
Front. Phys. China (2006) 4: 506―509 
DOI 10.1007/s11467-006-0054-4 

 

 RESEARCH ARTICLE 

 
GUO Long, CHANG Yun-feng, CAI Xu 

The evolution of opinions on scale-free networks 

© Higher Education Press and Springer-Verlag 2006

Abstract   An opinion evolution model without “bounded 
confidence” is proposed in this paper. Computer simulation 
shows that our model can figure out the breakage of the co-
existence of majority and minority after a period’s evolution. 
With further analysis, our model shows that, without the 
influence of the external field, the opinions will finally die 
out to a limited small value no matter what the initial condi-
tion of the system is. On the other hand, we simulate the 
evolution of the opinions under the influence of an external 
field, and get some meaningful and instructional results. 
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1 Introduction 
The last decade has witnessed an increasing interest in the 
study of complex networks. Since Watts and Strogatz’s work 
[1] on small world networks in 1998, an explosion of works 
about complex networks has emerged, from the analysis of 
the topology of real networks [2―4] to the evolution dy-
namics of complex networks and using complex networks to 
model all kinds of complex systems [1, 5] and different kinds 
of dynamic processes [6―8]. One of the interesting points is 
using complex networks to describe social problems [9―14]. 
In this paper we focus on the model of opinion evolution on 
complex networks. 

Many models about opinion evolution dynamics have 
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been proposed in recent years. At first, only binary opinions 
were considered [9, 10, 15, 16], some of which used “social 
impact theory” [14, 17, 18] founded by Latané to describe the 
transition from private attitude to public opinion, which help 
us understand minority or majority consensus and the for-
mation of the phenomenon of many agents sharing the same 
opinion [10]. Then, people extended the model to continu-
ous opinions models [11, 12, 14]. However, they are all 
Bounded Confidence models, which means that they all set a 
parameter called bounded confidence as a threshold for 
the updating of opinions, i.e., two agents will interact with 
each other only when their opinions are close enough. Take 
the Deffuant et al. (D) model [12, 13, 19] and Hegselmann 
and Krause (HK) model [20] for example. They study how 
the damage spreading and how the fraction of perturbed 
agents vary with bounded confidence and time. In this paper, 
we propose a new opinion evolution model with the bounded 
confidence omitted because whether the opinions of two 
agents are close enough or not they will still interact with 
each other if they are connected to each other. 

ε

A social network is a set of agents or groups with rela-
tionships of different kinds among them [21, 22], such as 
friendship, collaboration, business, sexual and other interac-
tions. Now, think about the question how do you get or 
change your information about things that you care? Most 
probably, you exchange your opinion with your friends and 
get information from the TV, newspaper, even government 
policy and so on. In this paper, we propose a model to simu-
late this opinion evolution process. Computer simulation 
shows that, without the influence of the external field, the 
opinions will finally die out to a limited small value no mat-
ter what the initial condition of the system is. On the other 
hand, we simulate the opinion evolution under the external 
field and get the result that the external field has an impor-
tant role in keeping the opinion s (t) increasing and getting 
balanced after certain time steps, and that the time tequal

 when 
the opinion s (t) gets balanced and the power Q of the exter-
nal field have a power law relationship.  
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2 Our model 
Our model is defined in the following way: we generate a 
social network, the nodes of which represent the agents in 
our society and the edges represent the relationship that al-
lows the agents to exchange their information to change 
their opinions on something. The strength of agents i’s 
opinion si  (t) (can show the degree of one’s concern about a 
certain thing) at time t is a real number in the range of 

, which varies under the influence of his nearest 
neighbors and the external field. We will define the quanti-
ties of our model in the following way. First, the quantity 
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time t, which is related to j’s opinion ( )js t , j’s degree  
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Second, every agent has a different role in the network, 
which can be described as something like the “charge” of 
agent i: 

i
i

j
j

k
e

k
=
∑

  (2) 

where is the sum of all the agents. 
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Third, we define the average opinion of agent i’s neighbors 
at time t: 
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( )is t can describe the opinions of the local community 
around agent i. 

