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Abstract - Research on information diffusion in Online Social Networks has been going on for many users, there are broad 
application value and realistic significance to study the problem. In this paper we introduce a review of the status of the problem in 
the general context of being Anisotropic i.e. having propagation properties that vary according to the direction in which they are 
measured, based on four theoretical models: epidemic model, linear threshold model, independent cascade model and game theory 
model. Many researchers combine these models to study the problem from impact factors, social network structures and 
competition. Finally we summarize and analyze the worthiness of the ongoing research issues and achievements. 
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I. INTRODUCTION 
 

With the popularity of the Internet, online social 
networks (OSNs) are widely used in the people’s daily life, 
they can express their views, feelings or communicate with 
their friends, etc. In essence, the online social network is an 
online community, people interact through pictures, text, 
voice, video and other forms to realize information 
communication and remote exchange of views,- for 
example micro-blogs, blogs, email have already become an 
indispensable part of life for many people, it has the 
function of information diffusion with characteristics of 
wide coverage and high speed. So it has become an 
important information source for many people. In China, 
online social networks developed rapidly, to micro-blog as 
an example, some major web portals have provided 
micro-blog service,- as of 2012,December, the number of 
Sina micro-blog registered users has reached 500 millions, 
and has a very important role to promote the diffusion of 
related social events [1]. These events happened in society 
often has been discussed extensively and spread in the 
online social networks, and its propagation speed is much 
faster than the traditional ‘real’ society. For example, not 
accurate information about the swine flu was spread rapidly 
on twitter caused people had great extent panic [2]. In April 
6, 2009, a magnitude 3.5 earthquake occurred in Feidong 
County in China, the message about "the government is 
urgent purchasing earthquake emergency bag, it will happen 
a massive earthquake in Hefei" was spread in online social 
networks and result serious negative impact on social 
stability[3]. 

Some enterprises issued on its new products information 
and some commercial activities and other kinds of 
information through the form of micro-blog, rapid diffusion 
of this kind of information is beneficial to both parties, the 
vast majority of enterprises were used different forms of 
social networks to spread related business information, 
including 81% of enterprises believe that the behavior has a 
positive effect on the operating results of enterprise[4]. 

Therefore, different types and different nature of the 
information abound on the web may result in different 
degree positive or negative effects to many people, positive 
and accurate information diffusion was conducive to social 
stability and economic development, and the effect of 
negative or error information diffusion caused to society 
cannot be ignored. 
 
 

II. ONLINE SOCIAL NETWORKS 
 
Online social network, referred to as OSNs, is a 

real-time online social network, arise after the popularity of 
the internet application, such as Facebook, twitter, Sina 
micro-blog etc. Different users purpose with online social 
networks are not the same, mainly has the access to 
information, entertainment, discussion topics, making 
friends etc. Because of these online social networks attract 
the large number of users, its have hundreds of millions of 
commercial value[5], at the same time, the reason of 
existence and exponential growth of online social networks 
was the lots of information provided by the users, from the 
angle of the enterprise to say, a single marketing 
information achieve to large scale diffusion must rely on 
bigger scale and users flow of online social network , such 
as user will share an information from an online social 
network to another social network , and different online 
social network users are have different business value to 
enterprises, such as some influential users and stars, these 
kind of users may be more effective to affect its fans to 
forward the already released information, On the other hand, 
for some ordinary users, they may not be all the time in 
online social networks, their social influence is much 
weaker than star users, so enterprises choose some star 
users to publish some commodity marketing information is 
more advantageous clearly ,However, compare with the 
online social network scale, the number of a star user 
followers  is still small, if they want to make information 
diffusion in large range, it needs more users to participate in 
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the information diffusion process obviously. In fact, a user 
may receive a lot of information, the possibility of he can 
read information is different between other users, even if he 
can read it, the possibility of forwarding the information is 
relevant with his preferences, reading behavior, information 
value judgment and other factors, the user may selective 
forward similar information that he received ,this case may 
increase difficulty to diffuse information , if there are exist 
similar or relevant information in online social network, 
these information also exist competition diffusion in the 
same online social network[6]. Due to the widespread use 
of online social networks, it has attracted many researchers' 
attention. 

