& sciendo  INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS

Article | DOI: 10.2478/ijssis-2024-0006

Issue 1| Vol. 17 (2024)

Forecasting the development of the industrial complex:
Southern Federal District

Tatyana A. Makarenya,
Alexey I. Kalinichenko,
Ali Sajae Mannaa,
Svetlana V. Petrenko

Southern Federal University,
Rostov-on-don - Taganrog, Russia

*E-mails: mta-76@inbox.ru;
ali88mannaa@gmail.com;
alecsy.k@gmail.com;
lana.stash@gmail.com

Received for publication:
August 25, 2023.

l. Introduction

Abstract

The purpose of this study is to build a cognitive model of the system-—
industrial complex of the Southern Federal District of Russia. The
Southern Federal District is a region in the south of Russia, which
includes the regions of Rostov, Volgograd, Astrakhan, and Krasnodar;
the Republics of Adygea, Kalmykia, and Crimea; and the federal city
of Sevastopol. The object of the study was the industrial complex of
Southern Federal District, which ranks 6th in terms of the share of
manufacturing among the federal districts. The study was conducted
at the Southern Federal University, which is located in the Southern
Federal District of Russia. This article discusses the use of the
cognitive modeling method, which allows us to determine the degree
of system stability and the direction of system development under
varying degrees of influence of external factors. This method is used
to build forecasts of the development of poorly structured socio-
economic systems. The cognitive modeling method made it possible
to predict one of the scenarios for the development of the industrial
complex of the Southern region of the Russian Federation. For the
subject under study, indicative, controlling, and regulating peaks have
been identified, but the difficulty of forecasting is noted due to the lack
of a general program for the industrial complex of the federal district.
The article presents scenarios of industrial development of the Rostov
and Krasnodar regions as the most industrially developed regions
in the Southern Federal District. Cognitive modeling allows building
scenarios of development of the studied systems of regions by means
of impulse influence, that is, when one vertex affects another vertex.
The modeling results made it possible to build a cognitive map of the
industrial complex of the Southern Federal District. This map showed
that in the case of impulse impact on the industrial complex, it is
necessary to strengthen regulatory measures on the part of the state.
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The Southern Federal District, which is one of
the eight federal districts and is located in the south

The purpose of this article is to develop a forecast for ~ of the European part of the Russian Federation,
the development of industry in the Southern Federal ~was chosen as the object of the study. The area

District of Russia.

of the Southern Federal District is 447.8000 km?Z.
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The Southern Federal District contains 73%  of
all-Russian reserves of thermal waters and 30% of
mineral ones, 41% of tungsten reserves, and 15% of
cement raw materials. The district contains about 2%
of Russian oil reserves and 7% of gas reserves.

The structure of the district includes eight entities,
each of which specializes in various industries. The
structure of the volume of shipped goods from man-
ufacturing industries in the Republics of Adygea and
Crimea, the Krasnodar Territory, the Rostov Region,
and the city of Sevastopol is dominated by the pro-
duction of food products, beverages, and tobacco
products. The Republic of Kalmykia is dominated by
the production of computers, electronic and optical
products, and electrical equipment. The Astrakhan
region specializes in the production of coke and
petroleum products, rubber, and plastic prod-
ucts. Metallurgical production predominates in the
Volgograd region, including the production of finished
metal products, except for machinery and equipment.

a. Literature review

Models of global dynamics are currently being devel-
oped, such as mathematical modeling and manage-
ment of the dynamics of development of regional
socio-economic systems based on the ideas and
theories of synergetics [8, 29], in cognitive modeling
(27, 22, 26, 30-34).

As for the consideration of problems of planning
socio-economic systems, the works of the following
researchers were considered.

Gumerov [16] studied the economic and political
aspects of the development of planning in the USSR,
formulating the basic requirements for the ideology
of strategic planning and management, and noting
that the activity was reduced to formal changes in
the regulatory framework and methodological sup-
port. Shafranskaya [35] notes that in the current con-
ditions, it is necessary to build a full-scale strategic
planning system. As Professor Orlenko [27] notes, we
can consider the experience of implementing planned
activities in Yugoslavia. Kryukov and Seliverstov
[21] conducted an analysis of the draft strategy for
the Socio-economic Development of the Siberian
Federal District until 2035, and identified a number
of shortcomings associated with systemic problems
in regional development planning. One of the solu-
tions is the use of a variable format for the develop-
ment of the coal cluster, that is, the development of
scenarios for existing and future trends in economic
development.

