
Research Article
Rumor Dynamic Model considering Intentional Spreaders in
Social Network

Yan Wang ,1,2 Feng Qing ,1,2 and Lei Wang 3

1School of Data Science and Intelligent Media, Communication University of China, Beijing 100024, China
2State Key Laboratory of Media Convergence and Communication, Communication University of China, Beijing 100024, China
3Department of Mathematics, University of Manchester, Manchester, M13 9PL, UK

Correspondence should be addressed to Feng Qing; qing329364213@cuc.edu.cn

Received 13 November 2021; Accepted 4 February 2022; Published 26 February 2022

Academic Editor: A. E. Matouk

Copyright © 2022 Yan Wang et al. ,is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

,e development of network technology has created various platforms andmethods for information dissemination.When rumors
spread in social networks, they will rapidly spread and may cause social harm. Also, there are groups in social networks that create
and spread rumors for the purpose of profit, thus expanding the scope of rumors. ,erefore, based on the theory of complex
network propagation dynamics, the study of the propagation law of rumors and the design of effective prevention and control
strategies is of practical importance and theoretical significance for understanding the propagation laws of rumors and controlling
the outbreak of rumors. ,e spreading process of rumors on social network platforms is focused here. ,e intentional spreader
based on the classic rumor-spreading model is introduced. First, 2SIR rumor-spreading models on homogeneous and het-
erogeneous networks are established, respectively. Second, the steady-state analysis was separately carried out, and the corre-
sponding propagation critical value was obtained: in the homogeneous network, the condition for the large-scale spread of rumors
is α>m/korβ> δ/k; in the heterogeneous network, the condition for the large-scale spread of rumors is α>mk/k2orβ> δk/k2.
Finally, the simulation calculation and model feasibility verification were carried out on the model. ,e results show that the
theoretical propagation threshold corresponds with the simulation results. According to the simulation results, the final influence
of rumors has significantly decreased with decreasing values of β (intentional spreading rate) instead of α (unintentional spreading
rate). It can be concluded that in the real-life rumor control process, more resources need to be invested in reducing the rate of
intentional transmission instead of being indiscriminately put on controlling all spreaders of rumors.

1. Introduction

Rumors are news without fact, and their essential feature
is unproven [1, 2]. “Webster English Dictionary” considers
rumors to be a kind of gossip, rumor, or public opinion
that lacks true evidence or is unproven, and it is difficult
for the public to judge the authenticity. [3] Rumors can
originate from people’s fabrication of public events out of
thin air based on real news but limited by objective
conditions leading to incomplete information dissemi-
nation and so on. In most cases, the dissemination of
rumors will cause a certain amount of harm to citizens and
even the society. Small ones can damage personal cred-
ibility, and large ones can affect social stability and
damage the image of the country. In the past, rumors

could only be realized in the form of face-to-face com-
munication, but with the development of social networks,
the spread of rumors broke the limitations of time and
space and can be widely spread in a short time. At the
same time, the spreading path is becoming increasingly
complex. In China, the social networking platforms
commonly used by the public include Weibo, WeChat,
etc., while abroad, there are Instagram, Twitter, and
Facebook. ,e existence of these platforms has greatly
reduced the cost of spreading rumors, and the impact has
become more serious. ,erefore, once a rumor is gen-
erated and spread on the internet, the public cannot easily
distinguish the authenticity and may intentionally or
unintentionally promote its spreading, making the situ-
ation out of control.

Hindawi
Discrete Dynamics in Nature and Society
Volume 2022, Article ID 6044099, 10 pages
https://doi.org/10.1155/2022/6044099

mailto:qing329364213@cuc.edu.cn
https://orcid.org/0000-0003-0301-7222
https://orcid.org/0000-0001-5085-2621
https://orcid.org/0000-0002-3163-2081
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6044099


,e factors that affect the spread of rumors are the
characteristics of the rumors themselves and the differences
in individual behaviors. In reality, there is a phenomenon
that individuals or organizations create “marketing ac-
counts” for self-media marketing activities and participate in
online public opinion events to drive traffic to achieve profit-
making purposes. ,e existence of such groups can easily
magnify social phenomena [4], and in the process of
spreading rumors, it is easy to give a great impetus to ru-
mors. In addition, the individual behavior of the public also
affects the direction of information dissemination. People’s
personality characteristics, herd psychology, trust in infor-
mation, and discriminative ability are all important influ-
ential factors [5].