Compared to the general social network, online social 
networks have some special characteristics. The main 
content to study OSNs [7,8] is that user and network 
structure of online social networks, but the characteristics of 
network structure has been extensive researched[9], the 
number of members in traditional social network is 
relatively small, in contrast, user heterogeneity and 
structure of online social network are more complex [10], 
for example, the average number of close contact with 
members in the traditional social network are between 10 to 
20 , while the average number of one user’s friends in 
Facebook are 130].some experts researched the evolution 
process of online social network, Kumar researched the 
topological properties of ONS and then proposed a 
evolution model based on two famous OSNs, Flicker and 
Yahoo360.Wu proposed an online social network evolution 
model based on observation of the growing mechanism in 
Twitter-like online social networks, and then introduced a 
renewal mechanism for the old nodes and an accelerated 
growth mechanism for the new nodes, at last, analyzed and 
recorded topological characteristics of the generated 
networks and validated properties with some crawled data 
sets of real online social networks.  

Bu et.al proposed a novel evolution network model with 
last updating time, which exists in many real-life online 
social networks. The model can maintain the robustness of 
scale-free networks and improve the network reliance 
against intentional attacks, and authors also found that it 
had the small-world effect. Because the user heterogeneity 
of online social networks and information diffusion 
involves a wide range, there are a large number of sensitive 
data in online social networks may not be conducive to the 
user, some researchers understand that protect the privacy 
of users is a very important problem. Most of the OSNs is a 
centralized structure, the service provider has the dominant 
power and unfavorable to the privacy protection so some 
scholars study the distributed structure of OSNs(DOSNs).  

Benevenuto et.al researched the online social network 
users workloads at the first time, it was mainly carried on 
the analysis of the main features of the user workloads 
through the click stream data: the usage frequency and the 
use of time when user used online social network. Ralph 
Gross with 4000 Facebook users of Carnegie Mellon 
University students as an example, accorded the OSNs 
actual data to study information disclosure pattern and 

privacy settings, and found that users exposed risk made the 
third party was easy to obtain their behavior record. 

Although the purpose of online social network was 
applied is for personal usage, researchers conducted the 
research from the user and network structure, but many 
companies regard it as a means to expand their product and 
brand awareness, So some researchers were studied from 
the point of view of online social networks, Mauro Bampo 
et.al researched various social network model to understand 
the structure how to affected viral marketing activities. 
They analyzed a specific viral marketing activities and used 
actual data to verify it, and used the experimental results to 
predict information diffusion effect based on different 
hypothesis and different network structure finally, the 
results confirmed that the social structure of electronic 
network had a key effect on the proliferation of marketing 
information. Martin Gneiser believes that market value of 
online social network determined by user, user relations and 
network effect, therefore, considered the influence of the of 
the network users and used PageRank algorithm to measure 
interconnection and established commercial value 
evaluation model. Liyong focused on information diffusion 
efficiency problem of micro-blog through researched 
10millions Sina Weibo users and4170thousands Twitter 
users ,he found that the number of users fans obey 
power-law distribution and index close to 2 and the network 
structure was the basic reason to achieve less time to realize 
the information diffusion. 

 
 

III. MODELLING TECHNIQUES 
 
There are rich research achievements about information 

diffusion, the research value is mainly manifest in viral 
marketing, control market rumors spread, online advertising 
and so on .The domestic and foreign literature shows that 
research mainly carry out theory model, linear threshold 
model, independent cascade model, the game theory model 
and infectious disease model, to study the subject, and 
research question focused on maximization information 
diffusion and minimization negative information diffusion, 
immunization strategy; network structure how to influence 
information diffusion and other aspects. Applied theory 
model to research information diffusion based on social 
network generally and less use real information diffusion 
data as the research object, the main research direction 
include information diffusion characteristics, maximization 
information diffusion, competitive information diffusion, 
etc. 

