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The widely used artificial intelligence and digitalization concepts and relevant problems are considered in
terms of specific technologies, tools, methods, algorithms and software designed to help solve an array of
applied problems (projects). It is assumed that problem solving implies certain goals and defined criteria and
can be critically evaluated by the expert community in an open scientific discussion. For illustration purposes,
we selected, in line with the authors” expertise, the following directions: the problems of agent-based approach
in the routing tasks in complex networks; the problems of managed counteraction to destructive information
virally spread in social networks; education related problems in the field of artificial intelligence. The
development of the intelligent system for monitoring the influence of political Internet memes is conducted
with the implementation of a number of artificial intelligence technologies. We describe the application of
convolutional neural networks, machine and deep learning to the problems of Internet meme image
classification and text recognition. We show the interaction scheme for the software modules of the
Memometrix intelligent system which can be used for developing search agents in social networks. Intelligent
control models in multi-agent systems of intelligent agents are used to solve the Multiple Travelling Salesman
Problem (mTSP). The algorithm for interacting and learning intelligent agents that form a population has been
described. The exchange of genetic information promotes the evolution of intelligent agents. Pseudo-Boolean
optimization models with disjunctive constraints are selected as the theoretical basis for managing intelligent
agents. The problems of implementing artificial intelligence technologies in the educational process are
discussed.

and knowledge processing, Machine Learning, Deep
Learning, Big Data, etc.; competencies will be
construed as knowledge, abilities, skills, etc. Also

The current status of the topics related to artificial
intelligence  (Al), digital transformation, and
competence-based approach can be characterized as
unsystematic, politically promotional and weakly
constructive. One could draw an analogy with the 60-
year-old past time period known for a global
introduction of automated control systems (ACS),
paperless technology, etc. However, the resources
invested did not lead to the desired results. When
formulating the present-day problems and challenges,
we are going to proceed not from intuitive concepts,
but from working definitions. The notion of “artificial
intelligence” will be addressed in terms of Al
technologies, namely, intelligent information, data
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note that the scope of topics related to the problems,
goals, methods, algorithms, software development,
technologies and tools, associated with Al, is the
basis for a large-scale training of schoolchildren,
students, young professionals with aptitude for
mathematics and mathematical culture, and, as such,
for culture in general. Opening a specialized center
appears to be a logical next step to further promote
this field of knowledge.

Establishing the Crimean Center of Artificial
Intelligence (CCAI) with the broad participation of
schoolchildren and students is essential to ensure the
formation of a human reserve and a resource base for



the research work. Equipping the CCAIl with a
powerful computing cluster capable of making
advanced calculations will make it possible to model
economic, social, and environmental processes and
dynamic nonlinear phenomena of different nature.
The CCAI is a center for the formation of relevant
competences and coordination of interdisciplinary
scientific research in the prioritized areas associated
with the use of Al methods and technologies. The
research and educational components are
implemented on the basis of the Department of
Informatics of the Crimean Federal University, whose
staff work on developing methods, algorithms and
applications in the field of Al. They have a real
experience in realizing the projects supported by the
Russian Foundation for Basic Research in the
development of Al technologies for studying the
processes in social networks (meme spreading), as
well as the development of theoretical and
algorithmic approaches to the problems of multi-
agent routing (with the use of Al technologies).

Full-fledged research and development (R&D) at
the CCAI require specific procedures for building
competences and coordinating interdisciplinary
scientific and applied research in the high-priority
research areas aimed at solving strategic goals.

From the perspective of R&D, national strategies
and programs in the field of Al and digitalization, the
international and all-Russian levels of the university
are defined by the results provided by physical and
mathematical, computer and natural science
departments, as well as their degree of cooperation
with the humanities, i.e., an interdisciplinary
research.