For most of the quantitative research on the spread of
rumors, the epidemic model is the theoretical basis. In 1927,
Kermack and McKendrick’s SIR (susceptible-infected-re-
covered) model, SIS (susceptible-infected-susceptible)
model, and threshold theory [6] were the earliest research on
the dynamics of infectious diseases. Since the spread of
rumors is highly similar to the epidemic, epidemic models
are often used in quantitative research on rumor-spreading
models. So, in the 1960s, Daley and Kendall [7, 8] first
proposed using an infectious disease model to solve rumors
in their paper, called the DK model. ,ey divided the
population into the following three categories: people who
had not heard of rumors, people who spread rumors, and
people who had heard but no longer spread rumors. ,ese
three groups correspond to “susceptible,” “infected,” and
“recovered” in the SIR model, respectively. However, the key
difference between the spread of rumors and the spread of
the epidemic is that individuals’ attitudes toward rumors are
subjective, and the public has different ways of handling
rumors under different educational backgrounds and social
concepts. At the same time, the external environment of its
propagation is also more complicated [9]. ,erefore, in the
research on the dynamics of rumor spreading, researchers
have extended its direction to individual differences, com-
plex networks, etc., to better simulate the real-spreading
environment.

To minimize rumors’ impact on public daily life and
social stability, some mathematical model should be
established to explore the law of rumor spreading. It is of
practical significance to control the rumors in their
spreading process.

In the application of the communication model, the SIR
model and the SEIR (susceptible-exposed-infected-recov-
ered) model are most widely used. In 2001, Zanette [10, 11]
first combined the SIR model with complex network theory
and proposed rumor dynamics on complex networks. Since
then, the rumor-spreading dynamics on complex networks
began to enrich. On the basis of Zanette’s research, a large
number of researchers consider the influence of many
factors to improve their models.

Many researchers considered the differences in indi-
vidual behavior and characteristics and introduced different
states and behaviors into the model. Gu and Xia [12] pro-
posed that if an individual in an immune state is an exposed
state in the previous state, it may become a spreader with a

certain probability after being exposed to rumors for a
number of times and will not always maintain an immune
state. Wang et al. [13] established a SIRaRu (spreader-ig-
norant-stifler1-stifler2) rumor-spreading model and studied
the propagation and immune thresholds in homogeneous
and heterogeneous networks, respectively. ,e mechanisms
of forgetting and losing interest were introduced in the
spread of rumors. It is found that the final size of rumors is
greatly affected by the forgetting rate. Xia et al. [14] added
the attractiveness and fuzziness of rumors to an improved
SEIR rumor propagation model and introduced a hesitation
mechanism in complex social networks. Huo et al. [15]
established the SIbInIu (the four groups are recorded as S, Ib,
In, and Iu, respectively) model and applied it to both ho-
mogeneous and heterogeneous networks. It is noteworthy
that in the study, the author suggested that when a spreader
contacts someone who has already known the rumor, the
spreader will lose interest in spreading the rumor and will no
longer propagate with probability. In addition, some re-
searchers have classified spreaders. Huo et al. [16] consid-
ered the activity level of nodes and divided the types of
spreaders into high frequency and low frequency,
respectively, thus establishing an I2SR (ignorant-spreader1-
spreader2-stifler) model. Huo and Cheng [17] also
considered the indiscernible degree, established an IWSR
(ignorant-wiseman-spreader-stifler) model with a self-
growth mechanism, and described the steady-state dynamic
theory of rumor propagation by calculating the propagation
threshold. Studies have shown that the stronger the indi-
vidual’s ability to grow, the smaller the scale of the rumors.
At the same time, the greater indiscernible the degree of the
rumors is, the greater the influence of the rumors will be.

