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Abstract 

The relevance of a research is caused by prompt 

growth of quantity and traffic of social networks 

and their communities, essential need of the 

analysis of information exchange in between. In this 

regard article is directed to create models of 

processes of diffusion of information between online 

communities and their members. Leading approach 

to the research of this problem is discrete 

simulation of statuses of users on the basis of 

probable assessment of transitions between these 

statuses. In this introduction we present you 

classifications of varieties of online social network 

groups, their users, resources and content. In this 

article there are shown mathematical models of 

inter-network content diffusion taking into account 

users' belongings to their online social groups, 

probabilities of their infection, immunization and 

latency towards distributed content. Materials of 

article are of practical value for the researches 

oriented on monitoring and prediction of processes 

of distribution of destructive content in social 

networks. 

Keywords: social network, online 

communities, contents, user.  

 

1 Introduction 
In biological terminology, community is 

determined as a group of organisms sharing common 

habitat. In sociology, it is often determined as group of 

people living and interacting in one place [1-5]. 

However, community has lost its geographical 

restrictions. Here it is a group (online-community) 

which members more offer cooperates with each other 

than any other group of users in social network[6-10]. 

Online communities are widely and effectively used for 

communication of personal interests, professional 

growth, in advances of business and other social-

economic purposes. Therefore, researching of online 

communities has real science and pragmatic interests.  

 

2 Intergroup interaction models in 

online social networks 
For process description it will be necessary use 

epidemic model SERIM [11, 12]. Further we consider a 

case of information diffusion where we have a network 

that contains different groups which don't interact 

with each other, and users can spread only one kind of 

destructive content (Fig.1).  

At the same time, it is necessary to enter a row 

of restrictions within which the model will be correct: 

1. Time is discrete and is measured in 

iterations; 

2. The network is restricted and coherent; 

3. Simulation begins with creation of model of 

a network in the form of a set of points designating 

users of this network; 

4. Each point gets specific value which defines 

unique ownership of this node to one of groups.  

In case of microsimulation it is necessary to 

use so-called micro-fractal [13-19] which reflects behavior 

separately of the taken point or a layer and is also a 

probability model of process of infection. Micro-fractal 

is presented in the form of a graph for which points 

are statuses epidemic process, and edges are 

transition probability from one status to other. 

Besides, we will rely on transitions between statuses, 

which we have in formalized look as follows: 

Fig.1. Synthesis model of content diffusion based on 

communities 

1. Acquaintance to content for the purpose of 

its analysis for subsequent uses. It is supposed that 

user is in certain to group i and in a status, neutral in 

relation to content, but theoretically is susceptible to 
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its contents, i.e. in condition iS . At the same time, 

there are possible transitions from this status 

illustrated in a Fig.2 where user is in a certain group 

and there is probability iSEP  of transition into the 

latent status of the same group. In addition, if this 

user is a boundary node its status may transit into 

latent status with possibility 
ji ESP  which is defined by 

expression (1).  

 
Fig.2. Possible transitions for a start status of Si 

iji EjES PPP  , (1) 

where 
iEP  is probability of transition to latent a status 

on the SEIRM model for group i and jP  is a 

probability of an entrance to the appropriate group. 

Also the user can remain (Fig. 2) in a status with 

probability which is defined by expression (2): 

jiii ESES PPP  1 . (2) 

2. A stage when the user from the start is in a 

latent status, from where transitions illustrated with a 

Fig. 3. are possible. 

 
Fig.3. Possible transitions for the Ei status. 

Being in status Ei, user can perceive 

destructive content distributed in his group positively 

and further transfer to Ii status with probability iEIP  

or user may transfer to immunized status Mi of the 

same group with probability iEMP . In addition, user 

may remain in initial status with probability which is 

defined by expression (3): 

iEMiEIE PPP
i

 1 . (3) 

Taking into account figures the 2 and 3 the 

microfractal [13,14] of the model will take a form, 

provided in a Fig. 4. 

 

 
Fig.4. the Microfractal of epidemic process for the node 

which is in non-crossed clusters. 

It should be noted that above the provided 

model can be more complicated. The matter is the 

point of status )( iMS  becomes immune to destructive 

content within i group, but still if the point transfers 

into this group being influenced by destructive content 

from a group j and passes through complete cycle of 

the model then it forgets previous immune status and 

acquires new one executing transfer )()( ji MSMS 

. In the previous reasoning it was supposed that point 

can acquire only one immunity. But it would be logical 

to assume, that the point can accumulate (memorize) 

immunities. Then model will take the following form 

illustrated in a Fig. 5. 

 
Fig.5. Model of diffusion of content considering account 

communities with immunity accumulation. 

