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Introduction

Nowadays in conditions of the world space
transformation, the role of individual countries and their
groups varies considerably. Priorities for ensuring
sustainable growth of the world economy are distributed
between countries and their groups unevenly. It is
influenced by the global economic situation cycles, by
potential and possibilities for realizing the achievements
of information and technological progress, by the newest
dominant tendencies of geographic and regional
development, etc. As a result, some countries are ahead of
others in the terms of economic growth. The specificity of
the modern world economic system lies in the fact that
global economic growth depends on the implementation
of national economic potential, the ability to apply
existing and acquired factors of economic dynamics at the
level of individual countries.

One of the key characteristics of the structure of the
modern world economy is the presence of a group of
countries with emergent markets. The established
classification of countries with growing (ascending,
emergent) markets in the scientific literature is not
formed, however, there are several research approaches
regarding the content and criteria for identifying this
group of countries. According to world-class scientists
such as V. Kvint [1], T. Marois [2], M. A. Kose and
E. S. Prasad [3], as well as according to international
financial institutions, research centers (such as the British
company FTSE, the corporation MSCI, the American
financial company S&P, the American financial
information firm Dow Jones & Company, Frontier
Strategy Group, etc.), that deeply studied this problem, the
formation of emergent markets in the world is associated
with the presence of four main characteristics.

The essence of the first one is that this group includes
countries with a large population, resource base and high-
volume markets, that are the engines of economic
development in different regions of the world. The second
feature is the transitive type of society, and specifically —
implementation of internal economic and political
reforms, the introduction of a policy of “openness”
instead of a policy of strong state planning and control.
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The next feature is high rate of economic growth, as a
result of the country’s active participation in international
trade process. And the last feature is the significant
growth of domestic and foreign investments due to the
formation of a favorable environment for conducting
business within the country.

At the same time, according to the experts of the
Institute of Economics and Forecasting of the National
Academy of Sciences of Ukraine, the issues of
determining clear criteria for classification of countries
belonging to this group remain unsolved, especially with
relatively small area of the territory (less than 1 million
square kilometers), as well as with limited market
liquidity (in particular, Ukraine).

According to their opinion in Ukraine the problems of
the intensification of the processes of emergence of the
economy are hampered by the problems of low innovation
activity of domestic enterprises, the volatility of foreign
economic activity and the instability of the political
situation. Therefore, we offer some steps towards the
formation of well-developed emergency economics in
Ukraine. Among them: the financing of technological
parks through venture capital funds with a minimum state
participation, which should be the guarantor of the
reliability of private investment; the creation of a stock
market, the forecasts of which will allow you to navigate
the dynamics of stock quotes, that in the case of
coincidence of real and predicted values will indicate the
correctness of the decisions on investing in certain
innovative enterprises; commercialization of scientific
developments at the expense of enterprises and research
institutions entering the international market of innovative
technologies by joining the system of technology transfer
INDEV of the State Committee for Investment and
Development, etc.

Publications in the scientific literature prove a high
level of interest in the theoretical and applied
developments concerning the peculiarities and dynamics
of the development of the countries of the emergent type.
However, questions about the application of modern
methods of investigation of the emergent properties of
complex systems, sources and methods to the process of
formation the emergent strategy of the country as a whole

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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and Ukraine in particular are still remain insufficiently
studied.

In modern science, the achievements of modern
mathematics, system analysis, decision-making theory,
and so on are used to model and analyze the complex
systems functioning. At the same time, the processes of
globalization and integration, financial and economic
instability cause the need to find out new tools that take
into account elements of uncertainty, a significant number
of risks and promote the efficiency of simulation
processes.

The scientific contribution of modern scholars can be
a guarantee for the improvement of the activities of
various economic actors, the basis for the development of
operational and strategic plans and programs of business
and government activities. This collection of scientific
works includes the research results of scientists aimed at
improving the existing and developing new approaches in
the modeling, management and monitoring of the
emergent economy as a complex system.

M3E2 2019 at a glance

Monitoring, Modeling & Management of Emergent
Economy (M3E2) is a peer-reviewed international
conference focusing on research advances and
applications of nonlinear dynamics  methods,
econophysics and complex systems methodology of
emergent economy.

The M3E2 Conference occupies contributions in all
aspects of Computational Finance, Economics, Risk
Management, Statistical Finance, Trading and Market
Microstructure, (Deep) Machine Learning technologies
and tools, paradigms and models, relevant to modern
financial engineering and technological decisions in the
modern age. There is urgent general need for principled
changes in postclassic economy elicited by current
models, tools, services, networks and IT communication.

M3E2 topics of interest:

— Complex cyberphysical
econophysics, economy of agents.
— