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Abstract. In this paper, the complexity of the network integrity is analyzed based on the topology 
structure. The generalized scale free network model is used as the research object, which is defined 
to describe the complex degree of the overall behavior of the network. In order to understand the 
influence of network topology on the overall behavior of the computer network, the influence of 
topology structure on the overall behavior of the network is analyzed by using the fluctuation 
complexity of the traffic flow. 

1. Introduction 
It is proved that the phenomenon of phase transformation is often occurred during the evolution 

of complex systems. Phase is the state of the system. And phase change, simply said, is the 
dynamical properties of the system from disorder to order, or from order to disorder state. Therefore, 
in statistical physics, phase transformation is when the control parameter of the system is lower than 
a certain critical value, the system is in a stable state, and once crossed the critical value, the 
dynamic properties of the system will be transferred to another state. 

However, the foundation of this work and its conclusions are based on the uniform topology 
structure. In the network model, the assumption is that the network node degree distribution is 
uniform, and the influence of the heterogeneity of the network topology on the overall behavior of 
the network is ignored. Also, the correlation of the behavior of each individual node is absent 
during the evolution course. 

In order to understand the influence of network topology on the overall behavior of the computer 
network, this paper analyzes the overall behavior of the network system based on the concept of the 
critical phase transition in the generalized network model. 

2. Generalized Scale Free Network Model 
The scale free network with initial attraction is a class of generalized scale free networks 

proposed by Dorogovtsev et al. It is an extension of the BA network model, and its construction 
algorithm is similar to the BA model which includes two parts, the growth and preference 
characteristic.  

(1) The growth characteristic: Starting from the initial m0 node, in each time step, it will add a 
new node. Then m nodes are randomly selected from all nodes in the network, and the new nodes 
are connected with each of these nodes. 

(2) The preference characteristic: New joined node will chose an old point i to connect and the 
connection probability of new point and old point is pi. The relationship between pi and I is shown 
as follows. 
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Where ki is the node degree of node i; α  is the initial attraction degree for the node which 
means the initial ability to capture the new node; after t time steps, the number of nodes will be 

0N m t= +  and the number of edges will be mt . 
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Compared with the BA model, the model of the scale free network introduces the initial 
attraction. The scale characteristics of the network topology obtained by the above construction 
method will be smoothly controlled by the initial attraction degree. The probability distribution of 
the degree of network nodes can be expressed as follows. 

( )P k k γ−∝  
Where γ  is a function about initial attraction α . The relationship can be expressed as, 

3 / ; [ , )m mγ α α= + ∈ − ∞  
With Figure 1, the control process of γ  is presented. The graph describes the network node 

degree of variance s and the network of the average node degree K along with the change of γ .  

 
Fig 1. ζ  and k  vs γ  on free-scale network 

3. Fluctuation Complexity of Network Traffic 
Now, according to the general definition of the complexity of the Bates fluctuation, the 

definition of fluctuation complexity of network traffic is presented by combining the characteristics 
of the evolution model of the network behavior.  

Next, we will define the fluctuation complexity of the network traffic based on the node pair 
state space Spair. 

The node in the network is set as (x,y). The probability of the node in Si=(si1,si2) state is pi. The 
equation can be expressed as 
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Where pi is the probability when the node x is in the state of si1 and the node y is in the state of 

si2. 
Here, pij is used to present the probability when the node state is changed from Si to Sj. And 

i jp → is used to present the transition probability of the state change. i jp →  satisfies the equation as 
follows 
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logij i jI p+
→= −  is used to describe the information quantity during the state change.

logij i jI p−
←= −  is used to describe the information loss during the state change. 
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→= −∑∑    is used to describe the average value of state transition information gain. 

The average information loss can be describe as 
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Through these variables, the average net information can be obtained. 
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According to the definition of Bates fluctuation complexity, the fluctuation complexity of node 
(x,y) Cf  and the average fluctuation complexity fC  can be described as  
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4. Conclusion 
The Relationship between Network Topology Structure and the Complexity of Network 

Behavior. The influence of topology structure on the overall behavior of the network is analyzed by 
using the fluctuation complexity of the traffic flow. With the increase of γ, the heterogeneity of the 
network topology is reduced, so that the distribution of the traffic in each node is more uniform, and 
the degree of synchronization of the network is improved. Therefore, under a certain flow rate input 
rate, the state of each node will become more consistent, most of the state is concentrated in the 
neighborhood of the diagonal of the state space (sk, sk). In particular, for the topology of a 
homogeneous network, based on the assumption of the mean field, we can assume that the nodes 
are grouped on equal terms. As a result, the state of each node falls on the same square of the node 
to the state space (sk, sk). So the equation can be expressed as  
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On the relationship between topology structure and the overall behavior of the network, we get 
the conclusion: the higher the degree of topology heterogeneity is, the greater the complexity of the 
flow fluctuation becomes. And thus the complexity of the overall behavior of the network is more 
conspicuous. 
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