Development and research of Al principles,
methods and technologies focused on the processes of
data accumulation, processing, protection and
analysis, including Big Data, to ensure their active
use in a wide range of scientific and applied fields:

= intellectualization of the regional economy;

= development of promising mathematical and
simulation computing methods for intelligent
analysis and modeling of physical and technical
processes (infrastructures) and multi-agent
control systems for institutional, socio-
ecological and economic processes;

= development of Al methods and tools for
assessment, classification, recognition and
prediction to ensure effective decision making
in various fields;

= development of technologies and tools for Al
analysis of processes occurring in social
networks, process management (memetics, in
particular).

Note that the most important objectives in the
"Program of Basic Scientific Research in the Russian
Federation for the long-term period (2021-2030)" are
related to the research in the field of artificial
intelligence, creation and implementation of novel
methods and algorithms for processing and analysis
of big data (including routing in complex networks,
Internet meme flows). Highly topical is the research
in the field of discrete analysis, graph theory, discrete
optimization. In view of the stated transition to a
digital economy, methods of effective management
for distributed computing environments (distributed
registry technologies), novel types of applications,
such as cloud environments, Internet of things, etc.
are needed. Among priorities are mathematical
modeling and artificial intelligence.

Let us take a closer look at some R&D aspects
associated with the implementation of Al
technologies and the competences associated with
them.

2 INTELLIGENT MULTI-AGENT
ROUTING MODELS

The analysis of recent scientific publications (Korte
B., Vygen J., 2018; Poli, R.,2008; Jungsbluth, M.,
Thiele, J., Winter, Y., Schawe, H., Hartmann, A.,
2018; Shah-Hosseini, H., 2008; Zhou, H., Song, M.
Pedrycz, W., 2018; Singh, D., Singh, M., Singh, T.,
Prasad, R., 2018; Pandiri, V., Singh, A., Rossi, A.,
2020; Lo, K.-M., Yi, W.-Y., Wong, P. K., Leung, K.,
Leung, Y., Mak, S.-T., 2018; Necula, R., Raschip, M.,
Breaban, M., 2018; Russell, S., Norvig, P., 2020;
Hutter, F., Kotthoff, L., Vanschoren, J., 2019)
revealed that they tend to focus on describing only
some special cases of practical implementation of the
ideas of intelligent control, e.g., software agents,
adaptive learning, and decision trees.

The research on this topic is a part of a more
comprehensive problem addressing the development
of mathematical models, methods and algorithms for
intelligent control of multi-agent systems (MAS) in
complex structures. Methods, algorithms, and
software are being developed for the purpose of
solving multi-agent routing problems in complex
networks based on an intellectualized approach that
takes into account facts, knowledge, and a priori
information on the network structure and required
solutions. The results are partially presented in papers
(Germanchuk, M.S., Lemtyuzhnikova, D.V.,
Lukianenko, V.A., 2020; Germanchuk, M.S,,
Kozlova, M.G., Lukianenko, V.A., 2020; Gabrielyan,



O.A., Lukyanenko, V.A., Kozlova, M.G., Gasparyan,
M.V., Gabrielyan, T.0., 2021; Kozlova, M.G.,
Lukianenko, V.A., Germanchuk, M.S., 2021;
Kozlova, M.G., Lukianenko, V.A., Gurzhiy, P.A,,
Makarov, 0.0., 2022).

Depending on the class of problems to be solved,
multi-agent intelligent systems (MAIS) can have a
different structure, consisting of single-type
intelligent agents (1A) or specialized agents that are
controlled by an intelligent system (external to the
agents) or controlled by other 1As. Intelligence can be
housed in an external intelligent control system (ICS),
either distributed across IAs or combined with a unit
adaptable to the external environment. Intelligent
systems (IS) are characterized by their capacity to
extract, store and process knowledge, which ensures
the functioning of the IS when managing complex
objects (systems). ICS must have the ability to learn,
adapt to the external environment, survivability
(resistance to interference and damage), to function in
conjunction with the decision maker (DM). Such
systems can be self-organizing and learning. Besides,
MAIS may have other properties.

Let us assume that the capabilities of 1A, as well
as of MAIS in general, change in the process of
achieving the goal. By learning and adapting to the
changing conditions, focusing on the a priori,
precedent information and localized MAIS solutions
obtained by IA, it expands (or reduces) the area of
solution search and increases the optimization speed.

