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Abstract — In reality networks may have random property, small-world property and scale-free property, so in this paper we 
introduce the heterogeneous network model. We construct the heterogeneous network based on ER random network, WS 
small-world network and BA scale-free network. Then we use the random rules to interconnect the three sub networks that generate 
the heterogeneous network. By analyzing the characteristic network data, we can draw the corresponding degree distribution graph. 
We study the spreading behavior of the infectious SIRS model with immunization based on the heterogeneous network and two 
different artificial immunization strategies. Then we perform simulation experiments by using the A(H1N1) type influenza virus in 
the heterogeneous network. The result shows that artificial immunization can greatly reduce the number of infections even though 
the network has only a single property, and can obtain more pronounced effect, so as to effectively control the disease spreading on 
heterogeneous networks. 
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I. INTRODUCTION 

Throughout the history of mankind, the epidemic harm is 
self-evident for human. The large-scale spreading of each 
epidemic has brought a great disaster to people’s lives and 
properties. From the early days of measles and smallpox, to 
the SARS outbreak, bird flu and the recent outbreak of the 
H1N1 virus [1-3], which have brought great loss to human. 
Therefore, we need understand the characteristics and laws 
of the spreading of virus, based on that we model the virus 
spreading to predict the development trend and analyze the 
causes and key factors of the epidemic spreading. Then we 
can design the effective prevention and control strategies 
that are important field of the anti-virus research, which has 
important theoretical and practical significance. 

 For a long time, researchers mainly used the SIS 
infectious disease model and the SIR infectious disease 
model which were founded by Kermark and Mckendrick in 
1927[4].Since then, the two kinds of epidemic models are 
still in use and have achieved great development. At the 
same time, scientists have put forward many realistic models 
of disease’s transmission that are based on the two models, 
such as the SI model that studies the disease outbreak early, 
with the immune period SIRS model and the SEIR model 
that has the ability to spread infectious disease in the 
latency[4-8]. Based on these models, researchers found that 
the topological structure of many real systems could be 
represented by complex networks. Network nodes represents 
the elements of the system, and the edges represents the 
interaction between elements [9]. Traditionally, researchers 
used the random graph model that was proposed by Erdös 
and Rényi [10] to model the real network. In 1998,Watts and 
Strogatz proposed the small world network model [11]. In 
1999,Barabási and Albert proposed the scale-free network 
model [12] that was often referred to as the BA model, 
which considered the two important characteristic of the 
evolution of the real network: the first characteristic is the 

growth characteristics, the second characteristic is the 
preferential connection characteristic or “the rich richer” 
phenomenon. In 2013, Tianyang Lv et al have proposed a 
new complex network evolution model which accords to the 
scale-free network conjecture that if the scale-free network 
did not comply with the preferential attachment rules, it 
would be placed in a disadvantageous position. The new 
complex network evolution model is named the 
heterogeneous complex network that is constructed with the 
ER model, the WS model and the BA model [13]. Therefore, 
we can use the theory of the complex network to study the 
propagation mechanism of large-scale biological and 
computer virus, and it has been developing rapidly. The 
literature [14] has summarized the spreading dynamics and 
new developments on complex networks. 

 If we consider the relationships of individuals in the 
SIRS model and the SEIR model or other models to form the 
network structure, the classic spread model of the disease is 
extended to the propagation model in complex networks. 
Because of the real system is very complicated, there are 
many factors affect’s the spreading, so it is necessary to 
modify the classical model. In this paper, we study a 
scale-free network with artificial immune SIRS epidemic 
model. Then, we introduce the basic parameter of scale-free 
network, and establish the kinetic equation of the model. We 
use the mean field theory approach to solve the dynamic 
equation, and analyze the dynamic behavior of the model, 
and study the two kinds of artificial immune strategy in 
specific free-scale network. Because the reality network is 
not completely random, it has not only the small world 
characteristic or the scale-free property, but also it might 
have the characteristics of random and small world and 
scale-free. In order to reflect the characteristics of real 
networks, this paper firstly introduce the heterogeneous 
network. The heterogeneous network considers the ER 
network, WS small world network and BA scale-free 
network as the sub network, then uses the random rules to 
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connect the sub network that forms the heterogeneous 
complex network model. After then, we use the evolution 
algorithm of the heterogeneous network model to construct 
the network topology, and we analyze the data of network 
characteristics, and we draw the degree distribution curve. 
So we research the behavior of SIRS virus propagation 
model with the artificial immune on the heterogeneous 
network, and we use the A (H1N1) influenza virus to 
simulate the spreading of the virus on the heterogeneous 
network. The simulation results show that the final number 
of infections ofthe virus spreading process with the artificial 
immune is greatly reduced than only using a single character 
of network, which due to the heterogeneity of heterogeneous 
network, the artificial immune effect is more obvious. 

