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ABSTRACT

Interactions between people, groups, organizations, and

biological cells have a relationship character that can be

represented as a network. The system properties of such

networks, regardless of their physical nature, but clearly

determining the performance of networks, create the total�

ity of the real world. Complex networks – are naturally

existing networks (graphs) that have complex topological

properties. The researchers who participate and also make

discoveries in this field come from various Sciences such as

mathematics, computer science, physics, sociology, and

engineering. Therefore, the results of research carry both

theoretical knowledge and practical applications in these

Sciences. This paper discusses the definition of complex

networks. The main characteristics of complex networks,

such as clustering and congestion, are considered. A popu�

lar social network is considered as a complex network. The

calculation of nodes and links of the considered social net�

work is made. The main types of AI development and

training are highlighted.
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INTRODUCTION

Often in practice, the interaction between different objects

and/or subjects is expressed in the form of established rela�

tionships or associations that show how the relationships of

system elements relate or interact. Any of these interac�

tions can be represented as a "Question�Answer" bundle,

which is defined as binary relationships in which each

object represents a specific point that is connected to

another object using a line or arc. Another factor also

comes up here – the inheritance Paradigm, which is based

on distributed axioms of biosphere unity: fuzziness – clar�

ity (1D and 2D) of continuous nature and is built on three

clusters of inseparability. Two incompatible universal laws

of nature are valid �Transformation and Conservation, for

the closeness of the basis the third dogma is inevitable –

Inheritance 3D [1].
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I. CONNECTIONS AND DISTANCES BETWEEN NODES 

Every day, the relationship between a person and their 
personal digital devices becomes stronger and stronger. 
Along with this, the degree of immersion of people in the 
virtual world – in the world of the Internet, applications 
and social networks is also growing. Virtuality is absorb-
ing more and more, drawing people deeper and deeper 
into its networks, and making people separate nodes of 
this network. Gadgets are constantly expanding their ca-
pabilities and connecting people in one digital, large-scale 
and complex social network. 

A social network is a resource, a platform that pro-
vides relationships between people. Your profile is used 
to communicate and create an offline connection or a 
connection based on common interests. People upload 
their photos and information about themselves to their 
social network profiles and thus personal information 
becomes public, and the intensive development of infor-
mation technologies has significantly increased interest 
and attention to the problem of privacy and security of 
personal data, including during their automated pro-
cessing [2]. Thus, personal data may be used by other 
users, including for unfavorable purposes. 

Each of the network nodes has a certain number of 
connections, combining with other nodes of the same 
type. If the connection between nodes has a direction, 
then the network is oriented, and if the connection is 
symmetric for all nodes connected by it, then the network 
obtained by such connections is called undirected. For 
example, if we assume that a connection exists if two 
people are close friends, then the network will be undi-
rected. If we assume that there is a connection, if one per-
son considers himself a friend of another, then the formed 
network will be oriented. The number of links of a node is 
determined by its degree. In oriented networks, there is an 
outgoing and incoming node degree. The degree distribu-
tion of nodes is an important characteristic of a complex 
network. The main part of all complex networks is close 
to the power law distribution of degrees of nodes with an 
exponent between 2 and 3. the Distance between nodes is 
the minimum number of connections that must be over-
come in order to get from one node to another. For all 
network pairs, there is an average distance between them 
when moving from one node to another. This distance is 
called the average distance between nodes – . For most 
complex networks, , where N is the number of 
nodes in the network [3]. 

Determining the distance between nodes is closely re-
lated to clustering, which is one of the local characteris-
tics of the network. It represents a characteristic of the 
level of interaction between the nearest neighbors of a 
node. The clustering task is to fragment objects from the 
Y-set into several subsets (clusters), in which the objects 
are more similar to each other than objects from other 
clusters. There are several main known clustering meth-
ods. In most cases, to choose the correct method, you 
need to determine the type of connection between net-
work objects. 

II. THE METHOD OF NEAREST-NEIGHBOR OR SINGLE LINK

In this method, the distance between two clusters 
(Figure 1) is determined by the smallest distance between 
two close objects in different clusters (1). 
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where W , S  – clusters. 

Figure 1. The method of nearest-neighbor or single link 

If different parts of such clusters are connected by 
chains of elements that are close to each other, this meth-
od allows you to select clusters of arbitrarily complex 
shapes. The result of this method is clusters represented 
by long "chains" that are "linked together" only by indi-
vidual elements that happen to be closest to each other. 

III. MOST DISTANT NEIGHBOR METHOD
OR FULL CONNECTION

In this method, the distance between clusters (Fig. 2) 
is determined by the largest distance between any two 
objects in different clusters (2). 

W S, w s,   maxR
w W ,s S

(2) 

22U V , 0,1 1

where W , S  – clusters. 

