
Andrii Bomba, Nataliia Kunanets, Volodymyr Pasichnyk, Yuriy Turbal / International Journal of Computing, 17(4) 2018, 250-259 

 

 250

 
 
 

PROCESS MODELING OF MESSAGE DISTRIBUTION IN SOCIAL 
NETWORKS BASED ON SOCIO-COMMUNICATIVE SOLITONS 

 
Andrii Bomba 1), Nataliia Kunanets 2), Volodymyr Pasichnyk 2), Yuriy Turbal 3)  

 
1) Rivne State Humanitarian University, Ostafova str., 29, Rivne, Ukraine, abomba@ukr.net  

2) Lviv Polytechnic National University, 12 S. Bandery str., Lviv, 79000, Ukraine 
3) National University of Water and Environmental Engineering, Sobarna str.,11, Rivne, Ukraine, turbaly@gmail.com 

 
 

Paper history: 
Received 29 January 2018 
Received in revised form 6 September 2018 
Accepted 7 December 2018 
Available online 31 December 2018 
 
 
Keywords:  
Social network; 
graph of message flow; 
excitation; 
activity threshold; 
Cauchy problem; 
separated wave; 
soliton; 
front wave; 
Boussinesq equation; 
Korteweg-de Vries equation. 
 
 
 

Abstract: The article proposes a new class of models for distributing messages 
in social networks based on socio- communicative solitons. This class of models 
enables to take into account the specific mechanisms for transmitting messages 
in the chains of the network graph, in which each of the vertices are individuals 
who, receiving a message, initially form their attitude towards it, and then decide 
on the further transmission of this message, provided that the corresponding 
potential of the interaction of two individuals exceeds a certain threshold level. 
The authors developed the original algorithm for calculating the time moments 
of message distribution in the corresponding chain, which comes to the solution 
of a series of Cauchy problems for systems of ordinary nonlinear differential 
equations. A special continualization procedure is formulated, which makes it 
possible to simplify substantially the resulting system of equations and replace a 
part of the equations by the Boussinesq or Korteweg-de Vries equations. The 
presence of soliton solutions to the above-mentioned equations provides grounds 
for considering socio-communicative solitons as an effective tool for modeling 
the processes of distributing messages in social networks and investigating the 
diverse influences on their dissemination processes. 

Copyright © Research Institute for Intelligent Computer Systems, 2018.  
All rights reserved. 

 
 

1. INTRODUCTION 

The creation of the Internet and the launch of a 
wide range of social networks on its basis has led to 
a series of information and technological 
revolutionary transformations in society and has 
generated a number of new challenges both in the 
humanities and in the field of data analysis, 
mathematical modeling, physics, computer 
technology, etc. [2, 5-7]. New interdisciplinary 
research areas have emerged, such as Big Data, Data 
Mining, Cloud Computing, which are becoming 
increasingly widespread, particularly in solving 
many tasks related to the research and analysis of 
social networks. Functionally, the most important 
process that is implemented in social networks is the 
message dissemination that significantly affects both 
the attitudes and behavior of individuals and the 
formation of public opinion of groups and 
communities on certain issues. This is an effective 
motive for the creation of new models, which in a 

large number have appeared in recent years; authors 
considering models for distributing messages [9-10] 
and models for forming the opinions of both 
individuals and communities in general [13-16]. The 
conducted analysis confirms the validity of the 
assertion that all models should be divided according 
to the level of refinement into the corpuscular 
models, in which it is possible to identify an 
individual for certain multiple characteristics and 
generalized models describing the characteristics of 
groups of individuals or the community as a whole, 
and which allow us to form general ideas of 
processes of message distribution or public opinion 
formation (for example, the question can be about 
the number of individuals who spread rumors), etc.  