The remainder of this paper is as follows: Section II 
introduces the relate work for this paper; Section III 
discusses the SIRS model with immunization. The 
simulation of the A(H1N1) influenza virus spreading on 
heterogeneous network is presented in Section IV. The 
simulative experiment and results analysis are presented in 
section V. Section VI gives our conclusion. 

II. RELATED WORK 

In this section, first, we introduce the evolution model 
of the heterogeneous network. Second, we introduce the 
SIRS model. At last, we introduce the immunization 
strategy on complex network. 
A. Evolution model of the Heterogeneous network 

At present, the complex networks are isolated and could 
not communicate with each other. But in reality, the real 
network is not only a single complex network model, it 
always has the structure characteristics of different complex 
network models. Therefore, this section will introduce a 
new evolution model that was named the heterogeneous 
network, which based on the classical complex network 
model in order to describe the real network structure. 

First of all, we use the classic ER network evolution 
rules, WS small world network evolution rules and the BA 
scale-free network evolution rules to generate the ER 
random network, the WS small world network and the BA 
scale-free network. Then, we use the random rules to 
generate the heterogeneous network that based on the three 
kinds of typical network model. The evolution of the 
heterogeneous network model show as following [13]: 
 The network G(V,E) including three sub network, the 

initial sub networks respectively according to ER 
random model, WS small world model and BA 
scale-free model formed, which denoted 
GER(VER,EER), GWS(VWS,EWS) and GBA(VBA, 
EBA), the number of the network nodes are denoted as 
NER, NWS and NBA, the number of edges are 
denoted as MER, MWS and MBA; We adjusted the 
model parameters to the NER=NWS=NBA, due to the 
random effects of the small world and the scale-free 
network, it required the MER, MWS and MBA were 
approximately equal. 

 According to the random connecting edges rules or the 
degree of priority strategy established the edges in 

three sub network, in which GER and GWS subnets 
edges denoted as EER-WS, the quantity of edges was 

denoted as MER-WS and it meet ER WS ERM M , 
the other networks edges that connected each other 
was similar of this rule. 

 Based on the above model, through the subnet growth 
and subnets edges growth to realize the overall growth 
of the network. 

B. SIRS model 

In real life, the spreading of the virus is a very complex 
process, the results are often dependent on the specific 
circumstances. For example, some virus infect people that 
will have immunity, they will not be infected, such as 
parotitis and measles et al. But there are some virus that 
infected people that would not have immunity, they can be 
infected, such as the computer virus and pulmonary 
tuberculosis et al. Therefore, it is necessary to establish a 
model that is used to describe the virus propagation process. 
Until now, scientists have been in accordance with the 
coarse-grained description to establish a large number of 
models that are used to describe different situations of the 
virus spread. This paper will introduce the classic spread 
model of the SIRS virus. 

In the classic SIRS model, each individual state will be 
divided into three categories: susceptible individuals (S), 
infected individuals (I) and immune individuals (R), the 
infection mechanism as shown in figure 1. 

 

Figure 1. The classic SIRS virus propagation model 

 The infected individuals will infect the susceptible 
individuals that connected with the infected individuals 
with the probability of  , at the same time the infected 
individuals are cured and become immune individuals with 
the probability of  , the immunity of the immune 
individuals will disappeared gradually and eventually 
become susceptible individuals with the probability of 
[15]. Setting the  S t , ( )i t , ( )r t respectively marked the 

proportion of three group individuals at t  moment. 
According to the normalization principle of the

( ) ( ) ( ) 1s t i t r t   , we can obtain the kinetic equation 
of the model as shown in formula (2.1). 
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          (2.1) 

With the time going, the number of infections will 
increase rapidly, and the immune individuals will gradually 
increase. After a long time, the number of the infections 
individuals will begin to reduce because of the number of 
the susceptible individuals are not enough. The immune 
individuals that have up to a certain percentage will become 
the susceptible individuals after a certain period of time, 
which until has stabled, the infectious process will end. The 
classic SIRS virus model is the excitable system, it will 
display the relaxation oscillation in the mean field 
framework. 

