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Abstract

On the basis of prior studies, this paper modifies the
parameters of the information propagation process under
SIR model, and analyses the impact of various
parameters of the information propagation process.
Firstly, we add weight and threshold of nodes in the SIR
model. Moreover, the weight (activity) of the whole
network is added. Then, we analyzed the impact of the
weight of nodes and the whole network based on the
complex network model. Furthermore, we keep on
studying the characteristics and propagation process of
the information in the social network. At last, we
classified the information into rumors, normal
information and positive energy. According to the
information category, we run simulation experiment to
analyze the propagation results of different kinds of
information. The simulation results indicate that the
information propagation process can be controlled by
changing the parameters and weights at an appropriate
time. Finally, some suggestions and ideas are suggested.

Keywords: Complex  network,  Social  network,
Information propagation, Rumor, Positive
energy

1 Introduction

On February 27, 2014, the central leading group on
the network security and information was set up and
held its first meeting in Beijing. It means that the state
pays attention to the development of network security
and informatization. So, the internet info deserves
more attention.

In the study of complex networks, two seminal
papers can be regarded as the symbol of the new era.
Complex networks describe a wide range of systems in
nature and society [1-4]. By studying on complex
networks, the indistinct world can be quantified and
forecasted. Therefore, study on complex networks,
social networks and interpersonal interactions have
obviously received a great deal of scholarly attention
[5-6].

How do social individuals influence each other?
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And how do they exchange messages and ideas?
According to methods and ideas of complex networks,
the solutions are obtained [7]. With the information
technology develops, new media such as We Chat,
micro-blog and Internet are emerging. Information
propagation is faster and wider than it has ever been.
Information includes rumors, normal information and
“positive energy” [8-12].

Normal social behavior is to make friends or
exchange daily information. Rumors may cause serious
social public opinion and affect social stability, while
the “positive energy” may bring people hope and
inspiration. Related algorithms of data mining can be
used to analyze information.

In recent years, due to the impact of Internet, more
and more scholars come to study rumors [13]. Most
scholars study rumors through some significant crisis
events, such as, the earthquake, SARS or Fukushima
nuclear leak in Japan. Commonly, the study is based
upon a fixed platform, for example QQ, We Chat,
micro-blog [14-15]. But information is not always
rumors, some is “positive energy”’. There are few
articles relating to comprehensive study in rumors and
positive energy. In this paper, the effects of “positive
energy” and rumors are analyzed.

The rest of the paper is structured as follows. In
Section 2, the network model is established and the
basic concepts and characteristics of social network are
introduced. In Section 3, we reveal and analyze the
results of experiments. The weights (or activities) of
the whole network are considered and the results are
discussed in Section 4. Section 5 is the summary.
Finally references and acknowledgments are presented.

2 Model of Social Network

The social network is composed of nodes and edges
[16-18]. Nodes wusually refer to individual or
organization, and edges refer to the relationship
between people.

As shown in Figure 1, social network model reflects
the small-world and scale-free property of complex
networks [19-20].
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Figure 1. Social network model. The three circles
represent community, company and circle of friends.
The bigger the dot, the heavier the weight, which
means the dot has greater authority

Now watching the information propagate in a circle.
We do not consider the specific ways of information
propagation in social networks.

Information = propagation is similar to the
transmission of infectious disease, but it has its specific
characteristics [12]. The info spreads through social
relations, which is called social contact propagation. At
the beginning, the number of information disseminator
is little, then increases rapidly. Next, a lot of people
propagate the message but the growth rate slows down.
Finally, the number of new communicators drop
steadily and the propagation process slowly stops. The
characteristic of this mode is a chain reaction, which
could be depicted as the first infected one spreads some
information to his contacts, and these contacts spread
to the next one, thus gradually spreading [21-22].

The hypothesis of model: A social network consists
of N individuals. Do not consider the situation of the
second contact.