Finally, we define the “power” Q of the external field, 
which reflects the strength of the influence of the external 
field, Q acts on all the agents. Then the influence of the ex-
ternal field to agent i is; 
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There are many real factors that influence people to 
change their opinions about things in our society, such as 
mass media and government policies. We consider these 
cases as the influence of an external field. With the influence 
of the external field, the agents update their opinions ac-
cording to the following equations. When ,  ( ) 0is t =
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is the step function. The step function means the neighbors 
of agent i (or the external field) can have negative influence 
on ( )is t  if ( )is t (or Q) is weaker than ( )is t as well as 

positive influence while ( )is t (or Q) is stronger than ( )is t  
at time t. And the coupling of ( )is t  and ( )js t  (or Q) indi-
cates i’s intention to keep its opinion unchanged. This inter-
action process is similar to the interaction among people in 
real life: the agent often changes his opinion about things 
due to the influence of his surrounding friends and other 
external factors but intends to keep his opinion unchanged at 
the same time. 

 

3  Results 
We realize our model on fixed scale-free networks since 
scale-free topology is the most common topology in com- 
plex networks and the dynamics of opinion are the same on 
both growing and fixed scale-free networks [16,  23]. The 
scale-free network used in this paper is BA scale-free net-
work with the number of agents N = 400, the average de-
gree 14.725k = , the clustering coefficient C = 0.0747 and 
the power law exponents of degree distribution γ  = 2.7. 

Figure 1 is the result of the computer simulation of the 
model when the external field Q = 0. Here we use θ i (t) = + 1 
to replace the opinion si (t) if agent i’s opinion , 
while we use θ 

( ) 0.5is t ≥

i (t) = −1 to replace the opinion si (t) if agent 
i’s opinion si (t) < 0.5 according to the binary models. Com-
pared with the result in Schweitzer, Zimmermann and 
Muhlenbein (SZM)’s work [10], we can see from Fig. 1 that 
the stable coexistence between majority and minority breaks 
down after a period’s evolution, and then almost all the 
agents share the same opinion. This has the same meaning as 
figured out in SZM’s work but their work cannot figure out 
which opinion will come down. On the contrary, our model 
can figure out that the agents will share the same opinion   
θ i  (t) = −1. We will give some explanations below. 
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Fig. 1  Computer simulation of the relative minority/majority sizes vs. 
time t. 

Figure 2 is the result of the evolution of the average 

opinion 
1( ) ( )i

i
s t s

N
= ∑ t  under the influence of different 

external field. All the curves in Fig. 2 are 20 times average 

and when si (t) < 0 it is automatically assumed to be zero. 
From Fig. 2 (a) we can see that the opinion is decreasing 
continuously when Q = 0. In fact, we do the simulation 
when Q = 0 with several different initial conditions and find 
that the evolution of the average opinion of the network has 
the same evolving trend and decreases as time elapses to a 
limited small value no matter how strong the average opin-
ion of the network at the beginning is. Take one famous film 
star in real life for example. If he keeps on playing roles in 
films, more and more people will know him by seeing his 
films. But once he stops playing roles in films any more, 
most people will forget him sooner or later no matter how 
famous he used to be. This is the same case as the result that 
we get in Fig. 1. 

When , the evolution also has the same trend under 
different initial conditions [see Figs. 2 (b)―(d)] and they all 
reach equilibrium at high opinion values that are closest to 
the power Q of the external field at last. What’s more, in the 
relationship between the time  when the average opin-
ion s  (t) gets balanced and the power Q of the external field 
(see Fig. 3), we can see that they show a power law rela-
tionship. 

0Q ≠

equalt

 

Fig. 2  The evolution of the average opinion of agents vs. time t under the influence of the external field (all the curves are 20 times average). 
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Fig. 3  The time when the average opinion get balanced vs. the power Q of 
the external field. 

 

4  Conclusions 
In this paper, we proposed a model of opinion evolution 
without bounded confidence on scale-free networks. It as-
sumes that every agent has a continuum opinion on some 
issue and it is influenced by its nearest neighbors and an 
external field. Here, we only consider the evolution of all the 
agents’ average opinion as time elapses because it is unnec-
essary to know the opinion of every agent at each time step. 
Through analyzing the computer simulation, we can get the 
same result as SZM’s work [10] about the minority/majority 
consensus but our model can figure out which one is the 
winner at the end with only the agents’ internal interaction. 
With the influence of the external field, more importantly, 
we can see that the role of the external field is of so much 
importance in our model that it can make the opinion on the 
scale-free network reach equilibrium at a high value instead 
of dying out. Finally, we find that there is a power law rela-
tionship between the time when our model reaches equilib-
rium and the power of the external field. This is an interest-
ing result for us and we will try to figure out the reason of its 
formation in our future work. 

What's more, during the work of this paper, we found that 
the evolution process of the opinion is very complex since it 

 
 

has strong relationship with the topology of the network, and 
we will try to go on our study to find more information 
about the opinion evolution on complex networks. 
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