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Abstract: Since the 1990s, the research of cluster economy gradually becomes a topic of interest for academic econo-
mists and Management experts. In order to obtain the effects of cluster network structure on the behavior of enterprise im-
itation, based on neighbor effect, this paper builds dynamic model of a single enterprise income, then explores the propa-
gation of corporate behavior under random network model, small world network model, scale-free network model. On the 
basis of neighbor average profit, this article makes a comparative analysis of the network structure imitation and then ar-
rives at the cluster network structure's influence on the enterprise imitation. 
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1. INTRODUCTION 

Industrial cluster forms a varied network structure, with 
different network structures having different characteristics 
and laws of propagation behavior. Barabási and Albert re-
ports on the existence of a high degree of self-organization, 
characterizing the large scale properties of complex net-
works, Xiao Fan Wang and Guanrong Chen provide some 
introduction and insights into the new discipline of complex 
networks, M. E. J. Newman outlines some recent develop-
ments in the theory of social networks, particularly in the 
characterization and modeling of networks, in how networks 
change over time, and in the modeling of the spread of in-
formation or disease over networks. In this paper we provide 
that common network structure, such as random network 
structure, small-world network structure and scale-free net-
works structure, affects the behavior of enterprise imitation 
by different ways. 

2. THE ANALYSIS OF CHARACTERISTICS 
LAW OF BEHAVIOR SPREADING IN THREE 
DIFFERENT NETWORK STRUCTURES 

2.1. A. The Law of Behavior Spreading in Random Net-
work 

Random network, its network distribution is approxi-
mately subject to the Poisson distribution. It has two notable 
features: the set of nodes in the network and its affiliates 
with neighbor nodes have a significant randomness charac-
ter; the distribution of nodes is approximately subject to the 
Poisson distribution. 

 
 

In a random network, the average node sets the scale of 
the network, which means that most nodes have about the 
same number of links as the average node [1]. In the net-
work, there are neither much higher nor much lower than the 
average link number in group, and with an infinite time, the 
majority of the number of edges in the network nodes tend to 
show convergence. 

In this paper, the law of behavior spreading in random 
network are summarized as following points: the location 
chosen and its behavior spreading in random networks have 
a significant random character; Since the number of neigh-
bors of each node in the network have little difference, there-
fore, with time, group behavior will show gradual conver-
gence condition, despite the behavior of the network struc-
ture exhibiting a significant random character,  

2.2. B. The Law of Behavior Spreading in Small-world 
Network 

Small-world network is a network model with the charac-
ter of small-world and high aggregation. People routinely 
claim that, global statistics notwithstanding, it is still a small 
world [2]. Generation rules of small-world network are as 
follows: This is a network with N nodes, where a single node 
and its distance from the closest neighbor and sub-neighbor 
connections connected to each other so as to form a ring with 
a random connection probability p. 

That is to say, the network has a high aggregation [4]. 
The node is closely related with the business of very close 
geographic proximity; the connection of one node with an-
other are realized by the probability P, and only one edge is 
allowed to be connected between any two nodes and any 
node cannot be connected with itself. In other words, there is 
also a small-world network randomness associated property. 

Thus, in this article, the propagation rules of small-world 
networks are summarized in the two following points: There  
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is close contact between neighboring nodes, strong overall 
coordination, and good promotion within clusters. Uniformi-
ty and randomness exists simultaneously. The behavior of 
corporation also spreads with rules (temporary or full con-
vergence characteristics) and randomness (transient or con-
tinuous wave characteristics). 

2.3. C. The Law of Behavior Spreading in Scale-free 
Networks 

Scholars Barabasi, Albert and Jeong questioned the Pois-
son distribution network through a lot of research on net-
works and made supplement. They believe, in reality, there 
are many forms which meet the power-law distribution net-
work. Power-law degree distribution, called scale free [3], a 
scale-free network is inhomogeneous in nature [4]. For ex-
ample in the well-known World Wide Web, the study found, 
only a few well-known sites have a far more significant ef-
fect than the general level of large number of links, however, 
most of the pages only have a few links, that is, only a few 
nodes are connected with a large degree, while the vast ma-
jority of nodes are connected with only a small degree, this 
characteristic is called scale-free networks characteristics. 
Many large-scale complex networks are scale-free, that is, 
their connectivity distributions are in a power-law form that 
is independent of the network scale. In general, scale-free 
networks display an amazing robustness against accidental 
failures [5]. To better explain the principle of power-law 
distribution generated from networks, Barabbas and Albert 
further proposed scale-free network model, also known as 
the BA scale-free network model. A scale-free network, with 
two significantly different features from other network fea-
tures, such as: Growth characteristics. The first network has 
a total of 0x nodes, with time, new nodes will continually be 
introduced to the network, the new node will connect to the 
existing node in the network one by one; and priority con-
nect features. That is, new entrants tend to choose nodes 
connected with a higher degree of "big" nodes, this phenom-
enon is similar to the management theory of "Matthew (Mat-
thew Effect)". The Matthew Effect according to which the 
rich get richer and the poor get poorer is a principle in soci-
ology and economics [6]. When selecting a new node con-
nection, assuming that the probability π (ki) that new node 
connected to node i, depends on the degree of node i (where, 
N is the number of nodes in the network). 

