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We build an information dissemination model based on SIRmodel to study information dissemination in microblog networks. We
consider different influence factors of information dissemination such as activity, credibility, and weight of network and construct
calculation methods of various parameters, for instance, direct immune rate, indirect immune rate, and information dissemination
rate. Meanwhile, by collecting data from API in Weibo and using the result of microblog information dissemination life cycle
analysis, we utilize the model to conduct simulation and get the change trend of proportion in Stages S, I, and R. After comparing
with the actual situation, this model is proved to be effective in predicting the trend of information dissemination.

1. Introduction

Microblog, as an important part in our modern life, is a
platform for information sharing and dissemination on the
basis of web technology [1]. The first microblog community,
Twitter, was founded in 2006 by Evan Williams. Tweet
dissemination has the characteristics of fission and poly-
merization, which are different from traditional media [2–
5]. Twitter mainly concerns the fields of e-learning, cultural
exchange and information feedback, and so forth [6, 7].
Founded in 2010, Weibo develops rapidly and is becoming
a representative of new social media in China. In 2014, it
had more than 500 million users and became China’s largest
virtual community. In China, Weibo community is a popular
research object. In most researches, Chinese scholars tend to
select model study since it simulates the trend of information
dissemination concisely.

There aremainly four types of disseminationmodel: inde-
pendentwaterfallmodel [8], linear thresholdmodel [9], game
theoreticalmodel [10], and epidemicmodel. Among them the
epidemic model is widely applied to empirical research on
information dissemination because of the similarity between
information dissemination and epidemic disease spreading

[11–13]. Classical epidemic model mainly includes SI model,
SIS model, and SIR model. SIR model is the most optimal
one among the three models. SI model and SIS model only
include infected stage (i.e., Stage I) in which members who
have been infected will continue to spread the disease. SIS
model assumes that the susceptible population can be cured
and they infect and spread the viruses at the same time. The
hypotheses and transmission mechanism of SI model and
SIS model are different from the general rule of information
dissemination, while SIR model well maps the objective
conditions and the process of information dissemination.

The SIR model is one of the most widely used epidemic
models; many scholars studied the information dissemina-
tion of microblog by optimizing and improving the SIR
model. Moreno and Vázquez [14] profoundly observed and
studied dissemination behaviors from different scale-free
networks and drew a conclusion that different information
dissemination models and initialization conditions will pro-
duce different effects. Li and Sun [15] established information
dissemination evolution model based on the SIR model and
studied the features of social populations when two pieces
of conflicting information spread simultaneously in social
network. Different from diseases spreading, containment
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system and forgetting mechanism will affect information
dissemination [16–18]. Based on what was mentioned, Wang
et al. [19] improved the SIR model considering containment
system and forgetting mechanism and then analyzed their
influence on information dissemination process using the
improved model. The SIR model study of May [20] shows
that in scale-free network, when scale of network is infinite,
the threshold value of information dissemination will drop to
zero. These studies made certain theoretical contribution by
introducing the epidemic models to the study of information
dissemination and became the fundamental of microblog
information dissemination study.

In recent years, microblog information dissemination
studies have achieved appreciable progress [21–23]. Since
microblog information dissemination belongs to a kind of
information dissemination, SIR model has been gradually
introduced to the study of microblog information dissemina-
tion. Xu et al. [24] built a microblog community information
dissemination model considering the multisubject feature of
microblog community, constructed a microblog community
information dissemination model, and studied factors that
influence the popularity of microblog. Ding et al. [25] built
a modified SIR model based on the direct immunization
situation. After investigating the features such as the existing
memory efficiency, social consolidation, and nonredundancy
of interrelationship of the microblog information dissem-
ination progress, Guo [26] explored the relations between
microblog’s coverage rate and relevant factors. Taking low
activity character and reliability factors into account, Wang
et al. [27] established microblog information dissemination
SIRmodel and performed simulation and prediction. In con-
sideration of the network weight’s influence on information
dissemination rate, Yan et al. [28] redefined information
dissemination on the basis of the epidemic diseasemodel.The
scholars above studied SIR model in the areas of microblog
information dissemination process and provided reference
meaning for this paper.

According to the current studies, SIR model has been
widely used in information dissemination model and grad-
ually introduced to microblog information dissemination
studies. However, the life cycle feature of microblog infor-
mation dissemination and the differences betweenmicroblog
information dissemination and epidemic diseases spreading
are rarely studied. In addition, seldom scholars have tried
to collect and calculate data directly and conduct the step-
wise simulation. Therefore, this research aims to construct
microblog information dissemination model based on SIR
model after comparing the differences between microblog
information dissemination and epidemic diseases spreading.
This model combines factors such as activity, reliability, and
life cycle, describes the information dissemination progress
by collecting data, calculating parameters, and stepwise
simulation, and provides theoretical foundation and reality
tool for the following researches.