Krupkina et al. [20] considered the issues of fore-
casting Russia’s GDP using a structural factor model
(DFM). The use of this model showed more stable
results of GDP forecasting over time. The authors
also point out that for a more effective forecast, it is
better to give preference to models that also take into
account the inverse relationship between variables.

Lazhentsev [24] considered the understanding of
the “program-target method” as a scientific category
that allows us to separate the objective causes of the
mobilization economy from its reflexive interpretation.
The author notes that a scientifically objective assess-
ment of the current situation leads to solving the
problems of long-term technological development.

Kleiner et al. [19] propose to use versions of stra-
tegic planning, taking into account the state of eco-
nomic theory, economic policy, and the peculiarities
of the functioning of the Russian economy.

A review of the scientific literature shows the
increasing importance of planning issues for the
development of economic entities, but insufficient
attention is paid to the use of digital forecasting tools.
Domestic and foreign research devoted to mak-
ing forecasts using the cognitive modeling method
deserves much attention.

Li and Chiang [11] studied the intelligent forecast-
ing of financial time series based on a neurofuzzy
approach with multiswarm intelligence. Applying
CFS to CNFS can increase the adaptive capabili-
ties of non-linear function mapping, which is valua-
ble for non-linear forecasting. Istvan and Laszlo [18]
studied fuzzy cognitive maps (FCMs), defining them
as recurrent neural networks that are used to model
complex systems using weighted cause-and-effect
relationships.

Kwilinski and Kuzior [1] mention in their article
about the theory of cognitive modeling for the devel-
opment of industrial enterprises, but the article does
not present real cognitive models for the development
of industrial enterprises. Bak and Cheba [9] present in
their article the results of modeling a complex eco-
nomic system of a country in order to achieve sus-
tainable development goals. However, the article
does not present scenarios of system behavior when
exposed to the system under study.

Gorelova et al. [15] explore issues of cognitive
modeling of socio-economic regional systems, which
allowed them to propose development models for the
Republic of Adygea in the context of the Granberg
regional development model. However, these works
did not consider the issues of cognitive modeling
of certain industries or types of economic activity.



INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS

The models they developed provide directions for the
development of the socio-economic systems under
study, which can be used to make management
decisions on the development of the region.

Kulba [23] proposed the construction of cog-
nitive maps by using the method of summing the
increments of factors. Maksimov [25] proposed a
scenario analysis framework for cognitive modeling.
Thus, there are different understandings in the plan-
ning tools for the development of weakly structured
Socio-economic systems.

Therefore, it is proposed to use a scenario-based
approach using cognitive modeling to study forecast-
ing the development of the industrial complex, since
its application is possible without specific quantitative
data. Thus, there are no works devoted to the con-
struction of forecasts for the development of industry
in the Southern Federal District. Gorelova G.V. worked
in terms of forecasting the development of the subject
— Adygea. Her forecasts were based on the use of
cognitive modeling method. The analysis of statistical
collections [17] has shown the absence of the nec-
essary amount of data to build forecasts of industrial
output using mathematical methods — exponential
smoothing. Therefore, to build forecasts for industrial
development, tools based on fuzzy logic were used
— cognitive modeling, which does not require a large
array of quantitative data of the predicted processes.
The term “cognitive maps” was first proposed in 1948
by the American psychologist Tolman [37] in his work,
“Cognitive maps in rats and humans”. The develop-
ment of this cognitive methodology was mainly due
to the work of Atkin [7], Casti [10] and Roberts [30]
[8]. We used the authors’ concept of cognitive data
modeling.

Il. Methods and materials

Due to the lack of sufficient data to predict indus-
trial development on the official website of Rosstat
using the exponential smoothing method, the authors
decided to build a model using cognitive tools [17,
36]. One of the tools for modeling the development
of complex socio-economic systems is cognitive
modeling. The authors of the article and the execu-
tors of the RNF scientific project, in accordance with
the objectives of the scientific project, developed
cognitive maps for predicting the development of the
industrial complex of the Southern Federal District.
By conducting a PEST analysis, target, indicative,
regulatory, and control factors affecting the devel-
opment of the industrial complex of the Southern
Federal District, which form the tops of the cognitive

model, were identified. Initially, 76 peaks were identi-
fied, which determine the development of the indus-
trial complex of the Southern Federal District. These
peaks were determined based on an analysis of
statistics on types of products manufactured in the
Southern Federal District [17, 36]. On the cognitive
map, with such a number of vertices, it is quite dif-
ficult to understand the scenarios of the develop-
ment of the socio-economic system. The second
stage determined only the types of industrial produc-
tion in accordance with the All-Russian Classifier of
Economic Activities that exist in the industrial com-
plex of the Southern Federal District on the basis
of statistical reports of the subjects of the district:
Rostov Region, Volgograd region, Astrakhan Region,
Krasnodar Territory, the Republic of Kalmykia, the
Republic of Crimea, the Republic of Adygea, and
the federal city of Sevastopol. It should be noted
that more detailed statistical reporting is not present
everywhere and the indicators have different units of
measurement: natural and cost, which makes it diffi-
cult to determine the main types of production.