In short, BA scale-free networks have two important 
structural characteristics, one is the growth characteristics, 
namely the continually expanding of the network size; the 
other is the priority connectivity, new entrants tend to choose 
nodes connected with a higher degree of "big" node to con-
nect. This is similar to enterprise imitation behavior in the 
cluster, both of which are derived from the characteristics of 
core business. Based on discussion above, the law of behav-
ior spreading in scale-free networks can be summarized in 
the following two points: In the cluster, there are nodes with 
much higher than average degree of clustering, that is, lead-
ing enterprises, small degree nodes are significantly affected 
by big degree nodes; With the constantly changing tactics of 
large node behavior, group behavior presents the overall 
convergence or randomness (volatility). 

3. THE CONSTRUCTION OF DYNAMIC EN-
TERPRISES INCOME MODEL BASED ON THE 
NEIGHBORHOOD EFFECT 

3.1. A. The Standard of Neighbor Defying 

In clusters, there is a wide variety of links between cor-
porations, including formal links and informal links. As to 
formal link, it can be connected by technology patents trans-
fer and R & D cooperation, as to informal link, it can be 
connected by material exchange and reverse R & D of com-
peting products. The informal contact brings a lot of indirect 
convenience for intra-cluster enterprises to imitate behavior. 
Estimating conditional dependencies based on the Local 
Markov Property specified by neighborhoods leads to a sim-
ple algorithmic strategy: estimate the neighborhood of each 
gene separately [7]. Porter (1998) defines industrial clusters 
as “geographic concentrations of competing, complemen-
tary, or interdependent firms” [8]. Combining related theo-
retical results and the field research of case clusters, the pa-
per selected the "kinship" as standard of defining the neigh-
bor in a network. It is based on this "kinship" that constitutes 
the link between enterprises in the cluster (or connection). 
Kinship is fascinating [9] the so-called kinship relationship, 
contains both kinship within three generations. Three genera-
tions as less direct, collateral consanguinity, also includes 
geopolitical or other relationships with a significant degree 
of discrimination such as old classmates, former colleagues, 
neighbor and so on.  

3.2. B. The Imitation Behavior Based on the Neighbor-
hood Effect 

The existing interpretation about enterprise imitation be-
havior mechanisms in the cluster is focused on three per-
spectives, they are information cost saving, bounded ration-
ality and its uneven distribution in the population and 
knowledge spillovers. Neighbor behavior exerts a significant 
influence on other neighbors' behavior [10]. What is differ-
ent from above perspectives is that this paper regards "the 
neighborhood effect" as the core idea to interpret this imita-
tion behavior. We tend to believe that because of the geo-
graphical proximity of industrial clusters creates a significant 
"neighborhood effect" characteristic, affecting the economics 
of direct investment [11], that is to say, neighborhood has a 
great impact on how individual corporate makes behavioral 
decisions in clusters. Based on analysis above, the article 
further puts forward a new view that whether individual cor-
porate imitate the behavior of others depends on the earnings 
they received and the earning the neighbor received in the 
previous financial cycle under different strategic choices.  