 
A. Epidemic Model 
 

The mechanism of information diffusion and the spread 
of infectious diseases is similar, infectious diseases spread 
through contact by person to person, but information is 
spread through communication by person to person. A lot of 
studies about information diffusion were based on existing 
research results of the spread of infectious diseases can be 
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thoroughly. The most widely used model is the SIR model 
and SIS model, first proposed by Kermack and McKendrick 
respectively in 1927 and 1932. The SIS model divided 
people into two groups, susceptible state with S and 
infected state I ,respectively. When susceptible people 
contact with infected people, susceptible people will be 
infected with probability β, and assumed that infected 
people become to susceptible with probability γ. The SIR 
model divided people into three states, susceptible S, 
infected I and recovery R, similar to the SIS model, when 
susceptible people contact with infected people, they 
become infected with probability β, and infected people 
become to recovery state with probability γ. When people 
become to recovery state and assume that they have 
permanent immunity and no possibility become to 
susceptible state again. Figure 1 and Figure 2 show the SIS 
model and SIR model, respectively. 

 

Fig.1. The Model of SIS 

 

Fig.2. The Model of SIR 

 

B. Linear Threshold Model 
     
For each node v in network, The weight sum of all the edge 
that connected with node v need meet the condition 

  ,1,u vup present the neighbor node set of node v.At the 
start, part nodes were activated, for any one node, each 
node was assigned a threshold v between 0 and 1.At time 
scale t,a non-activated node v will affected by all activated 
neighbors of node v, if the sum of influence probability p of 
all the neighbor nodes is greater than the threshold of node 
v, vu vu

t
p   , ,so the node v will be activated at time scale t, and 

become activated state at time scale t+1,until there is no 
activated behavior happen and the activated process is 
terminate. 
 
C. Independent Cascade Model 
 
   At time scale t, each activated node will activate its 
neighbor nodes at a probability, if a non-activated node is 
the neighbor of many activated nodes, these nodes will 
activate non-activated nodes in order, and each activated 
node activate non-activated nodes only once, whether to 

activate success, activated nodes no longer to activate these 
neighbors again, if the neighbor node was success activated, 
it will activate its neighbor node at time scale t+1. 
 
D. Game Theoretical Model 

 
Whether a node accept information decided from the 

angle of benefit maximization of itself, the node will 
compare social benefit with personal benefit to determine 
itself maximal benefit. Node make the same choice as its 
neighbors, it will gain social benefit, but personal benefit is 
that accept information can bring benefit to people. 
Few existed research results applied game theoretical to 
study information diffusion in online social network. 
 
 
IV. INFORMATION DIFFUSION BASED ON EPIDEMIC 

MODEL 
 

Research information diffusion in online social 
networks based on epidemic model is mainly from the 
following several aspects: 

 
(1) In addition to susceptible state, infected state and 

recovery state, some research extended SIS model and SIR 
model such as increased a new state for users in social 
networks. Zhao, LJ introduced remembering mechanisms to 
research a rumor spreading model, Susceptible-Infected- 
Hibernator-Removed (SIHR) model, the model extends the 
classical Susceptible-Infected-Removed (SIR) rumor 
spreading model by adding a direct link from ignorants to 
stiflers and a new kind of people-hibernators. They 
discussed the spreading threshold and find the relationship 
between the final size of the rumor and two probabilities. 
Numerical simulation shows that the direct link from the 
ignorants to the stiflers advances the rumor terminal time 
and reduces the maximum rumor influence. Moreover, the 
forgetting and remembering mechanisms of hibernators 
postpone the rumor terminal time and reduce the maximum 
rumor influence. Zhang, N considered official rumor 
refutation and divided people into eight states: ignorance, 
ignorant removal, rumor carrier, rumor spreader, rumor 
advocate, truth carrier, truth spreader and truth advocate, 
and researched relevant factors with rumor spreading and 
then proposed a new spread model-ICSAR model, and put 
forward effective methods according to the different 
situation how to stop the spread of rumors. Xiong Fei 
through described the characteristics of micro-blog 
information diffusion and based SIR model to propose a 
SCIR model which have four states, S,I , R and C expressed 
contact state, and state C denoted that when people of state 
S contact with people of state I, the group of S state will not 
change into I state immediately but come into  state C, 
after that people of state C may lost interest to spread 
information and change into state R with a certain 
probability, at the same time, remaining group of state C 
change into state I with a certain probability. The results 
show that even a small infection rate, information may still 
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diffused in scale-free networks with a wide range, and 
infection individual density is closely related to the average 
degree of network, even if network average degree is big, 
there are still exist individual of state R in network. Lv 
Linyuan [32] study found that many infectious disease 
transmission dynamics and information diffusion kinetics 
were had unified frameworks and similarity models, she put 
forward a new UKAE model that emphasizes information 
diffusion and disease spreading is different in the essence, 
and considered the memory effect, social strengthening 
effect and non- redundant factors in the model. The research 
results show that the speed and breadth of information 
diffusion in the rule network is much better than the random 
network, but it is most efficient in small world network. 

