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Abstract. Currently, more and more scholars believe that most net-
works are not isolated, but interact with each other. Internet-based social
network (online network), and physical contact networks (offline net-
work) are a coupled network that interact with each other. Person have
online virtual identity and offline social identity. In this paper, the dou-
ble SIR information spreading model with unilateral effect is constructed
according to the characteristics of online and offline information dissemi-
nation. And two typical types of coupled networks, BA BA network and
WS WS network, are used to simulate. The experimental results show
that the online information propagation can inhibit the scope of offline.
This inhibition is slightly weaker for the BA BA network that the inter
degree-degree correlation (IDDC) is positive. At the same time, it is
found that the increase of the interlayer influence rate can enhance the
synchronization of information transmission on online and offline so that
effectively promote the information propagation of online/offline.

Keywords: Online/offline · The coupled network · SIR · The inter
degree-degree correlation · Interlayer influence rate

1 Introduction

The evolution of the Internet is from a single network to the “Super Network”
[1]. Once a network fails, cascading failures may result in other networks. Most
of real networks are a more complex system formed by the interaction of various
types of networks. Such as in power system, power network and computer control
system composed of coupled network [2]; in the social network, the interpersonal
network formed in real life and the interpersonal network formed in the virtual
world can produce coupled network [3]; in the traffic network, the road network
and railway network presents a kind of coupled cooperation system [4]. Research
on information propagation dynamics only from single network tends to ignore
some important factors that affect the spread, for example the interaction of the
inter-layer communication in multiplex network. In the real world, the channels

c© Springer Nature Singapore Pte Ltd. 2017
M. Xu et al. (Eds.): CTCIS 2017, CCIS 704, pp. 16–25, 2017.
https://doi.org/10.1007/978-981-10-7080-8_2



Information Propagation Model of Online/Offline Network 17

of receiving and spreading messages have physical contact networks (offline),
such as face to face or telephone, and Internet-based social network (online),
such as MSN or twitter. These two channels, online and offline, not only have
the relationship of mutual collaboration but also have competition relationship.
Study on this information dissemination process which is different from single
network has a great significance to more really response the regulars and features
of information propagation and to maintain network security and stability. This
paper researches online/offline information propagation model based on coupled
network.

2 Related Work

At present, Network of networks, Multiplex network and Multiplex network and
interdependent networks [1,5] are presented at international. These concepts
have become one of the most important areas of complex network. In 2010,
Buldyrev et al. [6] proposed a cascading failure model of interdependent net-
works and found that robustness was lower in interdepend networks. Since then
more and more scholars pay attention to multiplex networks, and study various
dynamic process based on multiplex networks. Dickison et al. [7] who inves-
tigated SIR epidemics on the coupled network found that the diseases spread
over a large area in the strong interconnection coupled network and the virus
more likely spread one side of the weak interconnection coupled network. Min
et al. [8] extended the SIS, SIR model to the coupled or multiplex network
and found that the critical values of disease broken out was significantly dif-
ferent from single network. Zhao et al. [9] researched immunization strategy on
the multiplex network. They presented two immunization strategies, Multiplex
node-based random (targeted) immunization and Layer node-based random (tar-
geted) immunization. They found that these both types of random immunization
strategy can effectively control the disease for multiplex consisting of ER and
ER network but targeted immunization strategy effect was better than random
for multiplex consisting of BA and BA. Granell et al. [10] researched asymmetric
transmission dynamic characteristics on coupled network composed of informa-
tion diffusion network and disease spreading network. Yu [11] constructed on the
online/offline BCN information dissemination model based on symmetric trans-
mission mechanisms and asymmetric transmission mechanism. Dong et al. [12]
studied the robustness of partial dependence on the N interdependent network.
It was found that the N layer ER network will undergo a process which was
from the two-order phase transition to the first-order phase transition. Wang
et al. [13] studied asymmetrically spreading dynamic on information epidemic
network and found that the increase in the rate of information transmission can
increase the threshold of disease outbreaks. Therefore, not only the network but
also the related network should be considered to maintain the stability of the
network.
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3 Information Propagation and Coupled Network

