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Due to the development of social media, the threshold for information dissemination has become lower than ever before. As a
special kind of information, rumors are usually harmful and are usually accompanied by a high degree of ambiguity that
makes them diﬃcult to immediately identify, but “rumors stop at wise men.” When someone identiﬁes a rumor as false and
begins spreading the truth instead, a confrontational relationship obtains between the rumor and the truth that leads to the
stiﬂing of the former. Given this, we developed a 2SIH2R model in this study that contains mechanisms of discernment and
confrontation in a heterogeneous network to examine the dissemination of the rumor and the truth. By using mean-ﬁeld
equations of the 2SIH2R model, the threshold of the spreading of each can be determined separately in three cases. The results
of a numerical simulation show that under the same conditions, the greater is the mechanism of discernment or
confrontation, the smaller is the instantaneous maximum inﬂuence and the ﬁnal range of inﬂuence of the rumor. It can be
also concluded that the earlier release of the truth about the event by the government can signiﬁcantly control the rumor.
Secondly, it is more eﬀective to publish the truth in advance than after the rumor has appeared. Thirdly, it is more important
for the government to increase education and improve the ability of citizens to reveal the rumor than to increase the spread of
the truth after the rumor occurs. These results can be used to help reduce the harmful eﬀects of rumors.

1. Introduction
With the advancement of the Internet and social network
services (SNS) such as WeChat and Facebook, the speed,
eﬃciency, and range of information dissemination have signiﬁcantly improved compared with the era of word of
mouth. As a special kind of information, rumors usually
negatively aﬀect people’s psychology and behavior, may
damage the government’s credibility, cause social shocks,
endanger public safety, and harm public interests [1–3].
The impact of rumors is especially signiﬁcant nowadays
because they can be spread more quickly and widely through
SNS. Therefore, it is necessary to study the phenomenon of
spreading rumors.
Rumors are special information that has not been oﬃcially conﬁrmed, and that might be eventually found as true
or false [4, 5]. But in this research, we assume that the