The generalized models, for example, include the 
so-called epidemic models [2], the models of 
innovation diffusion [18, 20], the Delay-Kendall 
model [10], the model of message distribution in 
society [39], models based on the concept of 
message density [16-17]. Corpuscular models 
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include a number of models that use cellular 
automata [18, 24], cascading models of various 
types [13], models of network autocorrelation [3], 
adaptive and imitation behavior model [12], “Game 
Name” model [18], quantum models, which are 
similar to Ising models [26, 27]. 

Probabilistic approaches, in particular, the 
Markov chains [3], are widely used in simulation of 
social and communication processes, in particular, 
various stochastic influences. The classes of tasks of 
forming and managing public opinion are important 
to solve problems that arise when it is necessary to 
change the opinions of individuals or target groups 
in a certain way due to the influence of certain 
agents [3, 39]. 

Along with a number of advantages, each of the 
above-mentioned model classes has its own limits of 
application, within which their adequacy is maximal. 
Therefore, in many cases, there is a need to develop 
new approaches to modeling that would combine the 
benefits of models of message dissemination 
processes and models of public opinion forming 
processes. 

The aim of the work is to develop a new 
approach to modeling the process of message 
dissemination in social networks based on the 
procedures for synthesizing the existing patterns of 
message dissemination and processes of forming 
public opinion using the benefits of the latter. 

The approach, proposed by the authors, is based 
on the combination of two basic essences. The first 
essence is the process of making an individual 
decision on the message distribution. This process 
resembles the process of transferring excitation to 
the nerve cell: if an input signal exceeds a certain 
threshold, a cell forms a certain signal at the output. 
Mathematical models of excitation transmission in 
the nerve fiber have been profoundly studied [30]. 
The fundamental foundation for this is the Hodgkin-
Huxley model proposed in [31] for modeling the 
perturbation distribution in the axon of the squid and 
a series of simplified models, in particular, the 
FitzHugh-Nagumo model [32], Aliev-Panfilov 
model [34], Ziman model [35], Biktashev model 
[36, 37].The Hodgkin-Huxley model is presented by 
a system of differential equations in partial 
derivatives and has four variable membrane 
potential and permeability of the membrane for K +, 
Na + ions and other types of ions. It should be noted 
that the use of the concept, mainly a threshold of 
individual activity in social networks was 
considered, particularly, in work [44].  

The second essence is the well-known Fermi-
Pasta-Ulam model [45], which is used to simulate 
the processes of wave transmission in chains. It 
should be noted that the problem of the existence of 
a limited set of modes, which was experimentally 

discovered by Fermi, Pasta, and Ulam, only recently 
has been solved [43]. The application of this 
approach to social networks is also logical, since a 
set of individuals transmitting messages in a social 
network can also be submitted as a certain chain. If 
take into account the excitation threshold of the 
individual distributing messages, is possible to 
formulate certain modifications of the Fermi-Pasta-
Ulam model, for example, considering the cases 
when the system of balls analyzed in this model is 
located on brittle rods.  

The basis for the creation by the authors of a new 
class of models for the message dissemination in 
social networks is, in particular, the work [1], in 
which it is proposed a model that can be attributed to 
discrete analogues of diffusion models of knowledge 
dissemination.  

 

2. THE ESSENCE OF THE PROPOSED 
NEW CLASS OF MODELS FOR 

MESSAGE DISTRIBUTION IN SOCIAL 
NETWORKS 

Let’s consider the graph ),( VUG   that 

describes the social network. Each individual is a 
member of the network given by the graph vertex 

and some vector x , nRUx  . Components of 
this vector may include the geographical coordinates 
of the individual, the IP addresses of the computers 
from which the connection in the social network is 
done, etc. Each individual is in direct 
communication with a certain set of other 
individuals, for example, has several friends who 
form a particular community in the social network. 
The corresponding relationships will be described by 
the set of edges V . It should be noted that special 
objects, in particular, media that can distribute 
messages among a large number of participants at 

the same time may be the vertices of the graph G . 
Each individual can receive messages of i-type from 
others and transmit them. At the verbal level, it can 
be understood that some messages over time cause a 
certain reaction (excitation) of the individual. In the 
case when the excitation exceeds a certain threshold, 
the individual generates a message of the certain 
type that is passed on to its network partners. 