Figure 2. Most distant neighbor method or full connection 

This method is good to use when objects actually 
come from different structures. 

IV. WARD'S METHOD

One of the main clustering methods is the Ward's 
method, which is constructed in such a way as to optimize 
the minimum variance within clusters. This objective 
function is known as the intragroup sum of squares or 
sum of squared deviations (3). 
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where jx is the value of the attribute of the j-th object. In 
the first step, the sum of squared deviations is 0. This 
method is aimed at combining closely located clusters and 
tends to create small clusters. 
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V. UNWEIGHTED PAIR GROUP METHOD 
USING ARITHMETIC AVERAGES (UPGMA) 

The distance between two clusters (Figure 3) is the 
average distance between all pairs of objects in them. The 
distance between these clusters is determined by (4). 
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where u ,  are clusters containing Tu , T  objects, re-
spectively. 

Figure 3. Unweighted pair group method 
using arithmetic averages (UPGMA) 

This method should be used if the objects actually come 
from different structures. In cases where there are clusters 
of the "chain" type, assuming unequal cluster sizes. 

VI. WEIGHTED PAIR GROUP METHOD 
WITH ARITHMETIC MEAN (WPGMA) 

This method uses the cluster size (the number of ob-
jects contained in the cluster) as the weighting factor. The 
distance between clusters is determined according to the (5). 

, ,

2
uD D

D u, ,   (5) 

This method should be used only if there is an as-
sumption about clusters of different sizes. 

VII. UNWEIGHTED PAIR GROUP METHOD 
WITH CENTROID AVERAGE (UPGMC) 

In this method, the distance between two clusters 
(Figure 4) is taken as the distance between their centers of 
gravity. The distance between the centers of gravity is 
determined by (6). 
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igure 4. Unweighted Pair Group Method 

with Centroid average (UPGMC) 

VIII. WEIGHTED PAIR-GROUP METHOD 
USING THE CENTROID AVERAGE (WPGMC) 

This method is similar to the UPGMC method, the on-
ly difference is that weights are used to account for the 
difference between cluster sizes (the number of objects in 
them). This method is preferable if there are assumptions 
about significant differences in cluster sizes. 

The clustering coefficient of a node is the probability 
that the two nearest neighbors of that node are themselves 
nearest neighbors. For example, as we are friends with 
our friend, so we are friends with his friends. The concept 
of friends of friends can also be found in social networks. 
Connection through friends of friends or friends at ambigu-
ous numbers may be submitted to the original node. That 
is, going through a huge amount of links, we can return to 
the starting point at the source node, as all nodes in the 
network are interconnected. Each node must be processed 
and analyzed, which is very time-consuming work. 

Using the example of one of the most popular social 
networks, such as Vk.com, which has been included in the 
top 10 most popular sites in Russia for several years, let's 
look at the task that the network has to face. The monthly 
audience of this site is 71 million people, this is the num-
ber of nodes involved in the social network. There are 
many more connections between these nodes. Let's as-
sume that the text information about one participant cor-
responds to the volume that fits on a standard A4 sheet.  
On average, a sheet contains 25 lines, each line containing 
75 characters of 8 bits each, i.e. the size of a single page is 
approximately 1.5 KB, and the amount of information for 
active users is about 105 GB. Based on the fact that this 
information is presented in the form of typewritten text 
and contains certain items (full name, address, place of 
study, etc.), it is structured and the easiest to analyze. In 
addition to text information, there is also information in 
various graphic and multimedia formats (drawings, pho-
tos, videos, audio), which is more difficult to structure 
and is not considered in this work. We can assume that if 
we consider a social network as an information network 
consisting of nodes and communication channels, it con-
tains 71 million nodes. Communication channels deter-
mine the interaction of users, i.e. their familiarity, and it is 
more likely that all users of the network are familiar with 
each other through their friends. Thus, we need to deter-
mine such connections, that is, find a route from one node 
to another, and then conduct an analysis. It is known that the 
number of routes will be equal to n!, where  is the number 
of nodes, that is, in our case, the number of routes is equal to 
71000000!. Based on the Stirling's approximation: 

n

e
! 2n n n                                     (7)

After making calculations, the value of the number of 
routes is 10284000000 . Therefore, the total amount of infor-
mation analysis is 1.5 KB * 10284000000  which is much 
more than the original 105 GB. 

This volume must be analyzed every time a change 
occurs. The problem is difficult to understand and only AI 
can solve it. The more times It is used to solve the same 
type of problem, the faster it learns, and the more difficult 
this task is, the higher the level of intelligence. Training 
uses a large amount of data, which allows the AI to 
choose its own method and approach to training, and for 
complex network technologies, it is the basis for techno-
logical development.  

