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ABSTRACT The study of the laws and influencing factors of information dissemination in social networks
is critical to analyzing the spread of public opinion, preventing the spread of rumors, and guiding information
transmission. This paper addresses the shortcomings of the traditional SEIR model. We establish the
SETQR model and use the probability theorem to derive the law of information propagation. Furthermore,
the equilibrium point and the basic regeneration number of the SETQRmodel are obtained using differential
dynamics and the regenerative matrix method. The stability of the SETQR model at the equilibrium point
is derived theoretically. Finally, experimental verification is conducted. The simulation results indicate that
the SETQR model achieves local stability at the equilibrium point, which is consistent with the results of
the theoretical analysis. Through further simulation, the effects of time lag, containment, and forgetting
mechanisms on the speed of information dissemination and the time required for the network to reach
equilibrium are analyzed.

INDEX TERMS Basic reproductive number, complex network, infectious disease model, information
dissemination, stability.

I. INTRODUCTION
Complex networks can be used to represent complex systems
in nature and the real world. They have the characteristics of
complexity, scale free [1], [2], and small world [3] and they
have come to become an important method to study social
networks gradually. As one of the focus areas in complex
network research, the infectious disease model [4]–[6] aims
to simulate the process of information dissemination in social
networks through mathematical models and to analyze the
mechanism of information dissemination in the network [7].
When information is transmitted through social networks,
only a small portion is spread widely while most information
is spread in a small area or is overshadowed by a large
amount of information flow without being spread. Exploring
the mechanism of information dissemination in social net-
works, establishing an information dissemination model and
analyzing its stability can greatly aid in accurately predicting
the trend of network information dissemination, preventing
the spread of rumors, and guiding information transmis-
sion. Therefore, it is practical to develop an information
dissemination model.

The associate editor coordinating the review of this article and approving
it for publication was Zhibo Wang.

The established SETQR information propagation model
is based on the time lag, containment, and forgetting
mechanisms. During information dissemination, the infected
person is divided into two states—trusted state and ques-
tioned state.

In summary, the main contributions of this paper are as
follows:

(1) In order to ensure that the network model closely
resembles the actual situation, the SETQR model considers
the following factors: i) Infected nodes can selectively dis-
seminate information; ii) There are nodes in the network that
are offline and the processing of information has a time lag;
and iii) The immune node may be activated again after a long
interval and resume receiving information.

(2) The equilibrium point and basic regeneration number
of the SETQR model are calculated. The stability of the two
equilibrium points is theoretically derived. The simulation
results indicate that the SETQR model has local asymptotic
stability in both the R0 < 1 and R0 > 1 cases, which are
consistent with the theoretical derivation.

(3) Through the simulation experiment of the actual net-
work, it is proved that the SETQR model is integrated with
the actual network.

(4) Furthermore, the effects of the time lag, containment,
and forgetting mechanisms on the information dissemination
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process and network equilibrium state are simulated, and the
simulation results are analyzed.

The rest of this article is organized as follows. In section II,
the related work is introduced. In section III, we detail our
SETQRmodel. Section IV analyzes the balance point and the
basic regeneration number. In section V, the formula proves
the stability of information dissemination. The experimental
results are given in section VI. Finally, we provide conclu-
sions in section VII.

II. RELATED WORK
Mathematical modeling methods are widely used in the study
of the spread and evolution of infectious diseases [8], [9].
In 1760, Bernoulli analyzed the propagation process of the
variola virus through mathematical modeling [10], [11],
which marked the establishment of the first mathematical
model of epidemiology. In 1927, Kermack and McKendrick
established a classical SIR infectious model by dividing
the population into three different categories: Susceptible S,
Infected I, and Removed R [12]. However, immunity from
diseases such as avian flu and hand, foot, and mouth is
temporary, and people who are removed from susceptible
populations can be transferred back again. For such dis-
eases, Kermack and McKendrick proposed the SIS model
in 1932 [13]. Based on this, Zhao et al. [6] considered the
existence of disease latency, added an exposed population
E and proposed the SEIR model under the social network.
Bentaleb and Amine [14] proposed a multi-strain SEIR epi-
demic model with bilinear and non-monotonic event func-
tions. Wu et al. [15] studied the existence and nonexistence
of the traveling wave of the diffusion-diffusion equation and
proposed a nonlocal scattering SEIR model. Liu et al. [16]
proposed a new SEIR rumor propagation model with a hesi-
tation mechanism.

Domestic and foreign research scholars are not satisfied
with the establishment and improvement of the model and
wish to achieve a deeper understanding. Research on the bal-
ance point of models and the stability of information dissem-
ination is gradually emerging. Kuniya and Wang [17] studied
the global asymptotic stability of a spatially diffusive SIR epi-
demic model with homogeneous Neumann boundary condi-
tions. Kuniya andWang [18] demonstrated the stability of the
non-locally diffused SIR epidemic model at the equilibrium
point in an in-depth study of the SIR model. Cao et al. [19].
deduced the threshold of the classical SIS model and verified
it experimentally. Hsu and Lin [20] examined the stability of
the spatially discrete SIS epidemic model. Wang et al. [21]
proposed an improved SEIR model and proved its stability.
Bentaleb and Amine [14] studied the Lyapunov function and
global stability of a two-strain SEIR model with bilinear and
non-monotone incidence.Wu et al. [22] classified individuals
into susceptibility, trust, infection, immunity, or recoverabil-
ity and proposed a new STCIR model to study the dynamic
propagation of rumors. Liu and Li [23] discussed a new
epidemic SEIR model with a discrete delay in the complex
networks. In Zheng et al.’s study [24], based on the degree of

different nodes in the network, designed a new state transition
function for each node and proposed a new rumor propagation
ILSR model.

The abovementioned models are consistent with the trend
of network information dissemination and conform to certain
characteristics and laws of the communication process. How-
ever, there are still limitations in describing the process of
information dissemination. For example, the infected node
defaults to the terminating node for information propaga-
tion, and it can only passively receive information; however,
it cannot judge this information. Moreover, the information
dissemination process is too idealized, and the nodes in the
network can receive information in real time. Simultaneously,
the immune node is removed from the information dissemina-
tion process, ignoring the possibility that the immune node is
re-infected. These shortcomings cause the constructed model
to slightly differ from real-world scenarios. Our model is
therefore more adaptable to the real situation.