rumors are false. In 1947, Allport and Postman [6] have proposed a quantitative formula to describe the spread of
rumors:rumors = i × a (where i and a represent the importance of the given information and the degree of unknowability of the relevant event). This formula suggests that
when a rumor has a certain importance—that is, i is not
equal to zero—the higher the degree of indiscernibility of
the rumor is, the greater is its impact. Rumors that can be
disseminated have a higher degree of indiscernibility so that
they cannot be immediately identiﬁed as such. Although
rumors are confusing and have a large impact over a short
period of time, an ancient Chinese idiom holds that “rumors
stop at wise men.” When someone identiﬁes a rumor and
may begin spreading the truth, a confrontational relationship obtains between the rumor and the truth [7] that leads
to the former being stiﬂed. Therefore, establishing a model
based on this idea will better simulate the spreading process
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of rumors and study the inﬂuence of various factors on this
process. Through this model, we can study how to reduce
the spread of rumors and expand the spread of truth; how
does the time interval between the appearance of the truth
and the rumors aﬀect the entire spreading process, etc. so
that the government can take corresponding measures to
reduce the possible impact of rumors.
In light of the apparent similarities between the transmission of epidemic diseases and the spread of rumors,
models for the spread of the former are widely used to represent the dissemination of the latter [8]. Daley and Kendall
[9, 10] proposed the ﬁrst rumor spreading model, called the
DK model, that divides a given population into three categories (the people who have not the heard rumor; the people
who actively spreading rumor; the people who no longer
spreading rumor). The three categories correspond to “susceptible,” “infective,” and “recovered” in the SIR epidemic
model, respectively. In the DK model, when two individuals
in diﬀerent groups come into contact, they transfer their
identities with a certain probability. The most signiﬁcant
shortcoming of the DK model is that it ignores the topological structures of social networks. Thirty-ﬁve years after it
was proposed, this problem was solved with the development of complex network theory. In 2001, Zanette [11, 12]
ﬁrst applied complex network theory to research on rumor
spreading in a small-world network proposed by Watts
and Strogatz [13] in 1998. For a more general scenario, Moreno et al. [14] established a rumor-spreading model in 2004
and analyzed the results of a simulation of a scale-free network proposed by Barabási and Albert [15]. On the basis
of this work, a number of scholars have proposed adjustments to the classic model. Wang et al. [16] proposed that
the ignorant (people who have never heard of the rumor)
in the SIRaRu model will refuse to believe the rumor with
a certain probability after hearing it. In the same year, Wang
et al. [17] considered the existence of two rumors in the
same network and proposed the 2SI2R model, and Zhao
et al. [18, 19] proposed the SIHR model with mechanisms
for forgetting and remembering in homogeneous and heterogeneous networks, respectively.
There are many reasons and factors for why rumors can
spread widely [20], including their degree of indiscernibility
and the behavior of the individual. Huo and Cheng [21]
introduced the degree of indiscernibility of the rumor to
the IWSR model and quantitatively described it. In this
model, the author describes indiscernible degree of events
as a parameter m and then uses the function f ðmÞ to
describe transfer rate that ignorant accept and spread rumor.
Xia et al. [22] proposed the SEIR model for homogeneous
and heterogeneous networks with a hesitation mechanism.
In this model, Xia deﬁnes the degree of fuzziness of the
rumor as the parameter m which conforms to the human
mind that people like to explore the truth. The results of
their model showed that reducing the fuzziness of events
can reduce the impact of rumors. It has been shown that
improving the behavior of individuals can make them better
reveal a rumor and reduce its impact [23, 24]. Considering
mechanisms for the loss of interest and immunity, Huo
et al. [25] proposed the SIbInIu model that divides a given
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population into four categories and assumed that believers
spontaneously lose interest of the rumor with probability ω
. It is concluded that the loss of the mechanisms of interest
and immunity have a negative impact on the scale of the
ﬁnal spreading of rumors. In social networks, diﬀerent people may have diﬀerent views of a rumor. Zan et al. [7] introduced mechanisms for a counterattack and self-resistance to
the SICR model, which means that “counterattack” individuals will persuade “infective” people (people who spread the
rumor) to stop spreading the rumor. The degree of indiscernibility of rumors and the behavior of individuals play
an important role in the process of their spreading.
Some scholars consider the impact of the antirumor on
the spread of the rumor. Unlike most researches on the
spreading process of the rumor using epidemic models,
Askarizadeh [26] proposed a method based on game theory
to study the spreading process of the rumor. This model
considers a rumor control mechanism, which is to send antirumor information through the rumor control center, and
studies the factors that aﬀect people’s decision-making,
including social anxiety, people’s attitude toward rumor/
antirumor, strength of rumor/antirumor, inﬂuence of rumor
control centers, and participation of people in discussions.
Through simulation, it is concluded that a persuasive antirumor and rumor control center can signiﬁcantly aﬀect the
spread of the rumor. Zhang [27] improved the SIR model,
taking into account 8 factors such as information attraction,
objective identiﬁcation of rumors, subjective identiﬁcation of
people, the degree of trust of information media, spread
probability, reinforcement coeﬃcient, block value, and
expert eﬀects. In this paper, the people are divided into 8 categories, and the inﬂuence of various factors on the spread of
the rumor is studied by means of simulation. It is concluded
that higher subjective and objective identiﬁcation will prevent rumor spreading. On the basis of the SIR model, Ji
[28] considered the two spreading mechanisms of the time
when the antirumor joined the network and studied the
spreading process of the antirumor on complex networks.
Through the simulation method, the relevant conclusions
about the time threshold for the antirumor to join the network are drawn: the time threshold is a quantity related to
the network structure; it decreases with the increase of the
average degree until it decreases to 0; the earlier the joining
time, the rumor can be controlled as soon as possible; when
the antirumor exceeds the time threshold, the time eﬀect will
not be able to control the rumor. Jiang [29] separately modeled the two processes of rumor generation and the addition
of “anti-rumor” information. Through the parameter sensitivity analysis, the critical point of whether to join the antirumor intervention is obtained; through the sensitivity
analysis of the joining time, it is concluded that after the
rumors appear, the oﬃcials will take actions as soon as possible to reduce the loss and impact caused by the rumor. The
above several articles have considered the role of “antirumors,” and all adopt simulation methods to conduct
steady-state analysis of their respective models and draw relevant conclusions, but the focus is diﬀerent. Askarizadeh
uses the idea of game theory to build the model, while the
other three articles are model improvements based on the
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infectious disease model. Comparing the Ji and Jiang, the
others focus more on the research on the factors that aﬀect
the spread of rumors, so as to ﬁnd out how the factors aﬀect
the spread of rumors, while Ji and Jiang more focused on
researching the time when “anti-rumors” joined the network.
Due to the confusing nature of rumors and the diﬀerences in individual behaviors, rumors can be widely spread
in social networks. The abovementioned literature more or
less considered the above two elements and established a
spreading dynamic model to study the phenomenon of
rumor spreading, but most articles did not consider these
two elements at the same time. Secondly, only one type of
spreader has been considered (the person who spreads the
rumor) in most spreading models. In practice, when a major
rumor is spread, it is identiﬁed by authoritative media or the
government, which then spreads the truth. Thirdly, in prevalent research is that a number of models have low versatility
on the model topology, which means that they are rendered
inapplicable such that they cannot be adjusted if certain conditions change. And most scholars believe that after interacting with rumor spreader, the ignorant will turn into spreader
or exposed (SEIR) with series topology in SIR spreading
model or SEIR spreading model separately.
Therefore, we use past research to build a 2SIH2R
(spreader1-spreader2-ignorant-hesitant1-stiﬂers1-stiﬂers2)
model with parallel topology, discernibility mechanism, and
confrontation mechanism in a heterogeneous network. People in this model are divided into six categories and two
kinds of spreaders are simultaneously considered (people
who spread the rumor and those who spread the truth). This
2SIH2R model can be converted into the traditional SIR or
the SEIR model by changing the relevant parameters.
To sum up, in theory, the 2SIH2R model is compatible
with the basic assumptions of the traditional model and
incorporates more realistic elements. From a perspective,
our model is more convincing. For rumor control in real life,
this model can quantitatively study how the discernible and
confrontation mechanisms aﬀect the spread of rumors. So,
the government can take corresponding realistic measures
to adjust the discernible and confrontation mechanisms to
achieve the goal of information governance.
The remainder of this paper is organized as follows: In Section 2, we deﬁne the 2SIH2R model and establish its mean-ﬁeld
equations. In Section 3, a steady-state analysis and the spreading
threshold are discussed in three cases. Section 4 details a numerical simulation to test the proposed 2SIH2R model on a heterogeneous network, and Section 5 oﬀers a discussion of the results
and summarizes the conclusions of this study.