Information transmission is a one-way communication
model, as shown in Figure 2. Each node has a weight u
and threshold f. Weight 4 represents the influence of a
person, threshold f reflects the difficulty of being
influenced by information. Because the ability of
person to accept information is different, the threshold
is also different. If x; >f;, then the node j will be
affected by node i, and then it will influence the other
nodes. If ;= f;, node j will also be affected by node i,
but it might not affect other nodes. Otherwise, the node
j will not be affected by node i, namely, it refuses
information from node i. The threshold is not
unchangeable. The person will become an infector,
when he or she contacts with more people who was an
infector. Hearing the information from different
sources will convince a person to believe in it [22]. The
propagation process as illustrated in Figure 3.
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Figure 2. The model of information communication

Figure 3. The propagation process

As shown in Figure 3, the circles are initial nodes.
Black nodes are affected by information, the * nodes
refuse to accept the message, and the square may
accept or reject the news.

The meaning of each symbol: (1) There are N
individuals in a social network, everyone has three
types of possible states: an inactive node, a spreader
and the people who has been affected but he or she no
longer spreads the information, respectively I(t), S(t),
R(t) [23]. This ratio is cumulative percentage. (2) 4
represents the rate of increase in people who has been
influenced by information per unit time. (3) The
percentage of affected person becoming non-
communicators is €. (4) u represents the weight of a
node. The greater the weight, the more leverage and



authority he has. But the authority would not increase
infinitely along with the increase of weight. When the
value increases to a certain extent, the authority no
longer increases. In large-scale networks, high-degree
nodes usually have greater authority [24- 26].

In actual social networks, some people may not to
spread or accept messages, so the total amount of
package (or information) is fixed. The model
establishing process is as follows.

(1) Assuming node activity degree is h. Active
nodes can affect the inactive node. If the node does not
activate others, then its activity will be decreased (A
timer can be set. If the node does not activate other
nodes within the set time, then its activity will be
decreased).

(2) In the process of information transmission each
node has a random threshold f. If the weight is greater
than threshold, the inactive state will convert into
active state, the active degree will rise, and then active
node will influence other nodes. If the weight is equal
to threshold, the node will also become activity, and its
active degree will rise, but the node might not to
influence other nodes. Otherwise, the node does not
accept the information, and its active degree stays the
same.

(3) After a node becomes communicator, it is likely
to influence the neighbor nodes around it. If the node
does not affect other nodes within the set time, then the
activity decreased. Repeat the steps above.

3 The Results and Analysis of Experiments

3.1 The Data and Method of the Experiment

Now, Internet has a lot of free resources about social
network data sets, such as the snap program at Stanford
University, the network data columns at University of
Michigan, and the data-tang all provide free social
network data sets [27]. So we can use these data to
study social networks. The method used in this paper is
mainly controlling variables method. This paper also
uses the comparison method.

3.2 The Results of the Experiment

When we do not consider the composition of groups
and immigration or emigration. “The increasing
amount of influenced people = the number of people
affected by information * the increase rate of people
who has been influenced by information”. Information
propagation can be expressed as [25]

Nd—S =N(AS)
dt )
= ﬁ = Adt.
S
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When we do not consider the formation of groups.
The people who have not accessed to information plus
the one who are affected is the total number N which
stays the same. Combined with the equation (1), we
have [25]

N (Nsyar . Q)
dt

Where (N*S) indicates the number of people affected
by information, A*/ indicates the rate of increase in
people who has been influenced per unit time [25]. The
equation (1) and equation (2) are identical in nature.

The proportion of people who do not contact
information and the ratio of people who are affected is
1. So we have

S(H+1(t)=1. 3)

According to equation (3) and equation (2), we can
get

B _si--s2. )
dt

Equation (4) is the Bernoulli equation. From

equation (4), we have

S a5
dt

-S'A=-1.

L dS

, SO
dt

If we define p=S~", then% =-S

dp

=-1
dt P

~ P _
l-p

=In(l-p)=-At—¢

=p=l-ce™”

1

1 —At ‘
I1+(—-1e
(S )

0

According to the expression of S(?), the diagram of the
relationship between S and ¢ can be drawn (Figure 4).
As shown in Figure 4, over time, the percentage of
people who has been effected becomes larger. At a
certain moment, almost all members are affected by
information, and the percentage of people who is
affected approaches 100%. After that, the ratio remains
the same.