The structure of this paper is arranged as follows. Sec-
tion 2 introduces SIR model to the study of microblog infor-
mation. Section 3 constructs the initial information dissem-
ination model after comparing the differences between the
direct immune rate and indirect immune rate of microblog

information dissemination. Section 4 optimizes the SIR
model considering the low activity feature of microblog and
reliability. Section 5 conducts simulation according to the
established model. Section 6 is the conclusion.

2. Methodology and the SIR Model

2.1. Applicability of the SIRModel. In SIRmodel, participants
are divided into three parts: Stage S is the susceptible
population that have probability of infecting virus, Stage I is
the infected population that transmits virus to Stage S with
the probability of 𝜆, and Stage R is the recovered population
who will not transmit virus any more that transformed from
Stage I with the probability of 𝜇. We use 𝑠(𝑡), 𝑖(𝑡), and 𝑟(𝑡) to
represent the proportion of Stage S, Stage I, and Stage R, and
the model is shown as formula (1). Consider

𝑑𝑠 (𝑡)
𝑑𝑡 = −𝜆𝑖 (𝑡) 𝑠 (𝑡) ,

𝑑𝑖 (𝑡)
𝑑𝑡 = 𝜆𝑖 (𝑡) 𝑠 (𝑡) − 𝜇𝑖 (𝑡) ,

𝑑𝑟 (𝑡)
𝑑𝑡 = 𝜇𝑖 (𝑡) .

(1)

Then, we introduce the three stages into the information
dissemination model. We apply the SIR model to the infor-
mational dissemination network because the information
dissemination is similar to the virus spreading and its effect
of dissemination from both network structures is similar.
Network structure and the evolution of the SIR epidemic
model are similar to the information dissemination model.
Because user types of the SIR model have a great similarity
with the microblog community’s and they are subjects to
information dissemination characteristics of scale-free net-
works, SIR model can be applied to the microblog informa-
tion dissemination study.

In order to facilitate the research and differ from diseases
spreading, we redefine the three stages. Stage S is the spread
population who are information publishers; Stage I is igno-
rant population who have never received the information,
and Stage R is the recovered population who will no longer
disseminate the information.We still use 𝑠(𝑡), 𝑖(𝑡), and 𝑟(𝑡) to
denote the proportion of Stages S, I, and R, and the model is
shown as formula (2). Consider

𝑑𝑖 (𝑡)
𝑑𝑡 = −𝜆𝑖 (𝑡) 𝑠 (𝑡) ,

𝑑𝑠 (𝑡)
𝑑𝑡 = 𝜆𝑖 (𝑡) 𝑠 (𝑡) − 𝜇𝑠 (𝑡) ,

𝑑𝑟 (𝑡)
𝑑𝑡 = 𝜇𝑠 (𝑡) .

(2)

We describe the information dissemination process in
microblog community as follows: Stage S is information
publishers, which accounts for a small proportion at initial
time step. Stage I is followers of Stage S who never received
the information. When they received information, they
transform into Stage S with the proportion of 𝜆 and start
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to disseminate. The population in this stage take the largest
proportion in initial time step. Stage R is the users who have
received the information, but they will no longer disseminate
it. They transform from Stage S with the probability 𝜇, and
their values are 0 in the initial time step.

2.2. Improvement of the SIR Model. The dissemination of
microblog information relies on the behaviors of followers
such as forward, comment, and like; hence when we consider
microblog information disseminationmechanism, we should
figure out the differences between epidemic disease spreading
and microblog dissemination. In microblog information
dissemination, a piece of information will be available to
all the followers after posting or forwarding, but not all the
followers will accept and forward the information, and part of
the followers will receive but do not accept it and transform
into immune population directly. Since information is valued
by only certain population at certain time, part of the users
who accept and disseminate the information will transform
into immune population according to a certain proportion
with the time step. Therefore, when we construct microblog
information dissemination model, we should notice two
situations: one is the susceptible population who no longer
disseminate the information and transform directly into
immune population; the other is the dissemination popula-
tion who have disseminated the information and transform
indirectly into immune population.

We describe the dissemination of microblog information
as follows according to the introduced double immunization
rate: part of the population in Stage S disseminate the infor-
mation to susceptible population with the probability 𝜆, and
susceptible population start to disseminate the information.
The remaining part in Stage S no longer disseminate the
information and transform into immune population with the
probability 𝜇. In Stage I, when the population receive the
microblog information, part of them will choose to accept
and disseminate it.The remaining part will not disseminate it
and transform into immune population with the probability
𝜐. So, in the dissemination progress, part of the population
in Stage I will transform into Stage S with the probability 𝜆,
and the remaining part of it will transform into Stage R with
the probability 𝜐. We optimize the model according to these
principles.