2. 2SIH2R Rumor-Spreading Model
In this section, we assume that there are two kinds of information in the entire population, called rumor and truth, and
that people in the heterogeneous network can be divided
into six categories: spreader1 (S1 ), spreader2 (S2 ), ignorant
(I), hesitant1 (H), stiﬂers1 (R1 ), and stiﬂers2 (R2 ). Of them,
spreader1 and spreader2 represent people who spread the
rumor and the truth, respectively. The ignorant are people
who have never heard of the rumor or the truth. The term

3
“hesitant1” represents people who have heard the rumor,
but do not spread it temporarily, and stiﬂers1 and stiﬂers2,
respectively, represent people who have heard the rumor
and the truth but do not spread them. Referring to the previous research [30], the rumor-spreading process of the
2SIH2R is shown in Figure 1.
In Figure 1, the solid/dashed line originating from the
“ignorant” shows that the ignorant comes into contact with
spreader1/spreader2, and the rules of rumor spreading of
the 2SIH2R model can be summarized as follows:
(1) From the perspective of equation rumors = i × a and
reality, considering that diﬀerent rumor events have
diﬀerent confusion, which takes impact to the people
is also diﬀerent, so, we deﬁne m as the rate of discernibility of the rumor and f ðmÞ as the ability of
people to reveal it. The function of f is to map the
characteristics of the rumor to those of the people.
We assume that there is a positive correlation
between m and f ðmÞ. The greater m is, the more
likely the rumor is to be revealed, and the greater
the value of f ðmÞ is, the more likely people are to
not immediately believe the rumor
(2) When an ignorant person comes into contact with a
spreader1, there are three possible scenarios: (i) the
ignorant is likely to believe the rumor and spread it
with probability ð1 − f ðmÞÞλ1 , where λ1 is the rate of
spread of the rumor. (ii) The ignorant does not believe
the rumor immediately and hesitates to spread it with
a probability f ðmÞη, where η is the potential rate of
spreading of the rumor. (iii) The ignorant makes no
response to the rumor owing to a lack of interest in
it and continues being unaware of it
(3) When an ignorant comes into contact with a
spreader2, there are two possible scenarios: (i) The
ignorant is likely to believe the truth and spread it
with a probability λ2 , called the truth-spreading rate.
(ii) The ignorant may make no response to the truth
owing to a lack of interest in the truth and continue
to be unaware. Because the truth is generally released
by an authority or government, it is relatively more
objective, accurate, and clear. This makes it easier
for the ignorant to judge it, which in turn renders
them less likely to be hesitant to spread it
(4) People regarded as hesitant1 have a desire to spread
information. Based on suspicion of the rumor and
the inﬂuence of external circumstances, they do not
spread it over a short period. In the process of hesitating, hesitant1 may choose to believe and spread the
rumor, or they may ﬁnd out and spread the truth.
Hence, we suppose that in each step, hesitant1 spontaneously transforms into a spreader of information
with a certain probability, that is, becomes spreader1
or spreader2 with probability θ1 or θ2 , respectively
(5) When a spreader1 (spreader2) comes into contact
with another spreader1 (spreader2), the exchange
of information leads them to believe that the rumor
(truth) has been widely known. Thus, spreader1
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Figure 1: 2SIH2R rumor-spreading process.

(spreader2) loses enthusiasm for continually spreading the rumor (truth) and becomes a stiﬂer1 (stiﬂer2), with a rate of loss of interest of β1 (β2 ).
(6) Considering the information forgetting mechanism,
in each step, spreader1 (spreader2) spontaneously
transforms into stiﬂer1 (stiﬂer2) with probability γ1
(γ2 ), which means the rumor- (truth-) forgetting
rate. This is because people may forget the rumor
after a certain period
(7) Considering the mechanism of confrontation
between the truth and the rumor, when a spreader1
comes into contact with a spreader2, the former
believes the truth rather than the rumor with probability α, which is the called the rate of confrontation
In a heterogeneous network, I k ðtÞ, S1k ðtÞ, S2k ðtÞ, H k ðtÞ,
R1k ðtÞ, and R2k ðtÞ represent the densities of the ignorant,
spreader1, spreader2, hesitant1, stiﬂer1, and stiﬂer2 with
degree k, respectively, at time t. Based on the above rules
of spreading of the 2SIH2R model, the mean-ﬁeld equations
can be given as follows:


dI k ðt Þ
= −½λ1 ð1 − f ðmÞÞ + f ðmÞηkI k ðt Þ〠 S1k ′ ðt ÞP k ′ /k
dt
k′


− λ2 kI k ðt Þ〠 S2K ′ ðt ÞP k ′ /k ,
k′

ð1Þ



dS2k ðt Þ
= λ2 kI k ðt Þ〠 S2k ′ ðT ÞP k ′ /k − β2 kS2k ðt Þ〠 ðS2k ′ ðt Þ
dt
k′
k′

 
+ R2k ′ ðt Þ P k ′ /k − γ2 S2k ðt Þ + θ2 H k ðt Þ,
ð3Þ


dH k ðt Þ
= f ðmÞηkI k ðt Þ〠 S1k ′ ðt ÞP k ′ /k − ðθ1 + θ2 ÞH k ðt Þ,
dt
′
k

ð4Þ
dR1k ðt Þ
= β1 kS1k ðt Þ〠 ðS1k ′ ðt Þ + R1k ′ ðt Þ
dt
k′

 
+ H k ′ ðt Þ P k ′ /k + γ1 S1k ðt Þ,

ð5Þ



dR2k ðt Þ
= αkS1k ðt Þ〠 S2k ′ ðT ÞP k ′ /k + β2 kS2k ðt Þ〠 ðS2k ′ ðt Þ
dt
k′
k′

 
+ R2k ′ ðt Þ P k ′ /k + γ2 S2k ðt Þ,
ð6Þ
where I k = N I ,K /N k represents the number of the ignorant
with degree k divided by the total number of people with
degree k, Pðk ′ /kÞ is the probability that a node with degree
k is linked to one with degree k ′ , and ∑k ′ S1k ′ ðtÞPðk ′ /kÞ is
the probability that an edge of a node with degree k links
to a spreader1 node at time t.