(2) Effect of immunization strategy on information 
diffusion: Many scholars have been studied information 
diffusion from the perspective of immune in detail, 
PASTOR proposed the target immunization strategy based 
on SIS model, that is immune to the nodes in the network 
which degrees are big. Zhang HF according the immunity 
of susceptible people and infectious people to classify them 
to different group, and assumed that the spread of the 
disease may have more than one stage and modeled to 
better explained the spread of infectious diseases. Huang, 
JY made the improvement to the SIR model and then 
proposed ISRARU model, the research take random 
immunization strategy and target immunization strategy to 
prevent rumors spreading in the small world network, and 
the results find that when the average degree of network is 
small, two strategies are effective, but when the average 
degree of network is large, two strategies are invalid. So 
authors presented a new strategy to reduce the credibility of 
rumors, and then applied these kinds of immune strategy to 
compared research and found that even the average degree 
of network is big, the new strategy has a good effect on 
prevent rumors spreading. Nian,FZ proposed a kind of 
effective immune strategy which is a high risk 
immunization strategy, he believes that the simple immune 
strategy is object to susceptible individuals which neighbors 
have been infected, these susceptible individuals are 
referred to as high risk individuals, correspondingly, authors 
improved the SIR model based on small world network and 
scale-free network and the results showed that the high risk 
immunization strategy was economical and feasible in 
practice. 

 
(3) User’s Behavior: Some scholars considered the 

factors impact on information diffusion, such as user’s 
behavior, because of these studies are relatively less at 
present, Suqiang taking into account the part of the user’s 
behavior which them not all read micro-blog content, so he 
based on the SIR model to propose a Mb-SIR mode and 
expand the content of the model. He extracted data from the 
Sina micro-blog to verify the model validity, the research 
results showed that the model has good accuracy, at the 
same time, compared to the transmission rate and removal 
rate, reading rate has greater impact on information 
diffusion. Yan, Q [6] considered the impact of user burst 

behavior and limited attention on information diffusion in 
the online social network, and based these two points to 
improve the SI model, the research results verified that the 
effect of information diffusion in online social networks can 
be optimized and controlled. 

 
(4) Impact of the Social Network Structure: The 

research scope of the information diffusion characteristics 
are the influence factors of information diffusion and the 
effects of network structure on information diffusion 
generally, a lot of research in this field are based on the 
diffusion model. A part of the study focuses on the 
influence factors, such as the infection probability, memory 
mechanism, forgetting mechanism, immune strategy and so 
on. Fu Xinchu [38] studied the effects of nonlinear infection 
probability in the SIS model on infectious disease diffusion 
threshold, this study considered the infection probability 
between nodes is a non-linear function and different from 
many studies assumed that the infection probability is a 
variable. Another part of the study mainly focuses on these 
problems from the perspective of network structure. Mina 
Youssef [39] believes that previous research had only 
considered the representative characteristics of network 
structure, without considered all the network structure 
details, and also not considered each individual state in the 
network, many previous studies were assumed susceptible 
individual turn into infected individual with the same 
probability, but this study combined the continuous Markov 
chain with SIR model and considered the infection 
probability of each individual is different. Chuxiangwei 
considered the factor of nonlinear infection rate and studied 
the effects of infection rate index and the weighted index on 
the disease diffusion threshold and the disease prevalence 
based on the SIR model in weighted scale-free network, the 
results showed that the infection rate index had a positive 
effect on the threshold and the prevalence. 

Sun found that previous research only consider the 
simple case that only exist a single link between nodes in 
complex networks, in fact, there are multiple connections in 
real social complex networks, for example, blood 
relationship network, working relationship network, friend 
relationship network, the relationship mixed together has 
the different influence on the spread of infectious diseases 
process , Sun constructed a multiple relationship network 
with different edge weights represent different relationships 
to study the outbreak disease threshold and popularity based 
on the SIS model and SIR model. 