In real life, for groups who do not believe in rumors, they
may become the ones who hinder and prevent the spread of
rumors. For this reason, Zan et al. [18] introduced the
counterattack mechanism and resistance characteristics by
adding the counterattack group C to the classical SIR model
and introduced the SICRmodel to show the individual’s self-
resistance to rumors. Wan et al. [19] believed that in reality,
besides the people who spread rumors, there are also people
who spread the truth. ,erefore, based on the SIR rumor
propagation model, the SIERsEs (spreader-ignorant-elimi-
nator-rstifler-estifler) model is built, and the rumor cleaner
who will reveal the rumors by the truth is introduced into the
model.

In addition, in social networks, there is not only one type
of rumor spread at a time but also multiple rumors may
spread at the same time. ,ere may be a derivative or game
relationship between these rumors. Liu et al. [20] proposed a
susceptibility-hesitation-infection-removal (SHIR) model of
dual information competition based on individual person-
alization and opinion divergence, in which the hesitation
state is a neutral state in dual information competition. It is
found that the final result of the competition is related to the
ratio of two information communication thresholds.
Trpevski et al. [21] extended the SIS model and established
two rumor-spreading models with different acceptance
probabilities, where one of the rumors will be prioritized and
dominate the network. Wang [22] considered the high
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indiscernibility of rumors and the confrontation mechanism
between rumors and truth in reality and proposed the
2SIH2R (spreader1-spreader2-ignorant-stifler1-stifler2)
model. Finally, it is concluded that the higher the degree of
indiscernibility, the greater the influence of rumors; the
stronger the confrontation mechanism, the less the influence
of rumors.

In summary, in recent years, research on rumor-
spreading models has become increasingly diversified. By
subdividing various groups of people and considering the
coexistence of multiple information, we can study com-
munication behaviors that are more suitable for real social
networks. So far, many works have contributed to the dy-
namic model of rumor spreading, but there are still some
parts to be improved:

(a) In real life, the reasons why rumors can spread on a
large scale can be roughly divided into two types: one
of them is that rumors are highly indiscernible and
closely related to daily life. Another reason is that
some people intentionally spread rumors for benefits
in the era of rapid development of social networks,
which leads to the increasing influence of rumors.
,e abovementioned references only considered the
influence of the rumors’ indiscernibility in their
model, but the influence of the people who inten-
tionally spread rumors is not included.

(b) Second, most model topologies designed in refer-
ences are linear serial structures, such as SIR or SEIR
models. ,ese models have low flexibility and
versatility.

(c) ,ird, most previous works put all spreaders into
one category, that is, these people are assumed to be
not different. But in practice, people think differently
when they spread rumors, and some people even do
not even know they are spreading rumors.

(d) At last, most studies categorize people by consid-
ering that they are in different stages of rumor
transmission, while seldomly dividing the people
from people’s motivation and purpose.

,erefore, we here consider the motivation-driven
mechanism, model structure, spreader heterogeneity, and
population classification of the rumor spreading to improve
the existing models.

In reality, there is such a phenomenon that some individuals
will unconsciously participate in the spread of rumors when
they communicate with others on social networks. At the same
time, there is also a phenomenon where the spread of online
rumors is often further spread by intentional marketing or
personal negative psychology. In the abovementioned refer-
ences, this point is not considered. Based on the original SIR
model, we here introduce the intentional spreaders to expand
the model to a 2SIR (unintentional spreader-intentional
spreader-ignorant-stifler) model and explore their influence in
the spread of rumors. ,en, the spreading threshold of the
model in homogeneous and heterogeneous networks is studied
and simulations are carried out to study the influence of changes
in parameter values on the spread of the rumor.

2. SIR Rumor Spreading Model

In recent years, a large number of intentional spreading
phenomena have appeared in the social network, which is a
special situation in online spreading and has a strategic
spreading effect. ,is type of spreading method is based on
real information, by amplifying the content that is consistent
with the audience’s emotions to create rumors and attract
attention.