3. Steady-State Analysis


dS1k ðt Þ
= λ1 ð1 − f ðmÞÞkI k ðt Þ〠 S1k ′ ðt ÞP k ′ /k
dt
k′


− αkS1k ðt Þ〠 S2k ′ ðt ÞP k ′ /k − β1 kS1k ðt Þ〠 ðS1k ′ ðt Þ
k′

k′


 
+ R1k ′ ðt Þ + H k ′ ðt Þ P k ′ /k − γ1 S1k ðt Þ + θ1 H k ðt Þ,
ð2Þ

In this section, we provide the condition whereby rumors and
the truth can spread successfully in a heterogeneous network.
It is assumed that when the model arrives at a steady state, neither spreader1 nor spreader2 is present. We can thus obtain the
conclusionsS1 = limt⟶∞ S1 ðtÞ = 0, S2 = limt⟶∞ S2 ðtÞ = 0, H
= limt⟶∞ HðtÞ = 0, and limt⟶∞ ðIðtÞ + R1 ðtÞ + R2 ðtÞÞ = 1.
Moreover, the normalization condition is IðtÞ + S1 ðtÞ + S2 ðtÞ
+ HðtÞ + R1 ðtÞ + R2 ðtÞ = 1. The degree–degree correlations
can be described as Pðk ′ /kÞ = k ′ Pðk ′ Þ/<k > = qðk ′ Þ, where
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Pðk ′ Þ is the degree distribution function. Without loss of
generality, we set the density of the ignorant to I k ð0Þ = Ið0Þ
≈ 1. We now study the spreading threshold of the model in
three cases.
3.1. Steady-State Analysis of Rumor. In the early stages of its
process of spreading, few people know the rumor and no one
knows the truth. Thus, in this case, without loss of generality, we assume that there is only one spreader1 who spreads
the rumor, and there is no truth. It is assumed that there are
N nodes in the network. Based on the above, the initial condition can be given as follows: S2 ð0Þ = 0, S1 ð0Þ = 1/N ≈ 0, Ið
0Þ = N − 1/N ≈ 1, and Hð0Þ = R1 ð0Þ = R2 ð0Þ = 0, and the
model can be adjusted as follows:

tion can be obtained:
ðt
dφðt Þ
′
= λ1 ð1 − f ðmÞÞ〠 qðkÞ ke−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ
dt
0
k
ðt
 
 
  
< <S1k ′ t ′ > >dt ′ − β1 〠 kS1k t ′ qðkÞ〠 S1k ′ t ′
0 k

0 k

k

ð13Þ

ð7Þ

k

 
− β1 kS1k ðt Þ〠 ðS1k ′ ðt Þ + R1k ′ ðt Þ + H k ′ ðt ÞÞq k ′
k′

− γ1 S1k ðt Þ + θ1 H k ðt Þ,

0 k

h
i
λ1 ð1 − f ðmÞÞ
=
1− < <e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ > >
λ1 ð1 − f ðmÞÞ + f ðmÞη
ðt
− γ1 φðt Þ + θ1 ψðt Þ − β1
0
 
h
i
−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt ′ Þ
< <kS1k t ′ > > 1− < <e
> > dt ′ ,

 
dI k ðt Þ
= −½λ1 ð1 − f ðmÞÞ + f ðmÞηkI k ðt Þ〠 S1k ′ ðt Þq k ′ ,
dt
′

 
dS1k ðt Þ
= λ1 ð1 − f ðmÞÞkI k ðt Þ〠 S1k ′ ðt Þq k ′
dt
′

k′

 
   
+ R1k ′ t ′ + H k ′ t ′ q k ′ dt ′
ðt
ðt
 
 
− γ1 〠 S1k t ′ qðkÞdt ′ + θ1 〠 H k t ′ qðkÞdt ′

Ð
where ψðtÞ = t0 < <H k ðt ′ Þ > >dt ′ .
Similarly, by multiplying Eq. (9) with qðkÞ, summing
over k, and integrating the equation, we can get
h
i
dψðt Þ
f ðmÞη
1−<<e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ >> − θ1 ψðt Þ:
=
dt
λ1 ð1 − f ðmÞÞ + f ðmÞη

ð14Þ
ð8Þ
When t ⟶ ∞, dφ/dt = 0, and dψ/dt = 0, the following
derivation can be obtained:

 
dH k ðt Þ
= f ðmÞηkI k ðt Þ〠 S1k ′ ðt Þq k ′ − θ1 H k ðt Þ,
dt
′

ð9Þ

k

0=

 
dR1k ðt Þ
= β1 kS1k ðt Þ〠 ðS1k ′ ðt Þ + R1k ′ ðt Þ + H k ′ ðt ÞÞq k ′ + γ1 S1k ðt Þ:
dt
′
k

ð10Þ

h
i
λ1 ð1 − f ðmÞÞ
1− < <e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφ∞ > >
λ1 ð1 − f ðmÞÞ + f ðmÞη
ð∞
 
< <kS1k t ′ > >
− γ1 φ∞ + θ1 ψð∞Þ − β1
0
h
i
−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt ′ Þ
>> dt ′ ,
 1−<<e
ð15Þ

In this case, we can integrate Eq. (7) directly and get
I k ðt Þ = e

−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ

,

ð11Þ

ðt

ð16Þ

ðt
   
 
〠 S1k ′ t ′ q k ′ dt ′ = < <S1k ′ t ′ > >dt ′ ,

0 k′

h
i
f ðmÞη
1− < <e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφ∞ > >
λ1 ð1 − f ðmÞÞ + f ðmÞη
− θ1 ψð∞Þ,

where φðtÞ can be given as
φð t Þ =

0=

0

ð12Þ
and the shorthand notation<<OðkÞ > > = ∑k OðkÞqðkÞ has
been used.
Multiplying Eq. (8) with qðkÞ, summing over k, and integrating the equation with respect to t, the following deriva-

where φ∞ = φð∞Þ.
Combining Eqs. (15) and (16),
h
i
0 = 1−<<e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφ∞ >>
ð∞
 
h
i
′
− β1
< <kS1k t ′ > > 1−<<e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ >> dt ′
0

− γ 1 φ∞ :

