fixed 

ex-change cost in every game:  1ic   
It is assumed that the individual's memory length is 

related to the behavior strategy choice in the interactive 
process, m represents the individual's memory length, 
Individual in each round of the game can be informed of 
each other's price strategy, and form a knowledge of its 
strategic choice, and the individual will record the strategy 
that interact with, and then delete the most distant memory, 
so as to main the  same distance, ui(t+1) indicates the 
probability that the individual i adopts the same strategy with 
neighbor when deciding the next game price. We can deduce 
the equation (3). 
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B. Selection Criteria for Individual Price Decision 
Making 

After the first round of price game, participants will be 
based on their current round of the game proceeds, and then 
decide their next round of price behavior. The price 
adjustment depends on the view of the participants on the 
price change and the difference between the price and the 
income obtained by the enterprises in the current round of 
the game. Then, by limiting the information of the price 
changes of other neighbor participants in the group, it can 
make the strategy update to maintain its own characteristics. 

Here need to emphasize is that the use of the update rule is 
the contact network, in the current round of the game, in the 
network, in addition to the neighbor companies all 
enterprises, are not playing any role. In all the update rules, 
the price strategy of each participant's reference to the price 
strategy and the income of the connected neighbor and 
decided the price policy of the next stage, the price 
interactive evolution rule of the enterprise   in the second 
round game of  t is given: 

  Taking the average income of the adjacent enterprises 
as the standard, when the earnings of enterprise  is in the 
game of t round are less than the average income of neighbor 
enterprises in the game, we can deduce the equation (4). 
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Then, the individual enterprise adjust price strategy and 
price update strategy is 1tiX  . j  is the representation of 

neighbor of node i , ik  is the number of neighbors, 

 = 0,1,2,3, 4...ik , ik  is considered to be the threshold of 

individual interaction. The factors that affect the individual 
interaction may be social, cultural, economic, geographical, 
and so on. On the other hand, the price of the individual is 
more than or equal to the average income of the enterprises 
in the game of the round t, the individual i  adjust price 
strategy to tiX . At this time, the proportion of the collusion 
in the network is shown in equation (5). 
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The price performance of the next round of enterprises i  
is shown in the equation (6). 
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(2)Taking maximum benefit of the surrounding neigh-
bors as a strategy to update the standard, when enterprise i in 
the t round game to obtain income less than neighbors j  ( j j 
is the maximum benefit of all the neighbors) in the round of 
the game proceeds. We can deduce the equation (7). 

, , ,max ( )i
t i t i j

k

i
                                  (7) 

Enterprises i adjust pricing strategy, the price of 
individual i update strategies for 1tiX  . Enterprises i in the 
next round of the game when the price performance is shown 
in the equation (8). 
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III. SIMULATION ANALYSIS OF PRICE COLLUSIONIN 

INTERACTIVE NETWORK 

In this study, we construct an interactive network model, 
respectively output 0.5,  5,  50,  100p K N N    , to 
study the evolution of price collusion in complex networks 
under asymmetric information. Shown as figure 1. 

 

Figure 1. N=50/100 small world network diagram 

A. The Simulation Analysis of the Standard of the 
Average Income of the Adjacent Enterprises as the 
Standard of the Strategy Update 

Under the small world network structure of N=50, the 
simulation results of T=1000 are shown in Figure 2, when 
the game use the reference of the average income as its price 
adjustment and policy update. Shown as figure 2. 

 

 
(a) 

 

Figure 2. The evolution chart of price / collusion ratio in small world 
network with N=50 under the standard of average return (1000 times) 

The individual refers to the average income of the neigh-
bors to adjust and update its own strategy, in the small world 
network with N=50, individual price game evolution shows 
in  Figure 2, after 500 times games, the prices of individuals 
tend to the same price. In the first 100 games, the proportion 
of the collusion significantly decreased, after 200 times 
games, the proportion of collusion fluctuates slightly near 0, 
and fluctuations difference is less than 0.1. The decline in the 
proportion of collusion means that the price gap between 
individual and individual is gradually reduced, and the ratio 
of collusion is close to 0, which indicates that the price of 
enterprises in the network tend to be the same price, namely 
collusion price. 

  From the above analysis, we can see that when referring 
to the average income of the enterprises in the last round to 
make price adjustment, after 500 times games, the group 
price achieved  equilibrium, after the 100th round of the 
game, showing a fixed and small amplitude range (0, 0.1) of 
the continued volatility. Although the price of the final group 
is basically the same, we can see that the game time is longer, 
which is related to the ui(t) when referring to the average 
income of neighbors as the updating strategy, The collusion 
probability reflects the individual rationality of the enterprise, 
In the condition of this study, we think that the market share 
ρ proportional to the probability of collusion, that is, the 
bigger the ρ  is, the greater the probability of collusion. As 
the collusion probability ui(t) is also related to the individual 
memory length m, that is, the game time to reach the price of 
collusion is related to the memory length m. Below we focus 
on the impact of memory length m on the price pi(t)of 
individual i. shown as figure 3. 

Taking the length of memory into account that it may 
affect the time of price equilibrium, we will have 1500 times 
game, from the figure 3, we can see that the smaller the 
memory length m, the quicker the individual price will be 
gathered in the vicinity of the collusion price, making the 
time of group reaching the price collusion shorter. Because 
no matter whether the individual's strategy is changed or not, 
the individuals who participate in the game will have a 
memory to the strategies of their neighbors. With continuous 
games, individuals formed the knowledge of other 
individuals’ strategies, the more games, and the more 
knowledge. Individuals according to their own knowledge in 
the price adjustment to the neighbor's price has a limit of 
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reference, that is, the choice of  ui(t) in the game process, this 
choice will lead to the delay of  the whole group price 
equilibrium. The individual through the interaction of the 
history of their own and the neighbor node experience, 
which affects the price performance in next round, and also 
affect the next round of price strategy, when the system 
evolves to a stable state can be obtained through the study of 
individual selection strategy to get the whole evolution of the 
trend of price changes, and further can get the characteristics 
of the group. 