III. SETQR INFORMATION PROPAGATION MODEL
A. DIVISION OF NODE SETS
Taking the incident of ‘‘Restrictions of new energy vehicles’
travel and purchase is not allowed in all parts of China’’
as an example, the information dissemination data on Sina
Weibo was analyzed. ‘‘People’s Daily,’’ ‘‘National Business
Daily,’’ ‘‘Weibo Auto,’’ ‘‘People’s Network,’’ ‘‘China Daily,’’
‘‘Xinhua Net,’’ and other official Weibo released news of
‘‘Restrictions of new energy vehicles’ travel and purchase is
not allowed in all parts of China’’ on June 6, 2019. This news
received a high degree of attention and was commented and
forwarded by many Weibo users. As of July 6, 2019, Weibo
users’ comments on the official Weibo of ‘‘People’s Daily’’
was 300+, and their forwarding volume was 100+. Weibo
users’ comments on the official Weibo of ‘‘National Business
Daily’’ was 300+, and their forwarding volume was 100+.
Weibo users’ comments on the official Weibo of ‘‘Weibo
Auto’’ was 100+, and their forwarding volume was 30+.
Similarly, Weibo users’ comments on the official Weibo of
‘‘People’s Network,’’ ‘‘China Daily,’’ ‘‘Xinhua Net,’’ and oth-
ers were all 50+, and their forwarding volumes were all 20+.
After this period, a small number of Weibo users still com-
mented on and forwarded the news; however, the numbers
of such additional comments and forwards were relatively
small. Obviously, Weibo’s forwarding volumes were far less
than those of the comments. According to the statistical
results, users who trusted this information were most likely
to forward the Weibo while commenting on it, whereas most
users who questioned the information chose not to forward
the Weibo. Therefore, the users’ attitudes towards public
sentiment in the network affect the diffusion of information.
The node is thus divided into two types: trusted node T and
questioned node Q.

In the SETQR model, the node set comprises five cat-
egories of nodes, namely S(Susceptible), E (Exposed),
T(Trusted), Q(Questioned), R(Recovered). The specific
meanings of the nodes are shown in Table 1.
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TABLE 1. Specific meaning of different types of nodes.

B. PROPAGATION MECHANISM
The conversion relationship among the SETQR model nodes
is shown in TABLE 1. The symbolic meaning of the initial
parameters used is shown in TABLE 2.

TABLE 2. Symbolic meaning of the initial parameters.

The propagation mechanism of the SETQR model follows
the time lag, containment, and the forgetting mechanisms:

(1) Time lag mechanism
The susceptible nodes S in the network are divided into

online and offline. When online, the susceptible node S
quickly completes the transition of the node state after receiv-
ing the information. When offline, the susceptible node S
cannot receive the information in real time; it first transforms
into the exposed node E and lurks for a period of time. Then,
it transforms into a questioned nodeQ or a trusted node Twith
a probability of w∗p4 and w∗p5, respectively. The transition
of the node state is then completed.

(2) Containment mechanism
The trusted node T and the questioned node Q are not

termination states of information propagation; thus, they will
be transformed into the immune node R with a certain prob-
ability to curb the spread of information.

(3) Forgetting mechanism
The recovered node R forgets the received information

over time and re-transforms from the recovered state to the
susceptible state, which is the forgetting mechanism.

The transition probabilities of states between all nodes
in the network are in the interval [0, 1], that is 0 ≤

p1, p2, p3, p4, p5, p6, p7, p8 ≤ 1. The latency of the exposed
node is in the interval (0,+∞], that is, w > 0. The propa-
gation of information in the SETQR network is described as
follows:

(1) S→ Q→R→S
The online susceptible node S in the network quickly

makes a decision after receiving the information and turns
into the questioned node Q with a probability of p1; the
questioned node Q changes into the recovered node R with a
probability of p6; finally, the recovered node R changes into
the susceptible node S again with a probability of p7.
(2) S→T→R→S
The online susceptible node S in the network quickly

makes a decision after receiving the information and converts
into the trusted node T with a probability of p3; the trusted
node T changes into the recovered node R with a probability
of p8; finally, the recovered node R changes into the suscep-
tible node S again with a probability of p7.
(3) S→E→Q→R→S
The offline susceptible node S in the network is first con-

verted into the exposed node E with a probability of p2. After
a latency of 1/w, the information is successfully received,
and the exposed node E is transformed into the questioned
node Q with a probability of w∗p4; the questioned node Q
changes into the recovered node R with a probability of p6;
the recovered node R changes into the susceptible node S
again with a probability of p7.

(4) S→E→T→R→S
The offline susceptible node S in the network is first con-

verted into the exposed node E with a probability of p2. After
a latency of 1/w, the information is successfully received, and
the exposed node E is transformed into the trusted node T
with a probability ofw∗p5; the trusted node T changes into the
recovered node R with a probability of p8; the recovered node
R changes into a susceptible node S again with a probability
of p7.
At time t , the proportions of the susceptible, exposed,

trusted, questioned, and recovered nodes in the network
are S (t), E (t), T (t), Q (t), and R (t), respectively. It is
assumed that the total number of users in the network remains
unchanged, and (2) is obtained.

S (t)+ E (t)+ T (t)+ Q (t)+ R (t) = 1 (1)

The differential form of the SETQRmodel is shown in (2).

d (S)
d (t)

= − (p1 + p2 + p3) ST + p7R

d (E)
d (t)

= p2ST − (wp4 + wp5)E

d (T )
d (t)

= p3ST + wp5E − p8T

d (Q)
d (t)

= p1ST + wp4E − p6Q

d (R)
d (t)

= p6Q+ p8T − p7R

(2)
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At t = 0, that is, the initial moment of information
dissemination, the proportion of each node in the network is
as shown in (3). 

S (0) ≈ 1

E (0) = 0

T (0) ≈ 0

Q (0) = 0

R (0) = 0

(3)

IV. BALANCE POINT AND BASIC REGENERATION
NUMBER
A. BALANCE POINT
As the information in the network spreads, S (t), E (t), T (t),
Q (t) andR (t) constantly change over time.When the propor-
tion of these five types of nodes no longer changes, the net-
work is in equilibrium. At this time, (4) is obtained.

d (S)
d (t)

= − (p1 + p2 + p3) ST + p7R = 0

d (E)
d (t)

= p2ST − (wp4 + wp5)E = 0

d (T )
d (t)

= p3ST + wp5E − p8T = 0

d (Q)
d (t)

= p1ST + wp4E − p6Q = 0

d (R)
d (t)

= p6Q+ p8T − p7R = 0

(4)

By solving (4), two balance points X1 (S1,E1,T1,Q1,R1)
and X2 (S2,E2,T2,Q2,R2) are obtained, as shown in (5) and
(6), respectively.

S1 = 1
E1 = 0
T1 = 0
C1 = 0
R1 = 0

(5)



S2=
p8 (p4 + p5)

p2p5 + p3p4 + p3p5
E2

=
p2 [p2p5 + (p4 + p5) (p3 − p8)]

(p2p5+p3p4+p3p5) [p2+w (p4+p5) (p1+p2+p3)]

T2=
w [p2p5 + (p4 + p5) (p3 − p8)]

p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]
Q2

=
w (p1p4+p1p5+p2p4) [p2p5+(p4+p5) (p3−p8)]

p6 (p2p5+p3p4+p3p5) [p2+w (p4+p5) (p1+p2+p3)]
R2

=
w (p1+p2+p3) (p4+p5) [p2p5+(p4+p5) (p3−p8)]
p7 (p2p5+p3p4+p3p5) [p2+w (p4+p5) (p1+p2+p3)]

(6)

B. BASIC REGENERATION NUMBER
The basic regeneration number R0 is an important param-
eter for characterizing the initial stage of information dis-
semination. It indicates the expectation of introducing an
infected person into the susceptible population and the num-
ber of people who can be infected during the average disease
period [25], [26]. R0 = 1 is the critical value for the contin-
uous transmission of information in the network [25], [27].
When R0 > 1, users who receive information continue
to grow until they reach a certain value. When R0 < 1,
a decreasing number of users receive this information in the
network until the information disappears from the network.

In this paper, according to the local stability of the disease-
free equilibrium point, the basic regeneration number is
obtained by the regeneration matrix method.
N is used to represent the total number of node types,

n ∈ N , and n = 1, 2, 3, 4, 5. ρ is used to represent the
node density, and ρ1, ρ2, ρ3, ρ4, and ρ5 represent the node
densities of states S, E, T, Q, and R, respectively, ρ1 = S (t),
ρ2 = E (t), ρ3 = T (t), ρ4 = Q (t), and ρ5 = R (t).

ρ = (ρ1, ρ2, ρ3, ρ4, ρ5)
T (7)

Let the M class node be a special class node whose
attributes are received information and potential to spread
information. In the above five types, the E, T, and Q type
nodes conform to the attributes of the M-type node, and the
M-type node contains three types. Thus, M represents the
total number of M-type nodes, M = 3, and m ∈ M .
Definition 1: Function gn (ρ) represents the rate of increase

of infected nodes in the state node N .
Let

gN (ρ) =
(
gN1 · · · gNn · · · gNN

)T
= (g1, g2, g3, g4, g5)T

where gNn represents the new rate of the nth type in the
SETQR model node.

Equation (8) is obtained from (2).

gn (ρ) =


0
p2SI
p3SI
p1SI
0

 (8)

Definition 2: Function vn (ρ) represents the transfer rate of
the state node N .
Let

vN (ρ) = (vN1 · · · vNn · · · vNN )T

= (v1, v2, v3, v4, v5)T

where vNn represents the transfer rate of the nth type in the
SETQR model node.
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Equation (9) is obtained from (2).

vn (ρ) =



(p1 + p2 + p3) ST − p7R

(wp4 + wp5)E

−wp5E + p8T

−wp4E + p6Q

−p6Q− p8T + p7R


(9)

Definition 3: Function gM (ρ) represents the rate of increase
of infected nodes in theM-type node, which can be expressed
as gM (ρ) =

(
gM1 · · · gMm · · · gMM

)T , where gMm represents
the new rate of the mth node in the M-type nodes.
Definition 4: Function vM (ρ) represents the transfer rate of

infected nodes in the M-type nodes, which can be expressed
as vM (ρ) = (vM1 · · · vMm · · · vMM )T where vMm represents
the transfer rate of the mth node in the M-type node.

Equation (10) is obtained at the disease-free balance point
X1(S1,E1,T1,Q1,R1).

G =
[
∂gn
∂ρj

(X1)
]

V =
[
∂vn
∂ρj

(X1)
]
,

(1 ≤ i, j ≤ m) (10)

Equations (5), (8), and (9) are substituted into (10) to
obtain (11).

G =


0 p2 0

0 p3 0

0 p1 0



V =


wp4 + wp5 0 0

−wp5 p8 0

−wp4 0 p6


(11)

According to (11), the regeneration matrix GV−1 is
obtained, as shown in (12).

GV−1 =


p2p5

p8 (p4 + p5)
p2
p8

0

p3p5
p8 (p4 + p5)

p3
p8

0

p1p5
p8 (p4 + p5)

p1
p8

0

 (12)

The basic reproduction number R0 is equal to the spectral
radius r

(
GV−1

)
of the regeneration matrix [28], [29]. There-

fore, the basic reproduction number of the SETQR model is
as shown in (13).

R0 = r
(
GV−1

)
=
p2p5 + p3p4 + p3p5

p8 (p4 + p5)
(13)

V. STABILITY ANALYSIS OF INFORMATION
DISSEMINATION
Theorem 1: When R0 < 1, the equilibrium point
X1 (S1,E1,T1,Q1,R1) is locally progressively stable.