Of importance is that models of intelligent control
in a multi-agent system of intelligent agents are used
to solve relevant applied problems of discrete
optimization, for example, the Multiple Travelling
Salesman Problem (mTSP), etc. Let us note that the
conditions of adaptivity are met by genetic algorithms
(GA) which are among the most effective heuristic
algorithms for MAIS.

Models of intelligent control systems. Let 1A
have a set of metaheuristic algorithms and the
capacity to combine and parallel them. For clarity, we
choose a model based on the application of GA. In
such interpretation, a set of 1As forms a population
that is split into several independent subpopulations,
each using a different set of algorithms. The
independent subpopulations can operate in parallel,
on dedicated clusters, in line with how the original
problem was decomposed, etc.

In addition to the interaction of intelligent agents
each with each (or each with all), a subpopulation of
IAs (or a separate 1A) can be allocated for interaction.
Information (decisions, algorithms, etc.) is exchanged
in MAIS. The exchange of genetic information
between subpopulations leads to the improvement of

1As. If we consider discrete points in time, each next
point in time corresponds to a different MAIS formed
as a result of genetic transformations. The structure of
IA subpopulations and their interaction, besides
genetic structures, generates an artificial neural
network and an inference system (collective decision
making). Thus, already in the process of designing the
GA-based MAIS, many tasks are being solved,
namely, identification of the set of goals, criteria for
evaluating the complexity of the studied system and
options for decomposition (clustering, paralleling);
producing interaction models for 1A populations
included in MAIS; determining the IA changes in
subpopulations based on genetic information
exchange between subpopulations and obtained
knowledge; defining conditions for 1A to forget
information; specifying conditions for 1As to migrate
from one subpopulation to another; identifying
conditions for the MAIS population structure to
evolve and be stable.

Interaction between intelligent agents in
solving network problems. The multi-agent
approach is based on the notion of a mobile software
agent that acts as an independent specially designed
program and is an element of Al. The idea of multi-
agent technology provides a totally new approach to
problem solving. Traditional ways of finding a
solution imply the search for some well-defined
algorithm that allows finding the best solution to the
problem, while in the multi-agent approach the
solution is obtained automatically as a result of
interaction among several independent task-oriented
software modules — software agents (1A).

Agents are considered as members of a team; they
can cooperate or compete with each other in a
decision-making process. A particular feature of 1A
has to do with the dynamics of the decision-making
process. When solving practical problems, this means
that a decision is reached through hundreds or
thousands of interactions that may not be traceable.
Agents are given goals to achieve, but are not told
exactly how these goals are to be achieved.

In (Germanchuk, M.S., Lemtyuzhnikova, D.V.,
Lukianenko, V.A., 2020), the models in the form of
pseudo-Boolean optimization with disjunctive
constraints are given, which serve as a theoretical
basis for the mTSP-type MASs and control systems.
The algorithms for decomposition, clustering,
analysis and network synthesis in the mTSP-type
problems are also considered. Preliminary
calculations confirm the need for a broad set of
algorithms to be applied for the optimal composition
of metaheuristics. Such a group of 1A algorithms is



used for intelligent control of sales agents in discrete
optimization network problems.

Directions for the development of intelligent
routing agents in complex networks contain a large
number of both known and new diversified discrete
optimization problems, methods and algorithms for
their solution. The availability of libraries and
software implementations allows to organize the
educational process in the form of projects and groups
(schoolchildren, students, specialists). The problems
of garbage trucks routing, planning routes for visiting
Crimean sights, making routes by drones, network
clustering, routing problems in emergency conditions
(on the example of Yalta) have been investigated
(Germanchuk, M.S., Kozlova, M.G., Lukianenko,
V.A., 2020).

IAs in MAS either work in concert to achieve the
same goal, or they can also be competitors. Here is a
typical example for sales agents (Kiselev, D. A.,
Orlova, T. A., Germanchuk, M. S., 2017). Such a
problem can be reduced to a multicriteria mTSP
problem in the form of a multicriteria pseudo-
Boolean optimization model with disjunctive
constraints. Game theory presents a wide range of
options for positing this problem. For competing
agents it is the theory of non-cooperative games.