ð17Þ
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Þ that satisﬁes φðtÞ = φ∞ gðtÞ, and Eq. (22) then becomes

By integrating Eqs. (8) and (9), we have


λ1 ð1 − f ðmÞÞ
1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ
λ1 ð1 − f ðmÞÞ + f ðmÞη
ðt  
ðt  
− γ1 S1k t ′ dt ′ + θ1 H k t ′ dt ′
0
0
ð t  

− β1 k S1k t ′ 1−<<e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ >> dt ′ ,

S1k ðt Þ =


ðt  
′
S1k ðt Þ = kφ∞ λ1 ð1 − f ðmÞÞgðt Þ − γ1 λ1 ð1 − f ðmÞÞ g t ′ eγ1 ðt −tÞ dt ′
ðt

0

γ1 ðt ′ −t Þ

ðt ′  
″ ′
g t ″ eθ1 ðt −t Þ dt ″ dt ′

+ Oðβ1 Þ − γ1 θ1 f ðmÞη e
0
0
ðt  
 
θ1 ðt ′ −t Þ
+ f ðmÞηθ1 g t ′ e
dt ′ + O φ2∞ :
0

0

ð23Þ

ð18Þ
H k ðt Þ =



f ðmÞη
1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ
λ1 ð1 − f ðmÞÞ + f ðmÞη
ðt  
− θ1 H k t ′ dt ′ :
0

ð19Þ
By adding Eq. (18) to Eq. (19), we have
S1k ðt Þ = 1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ − H k ðt Þ
ðt  
ðt  
− γ1 S1k t ′ dt ′ − β1 k S1k t ′
0
 0

−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ
≫ dt ′ :
 1−≪e

 
½ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞk2 φ2∞
+ O φ3∞ > >
2
ð∞
n
 
< <kφ∞ k λ1 ð1 − f ðmÞÞg t ′
−β1
+

ðt ′  
″ ′
− γ1 λ1 ð1 − f ðmÞÞ g t ″ eγ1 ðt −t Þ dt ″
0

ð20Þ

ðt ′  
″ ′
+ f ðmÞηθ1 g t ″ eθ1 ðt −t Þ dt ″
0

− γ1 θ1 f ðmÞη

f ð m Þη
λ1 ð1 − f ðmÞÞ + f ðmÞη
h
 1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ

ðt 

′
′
− θ1
1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ eθ1 ðt −t Þ dt ′ :
0

ð21Þ
By inserting Eq. (21) into Eq. (20), we can get
S1k ðt Þ =

0 = 1− < <1 − ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞkφ∞

0

By solving Eq. (19), we can obtain
H k ðt Þ =

Inserting Eq. (23) into Eq. (17),



λ1 ð1 − f ðmÞÞ
1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðtÞ
λ1 ð1 − f ðmÞÞ + f ðmÞη
ðt 
λ1 ð1 − f ðmÞÞ
+ Oðβ1 Þ − γ1
0 λ1 ð1 − f ðmÞÞ + f ðmÞη


′
′
 1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ eγ1 ðt −tÞ dt ′
ð t "ð t ′
f ðmÞη
− γ1 θ1
λ
1
−
f
ð
ðmÞÞ + f ðmÞη
0
0 1
i


″
″ ′
′
 1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞkφðt Þ eθ1 ðt −t Þ dt ″ eγ1 ðt −tÞ dt ′ :
ðt
f ðmÞη
+
θ1
λ1 ð1 − f ðmÞÞ + f ðmÞη
0


′
′
 1 − e−ðλ1 ð1−f ðmÞÞ+f ðmÞηÞÞkφðt Þ eθ1 ðt −tÞ dt ′

ð22Þ
Both φðtÞ and φ∞ are very small when the size of the
rumor tends to be stable. There is thus a ﬁnite function gðt

ðt ′
e
0

γ1 ðt ″ −t ′ Þ

)
ð t″  
‴ θ1 ðt ‴ −t ″ Þ ‴ ″
g t e
dt dt
0

 
+ O φ2∞ + Oðβ1 Þ > >
 
h
  i
× 1−<<1 − ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞkφ∞ g t ′ + O φ2∞ >> dt ′
− γ 1 φ∞ ,

ð24Þ
0 = φ∞ f½λ1 ð1 − f ðmÞÞ + f ðmÞη<<k>>

ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞ2
<<k2 >>φ∞
2
− β1 <<k2 >>I ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞ<<k>>φ∞ − γ1
 
 
+ O φ3∞ + O β21 :

−

ð25Þ
Ð ′
fλ1 ð1 − f ðmÞÞgðt ′ Þ − γ1 λ1 ð1 − f ðmÞÞ t0 gðt ″ Þ
Ð ′
Ð ′
eγ1 ðt″ −t ′ Þ dt ″ + f ðmÞηθ1 t0 gðt ″ Þeθ1 ðt ″ −t ′ Þ dt ″ − γ1 θ1 f ðmÞη t0
Ð ′
‴
eγ1 ðt″ −t ′ Þ t0 gðt ‴ Þeθ1 ðt −t″ Þ dt ‴ dt ″ ggðt ′ Þdt ′ , which is a ﬁnite
and positive-deﬁnite integral.
From Eq. (25), we have
where I =

Ð∞
0

0 = φ∞ f½λ1 ð1 − f ðmÞÞ + f ðmÞη<<k>>

ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞ2
<<k2 >>φ∞
2
− β1 <<k2 >><<k>>I ðλ1 ð1 − f ðmÞÞ + f ðmÞηÞφ∞ − γ1 :

−

ð26Þ
φ∞ = 0 is one solution to Eq. (26), and the nontrivial
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7
2

solution is obtained as follows:

6
6 A21
JðE0 Þ = 6
6
6⋮
4

½λ1 ð1 − f ðmÞÞ + f ðmÞη<<k>>−γ1
:
φ∞ =
<<k2 >>½λ1 ð1 − f ðmÞÞ + f ðmÞηf1/2½λ1 ð1 − f ðmÞÞ + f ðmÞη + β1 <<k>>I g