The following is the proof process for Theorem 1.
The Jacobian matrix [30], [31] of the SETQR model is

constructed according to (2), as shown in (14) in the next
page.
Substituting (5) into (14), we obtain the Jacobian matrix J1 at
equilibrium point X1, as shown in (15) in the next page.
The characteristic polynomial of (15) is (16).

|λE − J1| = m0λ
5
+ m1λ

4
+ m2λ

3
+ m3λ

2
+ m4λ

1
+ m5

(16)

Solving (16) yields (17), as shown in the next page.
Because R0 =

p2p5+p3p4+p3p5
p8(p4+p5)

< 1, we obtain (18).

p2p5 + p3p4 + p3p5 < p4p8 + p5p8 (18)

Deforming (18) yields (19).

p3p4 + p3p5 < p4p8 + p5p8 (19)

Simplification of this yields (20).

p3 < p8 (20)

We substitute (20) into (17) to obtain (21).

m1 > 0, m2 > 0, m3 > 0, m4 > 0 (21)

For the sake of convenience, when calculating11,12,13,
let A = wp4+wp5 > 0, B = p6+ p7 > 0, C = p8− p3 > 0,
and D = p6p7 > 0 to obtain (22), (23), and (24), as shown in
the next page.

11 = m1 > 0 (22)

Equations (21), (22), (23), and (24) satisfy the requirements
of the Routh-Hurwitz stability discriminant theorem
[32]–[34]. Therefore, when R0 < 1, the equilibrium point
X1 (S1,E1,T1,Q1,R1) is locally progressively stable.
Theorem 2: When R0 > 1, the equilibrium point

X2 (S2,E2,T2,Q2,R2) is locally progressively stable.
The following is the proof process for Theorem 2.
We substitute (6) into (14) to obtain the Jacobian matrix J2

at equilibrium point X2, as shown in (25) in the next page.
The characteristic polynomial of (25) is (26), as shown in

the next page.
Substituting (25) into (26) yieldsm

′

0 = 1. It is obvious that
m
′

1,m
′

2,m
′

3,m
′

4,m
′

5 contains only one minus sign. Thus, (27)
is obtained.

p8 −
p3p8 (p4 + p5)

p2p5 + p3p4 + p3p5
(27)

Therefore, to prove m
′

1,m
′

2,m
′

3,m
′

4,m
′

5 > 0, we only need
to prove p8 −

p3p8(p4+p5)
p2p5+p3p4+p3p5

> 0.
Because R0 = −

p2p5+p3p4+p3p5
p8(p4+p5)

> 1:

p2p5 + p3p4 + p3p5 > p4p8 + p5p8 (28)

Deforming (28) yields (29).

p2p4 + p2p5 + p3p4 + p3p5 > p4p8 + p5p8 (29)
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J =


− (p1 + p2 + p3)T 0 − (p1 + p2 + p3) S 0 p7

p2T −w (p4 + p5) p2S 0 0
p3T wp4 p3S − p8 0 0
p1T wp5 p1S −p6 0
0 0 p8 p6 −p7

 (14)

J1 = J (X1) =


0 0 − (p1 + p2 + p3) 0 p7
0 −w (p4 + p5) p2 0 0
0 wp4 p3 − p8 0 0
0 wp5 p1 −p6 0
0 0 p8 p6 −p7

 (15)



m0 = 1
m1 = wp4 + wp5 + p6 + p7 + p8 − p3
m2 = p6p7 + (wp4 + wp5) (p8 − p3)+ (wp4 + wp5 + p8 − p3) (p6 + p7)
m3 = (wp4 + wp5) (p8 − p3) (p6 + p7)+ p6p7 (wp4 + wp5 + p8 − p3)
m4 = p6p7 (wp4 + wp5) (p8 − p3)
m5 = 0

(17)

12 =

∣∣∣∣m1 m0
m3 m2

∣∣∣∣ = m1m2 − m3

= (A+ B+ C) [D+ AC + B (A+ C)]− [ABC + D (A+ C)]

= AD+ BD+ CD+ A2C + ABC + AC2
+ B (A+ C) (A+ B+ C)− ABC − AD− CD

= BD+ A2C + AC2
+ B (A+ C) (A+ B+ C) > 0 (23)

13 =

∣∣∣∣∣∣
m1 m0 0
m3 m2 m1
m5 m4 m3

∣∣∣∣∣∣ = m1m2m3 − m2
1m4 − m2

3

= (A+ B+ C) [D+ AC + B (A+ C)] [ABC + D (A+ C)]− ACD (A+ B+ C)2 − [ABC + D (A+ C)]2

= [ABC + D (A+ C)] [(A+ B+ C) (D+ AC + AB+ BC)− ABC − AD− CD]− ACD (A+ B+ C)2

= [ABC + D (A+ C)] [BD+ 2ABC + AC (A+ C)+ AB (A+ B)+ BC (B+ C)]− ACD (A+ B+ C)2

> [AD+ CD] [BD+ 2ABC + AC (A+ C)+ AB (A+ B)+ BC (B+ C)]− ACD (A+ B+ C)2

= ABD2
+ A3BD+ A2B2D+ ABC2D+ BCD2

+ AB2CD+ B2C2D+ BC3D > 0 (24)

J2=J (X2)=



−
w (p1 + p2 + p3) [p2p5 + (p4 + p5) (p3 − p8)]

p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]
0 −

p8 (p1 + p2 + p3) (p4 + p5)
p2p5 + p3p4 + p3p5

0 p7

wp2 [p2p5 + (p4 + p5) (p3 − p8)]
p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]

−w (p4 + p5)
p2p8 (p4 + p5)

p2p5 + p3p4 + p3p5
0 0

wp3 [p2p5 + (p4 + p5) (p3 − p8)]
p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]

wp4
p3p8 (p4 + p5)

p2p5 + p3p4 + p3p5
− p8 0 0

wp1 [p2p5 + (p4 + p5) (p3 − p8)]
p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]

wp5
p1p8 (p4 + p5)

p2p5 + p3p4 + p3p5
−p6 0

0 0 p8 p6 −p7


(25)

|λE − J2| = m
′

0λ
5
+ m

′

1λ
4
+ m

′

2λ
3
+ m

′

3λ
2
+ m

′

4λ
1
+ m

′

5 (26)
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Simplification yields (30).

p3 > p8 − p2 (30)

By substituting (28) and (30) into (27) , we obtain (31).

