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Abstract 

We subdivide social network user’s state to four kinds, Unknown state, Known state, 

Informed state, refractory state. Different users may have different judgment for the same 

information, they transmit the information to their friends in social network lie on the 

information value and compare with the information threshold, we think unknown users in 

social network have different thresholds of an information value and subdivide these users 

to i class, and assume accumulated information value of users follow uniform distribution. 

Apply mean field theory to build the diffusion model, from the number of refractory nodes, 

we can know the diffusion effect of an information in a social network. 
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1. Introduction 

There are many researchers concentrated on study information diffusion based on 

social network [1-7,13], it has the similar process with disease, rumors, vial marketing, 

and so on. William Goffman and Newill [8-9] describe the fundamental mechanism of 

disease spreading by SIS model or SIR model, each node represent individual and edge 

represent their links between different individuals, for the SIS model, each individual can 

exist in two states [10]: S-susceptible and I-infected. At each time, the susceptible 

individual which is connected to an infected neighbor will be infected with rate λ. 

Meanwhile, the infected individuals may be recovered and become susceptible individuals 

at a rate γ, for the SIR model, once an infected individual becomes recovered (R), then the 

individual will not be infected again. Based on these results, other researchers studied the 

spreading process of disease, rumor and information from different aspects. Fu, et al. [11], 

examine epidemic thresholds for disease spread using SIS models on scale-free networks 

with variable infectivity. Cheng, et al. [12] verify that the strength of ties plays a critical 

role in the rumor diffusion process, they introduce a stochastic epidemic model of the 

rumor diffusion, in which the infectious probability is defined as a function of the strength 

of ties. Zhao, et al. [13] from the spreader’s point of view , analyze a spreader became a 

stifler by three kinds of reasons, spontaneously loses interest in or forgets about a rumor, 

contacts a stifler, and may doubt the credibility of the rumor. Li, et al. find that [14] 

different users’ characteristics, preference, relationships, and actions in the network lead 

to individuals’ various infection probability. Liu, et al. [15] find that the final size of 

information diffusion is affected by affinity threshold of the information. Zhang, et al. [10] 

thought that the susceptible individuals immunity are different, not each one has the same 

immunity when they affected by infected nodes, so the susceptible individuals can be 

classified into different cases according to their immunity. There are many nodes on usual 

network, Tian [16] classified micro-blog users (nodes) to ordinary users ,famous users and 

corporation users, charity organization users and government users. Famous users such as 
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stars may are careful to decide whether transmit an information or not, because that if the 

information is not real, it may cause many ordinary users generate negative impress about 

them, compared this point, ordinary users may are not worry about personal impress more 

than stars, so famous users have a higher information value threshold than ordinary users 

to decide transmit information, In other words, different users accept an information from 

their neighbors in social network and have different value threshold. Based on this 

opinion, we introduced a more realistic model to study information diffusion on social 

network. 

The remainder of this paper is as follows. In Section 2, we discuss the information 

diffusion mechanism, build the model and analyze the result. In Section 3, we present the 

numerical analysis results and analyze the different factors how to affect information 

diffusion. Conclusion and discussion will present in Section 4. 

 

2. Model 

We consider there are N nodes and links represent the individuals and their interactions 

on a social network, respectively, each node adopts one of four states at each one time 

step [15,17]: (1)Unknown(U), the individual has not receive the information, analogous to 

the susceptible state of the SIR model. (2) Known(K), the individual has receive and read 

the information but don’t decide transmit it yet, maybe he is not sure about the 

authenticity or the information value is too low. (3) Informed(I), the individual has known 

the information and transmit it to his neighbors. (4) Refractory (R), the individual will 

lose interest and has a probability change into informed state again, analogous to the 

recovered state in the SIR model. 