The most popular task for segmentation data mining 
requires that a given group be fragmented into internal 
homogeneous clusters in order to better identify different 
groups of people who share a common set of characteris-
tics. 
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Classical approaches model this problem on relational 
data. Each individual (data point) is described by a struc-
tured list of attributes. Indeed, in several scenarios, this 
modeling choice is an excellent proxy for dealing with con-
text-sensitive issues. However, such methodologies alone 
cannot answer the natural but non-trivial question: What 
does it mean to segment a population for which the social 
structure is known in advance? The first way to solve this 
problem can be defined in a complex network analog of the 
data mining clustering problem-Community Discovery. 

So far, many algorithms have been proposed for effi-
ciently and efficiently splitting graphs into connected clus-
ters, often maximizing specially adapted quality functions. 
One of the reasons why this task is considered one of the 
most difficult is its failure: there is no single, generally ac-
cepted definition of what a community should look like. 

With today's huge amounts of data generated by next-
generation networks, and the evolution of computing in-
volving coordination between edge and core platforms, 
the need for data center evolution will be paramount. The 
next-generation mobile capabilities in sensing, visualiza-
tion, and location will generate huge amounts of data that 
must be managed on behalf of network owners, service 
providers, and data owners. 

When developing and researching AI, several different 
systems and methods are distinguished: state-space 
search; natural language processing; knowledge represen-
tation; expert systems and decision support systems; ma-
chine learning and artificial neural networks; genetic al-
gorithms; multi-agent systems [4]. 

State-space search is when one of the search options is 
always in the focus of other artificial intelligence technol-
ogies. This method is a method in which there is a need 
and need to know which of the methods exist in order to 
perform a search and understand why everything is based 
on searching in the state space of an artificial intelligence 
system, as well as how and how artificial intelligence 
systems can use various types of heuristics. Natural lan-
guage processing-using this method, AI systems are able 
to communicate with users in a language they understand, 
not only by entering commands, but also by voice. 

Knowledge-based artificial intelligence systems use 
various formalizations that represent knowledge. There 
are still several such methods that are absolutely universal 
and to some extent reflect the ability of people to describe 
their knowledge. In addition, since the creation of the first 
knowledge-based systems, many mathematical methods 
have been developed to address the so-called factors of 
ignorance-completeness, unreliability, uncertainty, fuzzi-
ness, attenuation, and many others, which makes artificial 
intelligence systems able to work and make decisions in 
conditions of uncertainty, as a person does. 

Thus, the most important class of knowledge-based 
systems are expert systems, which in turn often form the 
core of various decision support systems. Expert systems 
include an extended knowledge base of any problem area 
that collects and integrates expert knowledge (dynamic 
systems are constantly updated) and allows to make deci-
sions based on them. 

Artificial intelligence is still far from being able to 
generate algorithms on its own, and it is still being helped 
by humans. To improve the quality of work, the algorithm 
needs to be constantly expanded, fixing existing methods. 

For example, for social networks, the method of expert 
systems is used, which allows you to process a large 
amount of information, and as a result gives a conclusion. 
Functional work requires a fast response of the analysis 
and processing system, which will help to form data clus-
ters in a timely manner to simplify problem solving in 
order to implement the tasks of social networks. 

One of the main tasks is to form social and target 
groups. These groups and clusters are formed in stages 
and take milliseconds of time. Also popular in social net-
works is AI, equipped with the following functions: video 
editing and photo editor, telephone operator, designer and 
spam defender, consultant, marketing psychologist, diag-
nostic assistant. 

An effective structure will help organizations gain 
confidence in their AI technology. This approach should 
go deep into AI in the enterprise and in the individual 
model to help ensure that key trust imperatives are inte-
grated and controlled throughout. It must continually 
evaluate and maintain control over complex, evolving 
algorithms, establishing methods, controls, and tools that 
provide anchors of trust throughout the lifecycle, from 
strategy to evolution. It should also provide clear guid-
ance to organizations and stakeholders in the various 
management and oversight functions [5]. 

IX. CONCLUSION

Performing tasks that are usually handled by humans 
is the main property of AI. These problems lead to the 
fact that our life is greatly simplified. Each appearance of 
new devices is reduced to the fact that their dimensions 
become minimal, and performance increases significantly. 
Many of these devices are equipped with special sensors 
that allow you to "communicate" with the network, with a 
person and with other devices, transmitting information 
through communication channels along various routes. In 
this case, you need to perform a large data analysis, which 
is capable of AI. After all, the task of statistics, collecting 
information, as well as storing information about a selec-
tion of objects, and ordering it is not an easy task even for 
AI, but it is still possible to solve. To help, the AI uses clus-
tering, the choice of which method depends on the goals 
and objectives set. AI intelligence, in turn, can provide reli-
ability, speed, and the ability to independently make deci-
sions on a number of tasks. However, as the level of inte-
gration of new technological architectures increases, the 
risks of security and privacy violations also increase. 
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