Let us consider the problem for two sales agents
to find two minimum Hamiltonian cycles. In this
problem the agents can start their path from the same
base or from different bases. The goal is to find one
closed route of minimal distance constructed by two
salesman agents, or two routes.

The interaction (or conflict) of agents will be
modeled in terms of game theory. Game theory
considers the behavior of interested 1As in a complex
system for different scenarios (games). Depending on
the assumption about the nature of the game or the
nature of the rational behavior of the players, game
theory distinguishes cooperative and non-cooperative
games. The theory of cooperative games (non-zero-
sum games) is applicable when viable agreements can
be reached, i. e., via contracts, and can help model and
explain the essential relationships of the cooperating
partners in MAS. Cooperative game theory assumes
that players can make reciprocal agreements.

Models in non-cooperative game theory assume
that each 1A (e.g., a firm in a supply network)
optimizes its own goal and is not concerned about the
effect of its decisions on others. No mutual
agreements among the players are allowed. The main
goal is to find the optimal strategies for each player to
provide them with the largest possible winnings on
average.

Let us take a non-cooperative game as an example
of interaction between two intelligent agents aimed at
solving an extreme problem on the graph G(X,U)
(this game can be named "The Game of Lieutenant
Schmidt's Children" (Belov E. G., 2013)). The game
setting allows to reveal the characteristic features of
the behavior of intelligent agents (sales agents).
Points on the plane (map) are regarded as a graph. The
behavior of the players is defined by the rules of the
game. Such rules are needed to resolve real problems.
The local nature of moves must ensure that the final
result is optimal. From the program's perspective, the
chain

[graph — agents — route]
corresponds to the chain
[arena — bot — game result].

The game can be run multiple times. The goal of
each 1A is to visit as many vertices of the graph as
possible, arriving at them first.

1. Players’ initial positions are the same.

2. Players move in parallel and have equal speed.

3. At each moment 7 the set of vertices of the
graph X = X;(t) U X,(t), where X, (7) is the set of
vertices visited by the moment z, and X,(7) — not
visited. K; () are the vertices belonging to the first
player by the moment 7, K, (t) are the vertices of the
second player.

4. The available move for the player at vertex V is
such vertex W, that there is an edge V—W in the
graph.

5. If at time T the player is at vertex V, he is bound
to make move V—W. The transition time along this
edge will be equal to the weight of this edge. That is,
if we denote the transition time between edges as 7,
then the player’s next move is made at moment 7 +
Tq.

6. Skipping moves is not allowed.

7. If at time T both players have arrived at vertex
V € X,(7),thenV € K;(7) and V € K, (7).

8. The game ends when X, (1) = @.

9. The player's winnings are the number of points
selected during the game; the player's goal is to
maximize the winnings.

10. If at the end of the game |K; (7)| = |K, ()|, then
a draw is declared.

The main condition of returning to the base is not
satisfied in this software implementation. The winner
is the one who bypasses the largest number of vertices
(Belov E. G., 2013).

The software implementation of 1A behavior
analysis is the game arena, and 1As are the bots who
make moves in this arena. The program consists of
packages:



bot (game bot implementation);
game (game arena);
resources (graphs are stored here as txt files).
The game arena (game) consists of components:
Bot — abstract class, any game bot must inherit
it;
= Edge — class that represents an edge of a graph;
= Game — basic game class that manipulates
players during the game session, monitors the
game bots' behavior, displays information about
the game on the screen, summarizes the game
results;
=  GameRunner — class that starts the game with
certain parameters;
= Gamelnfo — class of in-game statistics, it is
passed to the player on making a move;
=  Graph —class that represents the graph on which
the game takes place;
= GraphAlgo — class that contains additional
algorithms on the graph;
= Move — class that contains data about one
player's move;
= VertexState — listing of graph vertices states.