3.1 Analysis of the Characteristics of Online/Offline Information
Propagation

The Information propagation often both occur simultaneously on these two com-
munication networks, online/offline, but there are obvious differences. Online
communications network can span geographical limitations [14]. Such as, one in
China and the other person in United States can completely real-time commu-
nicate through online network. This phenomenon is impossible on offline net-
work. Cooperation and competition mechanism embodied in coupled network
[15]. Online communication network and offline communication network not only
exist cooperative relations that promote the information spreading, but also exit
competitive relations because of different media. Both cooperation and compe-
tition existing in online/offline network, make the information spreading on the
coupled network different from on single network. The event happened will trig-
ger online network and offline network at the same time and then transmit
the message. But because of the development of internet technology, online has
wider range and efficiency on information spreading than offline. Information
dissemination process generally radiate message from the online to the offline
[16]. Because online radiate message to offline, the double SIR information dis-
semination constructed in this paper is unilateral effect.

3.2 The Classic Model of Information Propagation

Most of researches on information propagation model make use of epidemic
spreading model. Social network has a close relationship with disease trans-
mission network. In fact, disease spreads through the contact between people.
Therefore, it’s suitable to make use of epidemic model to study information dis-
semination in social networks. There are three classical epidemic spreading mod-
els, susceptible-infected model (SI), susceptible-infected-susceptible model (SIS)
and susceptible-infected-recovered model (SIR). S (susceptible) means that some
people is illness and easy to be infected by sick person, which represent the group
who do not receive message in this paper; I (infected) means that some people
can infect susceptible person, which represent those who get the message and
reproduce or transport the message in this paper; R(recovered) means that some
people are isolated or immunized, and in this paper, it represents some people
who lost interest and will not spread it after getting the message. The classic
SIR virus propagation model is shown in Fig. 1:

Fig. 1. The classic SIR virus propagation model
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3.3 The Topology of Coupled Network

The type of coupled network built in this paper is inter-dependent networks,
as shown in Fig. 2. There have two types of edges in this coupled network:
(1) Interdependent edge: represents a connection between nodes at different net-
work layers; (2) Intralayer edge: represents a connection between nodes in the
same network layer. The general topology of interdependent networks is given
by Ref. [17]. This topology introduces the concept of interdependent matrix
based on the adjacency matrix of single network. And this topology represents
the topology of interdependent edge. The topology of interdependent networks is
shown in Eq. 1. In this matrix, A1, A2 represent the adjacency matrix of Layer A
and Layer B, and B12 is interdependent matrix representing connections between
Layer A’s node and Layer B’s node.

Ã =
[

A1 B12

BT
12 A2

]
(1)

Fig. 2. Interdependent network

3.4 The Inter Degree-Degree Correlation (IDDC)

In the single network, degree correlation describes different degree of nodes in
the network preferentially connect. The inter degree-degree correlation describes
degree of relevance between different layers in the coupled network. Parshani
[18] mentioned the IDDC that based on degree correlation in single network,
as shown Eq. 2. The IDDC exits the following three types: (1) The value of
IDDC is positive (rAB −→ 1). Represent a larger degree node of Layer A tends to
connect with a larger degree node of Layer B. The greater value of IDDC is, the
more obvious the tendency is. (2) The value of IDDC is negative (rAB −→ −1).
Represent a larger degree node of Layer A tends to connect with a smaller degree
node of Layer B. (3) The value of IDDC is approximately equal to 0 (rAB ≈ 0).
The nodes between two layers randomly connect with equal probability.

rAB =
1
σ2

∑
jk

jk
(
ejk − pAj pBk

)
(2)
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Which, ejk, the probability of choosing an interdependent edge that degree
of Layer A vertex is j and degree of Layer B vertex is k. pAj , pBk represent that
the probability that degree of Layer A node is and the degree of Layer B node is
k. σ2 =

√
σA ∗ √

σB , which σA =
∑

k k2pAk − [
∑

k kpAk ]2, σB =
∑

k k2pBk −
[
∑

k kpBk ]2.

4 The Information Propagation Model of Online/Offline

Virus propagation model in single network does not apply to information spread-
ing on multiplex network. A double SIR information propagation model with
unilateral effect is given.

4.1 Model Definition

Definition 1. SIR virus transmission dynamic process in single network simul-
taneously exist in Layer A and Layer B.

Definition 2. The interlayer effect is unilateral. In other word, infected node
from Layer A can infect susceptible node from Layer B which can’t reverse.