An individual sends messages simultaneously to 
all partners, but they read them at different times 
(everyone can read it at any convenient time). If a 
particular individual is a source of a message, it can 
be constructed an oriented flow graph in which the 
arches indicate the possible direction of the message 
movement (Fig. 1). 
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Figure 1 – Graph of message dissemination 

 
The specificity of this representation is that each 

vertex is connected only to the vertices of the lower 
or the same layer. Such an oriented graph will be 
called the graph of message distribution or socio-
communicative graph )(iG . The process of 

distributing messages can be represented as ways 
going from the base graph top. In this case, the 
shortest way can be found from the base to all other 
vertices of the graph. If an individual receives a 
message, then he can generate a new message in the 
same context or forward the received message 
without changes, provided that its socio- 
communicative potential exceeds a certain threshold. 
The message promotes an increase in socio-
communicative potential of an individual according 
to a certain law (equation describing excitation 
transfer along the axon), depending on the weight of 
the message. Receiving a re-message may also 
increase socio-communicative potential and cause 
further retransmitting of messages or participating in 
discussions and forums, etc.  

Thus, it can be modeled an individual as a special 
“smart” neuron characterized by a special constant-
excitation level, which changes continually with 
time and the mechanism for transmitting a message 
across a set of synapses, provided that the threshold 
level of excitation is exceeded (with the 
corresponding delay in signal transfer across the 
synapse). 

When the message is transmitted from 
individuals to their partners, each one receives a 
message at a different time. In this context, for 
example, we may select the Erlang model, when the 
moments of receiving or transmitting messages form 
the random flow. At the same time, when an 
individual sends a message at the beginning of a 
certain time interval, then, after some interval, 
having no corresponding level of excitation, 
messages from an individual can continue to be 
received. Such an effect will be called phantom 
message distribution in the social network.  
 

2. ALGORITHM FOR MESSAGE 
TRANSMISSION IN AN ELEMENTARY 

SOCIAL NETWORK STRUCTURE  

Let’s introduce a certain function ),,( tixu  that 

is defined in a set U  and describes the excitation 
level of each individual (in the context of the 
message transmission), his deviation from the state 
of equilibrium caused by the message Ii'  at some 
point in time. It can be assumed that excitation 
extends from one individual to another through the 
message transmission of Ii'  type. If 0),,( tixu , 

then let’s assume that an element x  will pass its 
excitation to other objects as a result of an increase 
in its excitation. If 0),,( tixu , then, the impact will 

be similar on the previous individual.  
The mechanism for sending messages in the 

social network is described as follows. The 
excitation of an individual is determined by the 
excitation of his direct partners. Let 21, xx  be direct 

partners at the initial time 0),,( 1 tixu , 

0),,( 2 tixu . It can be matched an edge ),( 21 xx  

with some function ),,( 21 ixx  that simulates the 

excitation transfer threshold caused by the message 
Ii  from 1x  to 2x . In general, 

),,(),,( 2121 ixxixx   . Let )),,(),,(( 12 tixutixuf   

be some interaction force between adjacent elements 

1x  and 2x  depending on the level of their excitation. 

Let’s assume that at the time when 
),,()),,(0( 211 ixxtixuf   the element 1x  affects 

the element 2x . The strength of influence at the 

initial moment of time t  )),,(0( 1 tixuf   will 

determine its excitation. At this time the value 

),,( 2 tixu begins to change. Consequently, taking 

into account the threshold, it can be introduced the 
interaction force:  

 





















).,,()),,(),,((

if )),,,((
),,,()),,(),,((

 if )),,,(),,((

)),,(),,((

2112

1

2112

12

12

ixxtixutixuf

tixuf
ixxtixutixuf

tixutixuf

tixutixuF



  . (1) 

 
In addition, let’s suppose that at this moment of 

time the information exchange begins, the 
transmission of message Ii'  from an individual 1x  

to an individual 2x , which results in increasing 

excitation of an individual 2x .  