The programs of socio-economic develop-
ment of these subjects were also analyzed in one
way or another related to the planning of industry.
Unfortunately, there is no section in all programs that
would be aimed at the development of industry with
specific measures.

PEST - analysis and SWOT - analysis were car-
ried out, which identified the tops of the cognitive
model (Table 1).

Figure 1 shows the cognitive map GO of the devel-
opment of the industrial complex of the Southern
Federal District, which is a result of the first stage of
cognitive modeling — collecting information, determin-
ing the entities and trends in the development of eco-
nomic integration, systematization of theoretical and
conceptual provisions, analysis of the main properties
and features, and development of a cognitive model
of the system (determination of vertices, relation-
ships between them, weight coefficients, functional
dependencies). Due to the lack of reference cognitive
models of industry in the Southern Federal District, it
is not possible to compare it with the standard.

Mathematically, a cognitive map is a signed
directed graph:

G=WV.E) (1)

Where:

V — the set of factors of the situation (vertices,
objects, concepts), in which the vertices are elements
of the system under study V, € Vi =1,2,....k;
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Table 1: Cognitive model vertex matrix GO.
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E - the set of cause-and-effect relationships - Increase in the number of jobs;
between factors of the situation (arcs) E,./. ek i j= - Increase in the output of import substitution
1,2,...,N, in which the arcs reflect the relationship products.
between the vertices VV,and V.

The analysis of the cognitive map includes the The regulatory vertices were selected as follows:
definition of routes, paths, and cycles that allow
one to explore various cause-and-effect relation- - Lack of systematic information on the develop-
ships. Highlighting these consecutive lines on a ment of the industrial complex of the Southern
graph is not an easy task. The complexity of the Federal District in the context of types of products;
system also entails problems of complexity in ana- - Lack of a unified program for the develop-
lyzing long causal chains, cycles, and management ment of the industrial complex of the Southern
complexity. Federal District;

The complexity of the system also entails prob- - Creating a portal Russoft.ru, where domestic
lems of complexity in analyzing long causal chains, software products are collected, with the sup-
cycles, and management complexity. There are some port of the Ministry of Finance;
definitions necessary for the analysis of cause-effect - Manual management of parallel import issues;
relationships and cycles. - Lack of a single supporting situational produc-

The route M ={eij}, i, j=1, 2, ...nin graph G is a tion support center;
sequence (finite or infinite) of n arcs (edges) that every - The geopoalitical situation in the world;
two adjacent arcs have a common vertex. - Microloans of Entrepreneurship Support Funds.

A chain, path is a route that does not contain
repeating edges (arcs), that is, if eilj1 is not equal to The programs (subprograms) of the subjects of
ei2j2 for any i, j, with j # /. the Southern Federal District related to the develop-

As indicative vertices, the following were defined  ment of the industrial complex were selected as the
(E): managing vertices (V) as follows:
- Growth of production volumes; - Development of industry and increasing its
- Growth in the number of enterprises; competitiveness. Rostov region;
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Figure 1: Cognitive map of industrial complex development.

Development of industry in the Volgograd region
and increasing its competitiveness;
Development of the industrial complex of the
Republic of Crimea;

Development of industry in the Krasnodar
Territory;

Development of industry in the Astrakhan region
and increasing its competitiveness;
Development of the industry of the Republic of
Adygea;

Development of the industrial complex of the
Republic of Crimea;

Development of industry in the Republic of
Kalmykia;

Industrial development of the city of Sevastopol.