3.3. C. The Model Building of Individual Corporate Dy-
namic Income 

The function of individual income this paper sets is that 

  
S

i,j
= N

i!1
" (1+ x ! # )  (1) 

Where:  
Dynamic gain value Si,j is the single enterprise in the pro-

cess of the game 
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Ni-1 represents the original stock that a individual com-
pany received last round of the game, when i = 1, N0 is the 
original innovation earning value when company j is not 
involved in the game, to facilitate the study, we assume N0 = 
a (a is a constant greater than 0) 

i represents the number of the game; 
j represents the node; 
x represents the innovation earning coefficient that a sin-

gle enterprise gained when it makes an innovation, Having 
referred to a lot of literature and carried out discussion about 
relevant theories, the paper sets a reasonable value to x, that 
is x= 0.3. 
βrepresents the technology spillover coefficient generated 

after a single enterprise j makes an innovation. 
In addition, in the network which has a total of m nodes, 

this paper introduces Yi,j to distinguish different strategic 
choices that node j makes, if node j adopts innovative strate-
gies during the i-th game, then Yi, j = 1; If node j adopt imita-
tive strategy during i-th game, then Yi, j = 0 Thus, coefficient 
of innovation, technology spillover coefficient values and 
individual corporate strategies to select, are further grouped 
into formula 2 and formula 3 
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That is, when node j adopts innovation strategy during 
the i-th game, Yi, j = 1, the individual enterprise j obtains 
innovative coefficient x = 0.3 after innovation; When node j 
adopts innovative imitation strategies during the i-th game, 
Yi, j = 0, the individual enterprise j obtains innovative coef-
ficient x = 0 after innovation.. 
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Where, u is the ratio of innovators in the network group.  
Moreover, based on N0=a, the paper assumes the follow-

ing iterative relationship for innovative stock gains 
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3.4. D. Game Evolution: Two Standard Setting of Game 
Evolution 

Regard the average revenue of the surrounding neighbor-
hood as the influence of strategy change, Assumption: in the 
i-th round game, a single enterprise j makes policy changes: 
Yi, j: 1 to 0 or 0 to 1. When enterprise j receives less than 
average earnings of the surrounding neighborhood in the i-th 

round of the game then 
  
S

i, j
< ( S

i, j ,l0

k

! ) / k , individual enter-

prise j makes a strategic adjustment. It imitates the same 
game strategy with neighbors. l represents the neighbor of 
node j and k is the number of its neighbors, k = (0,1,2,3,4 
......). 

Regarding the largest revenue earned amongst the neigh-
borhood as the influence of strategy change. Assumption: 
when earnings enterprise j received in the i-th round of the 
game is less than the earning that neighbor I received in the 
same round (I gained most among all the neighbors of j) that 
is, when 

  
S

i, j
< max(S

i, j ,l
) , individual enterprises j will make 

strategic adjustments, it will imitate the same strategy with I. 

Strategy update process can be expressed as When 

  
S

i, j
< max(S

i, j ,l
)  

  
S

i, j ,l
 Where, Si,j represents the revenue that 

node j obtained in the i-th round of the game, Si,j,l represents 
the revenue that I, who is the neighbor of node j, obtained in 
the i-th round game and I obtained the most. 

3.5. E. The Initial Matrix Set of Imitation - Innovation  

During the simulation, the paper established random 
network, small-world networks and scale-free network struc-
ture made by the 20 nodes (node name: AT) set the "imita-
tion-innovation" initial matrix [1,0,0,1,0,0,0,1,0,0,0,0,0,0,-
1,0,0,0,1,0]. The nodes A, D, H, O, S are initial innovators 
that are randomly selected, defined as "1"; remaining 15 are 
initial imitators, defined as "0." 

4. COMPARATIVE ANALYSIS REGARDING 
THE AVERAGE REVENUE OF THE SURROUN-
DING NEIGHBORHOOD AS THE STANDARD 
OF STRATEGY 

4.1. A. The Analysis of Simulation Results Under Ran-
dom Cluster Network Structure 

Under random network structure, when individual enter-
prises treat the average revenue of the neighbors around as a 
policy updating standard, the simulation results as shown in 
Fig. (1). 

As shown in Fig. (1), innovators ratio presents volatility 
and this volatility fluctuates from strong to weak and to the 
innovation ratio of 0.3 until disappearance. During the 1-3 
round of the game, innovators presents rule number fluctua-
tions of 0-5-0; in the 4-9 rounds, innovators presents rule 
number fluctuations of 5-0; in the 10-23 rounds, innovators 
presents rule number fluctuations of 5-4; in the 24-33 
rounds, innovators number remains unchanged at 5, but main 
innovation presents "ADHOR-CJKQT" rule changes; in the 
34-39 round, innovators presents rule number fluctuations of 
6-5; from the 40 round, innovators number remain un-
changed 6, but main innovation presents “ADHMOS-
CJKPQT” rule changes. 