Let’s introduce some analogue of the concept 
“weight” of an individual into the model in the 
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context of the message transmission; the larger his 
weight is, the slower than individual responds to the 
change in the excitation of his neighbors. In this 
case, based on the analogue of the second law of 
Newton, it’s possible to write the equation system of 
the dissemination of socio-communicative 
excitation: 

 

)),,,(),,((

)),,(),,((),,(''

1

1

tixutixuF

tixutixuFtixum

kk

kkkk








.  (2) 

,,1 nk  )(),( 1 iGxx kk   

 
Without limitation of generality, let’s assume that 

0),,( tixu k , 0),,(' tixu k , ),,( 0 tixu  is a given 

function defining the initial perturbation. 
It is possible to see that the process of 

information interaction can be detailed as follows. 
Let )},,()),,(0(:min{ 11 ixxtixuft kkkk    . 

Then, at the time interval ],0[ 1  the socio-

communicative potential of an individual 1x  is 

unchanged and it is defined as the solution to the 
obvious Cauchy problem: 

,0),,('' 11 tixum  

0)0,,( 1 ixu , 

0)0,,(' 1 ixu . 

From the moment of time 
)},,()),,(0(:min{ 1001 ixxtixuft     

the socio-communicative potential of an individual 
begins to change and its change in the interval of 
time ],[ 21   will be determined as a solution to the 

problem: 
 

210

1111

)),,,(

),,(()),,(0(),,(''

 



ttixu

tixuftixuftixum
. (3) 

 
Initial conditions are 0),,(',0),,( 1111   ixuixu .  

Having solved the task (2), it can be determined 
the value 2  by the formula: 

 
)},,()),,(0(:min{ 2112 ixxtixuft   . 

 
Then the task for determining the change in 

socio-communicative potential of individuals 1x  and 

2x  in the time interval ],[ 32   can be presented as 

follows: 
 

)),,,(),,((

)),,(),,((),,(''

01

1211

tixutixuf

tixutixuftixum




 . (4) 

)),,,(),,((

)),,(0(),,(''
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222

tixutixuf

tixuftixum




 

Initial values ),,('),,,( 2121  ixuixu  are known 

from the previous equation, ,0),,( 22 ixu  

0),,(' 22 ixu . 

Having solved the Cauchy problem (4), it can be 
determined:  

 
)},,()),,(0(:min{ 3223 ixxtixuft   . 

 
The following task is: 
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tixutixuftixum
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tixutixuftixum
. (5) 

.)),,,(),,((

)),,(0(),,(''
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ttixutixuf

tixuftixum
 

 
Initial values  

),,('),,,( 3131  ixuixu ),,('),,,( 3232  ixuixu
 

 
 are known from the previous task, 

0),,(',0),,( 3333   ixuixu . Therefore, it can be 

determined:
)},,()),,(0(:min{ 4334 ixxtixuft   . 

Similarly, we may get the general Cauchy 
problem at 1 kk t  : 
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k
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.(6) 

 
Initial conditions: 0),,(',0),,(  kkkk ixuixu  , 

),,('),,,( 11 rrrr ixuixu    are known, kr ,1 . 

)},,()),,(0(:min{ 11 ixxtixuft kkkk    . 

 

If 2)( xxxf    or 3)( xxxf    , (7) 

 
then the system (6) can be rewritten as: 
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. (9) 

 
Thus, we get a series of Cauchy tasks, the 

solution of which allows us to find a sequence of 
time moments ,..., 21   that describe the beginning 

of an increase in the socio-communicative potential 
of the corresponding individuals in the chain or the 
transition to the next layer of the message flow. It is 
obvious that for any moment of time t , the value 

}:{)( maxmax tt ii
i

   determines actually the 

front of the message dissemination wave.  
 