C. The immunization strategy on complex network 

At present, in order to prevent the virus spread that we 
are usually adopt the artificial immune strategy, which 
through the susceptible individuals are vaccinated in 
advance, so that it can produce immunity to the specific 
virus for susceptible individuals, in this way ,the virus has 
not infected the susceptible individuals who has obtained 
the immunity. For example, when we are born to be 
“vaccination” in order to obtain the immunity of the 
smallpox virus that can resist the susceptible individuals to 
be infected. Also in order to resist the computer virus like 
the “grey Dove”, we need to install the patch to the 
computer, so that the computer could obtain the ability of 
the resistance computer virus. Therefore, the study of 
immunization strategies on complex networks become very 
important. In this section, we introduce two kinds of 
common immune control strategy: the random 
immunization strategy and the target immunization strategy. 

1) The random immunization strategy 

The method of the random immunization strategy is that 
completely randomly selected a part of nodes from the 
network to conduct pre immunization, without considering 
the different of each node in the network. The nodes that 
the degree is relatively large (higher risk of infection) and 
the nodes that the degree is relatively small (lower risk of 
infection) are equal to the probability that are immune. The 
density of the immune nodes is defined as the g , the critical 
value of the random immunization strategy is defined as the 

cg [16], as shown in formula (2.2). 

1 c
cg




                (2.2) 

The stationary infection density was defined as the g , 

as shown in formula (2.3). 
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For uniform networks, the epidemic threshold was 

expressed as the
1

c k  , when the spread rate was 

higher than the spread of the critical value, the critical value 
was meaningful. For scale-free networks, the epidemic 

threshold expressed as the 2
c k k  , the critical 

value of immune expressed as the 21cg k k  . 

With the 2k   in the scale-free network, the 

immune critical value cg  tends to 1. Therefore, if we 

adopt the random immunization strategy in BA scale-free 
network, we need do immune for most of nodes in the 
network in order to inhibit virus communicating. 

2) The target immunization strategy 

There are many nodes that have a great degree in the 
scale-free network, if the node is infected, the number of 
nodes that connected with the infected nodes will become 
an important source of infection. Therefore, we use the 
target immunization strategy based on the BA scale-free 
network that have highly non-uniform, which we firstly 
analysis the network characteristic and each nodes’ degree 
in the network, then we will select a few nodes that have 
larger degree to do artificial immune. If the nodes that have 
larger degree are done immune, the edges that connected 
with the nodes can be removed from the network, the 
possibility of the virus spread will be greatly reduced. In the 
BA scale-free network, the critical value of the target 
immunization strategy was defined as the [17], as shown in 
formula (2.4). 

2

m
cg e 


                 (2.4) 

Where the m  said that the number of edges that 
connected with the new nodes that is added in the network. 
The formula (2.4) show that even if the transmission rate  
took the different values with a wide range, it could get the 
small critical value of immune. Therefore we adopt the 
target immunization strategy to selectively do artificial 
immune for the BA scale-free networks of nodes, the 
immune critical value is much smaller than the random 
immunization strategy. 

III. SIRS MODEL WITH IMMUNIZATION 

In this section, first, we introduce the SIRS model with 
immunization. In second section, we respectively introduce 
the dynamic behavior of SIRS model with immunization on 
homogeneous network and the dynamic behavior of SIRS 
model with immunization on scale-free network. 
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If we add the artificial immunization strategy for the 
classical SIRS virus spreading model, we conduct pre 
immunization for susceptible individuals that a part of 
nodes was not infected, then the susceptible individuals 
directly become into the immune state with the probability 
rate . When the artificial immunization rate equals zero 
( 0  ), the SIRS model with immunization will 
degenerate to the classical SIRS model. The infection 
mechanism as shown in figure 2. 

 

Figure 2. The SIRS model with immunization 

A. The dynamic behavior of SIRS model with immunization 
in homogeneous  

In the homogeneous network (such as ER random 
network and the small world network), which the degree of 
each node is approximately equal to the network average 

degree of nodes, expressed as k k . We assume that the 

infection rate of  is constant in the SIRS model with 
immunization, and the virus life cycle is far less than the 
individual life cycle, so we does not consider the 
individual’s birth and death rates. 