Definition 3. Interlayer influence rate, the probability that the infected node
from Layer A can infect susceptible node of Layer B into infected state, and
(1) interlayer symmetrical transmission mechanism, if the node of Layer A is I,
the corresponding node of Layer B will become I from S. (2) interlayer asym-
metric transmission mechanism, if the node of Layer A is I, the corresponding
node of Layer B will become R from S. (3) spread between layers for the random
state. The node of Layer A and Layer B is randomly mapping.

Definition 4. What the node of Layer A lose interest for information will lead
to the corresponding nodes of Layer B losing interest. If Layer A node is recov-
ered, the corresponding node of Layer B will be recovered. The double SIR infor-
mation propagation model with unilateral effect is shown in Fig. 3.

Fig. 3. The double SIR information propagation model
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4.2 Algorithm Description Based on Double SIR Information
Propagation Model

Node status information is asynchronous update on spreading of intralayer and
synchronous update on spreading of interlayer. When the initial t = 0, it means
that a node was selected as infected node from Layer A randomly, and the
corresponding node of Layer B is also infected node. When t = ti, it means that
the status of node Bi is determined by its own state and its neighboring node
status at t = ti − 1 and corresponding layer node at t = ti.

1. The spreading of intralayer in Layer A (principle of asynchronous update)
(1) At ti − 1, if node Ai is S, then judge whether the neighbor of Ai exist
I status node. If don’t have, node Ai will keep S status at t = ti and if the
number of node I is m, node Ai will become I with probability 1− (1−β)m at
t = ti. (2) If node Ai is I at node Ai will become R with probability δ at t = ti.
(3) If node Ai is R at ti − 1, node will keep R status at t = ti.

2. The spreading of intralayer in Layer B is similar with Layer A.
3. The spreading of interlayer between Layer A and Layer B (principle of syn-

chronous update): (1) If node Ai is S at t = ti, corresponding node Bi of
Layer B will keep status at t = ti. (2) If node Ai is I and corresponding node
Bi is S at t = ti, node Bi will change to I with probability λ. (3) If node Ai

is R at t = ti, the node Bi will change to R at t = ti.
4. When there is no node I on the coupled network, the process of propagation

will be end.

5 The Simulation of Information Propagation Process
on Online/Offline

5.1 The Construction of Coupled Network

Based on Matlab, the double SIR information propagation process is run.
First, construct two classic types of online/offline network, BA BA network
and WS WS network, which the subnetworks attributes is shown in the fol-
lowing Table 1. For convenience, the interlayer connection is one-to-one in this
paper. Sort the nodes of Layer A and Layer B according to the size of degree:
kA
1 ≥ kA

2 ≥ kA
3 ≥ · · · ≥ kA

N ,kB
1 ≥ kB

2 ≥ kB
3 ≥ · · · ≥ kB

N . If the way of interlayer
connection is kA

1 ↔ kB
1 , · · · , kA

N ↔ kB
N , the value of IDDC is maximum; if the

way of interlayer connection is kA
1 ↔ kB

N , · · · , kA
N ↔ kB

1 , the value of IDDC is
minimum.

5.2 The Settings of Experiment and Results

The value of IDDC is approximately set to 1, −0.2, 0 for BA BA network; the
value of IDDC is approximately set to 1, −0.9, 0 for WS WS network. The
interlayer influence rate λ is 0.1, 0.5, 0.9; the infection rate of Layer B is set to
βB = 0.3. In order to accelerate the process of experiment; the recovery rates
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Table 1. The two types of subnetworks attributes

Types Number Average path
length

Average degree Clustering
coefficient

Connectivity

WS 1000 3.3846 10 0.094672 Yes

BA 1000 2.975 10 0.042318 Yes

of Layer A and Layer B are both set to δA = δB = 0.8. Select one node of
Layer A as infected node and corresponding node of Layer B is also infected
node and then run the double SIR information propagation process on the con-
structed coupled network, BA BA network and WS WS network. After end of
each process, statistic the proportion of infected nodes to the total nodes (I/N),
and average value of 20 groups of experimental data.

When λ the is 0.1, 0.5, 0.9, the simulation results of I/N change with infected
rate βA of Layer A for BA BA network and WS WS network is shown in Figs. 4,
5 and 6. In the following simulation results graph, the solid red line represents
I/N of Layer A; black dotted line represents I/N of Layer B. And the star-shape,
triangular-shape and square-shape separately represent the value of IDDC is
positive, negative or 0.