Game and GameRunner classes are not accessible
to players. GraphAlgo class is read-only. Players are
allowed to create their own instances of the Graph
class for their needs, but they are unable to modify the
graph they are playing on.

The modular design of the program ensures the
independence of 1As among themselves. Besides, the
system handles players' moves, provides an easy data
exchange between two opponents, stores game
statistics and outputs the result. It is possible to
implement games with other rules by analogy. It is
important to create a set of 1A behavior modules,
representing different heuristic algorithms for solving
the like salesman-type problems.

3 APPLICATION OF
ARTIFICIAL INTELLIGENCE
TECHNOLOGIES TO THE
INTERNET MEME FLOW
CONTROL PROBLEMS

The already mentioned MAS, their interaction
specifics and software implementation possibilities
can be utilized in developing intelligent agents (1A)
for targeted search and information processing on the
Internet. In line with this line of research, the topic
named "Memes in virtual communications: the
development of software for monitoring their spread
and influence (analysis of the Russian-speaking

segment of the Internet)” is being elaborated
(Gabrielyan, O.A., Lukyanenko, V.A., Kozlova,
M.G., Gasparyan, M.V., Gabrielyan, T.0., 2021;
Kozlova, M.G., Lukianenko, V.A., Germanchuk,
M.S., 2021; Germanchuk, M.S., Kozlova, M.G.,
Lukianenko, V.A., 2021; Germanchuk, M.S.,
Kozlova, M.G., Lukianenko, V.A., 2021; Kozlova,
M.G., Lukianenko, V.A., Gurzhiy, P.A., Makarov,
0.0., 2022).

Let us note some important aspects related to the
IA development and software implementation. First
of all, it is a systematic approach and a thought-out
preliminary logic for IA actions. The assumed
automation of information-analytical work of 1As on
searching for (destructive) memes is preceded by a
technological sequence of actions, without their
automation:

1) the sources of information are identified as
news, opinion polls, or social networks; the meme is
defined as an image and text combined; selection
criteria for the meme are formalized; similarities
between memes are identified, duplicates are
removed, sources are specified; memes are ranked; a
browsing timetable for the memes is set up;

2) queries are generated; typical query lists are
unified; IM queries are evaluated by experts-
sociologists, criteria are refined;

3) information representations (tags of memes)
and procedures for its storage are defined; experts
approve the fullness of collected data;

4) the knowledge from the database of memes is
extracted, the meme flow spread is evaluated,;
techniques for the analysis and processing of memes
are elaborated;

5) scenarios, technologies,  step-by-step
instructions for IM acquisition, storage, analysis,
forecasting and lifecycle;

6) development of the architecture for the system
that implements the 1A functionality;

7) visualization of results and convenient modes
of communication with experts for modelling
situations.

Each logical step is performed upon the use of an
array of data processing algorithms. Let us consider
the technique based on implementing convolutional
neural networks in algorithms for classifying meme
images. Other approaches are discussed by the
authors in  publications (Gabrielyan, O.A.,
Lukyanenko, V.A., Kozlova, M.G., Gasparyan,
M.V., Gabrielyan, T.0., 2021; Kozlova, M.G,,
Lukianenko, V.A., Germanchuk, M.S., 2021,
Germanchuk, M.S., Kozlova, M.G., Lukianenko,
V.A., 2021; Germanchuk, M.S., Kozlova, M.G.,
Lukianenko, V.A., 2021; Kozlova, M.G,,



Lukianenko, V.A., Gurzhiy, P.A., Makarov, 0.0.,
2022).

The image classification problem reads as
follows: given a set of images, each of which is
assigned a category, we need to predict these
categories for a new test sample of images and
measure the accuracy of these predictions. There exist
a variety of problems associated with this task,
including changes in scale, viewpoint, image
deformation, lighting conditions, etc.

Hence, the complete process of classification can
be formalized as follows:

* input — a training dataset, which consists of N
images, each labeled with one of K different

classes;

= the resulting set is used for training the
classifier;

= the last step is evaluating the quality of the
classifier.