ð27Þ

An1

2

Note that ≪k ≫ = < k > / < k > ; so, ½λ1 ð1 − f ðmÞÞ + f ð
mÞηð<k2 >/<k > Þ − γ1 ≥ 0, that is, λ1 ≥ <k > γ1 /<k2 > −f ðm
Þη/ð1 − f ðmÞÞ, which yields a positive value for φ∞ . This
means that the spreading threshold in this case is



<k>/<k2 > γ1 − f ðmÞη
λ1c =
:
ð1 − f ðmÞÞ



dI k ðt Þ
= −λ2 kI k ðt Þ〠 S2k ′ ðt ÞP k ′ /k ,
dt
′

A12

⋯

A22

⋯

⋮

⋱

An2

⋯

0

0

0

k

We follow the proof procedure in the previous section to

B
B0
B
B
Aij = B
B0
B
B0
@
0

θ1

λ2 jqð jÞ − γ2

θ2

0

−ðθ1 + θ2 Þ
0

−λ2 iqð jÞ

λ1 ð1 − f ðmÞÞiqð jÞ

0

0

λ2 iqð jÞ

f ðmÞηiqð jÞ

0

0

0

0 0

0

1

1

C
0C
C
C
0C
Cði = jÞ,
C
0C
A
0

C
0 0C
C
C
0 0C
Cði ≠ jÞ:
C
0 0C
A
0 0

ð31Þ
By mathematical induction method, the characteristic
equation can be calculated as

(
×

n−1

"

)

λ2 〠 nqðnÞ − γ2 − μ ½−ðθ1 + θ2 Þ − μÞð−γ1 − μÞn−1
n

#

)

ð−ðθ1 + θ2 Þ − μÞ λ1 ð1 − f ðmÞÞ〠 nqðnÞ − γ1 − μ − θ1 f ðmÞη〠 nqðnÞ :
n

n

ð32Þ
For qðkÞ = kPðkÞ/<k > , we have ∑k kqðkÞ = ∑k k2 PðkÞ/<k
> = < k2 > /<k > . So, the characteristic equation can be
rewritten as
(
2n

0 = ð−μÞ ð−γ2 − μÞ

n−1

)
<k2 >
λ2
− γ2 − μ
<k >

 ½ð−ðθ1 + θ2 Þ − μÞð−γ1 − μÞ

ð30Þ

3.3. Steady-State Analysis of the 2SIH2R Model. In this case,
we consider a more general situation where the rumor and
the truth exist in the network at the same time. Without loss
of generality, we assume that there is one spreader1 and one
spreader2 at time t = 0, and the initial condition can then be
given as follows: Ið0Þ = N − 2/N ≈ 1, S1 ð0Þ = S2 ð0Þ = 1/N ≈ 0,
and Hð0Þ = R1 ð0Þ = R2 ð0Þ = 0. Without loss of generality, it
is assumed that I k ð0Þ = 1, S1k ð0Þ = S2k ð0Þ ≈ 0, and H k ð0Þ =
R1k ð0Þ = R2k ð0Þ = 0.
For I k = N I ,K /N k and I k ðtÞ + S1k ðtÞ + S2k ðtÞ + H k ðtÞ +
R1k ðtÞ + R2k ðtÞ = 1, i.e., if the number of ﬁve types of people
is ﬁxed, there is only one corresponding value of the remaining one. So, we will discuss the system (1)-(5). Obviously, the
system (1)-(5) has a disease-free equilibrium E0 = ðI k ð0Þ,
S1k ð0Þ, S2k ð0Þ, H k ð0Þ, R1k ð0Þ, R2k ð0ÞÞ = ð1, 0, 0, 0, 0, 0Þ. The
above Jacobin matrix at E0 can be written as

0

0

ð29Þ
get

0

−½λ1 ð1 − f ðmÞÞ + f ðmÞηiqð jÞ

0 = ð−μÞ ð−γ2 − μÞ



dR2k ðt Þ
= β2 kS2k ðt Þ〠 ðS2k ′ ðt Þ + R2k ′ ðt ÞÞP k ′ /k + γ2 S2 ðt Þ:
dt
′

−λ2 jqð jÞ

γ1

(

 
dS2k ðt Þ
= λ2 kI k ðt Þ〠 S2k ′ ðt Þq k ′ − β2 kS2k ðt Þ〠 ðS2k ′ ðt Þ
dt
k′
k′
 
+ R2k ′ ðt ÞÞq k ′ − γ2 S2k ðt Þ,

3

7
A2n 7
7, where
7
⋮ 7
5
Ann

0 −½λ1 ð1 − f ðmÞÞ + f ðmÞηjqð jÞ
B
B0
λ1 ð1 − f ðmÞÞjqð jÞ − γ1
B
B
Aij = B
0
0
B
B
B0
f ðmÞηjqð jÞ
@

2n

k

<k >
λ2c = 2 γ2 :
<k >

A1n

0

ð28Þ

3.2. Steady-State Analysis of Truth. In this case, we consider
the truth of some well-known events has been already spread
by the government or authoritative media. In this period of
time, there are no rumors, but only the truth. Based on the
above, the initial condition can be given as follows: S1 ð0Þ =
0, S2 ð0Þ = 1/N ≈ 0, Ið0Þ = N − 1/N ≈ 1, and Hð0Þ = R1 ð0Þ =
R2 ð0Þ = 0. We can prove that in this case, the model can be
adjusted as follows:

A11

n−1

ð33Þ

2

μ + bμ + c ,

where
"