In the era of pan media, the public lacks independent
thinking on network events and has formed unconscious
habits of disseminating information. Because of their cu-
riosity, they are attracted by the mysterious events in a
complex online environment, which drives the event to
higher heat. In addition, some references have mentioned
that information recipients have a higher degree of trust in
the news of nonstakeholders such as family members,
friends, and so on [23]. As a result, people will unconsciously
become the promoter of rumor spreading, that is, unin-
tentionally spreading rumors. Meanwhile, Shen [24] men-
tioned in the study that people pay more attention to the
clout, freshness, and curiosity of social network information
than the authenticity of the information. When people ac-
tively choose information, the overflow of negative infor-
mation will weaken their judgment. Individuals with poor
judgment are more susceptible to emotional arousal, espe-
cially by marketing-driven spreaders, which makes it easier
for them to spread rumors.

However, even if rumors spread everywhere, the public
will be willing to seek and explore the truth. Albert and
Postman point out that the basic conditions for rumors to
spread include the fuzziness of events [25]. When the
fuzziness is smaller, that is, the public’s revealing psychology
is stronger, more details of the incident are dug up, and the
influence of rumors will be reduced. ,erefore, in recent
models the parameter m is introduced to represent the
probability of the public seeking the truth.

In this section, we assume that people in the network can
be divided into four categories: spreader 1 (S1), spreader 2
(S2), ignorant (I), and stifler (R). Among them, spreader 1
represents people who unintentionally spread the rumor;
spreader 2 represents people who intentionally spread the
rumor; ignorants are people who have never heard of the
rumor; and stiflers are people who have heard the rumor but
do not spread. ,e rumor-spreading process of the 2SIR is
shown in Figure 1.

,e rules of rumor spreading of the 2SIR model can be
summarized as follows:

(a) When the ignorant contacts the unintentional
spreader S1, the ignorant converts to the uninten-
tional spreader S1 with probability α (unintentional
spreading rate). When the ignorant contacts the
intentional spreader S2, the ignorant converts to the
intentional spreader S2 with probability β (inten-
tional spreading rate).

(b) When the unintentional spreader S1 contacts the
intentional spreader S2, the S1 may become S2 with
probability θ. When the unintentional spreader S1

Discrete Dynamics in Nature and Society 3



contacts the people who have known the rumor
(S1, S2, and R), the former may become R with
probability λ because of the loss of interest. Due to
the influence of the external environment (e.g.,
media reports) and one’s own education level, when
the people in S1 question the authenticity of a rumor,
they will go to verify it and stop spreading it with
probability m.

(c) When the intentional spreader S2 loses the temp-
tation of interest or the topic of interest declines over

time, they becomeR with probability δ and no longer
spread the rumor.

In a homogeneous network, I(t), S1(t), S2(t), and R2(t)

represent the densities of the ignorant, spreader 1, spreader
2, and stifler, respectively, at time t. For any time t, there is
always I(t) + S1(t) + S2(t) + R(t) � 1. Based on the above
rules of spreading of the 2SIR model, the mean-field
equations can be given as follows:

dI(t)

dt
� −αS1(t)I(t)k − βS2(t)I(t)k, (1)

dS1(t)

dt
� αS1(t)I(t)k − θS1(t)S2(t)k − λS1(t) S1(t) + S2(t) + R(t)( k − mS1(t), (2)

dS2(t)

dt
� βS2(t)I(t)k + θS1(t)S2(t)k − δS2(t), (3)

dR(t)

dt
� mS1(t) + δS2(t) + λS1(t) S1(t) + S2(t) + R(t)( k, (4)

where 〈k〉 represents the average degree of the generated
network.

Social media has become the main platform for network
interaction and information dissemination due to its con-
venience, low cost, and speed. [26] It was found that in
reality, many social networks are closer to heterogeneous

networks, and the topological structure is more complex
than homogeneous networks [27]. ,erefore, studying the
dynamic model of rumors on heterogeneous networks can
more realistically simulate the spread of rumors in real
networks. In a heterogeneous network, the mean-field
equations can be given as follows:

dIk(t)

dt
� −αkIk(t) 

k′

S1k′(t)P k′ | k(  − βkIk(t) 

k′

S2k′(t)P k′ | k( , (5)

dS1k(t)

dt
� αkIk(t) 

k′

S1k′(t)P k′ | k(  − θkS1k(t) 

k′

S2k′(t)P k′ | k(  − λkS1k(t)