The most popular image classification algorithm
is the convolutional neural network (CNN), which
consists of input and output layers, as well as several
hidden layers. The hidden layers of CNN usually
include convolutional layers, RELU layer (activation
function), pooling layers, fully connected layers and
normalization levels.

The CNN architecture is formed as a stack of
different layers. Typically several different types of
layers are used, which are described below.

1. Convolutional layer. The convolutional layer
is the basic building block of a CNN that implements
the convolution operations and is called filter, or core.
The filter moves across the entire image. In case of
images having multiple channels (e.g. RGB), the
kernel has the same depth as the input image. During
a pass, the filter performs a scalar product between
the filter values and the input data, creating a two-
dimensional activation map for that filter. As a result,
the network gets a filter that is activated by some
particular type of object at some spatial position on
the input. The purpose of the convolution operation is
to extract high-level features from the input image. A
convolutional neural network does not necessarily
have to be limited to a single layer. Traditionally, the
first convolution layer is only responsible for
capturing low-level features such as edges, color, and
gradient. By adding layers, the network can be trained
to recognize more complex objects.

2. Pooling layer, also called downsampling. The
pooling layer is a non-linear consolidation of the
feature map, in which a group of pixels (usually 2x2
in size) is condensed to a single pixel by undergoing
a non-linear transformation. Pooling layers reduce the
data size by combining the output of clusters of

neurons on one layer into a single neuron on the next
layer. Local pooling combines small clusters. Global
pooling acts on all neurons of the convolutional layer.
Besides, pooling allows calculating the maximum or
the average value. Maximum pooling utilizes the
maximum value from each cluster of neurons in the
previous layer. Average pooling utilizes the mean
value from each of the clusters of neurons on the
previous level.

3. RELU activation layer. RELU (rectified linear
unit) is an activation function that looks as follows:
f(x) = max(0, x).

It effectively removes negative values from the
activation map by zeroing them out. This increases
the nonlinear properties of the solver function without
affecting the receptive fields of the convolutional
layer. RELU is often preferred to other activation
functions because it promotes faster learning of the
neural network without significant degradation in
quality.

4. Full connection. Fully connected layers
connect each neuron in one layer to each neuron in
another layer. This is basically the same as a
traditional multilayer perceptron (MLP) neural
network. The smoothed matrix passes through a fully
connected layer for image classification.

Text classification. Text classification is the
process of assigning tags or categories to text
according to its content. It is one of the fundamental
problems in Natural Language Processing (NLP) and
has many applications, such as sentiment analysis,
topic tagging, spam detection, and intent detection.

Unstructured data in text form can be found
everywhere: emails, chats, web pages, social media,
survey responses, and many others. Text can be an
utterly rich source of information, while extracting it
can be difficult and time-consuming because of its
unstructured nature. Companies utilize text
classification tools to organize texts in a quick and
cost-effective way to facilitate decision-making and
automate various processes.

Text classification can be broken down to text
preprocessing and classification itself.

Pre-processing is necessary for translating text
from human languages into machine-readable format
for further processing. The basic steps for text
normalization are as follows:

= converting all letters to lowercase or uppercase;

= converting numbers into words or deleting
numbers;

= removing punctuation,
diacritical marks;

= removing spaces;

accent and other



= tokenization — the process of dividing a given
text into smaller parts called tokens (words,
numbers, punctuation marks and others can be
considered as tokens);

= removing stop words, sparse terms, and single
words. "Stop words" are words that do not bear
important meaning and are normally removed
from texts. You can remove stop words with the
Natural Language Toolkit (NLTK), a set of
libraries and programs for symbolic and
statistical natural language processing;

= the process of reducing words to their bases or
roots (e.g., books — book, likely — like). The
basic stemming algorithms are Porter's
stemming algorithm (it removes common
morphological and inflectional endings in
words) (Porter, M. F., 2006) and Lancaster's
stemming algorithm (a more aggressive
stemming  algorithm)  (Madariaga, R,
Fernandez-del-Castillo, J., Hilera, J., 2005).