If we define S(0)=S,, then §(¢)=
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Figure 4. The diagram of S(?) changes over t

The diffusion curve in Figure 4 is a logistic S-shape,
with which accord the characteristics of a chain
reaction [21]. In Figure 4, the point (z,, 1/2) is an
inflection point [28]. It means that, at the moment ¢,

the image has a maximum slope and propagation speed.

The ¢, can be obtained by equation (4). From
equation (4), we could get

a5 =-A(S —l)2 +l/1.
dt 2 4
When $=1/2, dS/dt has a maximum value.
S(t)= + = 1
1 + (7 _ 1)eflt 2
SO

:>1+(L—1)e’*’=2

1
=t =1"In(—-1).
m (S )

0

According to equation (4), the diagram of
relationship between dS/dt and S (Figure 5) can be
drawn. It can be concluded from Figure 4 and Figure 5

that when S= 1/2,¢,=4" ln(Si—l) dS/dt has the
0

maximum value. It means that at the moment 7, the
number of people affected by information increased
dramatically, and then the information propagation
speed began to slow down. Therefore, if you want to
intervene information, the moment before ¢,, is the best
time. The period before 7, can be used to control
rumors or motivate “positive energy”.
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Figure 5. The diagram of dS/dt and S

If there are three possible states for each person, the
inaction, spreaders, and the one who no longer spreads
the information (represented by I(t), S(t), and R(t),
respectively) [12, 29]. We have

I()+S()+R(t)=1. 5)

“The increasing amount of people who do not spread
information = the ratio of people who do not propagate
info * the number of people who has been affected by
information”. So we have [29]

dR
Ngz O(NS(1)). (6)

The number of people who do not spread
information is subtracted from equation (2), then we
can get [25]

N%=(NS(t))(/11(t))—9(NS(t)). @)

From equation (5), equation (6) and equation (7), we
get [27]

B _as-es. @®)
dt
dl
SIS, 9
7 )]

They are non-linear differential equations [30], so
the expression of S(t) and I(t) cannot be got. But the
variation trend of S(t) and I(t) can be got using the
nonlinear dynamics [31].

The tendency chart can be drawn by the method of
nonlinear dynamics [31-32]. As is shown in Figure 6
and Figure 7. Figure 6 reflects the changes of various
proportions with time 7 The percentage of effected
people is getting bigger and bigger as time goes by,
however, the proportion of people who have not been
affected is gradually reduced. Figure 7 is a graph about
the relations between S and I. The arrows in Figure 7
represent the track direction of curve. The values of S(t)
increase with time increasing and the values of I(t)
reduce with time. But when S(t) increases to a certain
extent, S(t) will reduce with time ¢.
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Figure 7. The relationship of S and |

If we only change the value of Sy or A in the

formula S(¢) = !

1+(——1e™
(S Je

0

, the diagram of S(t) and

t can be got (Figure 8 and Figure 9). Due to the
different values of Sy or 4, the time required to reach 1
i1s different. With the increase of Sy or A, the time
required for S(t) to approach 1 is reduced. According
to the formula
as _ —/I(S—l)2 L andz, = 1" ln(i—l) , it can be
dt 2 4 S,