Romualdo modeled with the basic SIS model by 
considered different kinds of complex networks, the study 
concluded that in the infectious disease model, the topology 
network structure had great influence on the disease 
diffusion, the conclusion point that the number of infected 
individuals will surge regardless of infectious rate. Some 
scholars studied the problem combine with Markov chains, 
such as Nekovee used mean field theory and 
interaction-Markov chain studied the SIR model more 
meticulous, and according the uniform network and 
heterogeneous network to study rumors diffusion 
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respectively, relatively speaking, the results showed that the 
scale-free network is more conducive to the rumors 
diffusion. Peng Chengbin thought that the connections 
between nodes undirected and un-weighted when SIS 
model was applied in the contacts network ,so authors 
researched the disease diffusion threshold and immune 
problems by applied SIS model in the general network , the 
difference lies in the property of the network nodes and the 
nodes relationship were more practical, the results found 
that if the spectral radius of the parameters adjacency 
matrix of network is less than 1,the disease will disappear in 
the network, so people can evaluate the effectiveness of 
different immunization strategies and take corresponding 
immune method based on the study. 
 

V. INFORMATION COMPETITION DIFFUSION 
 

Research on information diffusion is still relatively few, 
usually from the view of maximize the information 
diffusion impact to research the problem of information 
competition diffusion, Domingos and Richardson first 
proposed the problem-maximize information diffusion ,such 
as viral marketing, because companies hope diffuse new 
product information and other positive information by the 
most influential nodes set, scholars research these kinds of 
problems had two methods and two models mainly, greedy 
algorithm and heuristic algorithm, line threshold model and 
independent cascade model. Kempe et al.,Mossel and Roch 
researched a general framework to solve this kind of 
problem based on sub-modular function, linear threshold 
model and independent cascade model. Eyal Even-Dar as 
voter model an example to study this kind of problem, voter 
model is a very basic probability model which represent 
opinions diffusion in a social network that proposed by 
Clifford et al. election and Holley et al.  

Eyal Even-Dar thought that the difference between 
threshold model and voter model is that former model is 
more suitable to be used in research the problem of 
epidemic diffusion, because of in this kind of problem, the 
infected nodes not return to the non-infectious state, but 
latter model means that the node may be affected by the 
neighbor nodes as to change their point of view, the study 
finally obtain the exact solutions of the maximize diffusion 
set in voter model. Zhou found that previous research are 
based to find nodes to achieve itself influence maximization 
in the whole network, the problem that he researched was 
the influence maximization of part target nodes, rather than 
all the nodes in the entire network, and based on 
independent cascade model to propose a influence 
maximization model with constraints. Zhu introduced 
continuous Markov chain theory and combined with the 
independent cascade model and proposed a new model, 
CTMC-ICM, to solve the influence maximization problem, 
the study considered the diffusion capability of each node in 
the network and presents a new method SpreadRank to 
measure the sequence, the experimental results proved that 
the new method can accurate find some important node as 
influence nodes, and it is more efficient than the distance 

center method. Some scholars researched how to 
recognized influential blog users, the commonly method to 
identify influential users was analysis the blog network 
structure.  

Nitin Agarwal et.al had conducted the research through 
defined the influential blog users, studied their 
characteristics and the challenge to identify influential blog 
users, and then put forward a kind of model to quantify 
users influence and provide the groundwork for further 
research this problem. Li researched a market influence 
value (MIV) model to evaluate the blogosphere influence 
and recognize influential blog users, and then analyzed blog 
features from three dimensions, content, network and user 
initiative,  after that use the method ,artificial neural 
network, to identify potential blog users, and propose a 
framework to support advertisers and marketers 
performance effectively. Masahiro Kimura Applied 
independent cascade model and linear threshold model to 
research influential nodes in the large social network, they 
proposed an greedy algorithm based on bond percolation 
theory and graph theory to solve this kind of problem 
efficiently, experiments confirmed that the new method can 
shorten the calculation time, so the computational 
complexity of the new method was more excellent than the 
general method.  