By analyzing the official statistical data of
the Southern Federal District, the following
peaks were selected — types of industrial pro-
duction — opportunities for the development of

the following industries have also been added
[17,36] (V)):

Oil and natural gas production;

Extraction of other minerals;

Food production;

Beverage production;

Production of tobacco products;

Manufacture of textiles;

Manufacture of clothing;

Manufacture of leather and leather products;
Wood processing and production of wood and
cork products, except furniture, production of
straw products and materials for weaving;
Production of paper and paper products;
Production of coke and petroleum products;
Production of chemicals and chemical products;
Production of rubber and plastic products;
Production of other non-metallic mineral
products;
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- Metallurgical production;

- Production of finished metal products, except
machinery and equipment;

- Production of computers, electronic and optical
products;

- Production of electrical equipment;

- Production of machinery and equipment not
included in other groupings;

- Production of motor vehicles,
semi-trailers;

- Manufacture of other vehicles and equipment;

- Furniture production;

- Production of other finished products.

trailers, and

b. Southern Federal District

Using formula 1 and computer program [28], a cog-
nitive map of the industry of the Southern Federal
District was built (Figure 1). This cognitive map is a
model of industrial development. It is impractical to
reduce the number of vertices, since some types of
industry will be absent. The cognitive map was built
using a program that used formula (1) to build vertices
(V) and connections E between them.

Stability analysis is directly related to the analy-
sis of the processes of propagation of disturbances
according to the concepts of the cognitive map. Let
some changes begin at vertex 1, for example, the
growth of industry in the Rostov region. The influence
spreads along the routes M1 = {e12, €13, e14}. As you
can see, an increase in the X1 indicator along the M1
route leads to an increase in 1. At a certain point in
time, due to these oppositely directed processes, an
equilibrium must occur between the vertices.

A qualitative analysis of routes and cycles does
not reveal the full depth of the processes taking place
in a real system. A further generalization may be to
assign to each vertex i a numerical value Xi, i =1,2,

Eigenvalues

# Real part

0 3.6716 0.0
1 -3.6716 0.0
2 -0.7206 0.0
3 0.7206 0.0
4 0.0 0.0
5 0.0 0.0

Imaginary part

..., k and introduce the intensivity of the connection
between vertices i and j as a function of (i, /).

Under the influence of various perturbations, the
values of variables at the vertices of the graph can
change; a signal received from one of the vertices
propagates along the chain to the rest, amplifying or
fading.

In general, if there are several vertices j adjacent to
J, the process of perturbation propagation along the
graph is determined by the rule:

x(t+1)=x() +=71(x, X, ai/) ,oj(t) 2
Modeling can be carried out in steps or pulses.
The essence of such modeling is that a certain

change is set at one of the vertices of the graph.

This vertex actualizes the entire system of indicators,

that is, the vertices associated with it, to a greater or

lesser extent.

The second stage of cognitive modeling is the
study of the properties of a complex system on a
cognitive model, such as resistance to disturbances,
structural stability, paths, cycles, complexity, connec-
tivity, sensitivity, dynamics, and simplicial analysis.

The program was used to make forecasts [28] and
formula (2). Figure 2 shows the results of calculating
the eigenvalues of the adjacency matrix of the model
G. The determination of the roots of the characteristic
equation is necessary to analyze the stability of the
system to disturbances and by the initial value. In this
case, the stability criterion M < 1 is used, and M is the
maximum modulo of the corresponding number (the
root of the characteristic equation of the matrix) [12].
Since in this case M = 3.69 > 1, the Kranet system G
is unstable neither to perturbations nor to the initial
value.

The third stage of cognitive modeling is sce-
nario analysis, carried out using pulse modeling [14,
16]. It makes it possible to significantly expand the

Module (3.6716)

3.6716
3.6716
0.7206
0.7206
0.0
0.0

Figure 2: The results of calculating the eigenvalues of the adjacency matrix of the cognitive

map GO.
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possibilities of using indicators of industrial develop-
ment and indicators of its components, and causal
analysis is a methodology for the scientific analysis of
these phenomena and processes.

Impulse modeling can be used to further simulate
the development of the situation [13]:

X147 = x, (M) + 2. £P(M) +Q,(n) )

Where:
x(n) — the value of the impulse in the vertex V, at
the previous moment-stroke of modeling n;

x(n+1) —at the moment of interest to the researcher
(n+1);

f/./— momentum conversion coefficient;

P/,(n) —is the impulse value in the vertices adjacent
to the vertex V;

Q(n) - is the vector of perturbations and control
actions introduced into the vertices V, at the moment
n. This is the initial impulse.

When it is difficult to quantify the x(n) then the
x(n) =1, P/(n) =1 will be accepted [10].

The program was used to make forecasts [28].
As can be seen from Figures 3 and 4, when imple-
menting programs aimed at improving the industry of
the Rostov region, its industry will begin to develop

GO 003-04 en. Scenario: Industrial development Rostov region

—— Oil and natural gas praduction —-— Mining of other minerals
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Figure 3: Simulation results according to scenario 1. Implementation of the industrial production

program of the Rostov region.
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rapidly. Pulse modeling was used for further mode-
ling [23]. Since it is impossible to quantify the results
of the influence of factors, according to the theory of
cognitive modeling, impulse influence +1 is consid-
ered (there is an influence); — 1 (no impact).