deduced that when S=1/2, dS/dt has the maximum
value. But the time ¢, which affected by A and S is
different. In order to transfer “positive energy”, the
information should be discussed more at the initial
time, then the information can be quickly spread
through the whole network. As to rumor, effective
measures should be taken to prevent it from spreading
before #,,.. For example, the government timely releases
information to reduce A or controls rumormongers
contact with others. The normal information will
slowly fade away.
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If we only change the value of S and I in formula (8)
and formula (9), Figure 10 and Figure 11 can be
obtained. In Figure 10, sub graph (a) is a relationship
diagram between S(t) and t, when the original value is
not the same; with the different original value, the
relationship between I(t) and ¢ is shown in sub graph
(b). As can be seen from Figure 10, each curve of S(t)
has rising and falling process, while I(t) is a directly
decline curve. This is consistent with the actual
situation. In the process of information propagation,
more and more people are affected by information, at
the same time, the number people who have not been
affected is gradually decreasing. The information
propagation can be divided into transmission stage and
weaken stage. In transmission stage S(t) increases
rapidly. While in decay stage S(t) gradually reduces. If
the initial value increases, then the number of infector
is likely go on rising at the beginning, and the time
required for S(t) and I(t) to reach a relatively stable
state is shorter. Information need to be intervened in
dissemination phase, in order to control information
dissemination. Rumors propagation can be throttled or
“positive energy” be encouraged by controlling the
number of infector at the beginning. As we all know
S(t)>0; 1(t)>0. According to formula (5) we can
get I(1)+S(¢)<1. The relation graph of S and I in
region D can be drawn, as shown in Figure 11 [27]
DO={(S,)|S®)=20,1(t)=20,I(t)+S(r)<1}). As can
be seen from Figure 11, no matter how changes the
initial values, curves will intersect with X axis.
Whether rumors, normal information or “positive
energy”, they will disappear.
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If we only change A in formula (8) and formula (9),
Figure 12 and Figure 13 can be obtained. The I(t)
variation with time t is shown in Figure 12. Figure 13
is a relationship between S(t) and t. Seen from Figure
12, Figure 13, I(t) has different final values and S(t)
has different peaks. It means that the information has
high transmission rate and wide impact scope, when
the value of 4 is bigger. So there is a larger S(t) in the
stage of transmission, that is to say the proportion of
infector is larger. With the relatively large A, the
propagation speed becomes lager, and the number of
people who is not affected will reduce. The number of
infector can be throttled by controlling the value of 4.
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Figure 13. The diagram of S and t

If we only change the value of € in formula (8) and
formula (9), Figure 14 and Figure 15 can be drawn.
The I(t) variation with time t is shown in Figure 14.
Figure 15 is a relationship between S(t) and t. As
shown in Figure 14, when the value of € is different,
I(t) reaches a stable state at different time and has a
different final value. As the & value increases, the
time required for I(t) to reach a steady state is longer.
In Figure 15, when the value of @ is different, the peak
of S(t) is different too. With the increase of €, the
peak of S(t) is gradually reduced. Rumors can be
eliminated or “positive energy” be encouraged by such
means as government intervention or educational
propaganda.

1.0

0.8

0.6

0.2F

0.0
0

Figure 14. The diagram of I and t
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The effects of a single parameter are not significant
in the above graphs. What are the impacts of changing
the multiple parameters? If we definec=6/1, then ¢
is called relative transfer rate [31]. From equation (8)
and equation (9), we can get

as o

—=—-1. 10

17/ (10)
If we define

I=1,. an

Then from equation (10) and equation (11), we have

S=(S, +IO)—I+oln1i.

0

With different o, the diagram about S and I in region D
(D={(S,D)|S®)=0,1(t)>0,S(¢t)+ I1(¢) <1}) is shown
in Figure 16. The arrow in Figure 16 represents the
direction of motion. As shown in Figure 16, when o >
Iy, S(t) is a decreasing function and finally tends to 0,
such as sub graph (c), sub graph (f) and sub graph (h).
When o < I, S(t) increases to the maximum and then
gradually reduces to 0, such as sub graph (a), sub graph
(b), sub graph (d), sub graph (g) and sub graph (k).
However in the sub graph (e) o=I, S(t) is a decreasing
function. So the information propagation is not
unconditional and it closely relates to every parameter.

In order to control rumors, the government should
publish information to explain or verify rumors [32].
Because of government involvement, more and more
people no longer believe in or spread the rumor. The
rumors could be controlled by increasing the value of
6 or reducing the value of S(t). In order to motivate
“positive energy”, the government should publish
information to expand the scope of information
dissemination. The value of @ will decrease, and the
curve of S(t) will rise. In this way, the scope of
information transmission will be expanded. For normal
information, it does not need too much intervention.
But no matter how changes the parameters, S(t) will
intersect with the X axis, and the information will
disappear too. The difference is just time. Optimization
algorithms can be used to find a moment which has the
maximum velocity of propagation, such as particle
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Figure 16. The diagram of S and I

swarm optimization algorithm (PSO) and ant colony
algorithm (ACS). We could utilize this moment to
control information propagation.