The most popular machine learning algorithms for
creating models for text classification are those based
on Bayesian algorithm, support-vector algorithm, and
deep learning (Nikolenko, S., Kadurin, A,
Arkhangelskaya, E., 2018; Schmidhuber, J., 2014).

Deep learning is part of a broader family of
machine learning algorithms based on artificial neural
networks. They are based on learning with
representation (Schmidhuber, J., 2014). The text
classification problem has benefited from the recent
resurgence of deep learning architectures due to their
capacity to achieve high accuracy with less need for
engineering functions. The two main deep learning
architectures used in text classification tasks are
convolutional neural networks (CNNs) and recurrent
neural networks (RNN) (Schmidhuber, J., 2014).

On the one hand, deep learning algorithms require
much more training data than traditional machine
learning algorithms, that is, at least millions of tagged
examples. On the other hand, traditional machine
learning algorithms, such as SVM and NB, tend to
reach a certain threshold when adding more training
data does not improve their accuracy. In contrast,
deep learning classifiers continue to improve the
more data they are provided with.

It is important to use different network metrics to
fine-tune the IM classification. For example, when
choosing the VKontakte social network as a medium
for spreading memes, the following metrics are
provided: people who commented on the record,;
people who liked the record; people who rated the
comment on the record.
= This way, the algorithm for classification fine-

tuning has the following steps:

= ranking comments by the number of people who
rated them;

= selecting the first n most popular comments, if
the number of people who rated them exceeds
the threshold number m;

= classifying text in comments.

Besides, the VKontakte social network provides
an option to extract text from publications, which can
also be used for making a final decision.

So, the following objects can be used for
classifying entries: popular comments, text in posts,
IM image class.

More advanced techniques have been
implemented in the Memometrix intelligent system
which is currently being developed. Its diagram is
shown in Figure 1.

Program Block 1
It builds hypertext from the headlines of the
news feed (from leading news sites), based on
the analysis of which (by onto-semantic
analysis) search queries (in fact, tags) are
generated.
v Search query
Program Block 2
It generates a primary database of images (DBI)
based on incoming search queries, by using the
Google search engine. By using a group of
filters, it selects data and generates a database of
Internet memes with formal descriptions (DBI
FD). It conducts a descriptive, cluster and
regression analysis, which allows to study the
life cycles and distribution patterns of Internet
memes.
List of URLSs of Internet
y memes from the DBI FD
Program Block 3
It collects and analyzes the sociometric data
(comments, reposts, likes) of political Internet
memes in social networks. It conducts a
quantitative content analysis of text in the
comments. It generates a database of reflection
(DBR) in social networks for relevant political
Internet memes.
v DBR
Program Block 4
An automated analytical system (neural
network) trained on DBR provides an estimate
of the degree of influence of political memes
(associated with a particular query) on the
Russian-language segment of the Internet.

Figure 1: Diagram of the Memometrix intelligent system



The Memometrix intelligent automated system
for evaluating the influence of political memes on the
Russian-language segment of the Internet is a
software package, which consists of four interlinked
software blocks. Results obtained in the upper blocks
define parameters and produce data arrays for further
processing in the lower blocks.

The developed Memometrix software package
has already a partial functionality of IA for the search
of IMs, their analysis and teamwork research together
with experts.

4 CONCLUSIONS

When dealing with complex networks, the considered
approaches to using multi-agent systems are highly
preferable. Among numerous possible applications,
of note is the multi-agent approach in routing
problems and multiple salesman problems with
additional constraints. Development of software
products relying on metaheuristics is in demand for
problems of security, organization of computer
networks, and the behavior of mobile robot teams
(drones). The problem of two interacting sales agents
(knowledge exchange) in the process of solving the
mentioned optimization network problems can be
considered as a model one. The examined directions
present specific Al tasks. Models, algorithms and
tools necessary for the implementation of the set
goals, together with purely scientific ones, have a
strong educational component for the implementation
of Al technologies in real projects. Software
implementation of Al elements can become
applicable for educating schoolchildren and students
under the guidance of experts.
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