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This paper defines two different ways of the process of the opinion formation and focuses on the effect of the proportion of the
two strategies of process and the structure of the network. A multiopinion model is proposed in this paper, which includes two
strategies of opinion formation. At the first part, the change of the structured network and the change of the single node are used as
two strategies of the process of the opinion formation. We focus on how the proportion of the two strategies can affect the outcome
of the process. At the second part, as the proportion of the two strategies is fixed, the edges are dense in the community and sparse
outside. Thus we can construct a bifurcation diagram to be verified through experimental study. The phase transition is studied in
the network which contains more than four opinions and two strategies of process. Our results show that the size of the group and

the dense of edges are the two important features for the process of opinion formation.

1. Introduction

In the field of social networks analysis, the study of opinions
dynamics has attracted a growing amount of work [1, 2]. To
describe some collective behaviors in both human societies
and social organization, several useful models have been
provided. In social network modeling, various networks have
gradually been proposed. The model developed from the
simplest full connected networks, Euclidean geometry in one,
two or more dimensions, to very advanced network topolo-
gies [3-5]. The application of Ising models and other tools
of statistical or computational physics to opinion formation
have a long tradition from the work of di Ettore Majorana
[6]. Some other models such as those by Boccaletti et al.
are reviewed in [7]. The network models are much better
at representing the actual relationships between people and
groups.

One of the most important properties for the social
networks is the community structure [8]. It means that
the vertices within the groups have higher density of edges
while vertices among groups have lower density of edges
[9, 10]. The community structure appears to be common

to many networks reflected by the well-researched scientific
collaboration network [11, 12], the Internet, the World Wide
Web, and so forth. Similarly, the vertices can also be divided
into different groups because of their own properties and the
relationship with each other in power grids [13], food web,
and biological networks [14]. In the fields of physics, soci-
ology, and so forth, community detection in networks also
becomes a hot research topic [8, 15]. To mimic the existence
of communities in social networks in the field of opinion
formation, Lambiotte et al. analyze the opinions dynamics
in a topology consisting of two coupled fully connected
networks [16]. It focused on the transition behavior at the
value of the interconnectivity parameter. Huang et al. also
focused on the effect of some temperature-like parameters
as the social impact model [17, 18]. Moreover, Qian et al.
discussed the adaptive bridge control strategy for opinion
evolution on social networks [19].

In order to understand the effect of the community
structure and the different strategies of opinion process
in the opinions dynamics, for simplicity, a multiopinion
model is proposed in this paper, including two strategies of
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TABLE 1: Symbol table.

Symbol Description

N The number of nodes in the entire network

Y The number of opinions

M The number of nodes of the small community

K The average number of edges for every node

I The number of edges for the nodes in the small

community

p The proportion of the first way of the process

t Time (or the number of the steps)

O, The opinion of node x

o, 3, ¢, 9,0,... The different opinion

" The number of nodes that have the opinion « and
e connect to the node x

n, The number of nodes which connect to the node x

The probability for small community to win

opinion formation. It does not aim at an exact description
of reality. However, it focuses on discovering some essential
and fundamental features of an otherwise very complex and
multiple phenomena by doing some crude approximations.
Therefore, we use Monte Carlo method to simulate the reality
and determine the sensitivity of the model in the different
situation.

In this paper, to understand the mechanism of the
community structure in the opinions dynamics, we focus on
the following four questions.

(1) How can the different proportion of the process of the
opinion formation affect the dynamic of the model?
At which proportion the model is most sensitive to
the change of the proportion?

(2) How can the size of the community contribute to the
outcome of the model when the proportion of the
process is fixed?

(3) Could the community structure affect the evolution
of the network?

(4) How can different kinds of the noise contribute to the
evolution of the network?

In the first part of this paper, we investigate the outcome
of the model with different ways of the process of the opinion
formation. The first way of transition of the opinion is the
change of the structure of the network and the second way is
the intersecting opinion of the different points in the network.
The different proportion of the ways of processing will lead to
the different outcome of the dynamic model.

If the model only uses the first way, the opinion of every
node will not change, while the structure of the network will
change. Hence, at the final phase of the processing, the entire
network will evolute into several small communities and
there should be no intersects between two different networks.

If the model only uses the second way, the opinion of
different nodes will change while the structure will remain
the same. In this situation, the model will develop into single
network where the structure remains the same.
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First of all, we define the term “win,” that is, if one of the
several opinions have occupied more than the 95% of nodes
in the network in less than 1000 steps. Using Monte Carlo
method, we simulate the situation for 5000 times each for its
first 1000 steps. We count the probability of win for every 5%
change of the proportion of the two strategies.

In the second part of this paper, we focus on the last three
questions. In the same way, we use Monte Carlo method to
simulate the different situation. At first, we define a small
community in the network of four different opinions. Then
we change the size of the community and find out the
relation of the size and the probability for the community to
occupy the entire network. Secondly, we fix the size of the
community and change the structure of the community. And
we discover the relation of the structure of the community
and the outcome.