𝑑𝑖 (𝑡)
𝑑𝑡 = −𝜆𝑖 (𝑡) 𝑠 (𝑡) − 𝜐𝑖 (𝑡) 𝑠 (𝑡) ,

𝑑𝑠 (𝑡)
𝑑𝑡 = 𝜆𝑖 (𝑡) 𝑠 (𝑡) − 𝜇𝑠 (𝑡) ,

𝑑𝑟 (𝑡)
𝑑𝑡 = 𝜇𝑠 (𝑡) + 𝜐𝑖 (𝑡) 𝑠 (𝑡) .

(3)

In formula (3), we use 𝑠(𝑡), 𝑖(𝑡), and 𝑟(𝑡) to represent the
proportion of Stage S, Stage I, and Stage R at time 𝑡. 𝜆, 𝜇, and
𝜐 represent the dissemination rate of microblog information,
the indirect immunization rate, and the direct immunization
rate, respectively.

So, we describe themicroblog information dissemination
as follows: when Stage S contacts Stage I, part of Stage S will

disseminate information to Stage I and make them change
into Stage S with the probability 𝜆. The remaining part of
Stage S will lose the interest in dissemination when they
encounter Stage S or R during the dissemination; then they
change into Stage R with the probability 𝜇. When Stage I
receives information, part of them will choose to accept and
disseminate it and then turn into Stage S with the probability
𝜆. The remaining part of Stage I will change into Stage R with
the probability 𝜐.
3. Analysis Process

3.1. Network Weights. The microblog community is a com-
plex network, so the information dissemination models have
some network characters. As for the uniform network, to
make it clear, the mean field was introduced to the model
formulated in equation. In short, mean field theory is unified
handling the role of the research subject in the network
environment, replacing the totaling single effect with the
average effect. And the model is shown in

𝑑𝑖 (𝑡)
𝑑𝑡 = −𝜆 ⟨𝑘⟩ 𝑖 (𝑡) 𝑠 (𝑡) − 𝜐 ⟨𝑘⟩ 𝑖 (𝑡) 𝑠 (𝑡) ,

𝑑𝑠 (𝑡)
𝑑𝑡 = 𝜆 ⟨𝑘⟩ 𝑖 (𝑡) 𝑠 (𝑡) − 𝛼 ⟨𝑘⟩ 𝑠 (𝑡) [𝑠 (𝑡) + 𝑟 (𝑡)] ,

𝑑𝑟 (𝑡)
𝑑𝑡 = 𝛼 ⟨𝑘⟩ 𝑠 (𝑡) [𝑠 (𝑡) + 𝑟 (𝑡)] + 𝜐 ⟨𝑘⟩ 𝑖 (𝑡) 𝑠 (𝑡) .

(4)

In formula (4), ⟨𝑘⟩ is the average degree of the network,
𝜆⟨𝑘⟩ is the probability that Stage I is infected, and 𝛼⟨𝑘⟩ is the
probability that Stage S meet Stage S or R and change into
Stage R.

Whenwe generalize the above to heterogeneous network,
we get the informational dissemination differential equations
in the corresponding nonuniform network [23].

𝑑𝑖𝑘 (𝑡)
𝑑𝑡 = −𝜆𝑘𝑖𝑘 (𝑡)∑

𝑘

𝑘𝑃 (𝑘) 𝑠𝑘 (𝑡)
⟨𝑘⟩ − 𝜐𝑘𝑖𝑘 (𝑡)

⋅ ∑
𝑘

𝑘𝑃 (𝑘) 𝑟𝑘 (𝑡)
⟨𝑘⟩ ,

𝑑𝑠𝑘 (𝑡)
𝑑𝑡 = 𝜆𝑘𝑖𝑘∑

𝑘

𝑘𝑃 (𝑘) 𝑠𝑘 (𝑡)
⟨𝑘⟩ − 𝛼𝑘𝑠𝑘 (𝑡)

⋅ ∑
𝑘

𝑘𝑃 (𝑘) [𝑠𝑘 (𝑡) + 𝑠𝑘 (𝑡)]
⟨𝑘⟩ ,

𝑑𝑟𝑘 (𝑡)
𝑑𝑡 = 𝛼𝑘𝑠𝑘 (𝑡)∑

𝑘

𝑘𝑃 (𝑘) [𝑠𝑘 (𝑡) + 𝑟𝑘 (𝑡)]
⟨𝑘⟩

+ 𝜐𝑘𝑖𝑘 (𝑡)∑
𝑘

𝑘𝑃 (𝑘) 𝑠𝑘 (𝑡)
⟨𝑡⟩ .