4 The Weight of the Whole Network

The weight of whole network will be considered in
this section. A smaller weight represents an inactive
network, in which the members have less connection.
Adding a weight parameter, the previous equations can
be expressed as the following form.

Adding a weight parameter in the equation (2), we
can get

ds

N—=(NSAu,1 a2)
dt
das
=—=8SAul.
d 72

Plugging equation (3) into the equation (12), we get
ds

—=SAu(1-5), 13)
dt

as

E— S/l/ll = —A«ILIISZ.

Equation (13) is a Bernoulli equation, it is the same
as equation (4). Based on equation (13), we can get
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If we define S(0) =S,, then S(t) can be expressed as

S()=———
1+(——1e ™
( 3 )
S(t), the relationship diagram about S and time ¢ can be
drawn (Figure 17).

. According to the expression of

Figure 17. The relationship between S(t) and t

As shown in Figure 17, when the value of
increases, the time required for curve to reach the
maximum will reduce. That is to say, the more active
the whole network, the faster information spread.
Rumors could be controlled by reducing the weight of
whole network, for example forbidding speech or
limiting the network speed. “Positive energy” could be
motivated by increasing the weight of whole network.
For example encourage people to discuss the “positive
energy” or rolling broadcast this “positive energy” in
various social networks.

Adding a weight parameter in equation (8) and
equation (9), we can get

ﬁ=/’t,ulIS—9,ulS , 14)
dt
dl
= A IS . 15)

The equation (14) and equation (15) are non-linear
differential equations. When the y; is different, Figure
18 can be got. Figure 18 reflects the relationship about
the various proportion and time. As shown in Figure 18,
when the value of y; increases, the time required for I(t)
to reach a steady state will reduce, the time required for
S(t) to appear a peak is earlier. As to rumor, we can
reduce the weight of the whole network to delay peak
time. In order to control rumor, government should
take measures before the peak arrival. Such as limiting
network speed, or preventing infector from contacting
with others [33]. As to “positive energy”, we can
increase the weight of the whole network to let the
peak earlier arrival. For example encouraging more
people to discuss this “positive energy”.
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5 Conclusions and Discussions

Good news never goes beyond the gate, while bad
news spread far and wide. The rumor has a lot of
harms, such as effecting a person’s reputation, making
a company bankruptcy, and even endangering state
security. So effective measures should be taken to
control rumors. While the “positive energy” could
make a person more confident and optimistic.
Therefore, we should establish a long-term control
system that could decrease the negative influences and
allow the positive functions of online rumors. In order
to build a more harmonious society, the “positive
energy” should be spread widely.

The propagation of rumors and positive energy is
studied in this paper. Detailed information can be
concluded as following. First, the model of information
propagation which include rumor, normal information
and “positive energy” is studied. Second, the effects of
each parameter on model are analyzed. Third, the
impact on weight of the whole network is studied. The
experimental results show that the information
propagation is not unconditional and it is closely
related to many factors. According to different
situations, the government or related departments
should take appropriate measures to handle
information propagation. Rumors can be controlled and
“positive energy” be encouraged by changing the
weight (activity) of whole network.

The research of information propagation is



beneficial to social network studying, and it is
necessary to do more research in information
communication. For instance, what will happen when
the scale of network changed? And how to propagate
information when the structure of network changed?
These problems will be further studied in the future.

Acknowledgments

The authors thank the Colleges and Universities in
Hebei Province Science and Technology Research
Project (QN20131081), Project Supported by the
Natural Science Foundation of Hebei Province
(F2015402070, F2015402114), National Natural
Science Foundation of China Fund (41373101) and
Science and Technology Re-search and Development
Project of Handan City (1426109077-3) for supporting
this project.

References

[11 X. F. Wang, G. Chen, Complex Networks: Small-world,
Scale-free and Beyond, /IEEE Circuits and Systems Magazine,
Vol. 3, No. 1, pp. 6-20, First Quarter, 2003.

