
 

J.-S. Pan et al. (eds.), Genetic and Evolutionary Computing,  
Advances in Intelligent Systems and Computing 238,  

275

DOI: 10.1007/978-3-319-01796-9_29, © Springer International Publishing Switzerland 2014 
 

A Social Network Information Propagation Model 
Considering Different Types of Social Relationships 

Changwei Zhao, Zhiyong Zhang, Hanman Li, and Shiyang Zhao 

Henan University of Science & Technology, Luoyang, China 
zhao_chw@163.com, z.zhang@ieee.org 

Abstract. In social networks, information are shared or propagated among user 
nodes through different links of social relationships. Considering the fact that 
different types of social relationships have different information propagation 
preference, we present a new social network information propagation model 
and set up dynamic equations for it. In our model, user nodes could share or 
propagate information according to their own preferences, and select different 
types of social relationships according to information preferences. The model 
reflects the facts that users are active and information possess propagation 
preferences. Simulation results proved the validity of the model. 
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1 Introduction 

At present, a social networking service (SNS) has gained significant popularity and is 
among the most popular sites on the Web [1]. It has been an important platform to 
build social networks or social relations among people who, for example, share or 
propagate interests, activities, backgrounds, or real-life connections [2]. Different from 
the traditional web services, which are largely organized around content, SNS is user-
centered, and information is disseminated via social relationships among friends. The 
research of information dissemination mechanism in SNS has important applications in 
many fields, such as opinion spread, disease control, digital rights management [3,4], 
and so on. In social networks, users, social relationships and information are three 
essential items, and users are described as nodes, social relationships of friends are 
called edges or links in networks graphs. Users are publishers or disseminators about 
information, and relationships are transmission path of information. Information is 
propagated through relationships among friends. If the number of edges between any 
two nodes is greater than two, we call the network graph as a multigraph. Comparing 
with the diffusion model of disease [5, 6], computer viruses, opinions, and rumor [7], 
the propagation model of SNS has its own characteristics. First, users might recognize 
activity the feature of information which will be shared or propagated, and select an 
appropriate path to disseminate it according its feature rather than to share 
indiscriminately it on all relationships. Moreover, there are many types of relationships 
among users, such as friends, colleagues, acquaintances, classmates, etc. And a user 
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maybe belongs to different types of it. Also, the preference of transmission path is a 
basic character of information. Considering different relationship types of SNS and 
information dissemination preference, we present a new information dissemination 
model of social network, and the dynamic behavior of it is analyzed. 

2 Related Works 

The research of social networks pertains to the fields of complex networks. A 
complex network is a graph with non-trivial topological features. The study of 
complex networks is a young and active area of scientific research inspired largely by 
the empirical study of real-world networks such as computer networks and social 
networks. Erdős–Rényi networks, scale-free networks and small-world networks are 
three kinds of it. ER is a full random graph. Scale-free networks [8] and small-world 
networks are characterized by specific structural features—power-law degree 
distributions for the former and short path lengths and high clustering for the latter. 
Many real-world networks connection meets the feature of power-law degree 
distributions. In [1, 9], degree distribution, clustering coefficient, clustering 
coefficient and vertex degree correlation coefficients of social network were analyzed. 
In modeling of SNS, referring dynamics of infectious disease and using complex 
networks theories, [10] presented an online social network information dissemination 
theoretical model. However, in this model, neither preferences of information 
dissemination nor types of social relationships are considered. All information will 
disseminate on all type links and have same ability of propagating. Trust is basis of 
transaction among users in social networks, and is basis of information dissemination 
too. It is a very common situation, which multi-type relationships connect two user 
nodes. So far as we know, [11] first noticed this phenomenon, and a hybrid approach 
is presented for calculating edge trust weights. However, relationships between 
information dissemination preference and types of links are not concerned. Taking 
into account the fact that user node is an active node and the user will not share or 
propagate information randomly, we proposed a new model, in which user activity 
select suitable edges for propagating or sharing information according information 
features, there, we called information features as information preference. The model 
can accurately reflect information dissemination characteristics in SNS and is more 
consistent with real situation. 