In this case, it is interesting to estimate 

possibility of point's transfer to completely immunized 

state M. For simple calculations we consider situiation 

when only two clusters of all set in entire network 

interact with each other and the point appears in 

certain community beforehands. Then transition 

probability in a status of M for each cluster can be 

decided through expressions (4) and (5). 

iijjji MEMEES

i

M PPPP  ; (4) 

MjEMEES

i

M jijji
PPPP  . (5) 

In case when the point initially doesn't consist 

in one community, probability of its transition to 
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status M can be defined through expression (6). 
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where n is quantity of clusters (groups) in a network. 

For the point in receptive status S we have 

next matrix: 
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. (7) 

The matrix (7) has dimensionality mn  where 

n  is quantity of lines in a matrix, it also designates 

the number of groups, each of which extends unique 

destructive content in the network, and 
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0

n

i

i

nCm  is 

number of columns in a matrix, i.e. number of possible 

statuses of a point S . The iS  value shows perceptivity 

of a point to destructive content of i group, and а kM  

shows immunity to content of group k. We will mark 

that the point will be in a S status until it has at least 

one perceptive status. 

The status of M has a matrix (8): 
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i.e. in status M point has immunity to all malicious 

content distributed through the network. The matrix 

for E status generally will take a form (9) 
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i.e. peak gets to E  status in case of presence of one iE

. We will mark that there is no possibility of point 

remaining in several statuses iE in this model since in 

the model it is supposed that a point can distribute 

only one kind of destructive content in a period of time 

and there is no possibility for point to be infected by 

several types of destructive content simultaneously. 

For I status we have a matrix (10): 
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In turn, for R status we receive a matrix (11): 
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Practically, the most interesting is case when 

there can be as random number of clusters as either 

number of their intersections, i.e. user consists in 

several groups at the same time. However, the size of 

this model grows as an exponential function of number 

of groups. Because of that, we need to use numerical 

algorithms instead of complicated symbolic (1)-(11) 

methods which will be done further. 

 

3 Results of implementation of the 

offered technique and their discussion 
As in social network user is identified with 

some group, it is necessary to divide an original 

network into clusters [20-22]. There is known set of the 

algorithms solving this problem. Among the clustering 

algorithms given above most on time complexity only 

two are fast: it is an algorithm Louvian and algorithm 

Info map. However, the most attractive of them is the 

algorithm Louvian. The algorithm essence for model of 

intergroup interaction consists in that, that each user 

has friends who consist in different communities, at 

the same time according to model of expansion of 

communities on online social network [15, 20] the 

probability of an entrance of the user to group is 

defined by the number of communications with 

members of the group, a share of friends from one 

community and also density communications between 

friends in group. We will mark that probability of an 

entrance in the community will be evaluated by means 

of the Monte-Carlo method and also an algorithm will 

be based on the SEIRM model (Fig. 4). 

According to model, the user we will be 

vulnerable until he acquires immunities towards each 

kind of destructive content in the network. In this 

regard the matrix of the allowed transitions for the 

individual will undergo changes and will also look as 

follows: 
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We will note that the point passes from a 

status E into a status M only when it saves up all 

immunities, otherwise it transfers with status )(MiS . 

It's worth to mention that Table 1 will play a key role, 

as long as statuses of a point and a number of group 

are defined by this table and Monte-Carlo method. 
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Number of 

group 

Point status Transition 

probability 

0 S 0.007 

… … … 

14 E 0.014 

… … … 

50 I 0.012 

TABLE.1. Point transition probabilities in a certain group 

and a status 

There, we need to range contents of the table 

by probability column in descending order. 

Table 1 is built foar each point which has 

infected neighbours and depends of its current 

condition. For example, if point in status Si has two 

infected neighbours I1 and I2 than its table will have 

following appearance (Table 2.) 
Number of 

group 

Peak status Transition probability 

1 S 
21

1 resultEE PP   

1 E 
1EP  

2 E 
2resultEP  

TABLE.2. An example of ranged transition probabilities for 

a point in status S and presence of two infected neighbors 

from different groups 

Presented above table 4 can be used for 

determination into what group and what status the 

point will pass. Choice resultant line from the table is 

determined by the Monte-Carlo method. 

4 Conclusion  
Discussion of the above-stated results allows to 

pay attention on a possibility of use of the offered 

models and algorithms in the analysis processes of 

content distribution between online communities. It is 

especially important for creation of methodology of 

research of the phenomena of diffusion of destructive 

content in social networks, including cases between 

their groups of users. In this context the discrete 

simulation is represented as very perspective [9] 

leaning on offered in article models. 
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