p8 −
p3p8 (p4 + p5)

p2p5 + p3p4 + p3p5
> p8 −

p3p8 (p4 + p5)
p4p8 + p5p8

= p8 − p3
> p8 − (p8 − p2)

= p2 > 0 (31)

Therefore, (32) is obtained.

m
′

1 > 0,m
′

2 > 0,m
′

3 > 0,m
′

4 > 0,m
′

5 > 0 (32)

For the sake of convenience, when calculating1‘
1,1

′

2,1
‘
3,

deformation in (33) is performed.

a =
w (p1 + p2 + p3) [p2p5 + (p4 + p5) (p3 − p8)]

p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]
> 0

b = w (p4 + p5) > 0

c = p8 −
p3p8 (p4 + p5)

p2p5 + p3p4 + p3p5
> 0

d =
wp2 [p2p5 + (p4 + p5) (p3 − p8)]

p8 [p2 + w (p4 + p5) (p1 + p2 + p3)]
> 0

e =
p1p8 (p4 + p5)

p2p5 + p3p4 + p3p5
> 0

(33)

Substituting (33) into (26), we obtain (34).

m‘
0 = 1

m
′

1 = a+ b+ c+ p6 + p7
m‘
2 = ab+ ac+ bc+ (a+ b+ c+ 1) (p6 + p7)

m
′

3 = abc+ p6p7 (a+ b+ c)+ (p6 + p7) (ab+ ac+ bc)
m‘
4 = abc (p6 + p7)+ p6p7 (ab+ ac+ bc)

m
′

5 = abcp6p7 + wdep4p6p7
(34)

According to (34), we obtain (35).

1
′

1 = m
′

1 > 0

1
′

2 =

∣∣∣∣∣m
′

1 m
′

0

m
′

3 m
′

2

∣∣∣∣∣ = m
′

1m
′

2 − m
′

3 > 0

1
′

3 =

∣∣∣∣∣∣∣
m
′

1 m
′

0 0
m
′

3 m
′

2 m
′

1

m
′

5 m
′

4 m
′

3

∣∣∣∣∣∣∣
= m1′m

′

2m
′

3 + m
′

1m
′

5 − m
′2
1 m

′

4 − m
′2
3 > 0

(35)

Equations (32) and (35) satisfy the requirements of the
Routh–Hurwitz stability discriminant theorem. Therefore,
when R0 > 1, the equilibrium point X2(S2,E2,T2,Q2,R2)
is locally asymptotically stable.

FIGURE 1. Conversion relationship between nodes in the SETQR model.

FIGURE 2. Verification diagram of information propagation stability when
R0 < 1.

VI. SIMULATION RESULTS AND ANALYSIS
In this study, the stability of information dissemination and
the impact of communication mechanisms on information
dissemination are simulated and verified respectively. The
specific simulation results and analyses are as follows.

A. VERIFICATION OF INFORMATION DISSEMINATION
STABILITY
In this paper, R0 < 1, R0 > 1, and a real case are verified
experimentally and the trends in the proportion of various
types of nodes in the SETQR network with time are analyzed.

1) SITUATION ONE: R0 < 1
The transition probability is randomly selected and multiple
values are obtained for the simulation, wherein one such set
of values is p1 = 0.01, p2 = 0.01, p3 = 0.001, p4 = 0.2,
p5 = 0.2, p6 = 0.8, p7 = 0.9, p8 = 0.8,and w = 0.99.
At this time, R0 ≈ 0.02 is obtained and the condition of
R0 < 1 is satisfied. When the transition probabilities are
different, the experimental results are almost identical. The
simulation results of the above values are selected, and the
result is shown in FIGURE 2.

In FIGURE 2, the abscissa indicates the time of infor-
mation propagation in days, and the ordinate indicates the
proportions (%) of various nodes in the network. The lines
in the figure indicate proportion changes during information
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propagation. The solid line in the figure indicates the change
in the proportion of the susceptible node S. The dotted line
indicates that of the exposed node E. The curve with ∗ indi-
cates that of the trusted node T. The curve with × indicates
that of the questioned node Q. Finally, the curve with �
indicates that of the recovered node R.

It is observed that as time goes by, the proportion of sus-
ceptible node S in the network gradually approaches 1, while
the numbers of exposed, trusted, questioned and recovered
nodes gradually approach zero. At this point, the system has
stabilized. The propagation node disappears, the information
loses its ability to spread, and it does not form widespread
communication. Therefore, it is verified that the equilibrium
point is locally asymptotically stable, which is consistent
with the results of the theoretical analysis.

2) SITUATION TWO: R0 > 1
The transition probability is randomly selected and multiple
values are obtained for simulation, wherein one such set of
values is p1 = 0.1, p2 = 0.25, p3 = 0.001, p4 = 0.2,
p5 = 0.01, p6 = 0.3, p7 = 0.3, p8 = 0.01, w = 0.5.
At this time, R0 ≈ 1.3 is obtained and the condition of
R0 > 1 is satisfied. When the transition probabilities differ,
the experimental results are almost identical. The simulation
results of the above values are selected, and the result is
shown in FIGURE 3.

FIGURE 3. Verification diagram of information propagation stability when
R0 > 1.

In FIGURE 3, the abscissa indicates the time of infor-
mation propagation in days, and the ordinate indicates the
proportions (%) of various nodes in the network. The lines
in the figure indicate proportion changes during information
propagation. The solid line in the figure indicates the change
in the proportion of the susceptible node S. The dotted line
indicates that of the exposed node E. The curve with ∗ indi-
cates that of the trusted node T. The curve with × indicates
that of the questioned node Q. The curve with� indicates that
of the recovered node R.

It is observed that the proportions of exposed, trusted,
questioned, and recovered nodes tend to be stable over time
after a period of change, and the information will continue
to spread stably in the system. Therefore, it is verified that

the equilibrium point is locally asymptotically stable, which
is consistent with the results of the theoretical analysis.