· 

k′

S1k′(t) + S2k′(t) + Rk′(t)( P k′ | k(  − mS1k(t),
(6)

dS2k(t)

dt
� βkIk(t) 

k′

S2k′(t)P k′ | k(  + θkS1k(t) 

k′

S2k′(t)P k′ | k(  − δS2k(t), (7)

dRk(t)

dt
� mS1k(t) + δS2k(t) + λkS1k(t) 

k′

S1k′(t) + S2k′(t) + Rk′(t)( P k′ | k( , (8)

where Ik � NI,K/Nk represents the number of the ignorants
with degree k divided by the total number of people with
degree k, P(k′ | k) is the probability that a node with degree k

is linked to one with degree k′, and k′S1k′(t)P(k′ | k) is the
probability that an edge of a node with degree k links to a
spreader 1 node at time t.

3. Steady-State Analysis

In this section, through the steady-state analysis of the
model, the conditions under which rumors can spread in a
wide range of homogeneous and heterogeneous networks
are obtained. In the early days of the spread of rumors, very
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few people knew the rumors. It is assumed that there are N

nodes in the network.,erefore, without loss of generality, it
is assumed that I(0) � (N − 2)/N ≈ 1, S1(0) � S2(0) � 1/

N ≈ 0, and R(0) � 0. In a homogeneous network, the Ja-
cobian matrix corresponding to the systems (1)–(4) is as
follows:

J �

−αS1(t)I(t)k − βS2(t)I(t)k −αI(t)k −βI(t)k 0

αS1(t)k αI(t)k − θS1(t)k − λ(1 − I(t))k − m −θS1(t)k 0

βS2(t)k θS2(t)k βI(t)k + θS1(t)k − δ 0

0 m + λ(1 − I(t))k δ 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (9)

Clearly, the systems (1)–(4) have a disease-free equi-
librium E0 � (I(0), S1(0), S2(0), R(0)) � (1, 0, 0, 0). So, we
have the following:

J E0(  �

0 −αk −βk 0

0 αk − m 0 0

0 0 βk − δ 0

0 m δ 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (10)

,e characteristic equation can be calculated as

J E0(  − μE


 �

−μ −αk −βk 0

0 αk − m − μ 0 0

0 0 βk − δ − μ 0

0 m δ −μ





� 0. (11)

Solving equation (11), we can get the following:
(μ1, μ2, μ3, μ4) � (0, 0, αk − m, βk − δ). According to the
Routh-Hurwitz criterion, the system is stable at E0 only
when all eigenvalues are not greater than 0, which means
if the systems (1-4) are locally asymptotically stable at E0,

the condition that max αk − m, βk − δ ≤ 0 will be estab-
lished. Moreover, the rumor cannot spread in a wide
range, because the system is stable at the initial position.
,us, the condition for the rumor to spread on a large
scale is α>m/k or β> δ/k.

In a heterogeneous network, without loss of generality, it
is assumed that Ik(0) � (N − 2)/N ≈ 1,
S1k(0) � S2k(0) � 1/N ≈ 0, and Rk(0) � 0. According to
Ik � Nk,i/Nk, it is easy to get
Ik(t) + S1k(t) + S2k(t) + Rk(t) � 1, which means if the
number of three types of people is fixed, there is only one
corresponding value of the remaining one. ,erefore, re-
search on systems (5)–(8) is equivalent to systems (5)–(7).
Clearly, the systems (1)–(4) have a disease-free equilibrium
E1 � (Ik(0), S1k(0), S2k(0)) � (1, 0, 0). For convenience, we
let q(k′) � P(k′ | k) � k′P(k′)/k.

,e Jacobian matrix at E1 corresponding to the systems
(5)–(7) is as follows:

J(E1) �

A11 A12 · · · A1n

A21 A22 · · · A2n

⋮ ⋮ ⋱ ⋮
An1 An2 · · · Ann

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, where

Spreader2

Spreader1Ignorant Stifler

Spreader2

Spreader1

Spreader2
Spreader1

Stifler

Spreader2

m

α

β

θ

δ

λ

Figure 1: 2SIR rumor propagation model.
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A11 �

0 −αq(1) −βq(1)

0 αq(1) − m 0

0 0 βq(1) − δ

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠,

A1n �

0 −α × 1 × q(n) −β × 1 × q(n)

0 α × 1 × q(n) 0

0 0 β × 1 × q(n)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠,

An1 �

0 −α × n × q(1) −β × n × q(1)

0 α × n × q(1) 0

0 0 β × n × q(1)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠,

Ann �

0 −αnq(n) −βnq(n)

0 αnq(n) − m 0

0 0 βnq(n) − δ

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠.