(5)

In formula (5), 𝑖𝑘(𝑡), 𝑠𝑘(𝑡), and 𝑟𝑘(𝑡) are the proportion
of the population with connection degree of 𝑘 in Stages I, S,
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and R respectively. 𝑖𝑘(𝑡), 𝑠𝑘(𝑡), and 𝑟𝑘(𝑡) are proportion of
the population with connection degree of 𝑘 in Stages I, S,
and R separately. 𝑡 is the time step. 𝑃(𝑘) is the conditional
probability of connecting.

3.2. Activity Factor. As microblog community experiences a
high-speed development, it faces a problem of low activity.
Activity refers to the login proportion of all the registered
users during the unit time in microblog community. There
are two frequently used statistics indicators in calculation of
the activity, one is daily activity users (DAU), and the other
is month activity users (MAU). In this paper, we use daily
activity users (DAU) as a statistics indicator. Take Weibo
as an example: in the fourth quarter of 2012, its registered
users exceeded 500 million, while its daily active users were
only 46.29 million, with 0.1 activity level. It suggests the
user activity in microblog community is rather low. Thus,
we should consider the influence of low activity when we
research microblog information dissemination, and the first
consideration is the parameters of dissemination rate and
immunization rate. There are a large number of users who
never or seldom log in microblog account for a long period.
If we employ all registered users in microblog community to
calculate parameter values of the information dissemination
rate and immunization rate, a great deviation from actual
value will be produced and directly affect the simulation
result. So, we design the calculation method of microblog
information dissemination rate and immunization rate on the
basis of low activity.

3.3. Information Dissemination Rate. After posting the infor-
mation, the users inmicroblog community are involved in the
microblog information dissemination by forward, comment,
and like. So we consider influence of these behaviors first
when we calculate the information dissemination rate.

According to the research of microblog information dis-
semination, we find that microblog information has different
dissemination rate at different time step. Thus we use 𝜆𝑡
to represent the dissemination rate of certain information
at time step 𝑡. Generally, the higher microblog information
dissemination rate 𝜆𝑡 suggests the better result of dissemina-
tion effect. In each time step, microblog users participate in
information dissemination by comment, forward, and like, in
which forward belongs to direct information dissemination
since, after forward, microblog information will enlarge its
dissemination range into the follower’s network community,
which prolongs the life cycle of information dissemination.
While comment and like belong to indirect dissemination
information, since these behaviors can only influence other
users’ dissemination behaviors and cannot form information
dissemination.

In consideration of low microblog activity, we should
focus on microblog active users rather than all the registered
users in microblog community. In this case, we calculate 𝜆𝑡
as

𝜆𝑡 = 𝑎𝑋𝑡 + 𝑏𝑌𝑡 + 𝑐𝑍𝑡
𝑑𝑓𝑖 . (6)

In formula (6), 𝜆𝑡 is the information dissemination
rate denoted as specific information at the time step 𝑡, 𝑓𝑖
represents microblog user numbers among the specific com-
munity, and𝑑 represents the degree of user activity, which can
be processed through the ratio of the number of daily active
users and registered users in microblog community. 𝑋𝑡, 𝑌𝑡,
and 𝑍𝑡 denote times that microblog information behaviors
occur at specific time 𝑡 including comment, forward, and like.
𝑎, 𝑏, and 𝑐 are three introduced parameters representing the
microblog information dissemination rates of weight affected
by the three behaviors above. In the actual dissemination,
the forward will enlarge the dissemination range and extend
the life cycle of microblog information as stated. Therefore,
the forward affects the dissemination rate most. Although
the comment and like will not enlarge the information
dissemination range directly, they enhance the dissemination
effect in the original range. Therefore, their effect is less
than that of forward. Among the two behaviors, comment’s
influence is higher than that of like, because it attracts
more information in the original message. Thus, among the
three behaviors, forward has the maximum affecting weight,
comment follows, and like has the minimal affecting weight.
So the weights are in decreasing order of 𝑏, 𝑎, and 𝑐. Since, in
the actualmicroblog information dissemination, the affecting
weight of forward, comment, and like cannot be measured by
the existing technical conditions, the assignment calculation
method is used in this paper, with the distribution which sets
their parameter values as 3, 2, and 1.

3.4. Information Immunization Rate. In the dissemination
process of microblog information, Stage R transforms from
Stage I directly and Stage S indirectly. Hence, immunization
rate can be divided into direct immunization rate and indirect
immunization rate during the information dissemination.