3) ACTUAL CASE
Data simulation and analysis were carried out as examples
for ‘‘Restrictions of new energy vehicles’ travel and purchase
is not allowed in all parts of China’’. In the simulations,
the professional crawler software "Octopus" was used for
statistical analysis of Weibo users who were concerned about
this news item in order to ensure accuracy of the experimental
data. From this analysis, we observed that the Weibo users on
the official Weibo of the ‘‘People’s Daily,’’ ‘‘National Busi-
ness Daily,’’ and ‘‘Weibo Auto’’ networks generated more
comments and forwarding volumes than those on the other
official Weibo mentioned above. Therefore, in the simula-
tions, we selected the data of these three networks for separate
evaluations. The simulation results of these three networks
were almost identical. Owing to space limitations, only the
results People’s Daily have been shown in this paper. The
results indicate that the number of times the information was
forwarded on the microblog was approximately 100, and the
number of comments was approximately 300. Users who trust
the information will generally choose to forward it while
commenting, whereas users who question the information do
not choose to forward it. From the statistical analysis results,
we can see that p1 ≈ 2 p3, p4 ≈ 2 p5, p6 ≈ 2 p8, p3 = p5 =
p8 = 0.2, and p1 = p4 = p6 = 0.4, i.e., the number of
people replying to Weibo on June 6 was approximately half
of the total number, and therefore, p2 = p1 + p3 = 0.6. The
last reply to the Weibo was June 19, which took 13 days to
complete; therefore, 1/w = 13 or w = 1/13. After a period
of time, there were very few users who paid attention to this
Weibo again and therefore p7 ≈ 0.01. The above values are
thus added to (13) to obtain R0 = 2 and to meet the condition
of R0 > 1. The result is shown in FIGURE 4.

FIGURE 4. Information dissemination stability verification diagram for
actual cases.

In FIGURE 4, the abscissa indicates the time of infor-
mation propagation in days, and the ordinate indicates the
proportions (%) of various nodes in the network. The lines
in the figure indicate proportion changes during information
propagation. The solid line in the figure indicates a change
in the proportion of the susceptible node S. The dotted line
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indicates the exposed node E. The curve with ∗ indicates
the trusted node T. The curve with × indicates that of the
questioned node Q. The curve with � indicates that of the
recovered node R.

The proportions of exposed, trusted, questioned, and
recovered nodes tend to be stable over time after a period of
change, and the information will continue to spread stably in
the system. Therefore, it is verified by an actual case that the
equilibrium point is locally asymptotically stable, which is
consistent with the theoretical analysis results.

B. IMPACT OF COMMUNICATION MECHANISMS ON
INFORMATION DISSEMINATION
1) IMPACT OF TIME LAG MECHANISMS ON INFORMATION
DISSEMINATION
In the experiment to analyze the influence of the time lag
mechanism on information transmission, the initial parame-
ters p1 = 0.1, p2 = 0.2, p3 = 0.1, p4 = 0.1, p5 = 0.2, p6 =
0.7, p7 = 0.5, and p8 = 0.2 are maintained in the experiment.
w is randomly selected such that w ≥ 0. The random values
taken in the experiment are w1 = 1/2, w2 = 1/4, w3 = 1/8,
w4 = 1/16, and w5 = 1/32, in sequence. FIGURE 5 shows
the simulation results of the effect of the time lag mechanism
on information dissemination.

FIGURE 5. Impact of time lag mechanism on information dissemination.

In FIGURE 5, the abscissa indicates the time of infor-
mation propagation in days, and the ordinate indicates the
proportions (%) of various nodes in the network. The lines
in the figure indicate proportion changes during information
propagation. The solid line in the figure indicates the change
in the proportion of the trusted node T when w1 = 1/2.
The dotted line indicates that of the trusted node T when
w2 = 1/4. The curve with ∗ indicates that of the trusted node
T when w3 = 1/8. The curve with × indicates that of the
trusted node T when w4 = 1/16. The curve with � indicates
of the trusted node T when w5 = 1/32.

As shown in FIGURE 5, the smaller w is, the longer the
latency is, the longer the network requires to reach equilib-
rium, and the smaller the proportion of trust nodes when the
network reaches equilibrium. Therefore, the offline nodes in
the network will delay information propagation and reduce

information transmission speed. Additionally, the longer the
latency, the greater the delay effect.

2) IMPACT OF CONTAINMENT MECHANISMS ON
INFORMATION DISSEMINATION
In the experiment to analyze the influence of the containment
mechanism on information transmission, the initial parame-
ters p1 = 0.1, p2 = 0.2, p3 = 0.1, p4 = 0.1, p5 = 0.2,
p6 = 0.7, p7 = 0.5, and w = 0.6 are maintained in the
experiment. p8 is randomly selected such that 0 ≤ p8 ≤ 1.
The random values taken in the experiment are p81 = 0.1,
p82 = 0.3, p83 = 0.5, p84 = 0.7, are p85 = 0.9, in sequence.
FIGURE 6 shows the simulation results of the effect of the
containment mechanism on information dissemination.

FIGURE 6. Impact of containment mechanism on information
dissemination.

In FIGURE 6, the abscissa indicates the time of infor-
mation propagation in days. The ordinate indicates the pro-
portions (%) of various nodes in the network. The lines in
the figure indicate proportion changes during information
propagation. The solid line in the figure indicates the change
in the proportion of the trusted node T when p81 = 0.1.
The dotted line indicates that of the trusted node T when
p82 = 0.3. The curve with ∗ indicates that of the trusted node
T when p83 = 0.5. The curve with × indicates that of the
trusted node T when p84 = 0.7. The curve with � indicates
that of the trusted node T when p85 = 0.9.

FIGURE 6 shows that the larger p8 is, the smaller the
proportion of trusted nodes is when the network reaches
equilibrium. This is because p8 represents the intensity of
containment. When the intensity of containment increases,
the probability that the propagating node will become the
recovered node increases. The speed of information dissem-
ination can be accelerated so that the network reaches equi-
librium faster and the proportion of trusted nodes decreases.

3) IMPACT OF FORGETTING MECHANISMS ON
INFORMATION DISSEMINATION
In the experiment to analyze the influence of forgettingmech-
anism on information transmission, the initial parameters
p1 = 0.1, p2 = 0.2, p3 = 0.1, p4 = 0.1, p5 = 0.2, p6 = 0.7,
p8 = 0.2, andw = 0.6 are maintained in the experiment. p7 is
randomly selected such that 0 ≤ p7 ≤ 1. The random values
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taken in the experiment are p71 = 0.1, p72 = 0.3, p73 = 0.5,
p74 = 0.7, and p75 = 0.9, in sequence. FIGURE 7 shows the
simulation result of the effect of the containment mechanism
on information dissemination.