 Based on the above assumptions, we apply the mean 
field theory to get the dynamics equations of the SIRS 
model with immunization in homogeneous network, shown 
as follows. 

( )
( ) ( ) ( ) ( ),

( )
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( )
( ) ( ) ( ).
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k s t i t r t s t
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 According to the normalized condition of
( ) ( ) ( ) 1s t i t r t   , when the system reached steady 

state conditions, which the ( ) 0ds t dt   and the

( ) 0di t dt  . The steady state solution of the equations 

(3.1) will be obtained that defined as ( , ) ( ,0)s i
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. Because of the 

number of infected individuals cannot take negative values, 

so when  k      , the equations (3.1) 
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, this point 

is called the disease free equilibrium. And when the

 k      , the equations (3.1) equilibrium 

point defined as
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k
s i

k k

    

   

 



, this 

point is called the endemic equilibrium point. 
 We assume the effective infections rate as

   ,without loss of generality, when 1  , it just 
change the evolution time scales. In the epidemiological 
study, the most important is none zero threshold that is 

defined as c , because when c   the infection will 

decline at an exponential rate. The spreading threshold of 
the SIRS model with immunization in homogeneous 

network is shown as
1

1c
k





  
 
 

, when c  , the 

disease will disappear and the system will be stable at the 

disease-free equilibrium. When c  , the system will 

converge to the endemic equilibrium point [18]. 

B. The dynamic behavior of SIRS model with immunization 
in scale-free network 

The scale-free networks (such as the BA scale-free 
network) have a high non uniformity, which node degree 
show a power-law distribution. The characteristic of 

network not only says by the average degree k , so we 

must consider the degree of node heterogeneity. A new 
node that join the network trends to connect the key nodes 
or the nodes that have a high degree. So the node that have 
a high degree is prone to infection and then used it as the 
seed to infect other nodes, which result in the spread of the 
virus on the heterogeneous network faster than on the 
homogeneous network. 

In the scale-free network, we assume the relative density 

of three type’s nodes as ( )ks t , ( )ki t , ( )kr t for each degree 

k . Through the implementation of artificial immune, the 
susceptible individuals will directly become into the 
immune individuals with probability . The same time, we 
can obtained the dynamics equations (3.2) of the SIRS 
model with immunization in scale-free network according 
to the mean field theory. The ( )t of the equations 
represents the probability that random access one edge in t  
moment connected with infection individuals. 
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 (3.2) 

Because of the degree distribution of nodes is not 
associated with each other, any edge point to the node’s that 
the degree is s  probability is proportional to ( )sP s , which 

the ( )sP s  represents the probability that optionally select 

a node with s  degree. Therefore, ( )t  represents the 
independent of the node degree, which can be expressed as 
formula (3.3). 

( ) ( )
1

( ) ( ) ( )
( )
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Among them, the k represents the average degree of 

node. 

 Under steady state conditions that says as
( )

0kdi t

dt
 , 

the steady state solution of the second equation in equations 
(3.2) defined as the formula (3.4). 
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Among them, the     meet the self-compatibility 

condition. When   0   , the trivial solution is defined 

as the formula (3.5). 
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 If the   f   is continuous and differentiable, so 

we can prove it strictly monotone increasing on the    . 

In order to make the equation (3.3) exist the nontrivial

 0 1   , then the equation (3.5)’s right must be met 

the formula (3.6). 
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We organized it, then it can be expressed as formula 
(3.7). 
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Thus, we conclude that the effective dissemination 

speed is

2

(1 )
k

k

 


 
   . When the degree 

distribution uncorrelated, the spread threshold of the SIRS 
model with immunization is expressed as the

2

(1 )c

k

k





  . When c  ,the disease will 

disappear and the system will be stable at the disease-free 

equilibrium. When c  , the system will converge to the 

endemic equilibrium point. 
IV. THE SIMULATION OF THE A(H1N1) 

INFLUENZA VIRUS SPREAD ON 
HETEROGENEOUS NETWORK 

In this section, first, we introduce the Heterogeneous 
network topology and the characteristics of degree 
distribution. In second section, we introduce the experiment 
that using the random immunization strategy and target 
immunization strategy to simulate the A(H1N1) influenza 
virus transmission on the Heterogeneous Network. 