3.4.1. The Direct Immunization Rate. The direct immuniza-
tion rate is the degree of susceptible population who do
not disseminate the information and transform into immune
population directly.This situation in the actual dissemination
shows that forward, comment, and like will not emerge with
the probablity of the direct immunization rate. We also need
to consider activity factors when calculating the rate, so
the calculation method of direct immunization rate can be
constructed as formula (7). Consider

𝜀𝑡 = 𝑑𝑓𝑖 − 𝑋𝑡 − 𝑌𝑡 − 𝑍𝑡
𝑑𝑓𝑖 . (7)

In formula (7), 𝑓𝑖 represents microblog user numbers
among the specific community, 𝑑 represents the degree of
user activity, and 𝑋𝑡, 𝑌𝑡, and 𝑍𝑡 denote times that behaviors
including comment, forward, and like occur at specific time
𝑡.
3.4.2. The Indirect Immunization Rate. The indirect immu-
nization rate represents the immunization degree of the users
who will not continue spreading the information in Stage
S. When we construct this calculation method, we should
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consider two aspects. One is the change of spreading pop-
ulation. During the process of information dissemination,
information dissemination rate and the number of Stage S
members are different at each time step. The other is the
number of immune population members who transformed
from dissemination population that changes all the time.The
number of dissemination population members is changing
at each time step; it is the same as the number of immune
population members in Stage S. Integrating these factors, we
construct the calculation method of indirect immunization
rate of microblog information dissemination as

𝛼𝑡 = 𝜆𝑡𝜀𝑡 = (𝑎𝑋𝑡 + 𝑏𝑌𝑡 + 𝑐𝑍𝑡) (𝑑𝑓𝑖 − 𝑋𝑡 − 𝑌𝑡 − 𝑍𝑡)
(𝑑𝑓𝑖)2

. (8)

In formula (8), 𝛼𝑡 represents the indirect immunization
rate of microblog information and 𝜀𝑡 is the direct immu-
nization rate in Stage S. 𝜆𝑡 is the information dissemination
rate, 𝑓𝑖 represents microblog user numbers in the specific
community, 𝑑 represents the degree of user activity, and 𝑋𝑡,𝑌𝑡, and𝑍𝑡 denote times thatmicroblog information behaviors
including comment, forward, and like occur at specific time
𝑡. 𝑎, 𝑏, and 𝑐 are three introduced parameters representing the
microblog information dissemination rates of weight affected
by the three behaviors above.

So far we have completed the calculation method of
microblog information dissemination rate and immunization
rate considering low activity. Activity factor is also taken into
account in other parameter calculations.

3.5. Credibility Factor. The credibility factor is so important
that it cannot be ignored when studying information dissem-
ination in microblog community. According to the reality of
microblog community, the credibility is mainly affected by
intimate level and microblog user’s attributes and reputation.
Because of the credibility factor, it is possible that certain
microblog information experiences explosive growth in a
short time when emergencies happen. Therefore, we study
microblog information credibility specifically.

We introduce the concept of edge weight to describe the
credibility relationship between microblog users. Referring
to the foregoing study, we set edge weights in microblog
community as similar weights, denoted as 𝜔𝑖𝑗. Weight 𝜔𝑖𝑗
can be explained as the degree of intimacy between users.
Meanwhile, we believe there is a positive correlation between
users’ edge weight and credibility. The greater the weight
of edge between two random users, the higher the credi-
bility between them. The greater the numeric value 𝜔𝑖𝑗 is,
the greater the likelihood microblog information is to be
accepted and disseminated. The calculation method of 𝜔𝑖𝑗 is
represented as

𝜔𝑖𝑗 = 𝜃𝑖𝑓𝑖
∑𝜃𝑖𝑓𝑖 . (9)

In formula (9), 𝜃𝑖 is a random parameter given for each
user node. Upon setting this parameter, network random
shocks and other factors that might affect connection rules
should be taken into consideration to improve the network

and choose the best characteristics. 𝑓𝑖 represents the whole
user numbers in specific microblog community.

On the basis of the above, we introduce credibility
calculation method of microblog information dissemination.

𝜙 (𝑘) = ( 𝜔𝑖𝑗
𝜔𝑀)
𝜀
𝑡 . (10)

In formula (10), 𝜑(𝑘) represents the credibility of
microblog information in consideration ofweighted network.
It includes the weight effect on the microblog information
dissemination. 𝜔𝑖𝑗 denotes the edge weight among microblog
users, 𝜔𝑀 represents the maximum of edge weight in
microblog community, and 𝜀𝑡 represents the direct immune
probability ofmicroblog dissemination. 𝜃𝑖 is the fixed reliabil-
ity parameters set for each node randomly. It shows the bigger
parameter means the higher credibility. In the calculation, we
use values within (0, 1) which obey normal distribution.

