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Abstract 

The relevance of a research is caused by the urgent 

need of development of tools and simulation of 

epidemic processes, distribution of disruptive 

content for social networks and taking into account 

their growth. In this regard, this article is directed 

to upgrade methodical, algorithmic and the software 

of the Netepidemic complex regarding accounting of 

education of new users and communications in 

networks. Graph interpretation of triad 

interlocking, preferable and accidental connections 

of peaks of a graph of a network, allowing to 

consider in a complex tendency of its growth became 

the leading approach to a research of this problem. 

In this article, the menus of the software and a 

graphics of variables received with its help for a 

network of Facebook are provided.  
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1 Introduction 
"Everything leaks and everything changes". 

Network structures in this regard aren't an exception. 

In this regard, the wide range of developed models [1-5] 

of difficult networks which usually reproduce their 

observed parameters is created. 

Usually, researchers of online and social and 

biological network structures were concentrated on 

macroscopic properties of static networks: distribution 

of levels, diameter, clustering coefficient, communities, 

etc. [6-10]. Therefore, in the real operation, an attempt 

of development of "Netepidemic" in the context of 

dynamics of network growth is made [11-17]. 

Techniques and instruments, which are used 

in processes of content distribution taking into account 

dynamics of network growth 

The level of the net surfer is basic here. For 

example, it is possible to trace communication of such 

indexes as a probability of association and user's level. 

For this purpose, by means of statistics of a network, 

we will collect data which will characterize the 

dependence of the density of an ego network of the 

user on his level [18, 19]. We will understand as an ego 

network, in this case, the subnet including nodes (the 

user and his friends) and communications 

(communications between the user and friends of this 

user). A density of an ego network can be found from 

expression (1): 
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where: N (id) – the number of communications 

in the user's ego network with the identifier id, k (id) – 

the user's level with the id identifier. 

To set dependence between a density of an ego 

network and the user's level, it is necessary to realize 

selection by means of accidental generation of 

identifiers of users for which these values of levels and 

density of ego networks are calculated. Further, it is 

expedient to divide users into groups (on a level) into 

which getting is more or to equally some empirical 

value. For this purpose, in turn, it is necessary to 

know the distribution law of quantity of peaks 

depending on their level.  

Considering that distribution a number of 

peaks on their levels in social networks submits to the 

degree law, it is possible to accept a share of peaks 

with a level equal 0 as the maximum share. Therefore, 

for calculation of the volume of the selection necessary 

for the establishment of the distribution law (its 

parameters), we will use the following reasons:  

1. The degree distribution law (probability 

density) for the discrete random variable has an 

appearance (2): 
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C – the normalization coefficient, is set from ratios 

(3,4): 
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where  ( )- Zita Riemann function.  

2. For calculation of the volume of selection for 

the purpose of assessment of a share of peaks with a 

certain level we will use the expression (5): 
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where n – the volume of selection, t – function 

value of Laplace, p – a share of peaks, Δ _ p – an 

admissible error, in case of determination of p. 

In case of computation of the volume of 

selection, we will take the parameter p for the worst 

case situation (when to p=0,5). At the same time for 

calculation it is necessary to determine the following 

parameters: 

- for the level of reliability P=0,95, t = 1,96; 

- Δ _ p – we will accept equal 0,015. 

Adding the above-stated parameters in 

expression (5), we have: 

  
          

        
      ( ) 

Further data collection is necessary for the 

subsequent processing and specification of the 

distribution law: 

- the id series of the active users (the existing 

users who weren't deleted or banned) of a network is 

generated; 

- for each id series the number of friends (level) 

is calculated; 

- depending on the calculated level the number 

of the users possessing the appropriate level is 

incremented. 

Now we will check a null hypothesis that the 

data obtained in an empirical way are distributed 

under the degree law, by the criterion of consent of 

Pearson. 

For using Pearson criterion of consent, it is 

necessary to group basic data, the number of groups 

which is determined by a Sturges’s formula (8): 

k=1+3,322*lg(N), (8) 

where N – the number of units of population.  