At last, we add two different noises into the model. The
first kind of noise is the white noise and the second kind of
noise is the linearly decreasing noise. Changing the strength
of the noise, we do the same study listed above. Therefore, we
can find the role that the noises play in the evolution.

2. Model Description

2.1. Symbol Description of Network. Tablel shows the
description of the symbols in our model. At the first part, we
consider a network with N nodes and number the node with
1to N. Second, we add NK/2 edges to the node. Then, assume
that the four opinions are placed randomly. And each opinion
has the same number of nodes.

2.2. Two Strategies of the Process. In the first way of the
process, the opinion of every point will not change, while the
structure of the network will change in every step. Hence, just
like Figure 1, if the node X connects with the node Y and their
opinion is different, the node X will remove the edge to the
Y and will randomly choose. And the node X will then find a
note which has the same opinion to develop a new edge.

The second way of process is the opinions intersected
with the different points in the network. We can see from
Figure 2 that if there are different opinions among the nodes
connecting to the node x, it may change into a new opinion.
In this process, the node randomly selects one node from the
nodes with the same opinion with equal probability.

Determine the probability of the opinion of node x in the
next status as

PO, =alP=1)="2, M
nx
where P is the proportion of the first way of the process.
Hence, P = 1 means that the first kind of the process is used.
At the second part, we consider a network with N nodes
and number the node with 1 to N. Then we add NK/2 edges
to the node. Consider that the first M node composes a small
community (M < N/5). Furthermore, we assume that other
nodes compose three big communities and their sizes are the
same.
Then we fix the proportion of two ways of the process and
change the size of the small community.
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F1GURE 1: Things of one kind come together.

=

FIGURE 2: One takes the behavior of one’s company.

In the following model, we consider N = 1000, Y = 5,
M < 200, and K = 10.

2.3. The Description of Noise

2.3.1. Constant Noise. First, we consider the distant noise.

First, we determine ¢ ~ WN(O0, 02').

Hence, the ¢ is distributed in the normal distribution and
each ¢ is not relevant

Consider the probability of the opinion of node x in the
next status when there is constant noise in the model

P(O,=a|P=1)= "% ¢ 2)

1y

where P is the proportion of the first way of the process.
Hence, P = 1 means that the first kind of the process is used.

2.3.2. Linear Increasing Noise. Second, we consider the linear
increasing noise.

We determine g, ~ WN(0, Gf').

Hence, although the exception of the noise is still the
same, the variance is depending on ¢.

Then, we consider o, = a + bt. Therefore, we have the
linear noise.

3. The Sensitivity of the Model to the
Proportion of Two Strategies

3.1. The Outcome of the Model without Noise. In order to
determine how the proportion of two ways can affect the
model, we first stimulate it without noise. We do experiment
every 5% from 0% to 100%.

We consider the situation where the N is 800, and there
are four opinions in the network placed randomly on every
node. If after 1000 steps one of the opinions can occupy the
95% of the nodes, we think the outcome is “win”

According to Figure 3, we can see that the probability for
win is high when the proportion of first way is little. It means
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FIGURE 3: The Y-ray represents the number of win in 100 experi-
ments. The X-ray represents the proportion of two strategies. There
is no noise in the model.

that when the proportion of the first way is high, one of the
four opinions will occupy the entire network in less than 1000
steps. It can meet our assumption. However, we can see from
Figure 3 that the probability for win falls abruptly near the
70%. The most sensitive point is near 0.7 when the proportion
is more than 85%, and the probability for win is very small.
Moreover, in our experience, when the proportion is more
than 90%, no opinion can occupy the entire network and the
network is divided into some small communities. Hence, in
conclusion, we determine that the phase transition point is
0.7.

3.2. The Case of Model with Constant Noise. We do some
preprocessing to choose the suitable noise for the model.
Since € ~ WN(0,0*'), when ¢* > 5%, it will be difficult to
obtain stable results within 1000 steps. Therefore, it may make
the model too sensitive. Hence, we choose the o = 5%.

From Figure 4, compared with the situation without
noise, we can find that the model with white noise has
some similarities and differences. First, we can see that the
probability for win is near 100% when the proportion is less
than 25%. And the probability for win is also decreased by the
increase of the proportion. However, unlike the first model,
the probability for win decreases after 25%. The change of the
slope is less abrupt than the first model.

Remark 1. We do the experiments when o* = 5%, o> =
7.5%, and 0> = 10% and find that the last two experiments
can not get a clear conclusion. Due to the noise, the model
cannot get results within 1000 steps. Therefore, we choose
0® = 5%. It can be predicted that when o” is near 0, the
curve would tend to the graph without the noise. In the future
work, the impact of different values of noise could be used as
a research direction.