In FIGURE 7, the abscissa indicates the time of infor-
mation propagation in days, and the ordinate indicates the
proportions (%) of various nodes in the network. The lines
in the figure indicate proportion changes during information
propagation. The solid line in the figure indicates the change
in the proportion of the trusted node T when p71 = 0.1.
The dotted line indicates that of the trusted node T when
p72 = 0.3. The curve with ∗ indicates that of the trusted node
T when p73 = 0.5. The curve with × indicates that of the
trusted node T when p74 = 0.7. The curve with � indicates
that of the trusted node T when p75 = 0.9.

FIGURE 7. Impact of forgetting mechanism on information dissemination.

FIGURE 7 indicates that the larger p7 is, the larger the
proportion of trusted nodes when the network reaches equi-
librium. This is because the larger p7 is, the easier it is for
the recovered node to forget that it has accepted the infor-
mation, become a susceptible node again, and start spreading
information.

VII. CONCLUSION
This study establishes the SETQR model based on the influ-
ence of the time lag, containment, and forgetting mechanisms
on the propagation process during information dissemination.
We derive the equilibrium point and basic regeneration num-
ber of the SETQRmodel and prove the stability of the SETQR
model at the equilibrium point. The simulation experiment
verifies the theoretical analysis of the information propaga-
tion stability of the SETQR model and proves that the time
lag, containment, and forgetting mechanisms are all impor-
tant factors affecting the information dissemination process.
The research work in this paper explains the reasons why
information in the network will have different propagation
ranges, which helps provide understanding of the information
dissemination behavior in complex networks.

REFERENCES
[1] J. Zhou, X. Yu, and J.-A. Lu, ‘‘Node importance in controlled complex

networks,’’ IEEE Trans. Circuits Syst., II, Exp. Briefs, vol. 66, no. 3,
pp. 437–441, Mar. 2019.

[2] C. J. Vega, E. N. Sanchez, and G. Chen, ‘‘Trajectory tracking on complex
networks with non-identical chaotic nodes via inverse optimal pinning
control,’’ IEEE Control Syst. Lett., vol. 2, no. 4, pp. 635–640, Oct. 2018.

[3] S. Das, S. Sharmin, and M. S. Rahman, ‘‘Generating proactive humanitar-
ian aid networks with guided topology and small-world effect,’’ in Proc.
IEEE Region 10 Humanitarian Technol. Conf. (R10-HTC), Dec. 2017,
pp. 682–685.

[4] L. Zhang, T. Wang, Z. Jin, N. Su, C. Zhao, and Y. He, ‘‘The research
on social networks public opinion propagation influence models and its
controllability,’’ China Commun., vol. 15, no. 7, pp. 98–110, Jul. 2018.

[5] C. Liu et al., ‘‘Research on propagation model on complex networks,’’
J. Syst. Sci., vol. 24, no. 2, pp. 81–86, 2016.

[6] J. Zhao, J. Cheng, and H. Gao, ‘‘Public opinion propagation model on
social networks,’’ in Proc. 7th Int. Joint Conf. Comput. Sci. Optim.,
New York, NY, USA, Jul. 2014, pp. 325–328.

[7] A. Singh and Y. N. Singh, ‘‘Rumor dynamics and inoculation of the
nodes in complex networks,’’ Complex Netw. Appl., vol. 132, pp. 1–155,
Jun. 2014.

[8] Y. Zou and G. He, ‘‘On the uniqueness of solutions for a class of fractional
differential equations,’’ Appl. Math. Lett., vol. 74, pp. 68–73, Dec. 2017.

[9] T. Zhang, X. Liu, X.Meng, and T. Zhang, ‘‘Spatio-temporal dynamics near
the steady state of a planktonic system,’’ Comput. Math. Appl., vol. 75,
no. 12, pp. 4490–4504, Jun. 2018.

[10] Z. E. Ma, Y. C. Zhou, and W. D. Wang, Modeling and Research on Infec-
tious Disease Dynamics. Beijing, China: Science Press, 2004, pp. 54–61.

[11] I. M. Foppa, ‘‘Bernoulli: A pioneer of epidemiologic modeling (1760),’’
in A Historical Introduction to Mathematical Modeling of Infectious Dis-
eases, 2017, pp. 1–20.

[12] W. O. Kermack and A. G. McKendrick, ‘‘A contribution to the mathemat-
ical theory of epidemics,’’ Proc. Roy. Soc. London. A, Containing Papers
Math. Phys. Character, vol. 115, no. 772, pp. 700–721, Aug. 1927.

[13] W. O. Kermack and A. G. McKendrick, ‘‘Contributions to the mathemat-
ical theory of epidemics—II. The problem of endemicity,’’ Bull. Math.
Biol., vol. 138, nos. 1–2, pp. 57–87, 1932.

[14] D. Bentaleb and S. Amine, ‘‘Lyapunov function and global stability for a
two-strain SEIR model with bilinear and non-monotone incidence,’’ Int. J.
Biomath., vol. 12, no. 2, Feb. 2019, Art. no. 1950021.

[15] X. Wu, B. Tian, and R. Yuan, ‘‘Wave propagation in a diffusive SEIR
epidemicmodel with nonlocal reaction and standard incidence rate,’’Math.
Methods Appl. Sci., vol. 41, no. 17, pp. 8136–8160, Nov. 2018.

[16] X. D. Liu, T. Li, and M. Tian, ‘‘Rumor spreading of a SEIR model in
complex social networks with hesitating mechanism,’’ Adv. Difference
Equ., vol. 2018, p. 391, Dec. 2018.

[17] T. Kuniya and J. Wang, ‘‘Lyapunov functions and global stability for a
spatially diffusive SIR epidemic model,’’ Applicable Anal., vol. 96, no. 11,
pp. 1935–1960, 2017.

[18] T. Kuniya and J. Wang, ‘‘Global dynamics of an SIR epidemic model
with nonlocal diffusion,’’ Nonlinear Anal., Real World Appl., vol. 43,
pp. 262–282, Oct. 2018.