 

 

Figure 3. Price evolution game chart of different memory lengths under 
the standard of average income in small world network with N=50 (1500 

times) 

Considering the impact of network node N on the price 
of the individual enterprise i, pi(t),we can make a T=100 
simu-lation of the small world network with N=100, The 
results are as follows, shown as figure 4. 

From figure 4, when the N=100, after 1000 games, the 
individual price basically gathered  in the vicinity of the 
highest price, and can predict the ultimate price trend is still 
consistent with the group. However, compared with the 
N=50, the number of games increase significantly when 
achieve the equilibrium price. This is due to the increase in 
the number of nodes in the network means that the number 
of enterprises that produce homogeneous products in the 
market increased, in the case that information is not 
complete, the more competitive enterprises, the stronger 
motivation the enterprise deviation from collusion, the 
longer time to achieve the equilibrium price of collusion. 
Similarly, this is also fully reflected in the proportion of 
collusion, in the first 100 games, the proportion of the 
collusion is significantly decreased, after that, the proportion 
fluctuate range in the section (0-0.4). from the collusion 
ratio evolution, within a period to start the game, individual 
based on neighbor average earnings continue to adjust the 
price, at this time, there are relatively more enterprises that 
take collusion strategies, the proportion of collusion also 
larger, individual prices closer to the maximum price of 
neighbors, as gaming times increasing, gradually narrowing 
the price gap between individuals. the motivation that 
individuals take collusion strategies weakened. Therefore, in 
a period of time proportion of collusion performance 
fluctuation range, but with the game times continue to 

increase, group prices will eventually tend to collusion price 
(the highest price). 

 

 
 

 

Figure 4. The evolution chart of price / conclusion ratio when referring to 
the average return in small world network with N=100 (1000 times) 

B. The Simulation Analysis of the Standard of the 
Average Income of the Adjacent Enterprises as the 
Standard of the Strategy Update The Simulation 
Analysis of the Standard of the Maximum Income of the 
Adjacent Enterprises as the Standard of the Strategy 
Update 

Under the small world network structure of N=50, the 
simu-lation results of T=1000 are shown in Figure 5, when 
the game is use the reference of maximum profit of the 
surround-ing neighbors as the price adjustment and the 
strategy up-date. Shown as fig (5). 

From figure 5, when the individual takes the maximum 
profit of its neighbor as the policy update standard, the group 
price of reached the same price, after 4 rounds of the game, 
the highest price of the nodes in the network is shown. It can 
be seen from the price evolution chart, in the first round of 
the game, the number of collusion is significantly increased, 
from the 2nd to 4th round of the game, the collusion 
proportion firstly fast then slow down, in the fourth game, 
the proportion of the network is 0, the price of the enterprises 
are rapidly become uniform, achieved the spontaneous price 
collusion.  Shown as figure 6. 

Considering the impact of the number of nodes N on the 
price of enterprise individual ,Pi(t),Below we have a small 
world network structure of the T=10 for the N=100 
simulation, the results are as follows. shown as figure7. 
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Figure 5. The price evolution chart with reference to the maximum price 
in the small world network with N=50 (10 /30 times) 

 

 

Figure 6. the Collusion Proportion Evolution Chart with Reference to the 
Maximum Price in the Small World Network with N=50 (10  times) 

As shown in the graph 7, when N=100, the group will 
converge to the equilibrium price quickly, after 4th round of 
the game, the network has the equilibrium price, the 
equilibrium price is the highest price of the nodes in the 
network. The first game, the number of individuals that take 
the collusion strategy significantly increased, which is due 
to the individual in the beginning of the game, according to 
the income of the surrounding neighbors will have a strong 
incentive to price adjustment, during the second to the 
fourth game process, the proportion of the collusion 
continues to fall, after the fourth game, the proportion of the 
network be-come 0, the group's price reach rapid 
convergence. From the analysis results, when the individual 
with the maximum profit of the enterprise as the price 
strategy, the number of nodes in the network has no 
significant effect on the price convergence. In a relatively 
short period, the individual achieves equilibrium price, and 

realizes the collusion of the spontaneous price of the group. 
 

 
 

 

Figure 7. The evolution chart of price / conclusion ratio with reference to 
the maximum return in the small world network with N=100(10 times) 

  In summary, in the small world network structure, the 
relationship between the nodes of the community is very 
close, the group behavior is very strong, and the whole drive 
is strong. At the same time, due to the coexistence of the 
association rules and the randomness of the nodes in the 
generation of small world networks, it also leads to the 
regularity of the group behavior in the network. With the in-
crease of the number of nodes N in the network, when the 
maximum value of the income of the neighbor is the 
standard, the price of the group is very fast convergence, 
almost not affected. While the average value of the average 
value of the neighbor as the standard, the overall 
convergence time is extended, and with the increase of the 
length of memory, and the proportion of collusion in a 
relatively large range of fluctuations. 

IV. CONCLUSION 

In the case of asymmetric information, there is no way 
to obtain the complete information of the whole market. It is 
through the price behavior of the surrounding enterprises to 
determine their own price. Moreover, according to the 
simulation results of this paper, the spontaneous price 
collusion can be implemented in a large scale. To a certain 
extent, the result is a breakthrough in the plight of collective 
action, to provide a theoretical reference for the guidance of 
the price behavior of large-scale groups. 
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