3.3. The Model with Linear Increasing Noise. We consider o, =
a + bt. Therefore, we have the linear noise. We want at the
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FIGURE 4: The Y-ray represents the number of win in 100 experi-
ments. The X-ray represents the proportion of two strategies. There
is constant noise in the model.
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FIGURE 5: The Y-ray represents the number of win in 100 experi-
ments. The X-ray represents the proportion of two strategies. There
is linear increasing noise in the model.

beginning the noise to be smaller than the constant noise and
when t = 1000, the noise is more than the constant noise.
Hence, we choose a = 3% and b = 0.005%.

In the linear increasing noise model, we add the noise
that increases with the time. It is reasonable because it is our
common sense that as the time goes by, it is more difficult for
people to have more information about the entire situation
and hence they cannot make reasonable decision.

According to Figure5, we find that it is harder for
an opinion to occupy the entire network. And when the
proportion is above 45%, no case in our experience that wins
will occur. In addition, we find that if one of the opinions
cannot occupy most nodes before 500 steps, the win will not
occurr because of the increase of the noise.
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The number of win among 100 experiments
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FIGURE 6: The Y-ray represents the number of win among 100
experiments. The X-ray represents the number of nodes in the small
community. There is no noise in the model.

4. The Probability for a Community
of Minority to Win with the Change
of Its Size

4.1. The Model without Noise. In order to compare with the
community with a different structure, we first study the small
community in the random network. First, we put 1000 nodes
and randomly add 5000 nodes into the network so that K = 5.
We randomly choose M nodes and put opinion « on them
so that we can get a small community. Then we randomly
put other 4 kinds of other opinions on other nodes outside
the small community and do not change the structure of the
network after placing the opinions. M is the number of the
nodes in the small community. There is no more edge among
the community. Therefore, in the following experiments, the
N is 1000 and the K is 5. And we study the relation between
N and M with or without noise.

As we can see from Figure 6, when M = N/5, then the
probability for the small community to win is near 20%. It is
reasonable because the probability for every opinion to win
is equal. Then, with the decrease of the nodes in the small
community, the probability for it to win falls.

Remark 2. Compared with the formal experiment (the model
that only contains two opinions), the probability does not fall
dramatically. When the rate of nodes of small community to
other community is near 90%, the probability for win is near
12%. However, in the two opinions model, when the rate of
size of the small community to others is 90%, the probability
for win is 0. This phenomenon reflects that, in the model that
contains more opinions, the influence of M is not so extreme
compared with the model of only two opinions.

4.2. The Model with Constant Noise. Then we add noise into
the model. When the noise is strong, the probability for every
opinion to win is very low. Therefore, in this experiment, we
fix the noise with 5%. The probability to win decreases with
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FIGURE 7: The Y-ray represents the number of win among 100
experiments. The X-ray represents the number of nodes in the small
community. There is constant noise in the model.

the coming of noise. As Figure 7 shows, when the number of
nodes in small community is 180, the probability for win is
near 10%. Also, when the number is near 200, which means
the opinion is placed randomly, the probability to win is
not stable compared with the last experiment. However, the
overall trend is not changed very extreme. Hence, we can see
this model have noise community when the noise is not too
strong.

5. The Probability for a Community
of Fixed Size to Win with a Different
Dense of the Edge

We determine M = 80, N = 1000, and K = 10. We add edge
into the small community and study the probability for the
small community to win.

In the last experiment, we find that when the L = K = 10,
the probability for a small community with 80 nodes to win
is about 10. Also we can find from Figure 8, that when the
L — K is not big, the probability for the small community to
win does not also change perceptively. However, when L-K >
7, we find that the probability for the small community to win
increases abruptly. When the L = 30, the probability to win is
twice as the L = 10.

In conclusion, when there is no noise, the cohesion also
can contribute to the probability for win.

Remark 3. In Figure 9, also do the same experiment when
the M = 50. However, we find that even if the L — K > 20,
the small community cannot win less than 1000 steps. When
we make further study in the evolution of the model, we find
that the probability for other communities to win is also very
small. In other words, the model cannot make an ordered
final stage.
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FIGURE 8: The Y-ray represents the number of win of the small
community in 100 experiments. The X-ray represents the number
of average extra edges in the small community. There is no noise in
the model and there are 80 nodes in the small community.
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FIGURE 9: The Y-ray represents the number of win of the small
community among 100 experiments. The X-ray represents the
number of average extra edges in the small community. There is no
noise in the model and there are 50 nodes in the small community.

6. Conclusions

Compared with another formal study, the model in this paper
focused on the effect of the proportion of two strategies of
the opinion formation. Furthermore, we add five different
opinions in the model which made the model more complex
and more close to the reality. In the experiments, we found
the following.

(1) The point of phase transition is near 70% in the
model without noise. Near the proportion of 70%, the
probability is strongly sensitive to the change of the
proportion of two strategies.

(2) When there are more kinds of opinions in the net-
work, the probability for small community to win is



less sensitive to the change of its size compared with
the model with only two opinions.

(3) The density of edges in the small community can
contribute to the probability for it to win. However,
it also contributes less compared with the model with
only two kinds of opinions.

(4) From the last two remarks, we find that the network
with more kinds of opinions is less sensitive to the
change of the structure. Hence, it is more stable.
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