Whether a user transmit an information or not may be decided by him to compare 

accumulated information value with value threshold, when a user accept information from 

one neighbor, he will obtain some value, and each user’s tendency to become active to 

transmit information increase as more of his neighbors to transmit information to him and 

he will obtain accumulated information value [18-19], if he think the accumulated 

information value is bigger than his threshold and then to transmit it else not. Because of 

each node has different age, knowledge level, judgment and so on, so they are not 

identical, so we think that there are different thresholds of an information value for nodes 

in social network and subdivide unknown nodes to i class[10],U={U1,U2,….Ui}, 

 iUU
,each class has a different value threshold and the corresponding value threshold 

set is θ={θ1,θ2......θi},  ]1,0[ ,node v in class i has a threshold θi,
 i ,for the node v, w 

is the neighbor of v, and v affected by w, we represent the information value with 

]1,0[i

wvb
,for all the neighbors of v, we have accumulated value 

]1,0[
)(


 vinw

i

wvb

,in(v) is 

the set of neighbors of v, and assume that 

 )(vinw

i

wvb

follows uniform distribution, the Ui KIR 

model for the diffusion process is shown in Figure1. 

 

Error! Reference source not found.Error! 

Reference source not found. 

Figure 1. Information Diffusion Model 

As shown in Figure1,information spread through contact between different users [13], 
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we subdivide unknown nodes to i class, each class has a different value threshold θi, when 

unknown node receive an information from informed nodes and then to compare the 

information value with threshold, if 

 )(vinw

i

wvb

>θi, the individuals in ith class will transmit 

the information to its neighbors with probability λ, that is means the individual change it 

unknown state to informed state with probability λ, if he not transmit the information, it 

will come into known state with probability 1-λ because he has known it. If 

 )(vinw

i

wvb

<θi, 

the unknown node will change into refractory state. From the known individual’s point of 

view, they become informed state with probability α because that they have confirmed the 

authenticity of the information or affected by informed nodes and other reasons. After 

informed individuals send information to their neighbors, they will become refractory 

state with probability β. The refractory nodes remain unchanged but when they interacted 

with informed nodes, they also have a probability γ change into informed state. 

We consider the interactions in homogeneous networks and use Ui(t), K(t), I(t)and R(t) 

to denote the density of unknown nodes of ith class, known nodes, informed nodes and 

refractory nodes, respectively. Clearly, these variables obey the normalization condition:  
1)()()()(),()(  tRtItKtUtUtU

i

i

 
For ith class unknown nodes, the mean-field equation can be written as 

)()(
)(

tItkU
dt

tdU
i

i 
, 

so for all the unknown nodes and other nodes, we have the corresponding change rate 

equations as follows: 





i

i
i

i

tUtkI
dt

tUd

)()(

)(

                        (1) 

)()()()1()()1(
)(

tItKktUtIk
dt

tdK
i

i

i   
                  (2) 

)()()()()()()1()(
)(

tRtkItItItKktUtIk
dt

tdI
i

i

i   
                (3) 

)()()()()(
)(

tRtkItItUtkI
dt

tdR
i

i

i   
                   (4) 

Where k denotes the average degree of the network. In the initial period of information 

spreading, we assumed there is only one informed node to transmit information, and all 

the other nodes are unknown state, so we can get the initial condition of Ui KIR model, 

,0)0()0(,
1

)0(,1
1

)0()0( 


 RK
N

I
N

N
UU

i

i

 
From equation (1) and (4), we can get 





 





i

i

i

i

i

i

i tUtkI

tRtkItItUtkI

tUd

tdR

tdU

tdR

)()(

)()()()()(

)(

)(

)(

)(


                 (5) 

Here, the density of unknown nodes in ith class is Ui(t),so we assumed the fraction of 

Ui(t) in U(t) is pi, so 

)(

)(

tU

tU
p i

i 

, 
1

i

ip

                            (6) 

From equation (5) and (6), we can get the simple equation as bellow: 

)(

)(

)()()(

)()()()()(

)(

)(

tU

tR

tkU
p

tUtkI

tRtkItIptUtkI

tdU

tdR
i

i

i

i

i

i 









 