3. SIMPLIFICATION OF THE ALGORITHM 
ON THE BASIS OF THE 

CONTINUALIZATION PROCEDURE 

It is known to the experts that each of the tasks of 
the type (9) is quite cumbersome while solving. For 
the purpose of simplification, it is suggested to solve 
the following computational procedure. Let’s 
replace the first k-1 of equations with some 
continuous analogues. Then we may get the equation 
of the type: 
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Let’s introduce a certain conditional distance 

between the individuals that is equal to a , and 
assume xak  )1( . Then ),,(),,( 1 tixutixu k  , 
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In such case we can rewrite the equation (10) in 

the following form: 
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Hence, it is  
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If ),,(),,( tixptixux  , then from (12) we can get: 
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. 

 
As a result of the transformation, we got the 

Boussinesq equation, which is known to obtain 
soliton solutions. Thus, instead of the system (8) 
let’s consider the equation of the type: 
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where )),,( 1 tixu k  is the solution of the 

Boussinesq equation. In this case, the described 
approach above is approximate, but it enables to 
simplify significantly the algorithm for calculating 
the values k  that simulate the front of the wave.  

It should be noted that localized soliton-liked 
waves as solutions to systems (9) can be obtained 
directly without using the laborious procedure based 
on the T-representation method, proposed in paper 
[46]. 

Thus, it is possible to state about the existence of 
soliton solutions to model systems of differential 
equations. The concept of socio-communicative 
soliton is understood in a broader context, while 
considering a random localized wave of the message 
distribution in the social network (including the 
primary “shock” wave of message distribution), not 
emphasizing at the same time on some individual 
“soliton” properties, in particular, classical 
properties of the soliton interaction [44]. 

 

4. SOME NUMERICAL MODELING 
RESULTS 

Let’s try to simulate the processes of message 
dissemination in social networks on elementary 
chains based on the method proposed above using 
Mathcad 14.0. Assuming the threshold values of 
excitations of all individuals be equal to 0.001, the 
initial perturbation is as follows: 

)01.0/)3.0(exp(),,( 2
0  ttixu . Then we can 

calculate the values 1 :  

 
038.0}001.0)),,(0(:min{ 01  tixuft . 

 
Afterwards according to the proposed method, it 

is necessary to solve the Cauchy problems (3) - (5). 
The solution to the problem (3) is shown in Fig. 2. 

 

 

Figure 2 – Chart of the socio-communicative potential 

of the individual 1x  

Let’s formulate the problem (4) and solve it for 
the initial moment of time 038.0 . Changes in socio-
communicative potential of individuals 1x  and 2x  

are shown in Fig. 3 and Fig. 4 correspondingly. 

 
Figure 3 – Chart of the socio-communicative potential 

of the individual 1x  at 038.0t  

 

Fig. 4 Chart of the socio-communicative potential of 

the individual 2x  at 038.0t  

 
Then we can find 2 : 

228.0}001.0)),,(0(:min{ 12  tixuft . 

Similarly, it’s possible to solve problems (8) for 
k = 4-7. For k = 7, for example, a function ),,( tixu k  

that is an integral part of the solution to the Cauchy 
problem (8) is shown in Fig. 5: 

 

Figure 5 – Chart of the socio-communicative potential 

of the individual 7x  

 
Thus, we may get a sequence of time moments in 

which each new individual in the chain of message 
distribution reaches socio-communicative excitation 
and becomes the distributor of the messages. Our 
example shows the corresponding time moments as 
follows: 0.038, 0.228, 0.666, 1.338, 1.636, 2.356, 
3.195, 4.086. Let threshold socio-communicative 
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perturbation of all individuals be the same and equal 
to 0.001. If we modulate the eight levels of 
communication across the chain, then it’s possible to 
get a function that illustrates the process of 
spreading the socio-communicative wave over time 
(Fig. 6). In Fig.6 the time is given along the axis of 
the abscissa and a spatial coordinate of spreading 
socio-communicative wave in the social network is 
shown along the axis of the ordinate. 
 