A. The heterogeneous network topology and the 
characteristics of degree distribution 

According to the heterogeneous network model 
evolution rules, this paper proposes a network example that 
have 300*3 nodes. The network use random strategy to 
connect the three sub network, and the number of the new 
edge is equal to the total number 10% of the original three 
sub network, the heterogeneous network structure figure as 
shown in figure3. 

 
Figure 3. Heterogeneous network structure graph of 300*3 nodes. 

 
The network data was generated by using MATLAB 

simulation tool, then we analyze the new generation of 
heterogeneous network and use the Origin Lab draw the 



QIANGUO CHEN: THE DYNAMICS BEHAVIOR AND IMMUNE CONTROL STRATEGIES OF SIRS MODEL … 

DOI 10.5013/IJSSST.a.17.46.05                                      5.6                  ISSN: 1473-804x online, 1473-8031 print 

degree distribution curve of the network, as shown in 
Figure 4. 

 
Figure 4. The 300*3 nodes distribution curve of the heterogeneous 

network. 
 
 

B. The simulation of A(H1N1) virus transmission on 
heterogeneous network 

Since April 2009, the first case of A(H1N1) Influenza 
virus was detected from a Mexican patient. Then it had a 
large-scale outbreak in U.S., Canada and so on, and spread 
rapidly around the world, which came into the stage of 
influenza pandemic. Until December 22, 2009, China had 
more than 123,000 infection cases of A(H1N1) influenza, 
and 714 death cases. According to statistics by the World 
Health Organization (WHO) statistics, by the June of 2010, 
there were more than 214 countries and regions which 
reported confirmed A(H1N1) influenza cases that killed 
18156 people at least. 

Based on the information about A(H1N1) influenza 
virus collected by the World Health Organization (WHO), 
the infection rate of A(H1N1) influenza virus is around 0.3, 
the cure rate of A(H1N1) influenza virus is around 0.9. 
Thus A(H1N1) influenza virus transmission is simulated by 
SIRS virus transmission with artificial immunity model on 
the Heterogeneous Network, the infection rate of A(H1N1) 
influenza virus 0.3  , the cure rate 0.9  . 

We use Matlab as the simulation platform on computer 
to do simulation experiments to simulate the dynamic 
behavior of A(H1N1) influenza virus on the Heterogeneous 
Network. The network scale is set to 900,which represents

900N  . The cure rate is set to 0.9, the infection rate is 
set to 0.3 and the immune disappearance rate is set to 0.1, 
which respectively represents 0.9  , 0.3  and

0.1  . 
In the simulation experiments, we assume that the 

infected node can contact all the neighbor nodes within 
every time step. In experiments, every data node is 
generated by the average of 30 network iterations. 

C. The simulation of random immunization 

The random immunization strategy is used in 
Heterogeneous Network, under the artificial immunization 
rate is set to 0, 0.025, and 0.05 respectively, the process of 
virus infection density can be seen in Figure 5. 

 
Figure 5. Spread curve with random immunization strategy. 

 
From Figure 4-3, almost every node is infected when 

the artificial immunization rate is zero in the A(H1N1) 
transmission simulation process on the Heterogeneous 
Network. With the artificial immunization increasing, the 
transmission of A(H1N1) influenza virus in the network is 
slow down, eventually the number of infected nodes is 
reduced a lot. The artificial immunization strategy can 
restrain the transmission of A(H1N1) influenza virus in the 
network. 

D. The simulation of target immunization 

The target immunization strategy is used in 
Heterogeneous Network, under the artificial immunization 
rate is set to 0, 0.025, and 0.05 respectively, the process of 
virus infection density can be seen in Figure 6. 

 
Figure 6. Spread curve with target immunization strategy. 

 
From Figure 6, in the A(H1N1) transmission simulation 

process on the Heterogeneous Network, when the target 
immunization strategy is used, the curves of A(H1N1) 



QIANGUO CHEN: THE DYNAMICS BEHAVIOR AND IMMUNE CONTROL STRATEGIES OF SIRS MODEL … 

DOI 10.5013/IJSSST.a.17.46.05                                      5.7                  ISSN: 1473-804x online, 1473-8031 print 

influenza virus infection density are changed obviously, the 
spread of the virus is controlled well. 