[2] S. H. Strogatz, Exploring Complex Networks, Nature, Vol.
410, No. 6825, pp. 268-276, March, 2001.

[3] C. Nicolaides, L. Cueto-Felgueroso, R. Juanes, Anomalous
Physical Transport in Complex Networks, Physical Review E,
Statistical, Nonlinear & Soft Matter Physics, Vol. 82, No. 5,
pp- 2821-2829, November, 2010.

[4] L. Sheng, C. G. Li, English and Chinese Languages as
Weighted Complex Networks, Physica A: Statistical
Mechanics and its Applications, Vol. 388, No. 12, pp. 2561-
2570, June, 2009.

[5] I Whalley, Developing Telematic Electroacoustic Music:
Complex Networks, Machine Intelligence and Affective Data
Stream Sonification, Organised Sound, Vol. 20, No. 1, pp.
90-98, April, 2015.

[6] R. Albert, A. L. Barabasi, Statistical Mechanics of Complex
Networks, Reviews of Modern Physics, Vol. 74, No. 1, pp.
47-97, January, 2002.

[71 L. C. Freeman, Centrality in Social Networks Conceptual
Clarification, Social Networks, Vol. 1, No. 3, pp. 215-239,
January, 1979.

[8] W. A. Peterson, N. P. Gist, Rumor and Public Opinion,
American Journal of Sociology, Vol. 57, No. 2, pp. 159-167,
September, 1951.

[9] N. Kumar, C. C. Lin, Reliable Multicast as a Bayesian
Coalition Game for a Non-stationary Environment in
Vehicular Ad Hoc Networks: A Learning Automata-based
Approach, International Journal of Ad Hoc & Ubiquitous
Computing, Vol. 19, No. 3/4, pp. 168-182, July, 2015.

[10] H. F. Zhang, F. Xiong, Y. Liu, H.-C. Chao, Modeling and
Analysis of Information Dissemination in Online Social
Networks, Journal of Internet Technology, Vol. 16, No. 1, pp.
1-10, January, 2015.

The Spread of Rumors and Positive Energy in Social Network 1523

[11] M. Kosfeld, Rumours and Markets, Journal of Mathematical
Economics, Vol. 41, No. 6, pp. 646-664, September, 2005.

[12] L. Zhao, H. Cui, X. Qiu, X. Wang, J. Wang, SIR Rumor
Spreading Model in the New Media Age, Physica A:
Statistical Mechanics and its Applications, Vol. 392, No. 4,
pp- 995-1003, February, 2013.

[13] R. Cao, C. G. Feng, Internet Rumors Can be Prevented and
Treated, Media Observer, No. 2, pp. 51-53, February, 2015.

[14] H. El-Khoury, R. Laborde, F. Barrere, A. Benzekri, M.
Chamoun, A Data Flow-oriented Specification Method for
Analysing Network Security Configurations, International
Journal of Internet Protocol Technology, Vol. 8, No. 2/3, pp.
58-76, December, 2014.

[15] L. Wang, Y. Zhao, S. H. Liang, K. Shi, Microblog Social
Network Analysis based on Network Group Behavior,
Advanced Materials Research, Vol. 798-799, pp. 435-438,
September, 2013.

[16] Z. H. Wu, Research on the Model of Social Network, Ph. D.
Thesis, University of Science and Technology of China,
Hefei, China, 2012.

[17] S. K. Walker, Connected: The Surprising Power of Our
Social Networks and How They Shape Our Lives, Journal of
Family Theory & Review, Vol. 3, No. 3, pp. 220-224,
September, 2011.

[18] S. A. Hassan, M. A. Ingram, Analysis of an Opportunistic
Large Array Line Network with Bernoulli Node Deployment,
IET Communications, Vol. 8, No. 1, pp. 19-26, January, 2014.

[19] J. Contreras-Castillo, S. Zeadally, J. A. G. Ibafiez, Solving
Vehicular Ad Hoc Network Challenges with Big Data
Solutions, /ET Networks, Vol. 5, No. 4, pp. 81-84, July, 2016.