 

Figure 6 – Illustration of the process of spreading the 
front of the socio-communicative wave in time 

 
Note: if times of activation ,...., 21  are known, 

then we can solve the system (6) or (7)-(8) and find 
the excitation levels ),,( 32 ixx  from the equation: 

 

),,(|)),,()),,(| 11
2

1 ixxixuixu kkkkkk    .  

 
In this way we can estimate the parameters of our 

model for the real data. It is obvious that excitation 
levels depend on the type of information and can be 
considered as random variable.  

As an example of the proposed approach above 
let’s consider Harward Dataverse and Twitter user 
timelines belonging to Representatives in the House 
of the 115th U.S. Congress. They were collected 
from the Twitter API using Social Feed Manager 
[46]. This is a part of the series of timelines for the 
Senators Representatives tweets : RepMattGaetz on 
May 3, 2017, 10:49:48 a.m., RepRonEstes on May 
4, 2017, 9:31:05 a.m., RepRyanZink on May 4, 
2017, 9:32:37 a.m., RepRonEstes, on May 4, 2017, 
9:40:36, RepMikeJohnson on May 5, 2017, 10:34:13 
a.m., RepAnthonyBrown, on May 5, 2017, 10:37:51 
a.m., RepRutherfordFL, on May 12, 2017, 10:38:02 
a.m. So, we have normalized time series: 0, 1, 
1.0015, 1.0140, 2.2196, 2.2242, 2.2258. Using the 
proposed approach for 

parameters 20,10),)3.0(exp(),,( 2
0  battixu , 

we get the corresponding excitation levels: 1.38, 
1.859e-5, 2.224e-7, 0.25, 8.88e-5, 1.427e-9. 

6. CONCLUSION 

Thus, a new class of mathematical models for 
message distribution in social networks is 
constructed, which allows us to combine 
systematically the approaches used to model the 
processes of message dissemination and the 
processes of forming opinions of individuals and 
public opinion of the group in society. An important 
aspect of the proposed class of models is that the 
laborious procedure allows us to obtain the 
Boussinesq equation which provides soliton 
solutions. This result is not unexpected. After all, the 
separated waves in the resulting systems of 
differential equations of (7) type can also be directly 
obtained using the T-representation method. This 
clearly confirms once again the assumption made by 
the authors, that separate waves of the soliton type, 
play an important role in the processes of 
information exchange in social networks. 

It should be noted that individuals in this model 
are actually considered as neurons that take qualified 
decisions regarding the further message distribution 
of a certain type. This approach, based on its 
essential grounds, is as close as possible to the real 
processes that occur in social networks, which 
enables to generate statements about the high level 
of adequacy of the proposed class of models. 

The following mechanical analogy of the 
proposed class of models appears to be quite 
constructive when the balls with certain weights are 
connected by the springs and further fixed on the 
bare rods. In this case, the rods simulate the 
threshold level of an individual’s excitation during 
transmission of messages. If the message is 
transmitted without taking into account the threshold 
of excitation, it is possible to get the classic Fermi-
Pasta-Ulam model. In comparison with the 
mechanical analogue the specificity of the proposed 
class of models is that in the social network the 
factors of energy loss due to the broken rods are not 
fixed. The latter circumstance is taken into account 
by the authors when constructing the corresponding 
systems of differential equations.  

In this paper, the process of message 
dissemination is considered in detail only in one 
chain of a specially formed oriented graph. It is 
obvious that the holistic consideration of the entire 
graph enables to get a series of soliton effects that 
will be the subject of our further research. 
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