Chen Duanbin et.al considered the cluster effect to 
searched influential nodes in the large directed 
network ,they pointed out that the PageRank algorithm and 
the LeaderRank algorithm only considered the influence of 
neighbor nodes, but did not consider the relationship 
between these nodes, due to the local clusters is not 
conducive to information diffusion, based on the above 
factors, authors put forward a local sorted algorithm, 
Cluster-Rank algorithm, both considered number of 
neighbors, and neighbors influence, cluster coefficient , the 
experimental results showed that the proposed algorithm 
was superior to PageRank algorithm and LeaderRank 
algorithm. Nguyen studied a problem of node protection 
that was found a minimum set of maximum influential 
nodes to limit the error information diffusion. 

Another angle to study information diffusion was 
applied game theory model, this kind of study was mainly 
focused on information competition diffusion and just 
beginning, so the research results was very few. Lucy Small 
researched competitive information diffusion in online 
social networks based on the iterated local transfer model of, 
in this study, for the two competitive intelligence, if they 
maintain independent Nash equilibrium in the initial 
network, they will remain the same status in the future, but 
also studied competition diffusion problems in the tree 
networks, and find that the Nash equilibrium also exist, but 
for three or more competitive intelligence, the conclusion is 
not established. 

Noga Alon [66] through the game theory model to study 
the diffusion problem of social network advertising, 
technology competition, when the network diameter is not 
more than 2, there exist Nash equilibrium, because the 
social network scale is larger, so the study application was 
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limited. In contrast, Reiko Takehara et al. proved that when 
the network diameter is 2, there is no pure Nash 
equilibrium. 

The study on the information competition diffusion is 
mainly focused on the angle of search influential nodes, and 
then applied linear threshold model and independent 
cascade model and combined with greedy algorithm and 
heuristic algorithm to conduct the research, but applied 
epidemic model to study the problem is more from the 
perspective of influence mechanism of information 
diffusion, influence factors, user behaviors to carry out. 
Relatively speaking, applied these models to researched 
information diffusion were less in the online social 
networks. 

 
 

VI. CONCLUSIONS 
 

Although many research results of complex networks 
theory were mainly applied mathematics, theoretical 
physics, behavioral science, sociology, communication 
studies, psychology and other theories to research at present. 
Online social networks as a kind of complex networks, the 
development time is shorter, the richness of its research is 
clearly not and put on a par with complex networks, it has 
some characteristics different from the complex networks, 
such as the number of members is larger, the information 
diffusion range is wider, faster, and so on. The online social 
network applied universally, that it means the study have 
the necessity and importance, although the study of 
information diffusion in the online social network has made 
some achievements, there are still some other worthy of 
study. 

Many kinds of information in online social networks, 
such as digital information, text information, audio 
information, picture information and video information, 
these information have an obvious difference, so it has a 
certain value to consider different types of information and 
then research information diffusion in online social network, 
but the difficulty lies in how to explain the difference of 
different kinds of information diffusion, this kind of 
research results are very few. 

There are exist many types of online social networks, 
different network service providers provide different service 
function, such as different email service providers, blog 
service providers, the micro-blog service providers, social 
networking sites and so on, it has certain difference between 
in different types of OSN. Whether these differences in 
networks and functional differences had influences on the 
spread of information, but researched on this area was still 
relatively few. 

Diffusion speed and diffusion range of information are 
related to information content in Online social network, 
such as marketing information need to expand the diffusion 
range and diffusion speed, rumors are required to restrict its 
diffusion effect, it is worthy of study the information 
content how to impact on information diffusion, and then 
take control strategies and immunization strategies to 

control bad information spread effectively, these problems 
are need for the further study. 

When enterprises used online social networks for the 
goal of viral marketing, they often encounter competitors 
through OSNs to promote information diffusion. From the 
purpose of enterprise marketing, obviously, each firm hope 
to make better spread of their information and have a good 
diffusion effect. Therefore, there exist information 
competition diffusion problems between enterprises, this 
kind of research achievement is not much also. At the same 
time, because of the enterprise by the marketing cost 
constraint and part of marketing information has timeliness, 
such as corporate promotional information, so research the 
enterprise marketing information diffusion problem has a 
practical significance when consider timeliness and 
marketing costs. 
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