According to a formula (8) k=25 (for a number 

of net surfers N=200000000). The expected value for 

bunched data is equal to 195,869. Numerically 

defining expected value of the degree distribution law, 

we will receive the following k=1,55 value. The 

coefficient of normalization of C for such value k is 

equal to 2,426. Proceeding from these parameters we 

will count probability of hit for the same intervals, as 

for empirical data. For data retrieved, we will count 

value of criterion of Pearson (the appropriate column 

of table 2). Proceeding from it, we have Knabl =107,735. 

For the same data Kkr (k-r-1, α) =35,172 (k = 25 - the 

number of groups, r = 1 – the number of the 

parameters calculated on selection, α=0,05 – 

significance value). As Knabl & gt; Kkr, the null 

hypothesis is rejected. However, it should be noted 

that K_2 has a value which is different from 

remaining Ki. Therefore, suppose that empirical data 

are distributed under the law (9): 
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Numerically we will pick up the k_2 parameter 

so that Knabl was minimal. From here we will receive 

that k2=1,4. Knabl in case of such distribution law it is 

equal to 22 that there is less Kkr (under the same 

conditions), therefore, we accept a null hypothesis. 

Thus, it was set that on levels expression has 

distributions of quantity of peaks (10): 

 ( )  {
     (   )               

     (   )                     
 (  ) 

Now, proceeding from the distribution received 

above, we will break peaks into groups, for each of 

which we will estimate mean value of the density of a 

network as follows: 

1) we define what group the current peak gets;  

2) we calculate mean value, proceeding from 

the old and again come data; 

3) we calculate a measure of inaccuracy of 

assessment for a formula (11): 
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where: t – function value of Laplace, σ – the  

root-mean-square deviation calculated on selection, n – 

selection volume. 

For those groups at which value Δ less given 

level calculations stop (peaks which level defines 

getting into a certain group are excluded from further 

reviewing), process stops while there is no group left 

for further calculations. 

Formally the user can be provided a system 

which at a given time creates new communications, at 

the same time all candidates for connection 

establishment (the users who aren't friends of this 

user) are divided into several subgroups, depending on 

the advanced strategy of association, therefore, the 

condition is satisfied (12): 

N\Nf(x)=N1 (x) ∪N2 (x)∪…∪ Nn (x), (12) 

where N – a great number of all net surfers, 

Nf(x) – users who are friends of the user x, Ni(x) – net 

surfers with whom the user can create communication 

and who are for any of several reasons carried to a 

certain group. For each such group, there is a 

probability of pi, which characterizes the probability of 

creation of communication with the user from the i-

that group. The condition follows from expression (12) 

(13): 

p1+p2+⋯+pn=1. (13) 

Further it is necessary to define groups into 

which users, proceeding from different strategy of 

association are subdivided: 

- structural association. Strategy is based on 

the current structure of a network (triad interlocking). 

 - the association caused by a traffic. Strategy 

is based on association to sources or distributors of 

information. 

 - accidental association. Strategy of accidental 

association. Users with whom communication because 

of other than two above-mentioned is created enter 

this category. 

Realizing monitoring of a certain network 

segment (some selection of users) for a certain period, 

it is possible to clarify for each node entering this 

segment, probability with which the user adheres to a 

certain strategy. Monitoring can be made for three 

strategies offered above as follows: 

1) To define a traffic threshold by expression 

(14): 

 ( | )  
     ( | )

     ( )
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where: t(x│y) – a traffic of the user x, y 

delivered to the user for the considered period; 

posts(x│y) – quantity of posts, a source or the 

distributor of which is x and which are visible to the 

user of y for the considered period; posts(y) – a total 

quantity of posts which the user of Ouse sees a certain 
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time frame.  

2) In the course of monitoring of the selected 

network segment the event of adding new 

communication by any user registers. Reference of 

communication to one of three types is made for this 

event, proceeding from information on the user: the 

communication caused by traffic, caused by the 

structure of a network and accidental communication. 