To obtain forecasts of the development of the sit-
uation using cognitive maps, the method with sum-
mation of factor increments is used in this work [23].
Possible scenarios for the development of the sys-
tem are considered in the example of the industry of
the Rostov region — scenario 1 and the Krasnodar
Territory — scenario 2, as subjects of the federal dis-
trict, where the widest range of industries are repre-
sented and which were selected to determine the first

scenario options. These scenarios are preliminary
scenarios for a given set of factors.

Scenario #1. Let the program to increase the
industry indicators of the Rostov region be imple-
mented, the control pulse g40 =+ 1 (q40 — vertices
in Table 1); the perturbation vector Q = {g,, = + 1}. The
simulation results are presented in Figures 3 and 4.

Scenario #2. Let the program to increase the indi-
cators of the Krasnodar Territory industry be imple-
mented: the control g,, = + 1 (q,, — vertices in Table 1)
and the perturbation vector Q = {q,, = + 1}. The simu-
lation results are presented in Figures 5 and 6.

As can be seen from Figures 5 and 6, when imple-
menting programs aimed at improving the industry
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Figure 5: Simulation results according to scenario 2. Implementation of the industrial production

program of the Krasnodar Territory.
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of the Krasnodar Territory, its industry will begin to
develop rapidly, and positively affect the industry of
the region as a whole.

The results of the scenario analysis indicate the
need to make decisions corresponding to these
trends, which should have a positive impact on
changes in target factors. The development model of
the industrial complex of the Southern Federal District
has shown that the industry of the district is in an
unstable state.

lll. Results and discussion

The system under study is in exactly this state.
So a lot has been done at the government level to
solve the sanctions problems. At the same time, the
regional authorities of both the federal district and the
subjects of the federation are making minimal efforts
in this direction; we can say that they are before the
situation of the introduction of economic sanctions,
there are no systematic measures to support enter-
prises. Even the programs of the regions and territo-
ries of the Southern Federal District related to indus-
try do not reflect the current external situation and do
not contribute to the activation and increase the pace
of industrial development.

Analysis of the development programs of the
Southern Federal District has shown that there is no
industrial development program or plan. The cognitive
map GO developed by the authors allow us to have
a model of industrial development in the Southern
Federal District, which has not been presented before.
In the District, it is necessary for regional authorities
to develop a regional development plan, which can
be built on the basis of the cognitive model proposed
by Maksimov [25]. Impulse influence in cognitive
modeling makes it possible to determine the results
of control actions from, for example, the government,
and governors on the development of the system
under study — the industrial complex of the Southern
Federal District. The plenipotentiary representative
of the President of the Southern Federal District and
governors can use the cognitive model developed by
the authors to develop an industrial development pro-
gram. Further research on the development of indus-
try in the Southern Federal District should be aimed
at developing a plan for the production of industrial
products in quantitative terms.

IV. Conclusion

[t can be stated that at the country level, such govern-
ing and regulatory factors have now been introduced

that will give a sharp jump in the development of
industry, literally as early as 2023. The simulation
results indicate that the system under study is unsta-
ble. It can be seen from the cognitive map (Figure 1)
that there are unstable cycles in it, which contain
positive connections and an even number of negative
ones. In this variant, we do not separate the internal
subsystem and the external one, so in real life, the
internal subsystem cannot be isolated from the exter-
nal subsystem. However, if we strengthen the impact
of the governing and regulatory peaks, there will be a
sharp breakthrough in development.

It should be noted that cognitive modeling does
not make it possible to predict and plan accurate
quantitative indicators. It is possible to determine
the impulses of the development of certain types of
industry. One of the solutions to the problem of plan-
ning the production of accurate quantitative indicators
is the formation of a database of production capaci-
ties of enterprises both for the subjects of the district
and for the federal district as a whole. The database
data can be analyzed with the help of artificial intelli-
gence for the growth of the output forecast. However,
now, according to the authors, the task is to predict
the development of industry, taking into account the
influence of external factors that may contribute to or
slow down the development of industry. According to
the authors of the article, the use of artificial intelli-
gence capabilities to make an accurate quantitative
forecast of manufactured products in natural meters
is one of the tools for predicting trends in the devel-
opment of the system — the industrial complex of the
Southern Federal District.
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