#
<k2 >
b = − λ1 ð1 − f ðmÞÞ
− γ 1 − ðθ 1 + θ 2 Þ ,
<k >
"
#
<k2 >
<k2 >
− γ1 ðθ1 + θ2 Þ − θ1 f ðmÞη
:
c = − λ1 ð1 − f ðmÞÞ
<k >
<k >
ð34Þ
According to the Routh-Hurwitz criteria, the system is
stable at E0 only when all eigenvalues are not greater than
0. Thus, a suﬃcient condition of ðI, S1 , S2 , H, R1 , R2 Þ to be
locally asymptotically stable at E0 is max f1/2ð−b +
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b2 − 4cÞ, λ2 ð<k2 >/<k > Þ − γ2 g ≤ 0. In other words, if
rumors or truth can spread in a heterogeneous network,
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the following conditions need to be satisﬁed:

1.0

Consequently,
λ1 ð1 − f ðmÞÞ +

0.8

ð35Þ
Densities

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
<k2 >
−b + b2 − 4c > 0 or λ2
− γ2 > 0:
2
<k >

θ1
<k >
<k >
f ðmÞη > 2 γ1 or λ2 > 2 γ2 :
θ1 + θ2
<k >
<k >
ð36Þ

0.6
0.4
0.2
0.0
0

Thus, if the rumor and the truth can spread widely in the
generated network, which is closed and heterogeneous, λ1
and λ2 should satisfy Eq. (36). We then set λ2 = 0, γ2 = 0,
and θ2 = 0 to get the Eq. (28). By setting λ1 = 0, f ðmÞ = 0,
we can get Eq. (30). We can conclude that the third general
case contains the ﬁrst two special cases.

10

20
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T
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Hesitant1
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Stifler1

Figure 2: Density of six categories of people in the homogeneous
network.

4. Numerical Simulation
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Figure 3: Density of spreader1 over time for diﬀerent values of m.
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In this section, we study important features of the 2SIH2R
model in a heterogeneous network generated through a
numerical simulation. By referring to the research [30–34],
the following initial conditions can be given: Ið0Þ = N − 2/
N ≈ 1, S1 ð0Þ = S2 ð0Þ = 1/N ≈ 0, and Hð0Þ = R1 ð0Þ = R2 ð0Þ =
0. We executed the simulation in the Barabási-Albert scalefree network with N = 100000, and three edges attach a
new node to already existing nodes.
Figure 2 shows the general trends of the density of the six
categories (spreader1, spreader2, stiﬂer1, stiﬂer2, ignorant,
and hesitant) in the 2SIH2R model over time, with parameters m = 0:3, f ðmÞ = 0:7m, λ1 = λ2 = 0:7, η = 0:8, θ1 = 0:5,
θ2 = 0:3, β1 = β2 = 0:3, γ1 = γ2 = 0:1, and α = 0:5. Unless otherwise speciﬁed, the above parameters are used in this section. The numerical simulation showed that the number of
ignorant people declined sharply until it reached the steady
state. At the same time, the densities of spreader1 and
spreader 2 reached a peak and then declined. When the system became stable, which means that neither the rumor nor
the truth spreads, only ignorant, stiﬂer1, and stiﬂer2 remain
in the network.
To illustrate how the mechanism aﬀects the spread of the
rumor, we plot in Figures 3–5. Figures 3 and 4 show how
spreader1 and stiﬂer1 change over time with diﬀerent values
of m. Figure 5 shows how the ﬁnal sizes of stiﬂer1 and stiﬂer2 change with diﬀerent values of f ðmÞ. Figure 3 shows
that the peak of spreader1 decreased with increasing m,
which means that the stronger the mechanism was, the easier it was to reveal the rumor, and the smaller the impact of
the rumor was. The same conclusion can be also obtained
from Figure 4. The ﬁnal size of stiﬂer1 also decreased with
increasing m. However, the impact of the rumor decreased
with increasing m, but the times to peak for both spreader1
and stiﬂer1 did not change signiﬁcantly. Figure 5 shows that
the ﬁnal size of stiﬂer1 decreases with increasing values of
f ðmÞ, but that of stiﬂer2 increases. It can be concluded that
as m(f ðmÞ) increases, the short-term and ﬁnal impacts of the
rumor decrease while those of the truth increase.

0.2
0.1
0.0
0

5
m = 0.4
m = 0.6

10

15
T

20

25

30

m = 0.8
m=1

Figure 4: Density of stiﬂer1 over time for diﬀerent values of m.

To illustrate how the confrontation mechanism aﬀected
the spread of the rumor, we plot in Figures 6–8. Figures 6
and 7 describe how spreader1 and stiﬂer1 change over time
with diﬀerent values of α. Figure 8 describes how the ﬁnal
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Figure 5: Densities of stiﬂer1 and stiﬂer2 for diﬀerent values of f
ðmÞ in the steady state.
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Figure 6: Density of spreader1 over time for diﬀerent values of α .
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Figure 7: Density of stiﬂer2 over time for diﬀerent values of α .

Figure 8: Densities of stiﬂer1 and stiﬂer2 for diﬀerent values of α in
the steady-state.