From Figure 5 and 6, due to the Heterogeneous Network 
with both homogeneity and heterogeneity, it has a 
significant effect to restrain the virus when the target 
immunization strategy to control the virus transmission is 
used on it. This also means that in real life, as long as the 
appropriate methods are taken to restrain A(H1N1) influenza 
virus transmission, it can be prevented and controlled effectively. 

VI. EXPERIMENT AND ANALYSIS 

Because of the immune status is not naturally occurring, 
but the immune status is occurred through the injection of 
vaccine ways. The simulation results as shown in Figure 5 
and 6, we detailed analyze the graph, then we found that if 
the susceptible individuals were injected vaccine, which 
could effectively avoid the large scale spread of disease and 
greatly reduced the proportion of infection. When we used 
the target immunization strategy to inject vaccine for 
susceptible individuals, the proportion of infection was 
much lower than when we used the random immunization 
strategy to infect vaccine for susceptible individuals. In 
order to the disease can be effectively controlled in the 
outbreak, according to the simulation results, we proposed 
the following several schemes of prevention disease:  

Scheme 1: We only used the artificial immune strategy 
to prevent the disease large scale spreading. We could take 
the target immunization strategy or the random 
immunization strategy to infect vaccine for susceptible 
individuals, such as the public figures, school teachers and 
students, medical professionals and food practitioners. 

Scheme 2: We only took control measures, such as the 
patients with suspected cases were isolated, the school was 
closed, the transport station stopped operating and other 
means to limit the free flow of population. 

Scheme 3: We could take a variety of measures to 
control the disease spreading the way of the combination, 
such as the artificial immune strategy and isolation control 
measures combination. 

VII. CONCLUSION 

This paper refines the SIRS virus spreading model by 
adding the artificial immune strategy, and presents the 
status transitionary graph. According to the homogeneity 
and the heterogeneity of complex network, the SIRS virus 
spreading model with artificial immune strategy is analyzed 
and researched on the Uniform network and non-Uniform 
network. We sense that the Transmission threshold of the 
uniform network is only associated with the average degree 
of the network, but the Transmission threshold of the 
non-uniform network is associated with the average degree 

and 2k . In the uniform network, the average distributed 

degree cannot be adapted to target immunity. However, in 
the process of viruses spreading, if the unit in the network is 
randomly offered immunity a forehand, the number of 
infected people will decrease as the increasing of 
immunization rate. In the non-uniform network, the 

distribution of degree is approximate and fitting to the 
distribution of power rate, and can adapt to the random 
immunity strategy and target immunity strategy. In the 
condition of the same immunization rate, the final number 
of infected people when the unit is offered target immunity 
is less than the random immunity. The phenomenon 
indicates that the artificial immune strategy can restrain the 
viruses spreading effectively. 

Because the real network is not absolute random and is 
not with single properties of small world and scale-free, but 
with the properties of random, small world and scale-free at 
the same time. This paper quotes the Heterogeneous 
network to deal with the properties of the real network. On 
the base of the Heterogeneous network, analyzing the 
transmission behavior of the artificial immune strategy 
SIRS virus spreading model in the heterogeneous network. 
According to the emulation analyzing, because the 
heterogeneity of the Heterogeneous network, when offering 
the artificial immunity in the process of the viruses 
spreading, the scale of the final number of infected people 
is reduced largely, which is fitted to the reality. 

VIII. FUTURE WORK 

In recent years, the behavior of the virus spreading on 
complex network has got broad attention by scientists. 
Although they have made to attract people’s attention 
achievements, but there were many results that have still a 
big gap with the practical application, and there were many 
problems to be solved. For this paper research work, there 
are also worth further research work to be done. 

Usually, the real network systems have weighted 
features and hierarchical structure features. At the same 
time, the real network structure was not static, but it was 
dynamic. Therefore, in the future, we will research the 
behavior of the virus spreading on dynamic networks that 
have topological structure and hierarchical structure, which 
it can more truly reflect the reality of network virus 
propagation characteristics. 

When we used the random immunization strategy and 
target immunization strategy to control the spreading of the 
virus, although the operation was simple, but the immune 
costs and the effect were not very ideal. Therefore, in order 
to achieve better immune effect with less cost, so we 
consider the hierarchical structure of the network, and we 
can also consider to study the immunization strategy in 
hierarchical network. 
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