So far we have completed the credibility study of
microblog information.

In consideration of activity and credibility of the
microblog community, we optimize the kinetic equations of
information dissemination in microblog community.

𝑑𝑖𝑘 (𝑡)
𝑑𝑡 = −𝜆𝑡𝑘𝑖𝑘 (𝑡)∑

𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ 𝑠𝑘 (𝑡)

− 𝜀𝑡𝑘𝑖𝑘 (𝑡)∑
𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ 𝑠𝑘 (𝑡) ,

𝑑𝑠𝑘 (𝑡)
𝑑𝑡 = 𝜆𝑡𝑘𝑖𝑘 (𝑡)∑

𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ 𝑠𝑘 (𝑡)

− 𝛼𝑡𝑘𝑠𝑘 (𝑡)

⋅ ∑
𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ [𝑠𝑘 (𝑡) + 𝑟𝑘 (𝑡)] ,

𝑑𝑟𝑘 (𝑡)
𝑑𝑡 = 𝛼𝑡𝑘𝑠𝑘 (𝑡)

⋅ ∑
𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ [𝑠𝑘 (𝑡) + 𝑟𝑘 (𝑡)]

+ 𝜀𝑡𝑘𝑖𝑘 (𝑡)∑
𝑘

𝑘𝑃 (𝑘 | 𝑘) (𝜔𝑖𝑗/𝜔𝑀)𝜀𝑡
⟨𝑘⟩ 𝑠𝑘 (𝑡) .

(11)

In the differential formula (11), parameters are in accor-
dance with the meaning described above. It is important to
introduce two parameters: 𝑃(𝑘 | 𝑘) and ⟨𝑘⟩. 𝑃(𝑘 | 𝑘)
represents a node (the newly added one) with the degree of
𝑘 to be connected node (the original one) with dimension 𝑘.
According to the practice, when a new user is selecting the
users he or she wants to follow, he or she will select users they
are familiar with or interested in. We use DMS with initial
attraction as the calculationmethod, and the randomvariable
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𝜇𝑖 in the formula is adapted to the Poisson distribution. So
𝑃(𝑘 | 𝑘) calculation method can be described as follows:

𝑃 (𝑘 | 𝑘) = 𝑘𝑖 + 𝜇𝑖
∑𝑗 (𝑘𝑗 + 𝜇𝑖) . (12)

In formula (12), ⟨𝑘⟩ is the average degree of the network
and it measures the average speed of information dissemina-
tion in the network. If𝑀 represents connecting edges among
users in microblog community and𝑁 denotes the number of
microblog users, then the average calculation method can be
represented as

⟨𝑘⟩ = 2𝑀
𝑁 . (13)

We set the initial conditions of dynamic equations of
information dissemination in microblogging community as
follows:

When 𝑡 = 0, 𝑠(0) > 0, 𝑖(0) = 1 − 𝑠(0), and 𝑟(0) = 0.
So far, we have got complete dynamic equations for the

dissemination of information in the microblog community.

4. Simulation of Information
Dissemination Model

4.1. Data. We get the data of Weibo from the API (Appli-
cation Program Interface, https://api.weibo.com/). This part
mainly uses Java encapsulation; the API of Java package sends
and receives link information as the interface to support the
users. To make the study more representative, this paper
adopts ordinary users as the research data, with six hours for
a time step, from June 11, 2015, at 0 o’clock to June 12, 2015,
at 24 o’clock, consecutive data of 48 hours. According to the
nodes ID, we get the number of comments, forwards, and
likes of every microblog user in every time step. Based on
that, we process the data and get the related data needed in
the parameters calculation. As shown in Tables 1–8, we finally
keep 14 valid users’ data in 8 time steps after data filter. In
order to protect users’ privacy, we use the code instead of the
name of the users. The data are shown in Tables 1–8.

4.2. Simulation. Based on data processing, we calculate the
information dissemination rate and immunization rate in 8
time steps as in Table 9.

We get the average degree ⟨𝑘⟩ based on the crawled 𝑀
and𝑁 and calculate 𝜑(𝑘) and 𝑃(𝑘 | 𝑘). Considering the low
activity characteristics of the users in microblog community
and the practice observation, we set the active degree as 0.1.
As the information dissemination rate and immunization rate
are different at different time step, we conduct the stepwise
simulation. The initial value of Stage I and Stage S can be
calculated by average of the eight time steps’ information
dissemination rates and immunization rates, which is 0.93
and 0.07, respectively. Correspondingly, the initial value of
Stage R is 0. In the next seven time steps, we set the simulation
result of each time step as the initial value of the next time step
and conduct simulation in turn.