3 Model 

3.1 Topology of Multi-type Relationships SNS 

In a multigraph of social networks (as shown in Fig.1 left), according types of links, it 
can be transformed into several subgraphs of unique link. And corresponding nodes 
can share information in different type graphs. As shown in Fig.1, both subgraphs are 
disconnectivity, but information may spread on all network through users sharing 
information on different types of link. 
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Fig. 1. Mulitgraph vs subgraph    

3.2 Information Dissemination Mechanism 

In SNS, users are publishers or disseminators of information，and information are 
spread via different types of relationships. Manner of user spreading information is 
active. Users select suitable path according information preference. User nodes can be 
divided into three classes according to function and state of it: interest node (I), 
disinterest node (D) and propagation node (P). For new information, propagation node 
is the node which receive the information from neighborhood nodes and possess 
dissemination capability; Interest node is the node which is a new node and has 
interest in it, and an interest node may become a propagation node according to a 
certain probability; if an interest node has not propagation interests, it will become a 
disinterest node. We define the following dissemination rules: 

1. Information I has different dissemination preference Ip, Ip=[p1,p2,…pn], pm∈

[0,1],m=1,2,…,n.  m is type of social relationships. pm is dissemination preference 
of  I about m and independent each other.  

2. For different m and I, propagation node P select links whose type is m with 
probability pm and disseminate information I with probability pt, where pt is 
dissemination probability. Once propagation nodes contact with interesting nodes, 
the latter will convert into propagation nodes and the former will convert into 
disinterest node with probability 1. That is, user nodes will not repeat sharing or 
propagating same information. 

3. Propagation nodes do not always stay in the state of dissemination. It will become 
disinterest nodes with probability pd, where pd is disinterest probability. In other 
words, user nodes have no interest in disseminating information I, and information 
I cannot be propagated for ever. 

3.3 Dynamic Equations of Model 

Assume the state of user node N is interesting at time t.  pii is probability of 
remaining interesting state in time slice［ t, t + Δt］, for simply, Δt is defined as one 
cycle time of changing or remaining state. pip is changing  probability from 
interesting state to propagation state, and we have: pip=1- pii. 
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For information I with preference  Ip, We assume user node N has k links, and has 
km links which permit to types m, then ∑km=k.  gm is the number of propagation 
nodes, which links to node N directly via the links of type m at time t. then： 
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Assume type of social relationships m is independent and obey uniform distribution, 
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Where, ωkm is connected probability from propagation node to interesting node in 
networks of type m. where: 
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p(k |k) is the degree of correlation function，and represents conditional probability 
of  adjacent nodes whose degrees are k and k′ differently. In social networks,  p(k |k) = ( ′ ( ′))/_  [8]. ρ ( , ) is propagation nodes density, whose degree is 
k′ at time t. 

From formula (3) and (4), we can get average maintenance probability of interest 
node, whose degree is k, at time slice [t，t + Δt］. For type of m: 
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For all networks, average maintenance probability is ： 
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Assume N(k, t) is the total number of nodes whose degree equal k at time t, and  
I(k, t), D(k, t), P(k, t) is the number of interesting, disinterest and propagation nodes 
differently. Then we have： 
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Fig. 4. Transmission failure VS Ip 

work 
ence 

all 
the 

ngle 
ugh 

tion 
tion 
ted. 
nce, 

sion 
alue 
in a 
etter 



 

 

Networks Stable State vs. 
The information transmiss
pt=0.7. Initial nodes degre
stable, number of disinteres

Fig. 5. N

As the Fig.5 shows: the
stability. This is determined
of social network. From abo
the transmission preference

5 Conclusion 

In this paper，a new soci
The model can reflect the f
preference in different type
with real social network i
of social network informa
transmission preference is
spread preferences. Next ste
information to its preferenc
 
Acknowledgment. The wo
of China Grant No.61003
Province Grant No.134100
Talents in Universities of
Program for Basic Researc
No.13A520240. 