(12)

By the mathematical induction method, the character-
istic equation can be calculated as follows:

μn
(μ + m)

n− 1
(μ + δ)

n− 1 μ2 + bμ + c  � 0, (13)

where b � m + δ − αkkqk − βkkqk and c � (αkkqk − m)

(βkkqk − δ).
Similar to the condition in a homogeneous network, it

can be obtained that in a heterogeneous network, the
condition for the spread of rumors is α>mk/k2 or β> δk/k2.

4. Numerical Simulation

In this section, the Monte Carlo method is carried out inWS
(Watts and Strogatz) small-world network [28] and BA
(Barabási and Albert) scale-free network [29] to study the
influence of parameter changes on various population
trends. By referring to the simulation part of research
[30–33], we set N � 100000 in a WS small-world network
with 8 edges per node, and the probability of random
reconnection is 0.5, setting N � 100000 in a BA scale-free
network, with 3 new edges per new node to the old nodes.
Without special instructions, we set the following parameter
values as follows: α � 0.5, β � 0.4, δ � 0.5, λ � 0.1, θ � 0.2,
and m � 0.4.

Figure 2 describes the process of density change over
time in four populations: ignorant, spreader 1, spreader 2,
and stifler. As we can see, at the beginning of the model, the
density of various populations is relatively stable, and there
is no obvious change. After a period of time, the number of
ignorant people rapidly drops, while the two types of
spreaders rapidly rise and reach a peak. ,is shows that the
rumor is spreading on the internet on a large scale. ,en, the
two types of spreaders begin to decline, and the model finally
stabilizes. ,is shows that the rumors are gradually dis-
appearing on the internet. From the comparison of the two
networks, in the BA scale-free network, the overall evolution
process of various groups of people in the process of
spreading rumors is similar to that of the WS small-world
network, but the time for the two types of spreaders to reach
the peak is shorter than that in theWS small-world network.
At the same time, it takes less time to reach a steady state.

Figure 3 shows the final density of the immunized person
R when the model is stable under different α and β con-
ditions to verify the spreading threshold of the model in the
steady-state analysis part. Among them, the darker purple
color represents the lower final density of the immune
person R; the darker red color represents the greater final
density of the immune person R. In the WS small-world
network and BA scale-free network that have been set up, the
average degree of WS small-world network is kWS � 8; av-
erage degree of BA scale-free network is kBA � 5.999 and
k2

BA � 133.873. ,erefore, when m � 0.4 and δ � 0.5 the
theoretical propagation conditions of WS small-world
network and BA scale-free network are
αWS > 0.050 or βWS > 0.063 and αBA > 0.018 or βBA > 0.022,
respectively. As shown in Figure 3(a), when αWS > 0.050 or
βWS > 0.050, the final number of immunized persons starts
to be significantly nonzero. As shown in Figure 3(b), when
αBA > 0.020 or βBA > 0.020, the final number of immunized
persons starts to be significantly nonzero. It can be seen that
the error between the actual value and the theoretical value is
very small and basically the same. It can also be seen from
Figure 3 that the spreading threshold of the BA scale-free
network is smaller. From this perspective, it can explain that
the time for the two types of spreaders in Figure 2(b) to reach
the peak is shorter than that in Figure 2(a). At the same time,
it takes less time to reach a steady state.

Figure 4 describes the changes in the unintentional
spreader over time under different α conditions. As shown in
Figure 4, as α increases, the time for the unintentional spreader
to reach the peak value is significantly shortened, and the peak
is significantly increased, but the survival time of rumors will
be significantly shortened. Under the same parameter con-
ditions, the peak value of the unintentional spreader in theWS
small-world network is higher than that of the BA scale-free
network, but the time to reach the peak is longer.