From Figs. 4, 5 and 6, both for BA BA network and WS WS network, when
the βA of Layer A increases, the I/N of Layer A is gradually increasing, however,
the I/N of Layer B is gradually decreasing. This phenomenon shows there is a
competing relation between Layer A and Layer B. The spreading of Layer A
can inhibit Layer B. With the βA of Layer A increases, the difference of I/N
between Layer A and Layer B is becoming larger and larger. In other word, online
information spreading has an impulsion on the scope of offline. The bigger the
propagation rate of online is, the stronger the effect of inhibition is. From Figs. 5a
and 6a, when the value of IDDC is 1, the I/N of Layer B is higher than that
the value of IDDC is −0.2 or 0. The value of IDDC more tend to maximum,
and the I/N of Layer B will be higher which means that IDDC has slightly
effect on BA BA network. From Figs. 3b, 4b and 5b, different IDDC don’t have
obvious influence on WS WS network. This inhibition is also consistent with the
spreading characteristics of information disease network. The information spread
more quickly on information layer so that people will early receive the disease
messages. The infected number of person will be reduced because people have
received the message and take appropriate measures to protect themselves.

Both the infected rate of Layer A and Layer B are set to βA = βB = 0.3,
both the recovery rate of Layer A and layer B are set to δA = δB = 0.3. The
simulation results of I/N of Layer A and Layer B change with the influence rate
is shown in Fig. 7.

From Fig. 7, both for BA BA network and WS WS network, the I/N of Layer
B increases with λ the increasing, and finally tends to Layer A’s. That means
Layer A and Layer B will become more synchronously when λ increases. When
λ tends to 1, this is symmetrical transmission mechanism. Layer B is more
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Fig. 4. λ = 0.1, the proportion of infected nodes (I/N) change with infected rate βA

of Layer A

Fig. 5. λ = 0.5, the proportion of infected nodes (I/N) change with infected rate βA

of Layer A

Fig. 6. λ = 0.9, the proportion of infected nodes (I/N) change with infected rate βA

of Layer A

synchronous with Layer A, so the proportion of infected nodes is bigger in this
situation. Conversely, when λ tends to 0, this is asymmetrical transmission mech-
anism, and the synchronization of Layer A and Layer B is weaker. Symmetric
dissemination mechanisms contribute to dissemination of information. The part-
nerships between layer and layer are highlighted at this time and synchronicity is
more noticeable. However, asymmetric transmission mechanisms would highlight
competition. The above analysis show that the transmission of online/offline has
broader range than single way transmission. However, because online/offline are
substitute so that they have a competitive relationship. For example, Traditional
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media and new media will spread information with broader scope and efficiency,
however the high efficiency of new media will have a bad impact on traditional
media.

Fig. 7. The proportion of infected nodes (I/N) change with interlayer influence rate λ

6 Conclusion

At present, the research of information dissemination model is based on single
layer network. In this paper, the research object is to take the online/offline
as an interdependent coupled network. This is more conform to the process of
information propagation of online/offline. The information dissemination and
public opinion can be better controlled and guided through study information
propagation on online/offline. Especially, when face unexpected events, be able
to guide public opinion and stop the spread of rumors. Therefore, the study of
information transmission from the coupled network can better maintain the flow
of information security in the network.

A double SIR information propagation model based on the spreading char-
acteristics of online/offline is put up in this paper. Simulation results show that
as the inflected rate of Layer A increases, it has an inhibitory effect on Layer B.
The inhibitory effect will slightly weaken for BA BA network with larger value
of IDDC. However, this effect has no clear distinction with different IDDC of
WS WS network as the inflected rate of Layer A increases, and will conduct a
follow-up study. Layer A and Layer B tend to sync with the interlayer influence
rate increase. It needs to increase cooperation between the different transmission
routes and lessen competition, if want to expand dissemination of information.
The increase of interlayer influence rate can make online and offline partnerships
highlight and the competitive relationship weakened so that online/offline can
be in sync. Epidemic spreading model is used to study information spreading in
this paper. Due to the information dissemination process is different from the
spread of the virus, the process of information propagation can reflect the char-
acteristics of the information itself. In the subsequent work, the above imperfec-
tions should be taken into account. And the double SIR information propagation
model should be refined further and will be more prefect.
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