References 

1. Mislove, A., Marcon, M
social networks. In: Proc
Measurement, pp. 29–42. 

2. Social networking service
http://en.wikiped

A Social Network Information Propagation Model 

Initial Nodes Degree  
ion preference Ip=[0.6,0.6], user transmission prefere

ee is 101, 324, and 558 differently. When networks 
st indicates as Fig.5: 

 

Networks stable state vs initial nodes degree 

e initial node degree has little influence on the inter
d by the power-law distribution and the high connectiv
ove, we can draw that the network stable state is related

e of the user and information instead of the initial node. 

ial network information propagation model is repres
facts that users and information propagated have differ
s of relationships, which link all user nodes. It is consist
in information dissemination, and it is a suitable mo
ation transmission. Although in this paper, informat
s defined, but no real information be mapped to 
ep, we will study how to map text information, multime
e, and provide forecast for real information propagation

ork was sponsored by National Natural Science Foundat
3234, Plan for Scientific Innovation Talent of He
0510006, Program for Science & Technology Innovat
f Henan Province Grant No.2011HASTIT015, and K
ch of The Education Department of Henan Province Gr

M., Gummadi, K.P., et al.: Measurement and analysis of on
ceedings of the 7th ACM SIGCOMM Conference on Inte
ACM (2007) 

e, 
ia.org/wiki/Social_networking_service 

281 

ence 
are 

rnet  
vity 
d to 

ent.  
rent 
tent 
odel  
tion 

its  
edia 
n. 

tion 
enan 
tion 
Key 
rant 

nline 
ernet 



282 C. Zhao et al. 

 

3. Zhang, Z.Y.: Digital Rights Management Ecosystem and its Usage Controls: A Survey. 
International Journal of Digital Content Technology & Its Applications 5(3), 255–272 
(2011) 

4. Zhang, Z.Y.: Security. Trust and Risk in Digital Rights Management Ecosystem. Science 
Press, China (2012) 

5. Ni, S., Weng, W., Zhang, H.: Modeling the effects of social impact on epidemic spreading 
in complex networks. Physica A: Statistical Mechanics and its Applications 390(23), 
4528–4534 (2011) 

6. Guo, Q., Li, L., Chen, Y., et al.: Modeling dynamics of disaster spreading in community 
networks. Nonlinear Dynamics 64(1-2), 157–165 (2011) 

7. Zhang, Y., Zhou, S., Zhang, Z., et al.: Rumor evolution in social networks. Physical 
Review E 87(3), 032133 (2013) 

8. Barabási, A.L., Bonabeau, E.: Scale-free networks. Scientific American 288(5), 50–59 
(2003) 

9. Kumar, R., Novak, J., Tomkins, A.: Structure and evolution of online social networks. In: 
Link Mining: Models, Algorithms, and Applications, pp. 337–357. Springer, New York 
(2010) 

10. Yan-Chao, Z., Yun, L., Hai-Feng, Z., et al.: The research of information dissemination 
model on online social network. Acta Phys. Sin. 60(5), 50501–50501 (2011) 

11. Al-Oufi, S., Kim, H.N., Saddik, A.E.: A group trust metric for identifying people of trust 
in online social networks. Expert Systems with Applications 39(18), 13173–13181 (2012) 


	A Social Network Information Propagation Model Considering Different Types of Social Relationships
	1 Introduction
	2 Related Works
	3 Model
	3.1 Topology of Multi-type Relationships SNS
	3.2 Information Dissemination Mechanism
	3.3 Dynamic Equations of Model

	4 Experiments
	4.1 Data
	4.2 Experiment

	5 Conclusion
	References