Also for each node from the set received during 

monitoring of a network, it is possible to calculate 

some parameters which can define "portrait" of the 

user carried to any class. 

Proceeding from the made description (for 

example, listed above) is possible to determine by some 

signs to what class any user of this network belongs 

and thus to describe behavior model of this user that 

in turn will allow describing the mechanism of 

evolution of all network. 

The Netepidemic complex is the basis. In 

operation for development of complex models (1) - are 

used (14) which can be spread out to three main 

processes: 

 a process of appearance of nodes (controls 

arrival of new nodes to a network),  

a process of an initializing of edges (defines for 

each node when it initiates a new edge), 

 the selection process of assignment of an edge 

(defines the place of association of the initiated edge).  

In this context, the appropriate algorithmic 

presentation of procedures of growth of a network for 

the development of the Netepidemic software and 

hardware complex is realized. 

To obtain dynamic information, scanning of a 

network was daily made. In the course of scanning 

288367 users and 1026678 communications between 

them, with mean value 88 on the user, 2366 new edges 

and 1267 again created closed triads a day in total 

participated. In data evolution of keyword parameters 

of a network was fixed.  

 

2 Results of practical simulation 

and their discussion 
 On the basis of an epidemic model of content 

distribution [15-19] on the online social network taking 

into account influence of groups implemented in the 

modified program complex "Netepidemic," we will 

realize simulation. As the experimental network, we 

will take social network Facebook, to be exact its 

representative selection.  

For computer simulation of epidemic processes 

of infection with content, we will select 4 main subjects 

of social network Facebook: sport, policy, 

criminalistics, and entertainments. 

Further, we will use tables of operations which 

show transition probability of the user in the 

community depending on the number of his friends in 

this community.  

Further, we will break a network, for example, 

into 4 clusters. Then we will select the infected peaks 

from each cluster and we will launch epidemic process. 

We will receive diagrams of the number of 

peaks on the user's statuses: 

S – susceptible; 

I – infected; 

R – inactive; 

M – immunized; 

E – latent, 

Taking into account the above, we will 

illustrate dynamics of growth of the network 

researched in the designated options: 

1) Preferable association when new peaks join 

more likely those whose level is higher (a figure 1). 

 
Fig.1. Preferable association 

From a figure 1, it is visible that the creation of new 

communications generally happens to high-degree 

peaks. In peaks with a low level (on layers k=1-5) is 

practically not formed new communications.  

Triad interlocking when there is a formation of 

closed triangles between peaks (Fig.2.). 

 
Fig.2. Triad interlocking 

Figure 2 confirms the fact that triad 

interlocking can't be applied to communication of new 

users with available: the lower peaks remained untied. 

New communications are formed correctly, i.e. in the 

inner circle. 

1) Accidental association when the process of 

association of peaks happens in a random way on 

uniform distribution (Fig.3.). 

 
Fig.3. Accidental association 

In the last option simulation of an epidemic process 

which dynamics is illustrated by a figure 4 is realized.
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Fig.4. Dependence of quantity of peaks on the course of an 

epidemic process 

The function of the growth of a network (the 

upper dotted line) corresponds to the given super-

linear distribution taking into account time multiplier. 

Also on figure 4, it is possible to keep track of 

dynamics of a number of peaks of a network: Е – 

immunized; I – infected; R – inactive; M – immunized 

and E – latent. 

 

3 Conclusion  
Epidemic processes of distribution of 

destructive content on social networks cannot die 

away within several days. Such dynamics put the 

print on parameters of processes of diffusion of 

content. The research of similar influence was set as 

the purpose by the real operation in which upgrade 

algorithmic and the software of the Netepidemic 

complex intended for simulation of epidemic processes 

in network structures is actually realized. In this 

regard attention to such new growths as a clustering 

and formation of new peaks and arcs of a graph of a 

network is paid.  
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