Similarly, as shown in Figure 5, with the increase in β, the
time for the intentional spreader to reach the peak is sig-
nificantly shortened, and the peak is significantly increased,
but the survival time of rumors will be significantly short-
ened. Under the same parameter conditions, the peak value
of unintentional spreader in the WS small-world network is
higher than that of the BA scale-free network, but the time to
reach the peak is longer.

Figures 6 and 7, respectively, describe the maximum
values of the two types of spreaders and the final density
of immunized persons with α and β. As shown in Figure 6,
with the increase in α, the peak value of unintentional
spreader gradually increases, and the influence of this
type of spreader will also increase, while the peak value of
intentional spreader will correspondingly decrease.
However, the sum of the peaks of the two types of
spreaders and the final number of stiflers did not sig-
nificantly change.

Similarly, as shown in Figure 7, with the increase in β,
the peak value of the intentional spreader gradually in-
creases, and the influence of this type of spreader will also
increase, while the peak value of the unintentional
spreader will correspondingly decrease. ,e difference is
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Figure 2: Density of four categories of people in different networks. (a) WS small-world network. (b) BA scale-free network.
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Figure 3: Density of stifler over time for different values of α and β at steady state. (a) WS small-world network. (b) BA scale-free network.
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Figure 4: Density of spreader 1 over time for different values of α. (a) WS small-world network. (b) BA scale-free network.
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that the sum of the peaks of the two types of spreaders and
the final number of immunized persons gradually rise to a
stable value with the increase in β.

By comparing Figures 6 and 7, for the control of the
rumor, more resources need to be devoted to reduce the
intentional spreading rate β, rather than indiscriminately
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Figure 5: Density of spreader 2 over time for different values of β. (a) WS small-world network. (b) BA scale-free network.
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Figure 6: ,e influence of different values of α on rumor spreading. (a) WS small-world network. (b) BA scale-free network.

8 Discrete Dynamics in Nature and Society



investing resources to control all spreaders of rumors. As can
be seen from Figure 6, as α decreases, the influence of in-
tentional spread increases, and this is not desirable.

5. Conclusions

,is study proposes a 2SIR rumor-spreading dynamic model
based on complex networks. ,e influence of intentional
spreader on the spread of rumors is studied, and a differential
dynamic system is established. ,e results through theoretical
derivation of the spreading threshold and numerical simulation
in Python are presented. In real life, due to the fast and wide-
ranging characteristics of the internet, some individuals or
organizations may gain attention and seek benefits by creating
or participating in internet public opinion events. ,is type of
spreader is the intentional spreader defined in this study. To
study the influence of this group of people on the spread of the
rumor, we introduce the second type of spreader on the basis of
the classic rumor-spreading model and establish a 2SIR model.
By deriving the dynamic equations, calculating the spreading
threshold, and performing numerical simulation on the WS
small-world network and the BA scale-free network, we get the
following conclusions:

(1) For the 2SIR model, in the homogeneous network,
the condition for the large-scale spread of rumors is
α>m/k or β> δ/k; in the heterogeneous network, the
condition for the large-scale spread of rumors is
α>mk/k2 or β> δk/k2.

(2) In this study, since the spreading threshold of het-
erogeneous networks is smaller than that of ho-
mogeneous networks, the time for the two types of
spreaders to reach the peak is shorter than in the
homogeneous network, and at the same time, it takes
less time to reach the steady state.

(3) With the increase in the two types of spreading
rates, the time for the corresponding two types of

spreaders to reach their peaks is significantly
shortened, and the peaks are significantly in-
creased, but the survival time of rumors will also
be significantly shortened.

(4) ,e simulation results also show that reducing the
unintentional spreading rate α does not significantly
reduce the influence of rumors. In contrast, reducing
the intentional spreading rate β can obviously
control rumors. It shows that in real life, more re-
sources need to be devoted to reduce the intentional
spreading rate, rather than indiscriminately invest-
ing resources on controlling all spreaders of rumors.

In the future, we will consider more influencing factors
to improve ourmodel, such as the influence of media and the
competition between rumors and truth.
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