[20] L. C. Freeman, A Set of Measures of Centrality Based on
Betweenness, Sociometry, Vol. 40, No. 1, pp. 35-41, March,
1977.

[21] W. de Nooy, A. Mrvar, V. Batagelj, Exploratory Social
Network Analysis with Pajek, Cambridge University Press,
2005.

[22] L. Zhao, J. Wang, Y. Chen, Q. Wang, J. Cheng, H. Cui, STHR
Rumor Spreading Model in Social Networks, Physica A:
Statistical Mechanics and Its Applications, Vol. 391, No. 7,
pp. 2444-2453, April, 2012.

[23] Q. Huang, L. Min, X. Chen, Susceptible-infected-recovered
Models with Natural Birth and Death on Complex Networks,
Mathematical Methods in the Applied Sciences, Vol. 38, No.
1, pp. 37-50, January, 2015.

[24] S. Han, F. Zhuang, Q. He, Z. Shi, X. Ao, Energy Model for
Rumor Propagation on Social Networks, Physica A:
Statistical Mechanics and Its Applications, Vol. 394, pp. 99-
109, January, 2014.

[25] J. Yang, M. Shen, Y. Lin, The Third Mathematical Modeling
Contest: Rumor Spreading at China Institute of Industrial
Relations, China Institute of Industrial Relations, May, 2011.

[26] L. A. Huo, T. T. Lin, C. J. Fan, C. Liu, J. Zhao, Optimal
Control of a Rumor Propagation Model with Latent Period in
Emergency Event, Advances in Difference Equations, Vol. 54,
No. 1, pp. 1-19, February, 2015.

[27] L. Li, Research on Influence Models and Algorithms of



1524 Journal of Internet Technology Volume 19 (2018) No.5

Social Networks, Master Thesis, Beijing Jiao Tong University,
Beijing, China, 2010.

[28] J. Wang, L. Zhao, R. Huang, SIRaRu Rumor Spreading
Model in Complex Networks, Physica A: Statistical
Mechanics and its Applications, Vol. 398, pp. 43-55, March,
2014.

[29] T. Harko, F. S. N. Lobo, M. K. Mak, Exact Analytical
Solutions of the Susceptible-infected-recovered (SIR)
Epidemic Model and of the SIR Model with Equal Death and
Birth Rates, Applied Mathematics and Computation, Vol. 236,
pp- 184-194, June, 2014.

[30] R. Xu, Z. Ma, Global Stability of a SIR Epidemic Model with
Nonlinear Incidence Rate and Time Delay, Nonlinear
Analysis: Real World Applications, Vol. 10, No. 5, pp. 3175-
3189, October, 2009.

[31] http://www.docin.com/p-692192029.html

[32] X. X. Zhao, J. Z. Wang, Dynamical Behaviors of Rumor
Spreading Model with Control Measures, Abstract and
Applied Analysis, Vol. 2014, Article ID 247359, pp. 1-11,
June, 2014.

[33] W. Li, S. Tang, S. Pei, S. Yan, S. Jiang, X. Teng, Z. Zheng,
The Rumor Diffusion Process with Emerging Independent
Spreaders in Complex Networks, Physica A: Statistical
Mechanics and its Applications, Vol. 397, pp. 121-128,
March, 2014.

Biographies

Long Sheng received the M.S. and
Ph.D. degrees in the University of
Electronic Science and Technology of
China. He is a lecturer in the School
of Information Science and Electrical
Engineering, Hebei University of
Engineering. His research interests
include pattern recognition,
application of fuzzy set theory and complex network.

Xiaoyun Guang is a master graduate
student of the School of Information
Science and Electrical Engineering,
Hebei University of Engineering. Her
research interests include complex
network.

Xiaoyu Ma received the M.S. degree
from Dalian University of Technology,
Dalian, China, in 2008. She is
currently a Research Assistant in the
School of Civil Engineering, Hebei
University of Engineering. Her

. I research interests include statistical
signal processing techniques, fuzzy systems and
pattern recognition.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