sizes of stiﬂer1 and stiﬂer2 change with diﬀerent values of α
.Figure 6 shows that the peak of spreader1 decreased with
increasing α, which means that the stronger the confrontation mechanism was, the easier it was to reveal the rumor,
and the smaller its impact was. The same conclusion can
be obtained from Figure 7. The ﬁnal size of stiﬂer1 also
decreased with increasing α. However, the impact of the
rumor decreased with increasing α, but the times to peak
of spreader1 and stiﬂer1 did not change signiﬁcantly.
Figure 8 shows that the ﬁnal size of stiﬂer1 decreases with
increasing values of α, but that of stiﬂer2 increases. It can
be concluded that as α increases, the short-term and ﬁnal
impacts of the rumor will decrease while those of the truth
increase.
To illustrate how the mechanisms and T truth in aﬀected
the spread of the rumor, we plot in Figures 9 and 10. In
Figures 9 and 10, the time when the truth begins to spread
in the network is called T truth in , and when T truth in = 0, the
rumor begins to spread. Figures 9 and 10 describe how the
ﬁnal size of stiﬂer1 and stiﬂer2 change over T truth in with different values of f ðmÞ and α. From Figures 9 and 10, we can
ﬁnd that the earlier the truth joins the network, the inﬂuence
range of the rumor will be reduced and the truth will be
enlarged. As shown in Figure 9, the growth rate of R1 and
the decline rate of R2 both decreased with increasing
T truth in . In other words, if the truth begins to spread too late,
the time factor will not signiﬁcantly aﬀect the spread of
rumors. The same conclusion can also be obtained from
Figure 10. Comparing Figures 9 and 10, we can ﬁnd that if
the truth can be spread at an earlier time (E.g., T truth in < 5
), the inﬂuence range of the rumor will be reduced and the
truth will be enlarged signiﬁcantly with increasing f ðmÞ or
α. But as shown in Figure 10, if the truth begins to spread
too late (E.g., T truth in > 5), the confrontation mechanism
will become ineﬀective while the discernibility mechanism
is still eﬀective.
To illustrate how the mechanisms and T rumor in aﬀected
the spread of the rumor, we plot in Figures 11 and 12. In
Figures 11 and 12, the time when the rumor begins to spread
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Figure 9: Densities of stiﬂer1 and stiﬂer2 for diﬀerent values of f ðmÞ and T truth
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Figure 10: Densities of stiﬂer1 and stiﬂer2 for diﬀerent values of α and T truth

in the network is called T rumor in , and when T rumor in = 0, the
truth begins to spread. Figures 11 and 12 describe how the
ﬁnal size of stiﬂer1 and stiﬂer2 change over T truth in with different values of f ðmÞ and α. From Figures 11 and 12, we can
ﬁnd that the earlier the rumor joins the network, the inﬂuence range of the rumor will be enlarged, and the truth will
be reduced. In addition, comparing Figures 11 and 12, we
can ﬁnd that if the rumor can be spread at an earlier time
(E.g., T rumor in < 2), the inﬂuence range of the rumor will
be reduced, and the truth will be enlarged signiﬁcantly with
increasing f ðmÞ or α. But if the rumor begins to spread too
late (E.g., T rumor in > 2), the mechanisms of confrontation
and discernibility will become ineﬀective, and the rumor
cannot spread.
In summary, it can be concluded that the earlier release
of the truth about the event by the government can signiﬁcantly control the rumor. Even the truth of some well-

8

in

in the steady-state.

known events has been already spread can suppress the
appearance of the rumor. This also veriﬁes the hypothesis
of chapter Steady-state Analysis of Truth. Secondly, it is
more eﬀective to publish the truth in advance than after
the rumor has appeared. This is because as shown in
Figures 11 and 12, if the truth is spread earlier than the
rumors, the rumors will be almost impossible to spread on
the Internet. Thirdly, it is more important for the government to increase education and improve the ability of citizens to reveal the rumor than to increase the spread of the
truth after the rumor occurs. Parameter f ðmÞ represents
the ability of people to reveal the rumor, and from the comparison of Figures 9 and 10, improving the selfdiscrimination ability of citizens (f ðmÞ) will permanently
beneﬁt the control of rumors and the spread of truth, while
the confrontation mechanism may become ineﬀective
(E.g.,T truth in > 5).
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Rumors, as a special kind of information, usually damage
reputation, cause social harm and can lead to a crisis for
an individual or even an entire country. To minimize the
damage caused by rumors, it is important to establish a reasonable model to study the process of rumor spreading. In
this paper, we proposed an adjusted model in a generated
heterogeneous network, called the 2SIH2R rumorspreading model, based on the traditional SIR model. The
following signiﬁcant results were obtained:
(1) Mechanisms of discernibility and confrontation were
introduced to the model. Moreover, the 2SIH2R
rumor-spreading model can be simpliﬁed into the
traditional SIR and SEIR models under special
circumstances

in the steady-state.
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in the steady-state.

(2) After creating the mean-ﬁeld equations to describe
the dynamics of the 2SIH2R model, we obtained
the spreading threshold under three cases by mathematical derivation. When only the rumor existed in
the network, the spreading threshold was λ1c = ð<k
>/<k2 > Þγ1 − f ðmÞη/ð1 − f ðmÞÞ. When only the
truth existed in the network, the spreading threshold
was λ2c = ð<k>/<k2 > Þγ2 . When there was one
spreader1 and one spreader2 at t = 0, the condition
of the spreading threshold of the 2SIH2R model
was λ1 ð1 − f ðmÞÞ + ðθ1 /θ1 + θ2 Þf ðmÞη > ð<k>/<k2 >
Þγ1 or λ2 > ð<k>/<k2 > Þγ2 . If the condition was not
satisﬁed, the rumor or the truth could not spread
widely in the heterogeneous network
(3) In a numerical simulation, we changed the strength
of the discernible and confrontation mechanisms to
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study how they aﬀected the impact of the rumor. The
results show that under the same conditions, the
greater are the mechanisms of discernibility and confrontation, the smaller is the inﬂuence of the rumor
(4) The earlier release of the truth about the event by the
government can signiﬁcantly control the rumor
(5) It is more eﬀective to publish the truth in advance
than after the rumor has appeared. In other words,
through machine learning and public opinion monitoring technology in the era of big data, the government or authoritative media can spread some
information or preissued warnings before a rumor
appears. In this way, the inﬂuence of rumors can
be reduced, and even the appearance of rumors can
almost be stiﬂed
(6) It is more important for the government to increase
education and improve the ability of citizens to
reveal the rumor than to increase the spread of the
truth after the rumor occurs
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