Then, we use MATLAB to solve the equations of three
stages and illustrate the value of Stages S, I, and R in every
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Figure 1: The variation trend of state I.

time step. Finally, wemake the graph to describe the variation
trend of Stages S, I, and R.

5. Result Discussion

In Figure 1, the variation trend of Stage I has three stages.
First it decreases quickly, and then it decreases slowly with
fluctuating. Finally, it becomes a horizontal line approaching
zero.This graph explains the susceptible population decreases
quickly in the initial stage. The users of microblog who can
receive the information are increasing rapidly after the infor-
mation is posted. When they received the information, some
of them join the people who disseminate the information,
and some of them refuse to accept the message and become
immune population. Stage I will turn into immune popula-
tion suddenly especially when the information is rumor and
the media clarify rumors. No matter what form it is in, all of
the susceptible population will turn to immune population
when the life cycle of microblog information is over. Stage I
will decrease and approach zero. There are sustained minor
fluctuations on point 0.1. It is relative to forgettingmechanism
and repeatability of information dissemination. It means part
of the microblog users will become information receiver and
spreader again because they forget the information.

In Figure 2, Stage S appeared to rise before a sharp drop
to 0 in the first time step and then drops approximately to
0 and keeps the level for a long time with a slight rebound.
After a piece ofmicroblog information being posted, the users
of Stage S will be getting more with the increasing trend of
information dissemination rate. However, microblog users
will receive too much information in a short time so most
people will lose interest quickly. The population who choose
to accept and disseminate the information will be sharply
reduced, just as the dropping trend of Stage S in Figure 2.
A slow growth trend appeared in the third time step due
to the forgetting mechanism. After the peak of information
dissemination, the information may be forgotten. But a few
users who forgot the information may be interested in the
information again and disseminate it after several time steps.
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Table 1: Data of the 1st time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21734 22451 19623 98129 27533 17525 12887 7816 7816 6979 10747 6216 6669 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 12 7 62 111 55 11 5 5 1 3 5 5 0
Forwards 23 26 242 417 191 89 15 9 9 97 0 117 1 0
Likes 11 18 214 254 218 40 13 28 28 3 0 8 0 5

Table 2: Data of the 2nd time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21733 22451 19635 98143 27536 17523 12888 7820 7820 6979 10747 6217 6669 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 12 7 62 132 55 11 5 5 1 3 5 5 0
Forward 25 26 277 444 230 91 15 9 9 97 0 148 1 0
Likes 11 18 256 287 253 42 13 29 29 3 0 8 0 5

Table 3: Data of the 3rd time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21734 22451 19657 98163 27553 17499 12891 7819 7819 6979 10745 6217 6668 5467
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 12 9 66 149 56 10 5 5 1 3 5 5 0
Forward 27 27 349 478 281 103 12 10 10 98 0 563 1 1
Likes 14 18 296 294 344 44 9 32 32 3 0 8 0 6

Table 4: Data of the 4th time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21732 22453 19730 98163 27572 17451 12891 7822 7823 6979 10746 6216 6669 5467
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 12 9 50 156 56 13 0 5 0 3 5 5 0
Forward 18 29 487 419 313 112 16 0 10 0 0 687 1 1
Likes 8 18 352 276 376 46 17 0 33 0 0 8 0 6

Table 5: Data of the 5th time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21722 22434 19761 98247 27621 17443 12901 7838 7839 6979 10746 6213 6670 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 13 9 70 157 56 13 5 5 1 4 5 5 0
Forward 26 29 526 523 319 118 16 10 10 104 0 731 1 1
Likes 14 19 383 334 392 46 18 33 33 3 0 8 0 6

Table 6: Data of the 6th time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21722 22435 19765 98248 27626 17441 12903 7845 7845 6979 10746 6213 6669 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 13 9 70 157 56 14 5 5 1 4 5 5 0
Forward 26 29 531 522 320 119 16 10 10 104 0 746 1 1
Likes 14 19 389 335 392 46 18 33 33 3 0 8 0 6
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Table 7: Data of the 7th time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21723 22435 19771 98248 27626 17434 12903 7870 7845 6979 10739 6213 6667 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 13 9 67 159 56 14 5 5 1 4 5 3 0
Forward 26 29 533 488 320 119 16 10 10 104 0 788 0 1
Likes 14 20 389 308 397 46 18 36 36 3 0 8 0 6

Table 8: Data of the 8th time step.