[19] B. Q. Cao, M. Shan, Q. Zhang, and W. Wang, ‘‘A stochastic SIS epidemic
model with vaccination,’’ Phys. A, Stat. Mech. Appl., vol. 486, no. 15,
pp. 127–143, Nov. 2017.

[20] C.-H. Hsu and J.-J. Lin, ‘‘Stability of traveling wave solutions for a
spatially discrete SIS epidemic model,’’ Zeitschrift Für Angewandte Math-
ematik Physik, vol. 70, p. 62, Apr. 2019.

[21] W. Chao, H. Yuanping, L. Chengyuan, L. Zhihong, and M. Jianfeng,
‘‘Stability analysis of information spreading on SNS based on refined SEIR
model,’’ China Commun., vol. 11, no. 11, pp. 24–33, Nov. 2014.

[22] Y. Wu, H. Huang, J. Zhao, C. Wang, and T. Wang, ‘‘Using mobile nodes
to control rumors in big data based on a new rumor propagation model in
vehicular social networks,’’ IEEE Access, vol. 6, pp. 62612–62621, 2018.

[23] Q. Liu and H. Li, ‘‘Global dynamics analysis of an SEIR epidemic model
with discrete delay on complex network,’’ Phys. A, Stat. Mech. Appl.,
vol. 524, pp. 289–296, Jun. 2019.

[24] L. Y. Zheng and L. K. Tang, ‘‘A node-based SIRS epidemic model with
infective media on complex networks,’’ Complexity, vol. 2019, Dec. 2019,
Art. no. 2849196.

[25] W. Wang and X.-Q. Zhao, ‘‘Threshold dynamics for compartmental epi-
demic models in periodic environments,’’ J. Dyn. Differ. Equ., vol. 20,
no. 3, pp. 699–717, Sep. 2008.

[26] Y. M. Cui, S. S. Chen, and X. C. Fu, ‘‘Calculation of basic regeneration
numbers in several types of infectious disease models,’’ Complex Syst.
Complex. Sci., vol. 14, no. 4, pp. 14–31, 2017.

127542 VOLUME 7, 2019



Y. Zhang, Z. Chen: SETQR Propagation Model for Social Networks

[27] P. van den Driessche and J. Watmough, ‘‘Reproduction numbers and sub-
threshold endemic equilibria for compartmental models of disease trans-
mission,’’ Math. Biosci., vol. 180, nos. 1–2, pp. 29–48, Nov./Dec. 2002.

[28] R. Q. Li et al., ‘‘A review of the outbreak threshold analysis of epidemic
propagation dynamics on complex networks,’’ Complex Syst. Complex.
Sci., vol. 13, no. 1, pp. 1–39, 2016.

[29] Z. G. Bai, ‘‘Basic regeneration number of periodic infectious disease
models,’’ J. Eng. Math., vol. 30, no. 2, pp. 175–183, 2013.

[30] F. Blanchini and G. Giordano, ‘‘Polyhedral Lyapunov functions struc-
turally ensure global asymptotic stability of dynamical networks IFF the
Jacobian is non-singular,’’ Automatica, vol. 86, pp. 183–191, Dec. 2017.

[31] A. L. Do, S. Boccaletti, J. Epperlein, S. Siegmund, and T. Gross, ‘‘Topo-
logical stability criteria for networking dynamical systems with Hermitian
Jacobian,’’ Eur. J. Appl. Math., vol. 27, no. 6, pp. 888–903, Dec. 2016.

[32] Y. L. Lu, G. P. Jiang, and Y. R. Song, ‘‘Research on stability and bifurcation
behavior of virus propagation in adaptive network,’’ J. Phys., vol. 62,
no. 13, pp. 22–30, 2013.

[33] C. Vargas-De-Leon and A. d’Onofrio, ‘‘Global stability of infectious dis-
ease models with contact rate as a function of prevalence index,’’ Math.
Biosci. Eng., vol. 14, no. 4, pp. 1019–1033, Aug. 2017.

[34] C. C. McCluskey, ‘‘Global stability for an SEI model of infectious disease
with age structure and immigration of infecteds,’’ Math. Biosci. Eng.,
vol. 13, no. 2, pp. 381–400, Apr. 2016.

YUEXIA ZHANG was born in Anyang, China,
in 1978, and the master’s and Ph.D. degrees in
information and communication engineering from
the Beijing University of Posts and Telecommu-
nications, in 2008. She has been an Assistant
Professor with the School of Information and
Communication Engineering, Beijing Information
Science and Technology University, since 2008.
Her research interests include wireless cooperative
communication technology, ultra-wideband tech-

nology, and wireless positioning technology.

ZIYANG CHEN was born in Beijing, 1995.
She received the bachelor’s degree in informa-
tion and communication engineering from Beijing
Information Science and Technology University,
in 2017. She is currently pursuing the master’s
degree with the Beijing University of Informa-
tion Science and Technology. Her research interest
includes complex network public opinion commu-
nication analysis.

VOLUME 7, 2019 127543


	INTRODUCTION
	RELATED WORK
	SETQR INFORMATION PROPAGATION MODEL
	DIVISION OF NODE SETS
	PROPAGATION MECHANISM

	BALANCE POINT AND BASIC REGENERATION NUMBER
	BALANCE POINT
	BASIC REGENERATION NUMBER

	STABILITY ANALYSIS OF INFORMATION DISSEMINATION
	SIMULATION RESULTS AND ANALYSIS
	VERIFICATION OF INFORMATION DISSEMINATION STABILITY
	SITUATION ONE: R0<1
	SITUATION TWO: R0>1
	ACTUAL CASE

	IMPACT OF COMMUNICATION MECHANISMS ON INFORMATION DISSEMINATION
	IMPACT OF TIME LAG MECHANISMS ON INFORMATION DISSEMINATION
	IMPACT OF CONTAINMENT MECHANISMS ON INFORMATION DISSEMINATION
	IMPACT OF FORGETTING MECHANISMS ON INFORMATION DISSEMINATION


	CONCLUSION
	REFERENCES
	Biographies
	YUEXIA ZHANG
	ZIYANG CHEN