4.2. B. The Analysis of Simulation Results Under Small-
world Cluster Network Structure  

Under small-world network structure, When individual 
enterprises treat the average revenue of the neighbors as a 



Effects of Cluster Network Structure to the Behavior The Open Automation and Control Systems Journal, 2014, Volume 6    211 

policy updating standard, the simulation results are as shown 
in Fig. (2). 

As shown in Fig. (2), innovators ratio presents volatility 
it fluctuation at about 0.3. Fluctuations intensity decreases 
then gradually increase until it reaches the innovation cycle 
fluctuation ratio 0.1-0.4. During the 1-5 rounds of the game, 
innovators presents rule number fluctuations of 5-0; in the 6-
7 rounds, innovators presents rule number fluctuations of 5-
1; in the 8-17 rounds, innovators presents rule number fluc-
tuations of 5-1; in the 40-45 rounds, innovators presents rule 
number fluctuations of 7-2; from the 46 rounds onwards, 
innovators number increases to 20. 

4.3. C. The Analysis of Simulation Results Under Scale-
free Networks 

In a scale-free network structure, when regarding the av-
erage revenue of the surrounding neighborhood in last round 
as the standard of strategy changing, the simulation results 
are shown in Fig. (3). 

As shown in figure, innovation rate shows great fluctua-
tions, and during the first six games, fluctuations becomes 
 

the largest and the difference is 0.25, Then relatively small 
amplitude fluctuations erratically appear, innovation ratio of 
the entire group shows the regularity of the cycle fluctua-
tions is about 0.3-0.2 after the 28th round. Specifically, in the 
1-3 rounds, innovators presents rule number fluctuations of 
0- 5-0; in the 4-5 rounds, innovators presents rule number 
fluctuations of 5-1; in the 6-11 rounds, innovators presents 
rule number fluctuations of 5-3; the number of innovators 
remains stable 4 short during this stage, in the 15-20 rounds, 
innovators presents rule number fluctuations of 3-4; in the 
21-22 rounds, the number of innovators remains stable 4 
short; in the 23-27 rounds, innovators presents rule number 
fluctuations of 5-4; from the 28 round onward, innovators 
number increases to 20 and maintain a stable fluctuation. 

CONCLUSION AND FUTURE WORK 

Compared with the six figures above, we can see that 
when regarding the average revenue of the surrounding 
neighborhood as the standard of strategy change: 

First, all in all, under three network clusters structure, en-
terprises have an increasing trend to balance innovation. But 
  

 

 
Fig. (1). Imitation - Innovative state evolution chart in random network structure, when regarding the average revenue of the surrounding 
neighborhood in last round as the standard of strategy changing (50/100). 
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Fig. (2). Imitation - Innovative state evolution chart in small-world network structure, when regarding the average revenue of the surrounding 
neighborhood in last round as the standard of strategy change (50/100). 
 

only under the random network cluster structure, enterprises 
will eventually achieve a stable equilibrium innovation (after 
40 games, always keeping innovation ratio of 0.3), while 
under the small-world network structure and no-scale cluster 
structure, the results are opposite. That is, enterprises tend to 
achieve a state of fluctuant innovation ratio (after 45 games, 
the innovation rate under small-world network structure of 
the cluster is maintained at 0.1-0.4; after 28 games, the ratio 
scale cluster innovation network structure is kept under 0.2-
0.3). 

Second, under the three network clusters structure, the ra-
tio of innovation demonstrates enormous fluctuations. Espe-
cially, the small-world network structure of the cluster, the 

difference is always over 0.15. However, under random clus-
ter network structure, the rate of innovation fluctuates reduc-
es with the difference of first 0.25 and then gradually reduc-
es further to reach the final state of stable equilibrium. Com-
pared with the fluctuation ratio of random cluster innovation 
network structure, under no-scale cluster network structure, 
the ratio of innovation fluctuate from large to small, even to 
a briefly stable stage. Thereafter, after about 23 games, as-
cending trend is shown and finally maintains at a difference 
of about 0.1. 

Third, when regarding the average revenue of the sur-
rounding neighborhood as the standard of individual enter-
prise's updating strategies, three cluster network structures 
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can not achieve the equilibrium stage where all enterprises 
within the cluster are involved to innovate. The largest clus-
ter innovation equilibrium ratio is 0.4. In other words, the 
proportion of innovative groups within cluster would not 
exceed 40%. 
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Fig. (3). Imitation - Innovative state evolution chart in scale-free network structure, when regarding the average revenue of the surrounding 
neighborhood in last round as the standard of strategy changing (50/100). 
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