User code 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fans 21723 22446 19771 98248 27683 17434 12902 7927 7928 6979 10739 6213 6667 5466
Messages 3 4 2 10 2 2 2 1 1 1 1 4 3 2
Comments 2 13 11 72 159 56 14 5 5 1 4 5 5 0
Forward 26 28 558 524 320 119 16 10 10 103 0 794 1 1
Likes 14 19 413 337 400 46 18 36 36 3 0 8 0 6

Table 9: Information dissemination rate and immunization rate in
each time step.

Time Step 𝜆𝑡 𝜀𝑡 𝛼𝑡
1 0.098244137 0.956135637 0.093934721
2 0.106580649 0.952292848 0.101495989
3 0.152921797 0.935106804 0.142998213
4 0.137628064 0.941369427 0.129558851
5 0.255016715 0.922637314 0.235287937
6 0.186573434 0.921958661 0.172012993
7 0.190597452 0.920242113 0.175395802
8 0.19286514 0.919175282 0.177276869
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Figure 2: The variation trend of state S.

In Figure 3, Stage R shows the rising trend, and capability
of the microblog information dissemination is weakened.
Because of the rapid increase of Stage S and decrease of
Stage I, Stage R, which transformed from dissemination
population and susceptible population, increases quickly.
Then, the increasing speed of Stage R will slow down, and its
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Figure 3: The variation trend of state R.

value finally approximates to 1 and keeps steady for a long
time. It is consistent with the actual situation that most of the
microblog users will change into the immune population in
the end of microblog information life cycle. Also, because of
the forgetting mechanism, a few microblog users will turn
into susceptible population and dissemination population.
Therefore, in the short term, Stage R is close to 1 but has
not yet reached the level equal to 1. This is the reason why
the variation trend of Stage R shows small amplitude range
fluctuations.

We find that the microblog information dissemination
changesmainly occurred in the first time step, which explains
the short life cycle of microblog information dissemination,
with an average of six hours or so. So far we have completed
the simulation.

After completing the trend analysis of the simulation,
we verified the model. We take Stage S as the reference
population and then compare the simulation result and the
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Figure 4:The variation trend of information dissemination effect in
microblog community.
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Figure 5: The variation trend prediction of state I.

calculation of the crawling data. The calculation method of
the crawling data is

𝑉 = 𝑎Δ𝑋𝑡 + 𝑏Δ𝑌𝑡 + 𝑐Δ𝑍𝑡. (14)

In formula (14), 𝑎 = 2, 𝑏 = 3, 𝑐 = 1, and Δ𝑋𝑡, Δ𝑌𝑡, andΔ𝑍𝑡 separately represent the change amount of the number
of comments, forwards, and likes.

As shown in Figure 4, due to the short life cycle, the
turning point of dissemination is mainly contained in the
first time step. The information dissemination effect drops
suddenly in the first time step, slows down in the second time
step, and gradually becomes parallel to the horizontal axis,
and this trend is basically consistent with the simulated trend.

After the verification, we apply the model to predict the
microblog information dissemination trend. According to
the simulation result, the changes of microblog information
dissemination rate and immunization rate in the end of pro-
cess are very little, so we take the information dissemination
rate and immunization rate of the eighth time step as the
initial values of the prediction. Results are shown as in Figures
5–7.

Figures 5, 6, and 7 illustrate that, from the eighth time
step, the trend of Stages I, S, and R basically becomes a

0 5 10 15
−0.02

0

0.02

0.04

0.06

0.08

0.1

Time steps

Pr
op

or
tio

n 
of

 st
at

e S

Figure 6: The variation trend prediction of state S.
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Figure 7: The variation trend prediction of state R.

straight line. Specifically, Stage I drops to about 0.1 and begins
to flat, Stage R increases to about 0.9 and begins to flat,
and Stage S decreases close to 0 but still has a slight fluc-
tuation. The phenomenon above is related to the forgetting
mechanism and repeatability of information dissemination.
A few microblog users will become susceptible population
and immune population again after a certain period of time.

6. Conclusion

This paper distinguishes the differences between the infor-
mation dissemination and epidemic disease spreading and
discusses the applicability of SIR model for microblog infor-
mation dissemination study. We optimized the SIR model
by introducing the activity, credibility, and network weights
into themodel and constructed the calculationmethod of the
parameters such as information dissemination rate, informa-
tion immunization rate, network degree. As the information
dissemination rate, immunization rate, and other parameters



10 Discrete Dynamics in Nature and Society

are different at different time step, we conduct the stepwise
simulation. Through the variation trends of Stages S, I, and
R, we found that the model fits the actual situation of the
microblog information dissemination well and has good
application value. However, this study also has certain defi-
ciency, one is that the active degree of microblog community
needs more accurate calculation, and the other is that some
more complicated models should be considered to describe
the information dissemination more accurately in the future.
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