           (7) 

Assume 


i

ii pa 
, k
b




 ,so we have a simple formula as follow: 
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)(

)(

)()(

)(

tU

tR

tU

b
a

tdU

tdR 


                          (8) 

Equation (8) is a non-homogeneous linear equation, we solve the correspond 

homogeneous linear equation of (8) as equation (9): 

0
)(

)(

)(

)(


tU

tR

tdU

tdR 

                             (9) 

So, 
)()( tCUtR                               (10) 

C is a constant, Transform C to m(U), so equation (10) convert into equation (11): 
)()( tmUtR                               (11) 

Compute the derivation of equation (11) on both sides respectively, and then there is an 

equation  

1)()(
)(

)(    tUmtUm
tdU

tdR

                       (12) 

substitute equations (11) and(12) into equation (8) and get two equations: 
)1()()(    tbUtaUm                           (13) 

CtU
b

tU
a

m 


  


)()(

1

1

                        (14) 

At last, substitute equation (14) into equation (11) ,so the general solution of equation 

(8) is  



)()(

1
)( tCU

b
tU

a
tR 




                         (15) 

When t=0, U(t)=1,R(t)=0, substitute into equation (15), then get 

 


1

ab
C

, 

so equation (15) is changes into 




)()

1
()(

1
)( tU

abb
tU

a
tR







                  (16) 

At t , diffusion process terminated, ,1)0(,0)0(,1)(,)(  URRURR from 

the equation (16),we get the equation as below: 

(1 R) ( )(1 )
1 1

a b b a
R R 

   
     

   
Because of follow conditions, 


i

ii pa 
, k
b




, 

We get the final equation about R: 

(1 R) ( )(1 )
1 1

i i i i

i i

p p

R R
k k



 
 

   
      

 

 

 
From the above equation, we can compute R by other parameters in the equation. 

 

3. Numerical Analysis 

We assume there have two classes unknown nodes in a social network and in the initial 

condition there is only one informed node in the network, so that U(0)=N-1/N,K(0)=0, 

I(0)=1/N,R(0)=0,and suppose that the average degree k=10,λ=0.7,α=0.6,β=0.7,γ=0.1, 

different effect of θi and pi on R as Table 1. 

Table 1. Different Effect of θi and pi on R 

 θ1 p1 θ2 p2 R 
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A 0.7 0.5 0.4 0.5 0.4439 

B 0.7 0.5 0.5 0.5 0.1978 

C 0.6 0.5 0.4 0.5 0.6199 

D 0.7 0.6 0.4 0.4 0.3069 

E 0.7 0.4 0.4 0.6 0.5566 

 

The value of R represent how may nodes have known the diffusion information. From 

the table, we can see that between row A and row B, there have different threshold θ2 of 

second unknown node class ,and the diffusion result tell us the bigger of θ2,the lower of R, 

that means the bigger threshold lead to information diffusion process more difficult, and 

there have the similar result between row A and row C, meanwhile, the threshold θ1 and θ2 

in row B are bigger than row C, the value of R is more small. 

Meanwhile, there have the same threshold θ1 and θ2 in row A, D, E, and θ1>θ2,the 

percentage of unknown node in first class and second class have changed, As an example 

to compare row A and row D, we known that the more bigger percentage of one unknown 

node class which have more bigger threshold, the value of R is more small. 

 

4. Conclusion 

An extend information diffusion model is proposed in this paper based on considered 

the different information value of different social network users, we study that there are 

different information value threshold because of different social network users affected  

by different friends and  their judgment. From the model, we found that information 

value threshold and the proportion of users in different class affects the range of 

information diffusion. 

In the future, with the research development of information diffusion, there are many 

influenced factors will be find, but there are more complicated problems to need research, 

for example, there are many online social networks, one user may receive an information 

and transmit to another online social network, some users may quit from one network and 

some users entrance. Therefore, we must base on research more impacted factors to 

improve the diffusion model in order to better explain the diffusion process.  
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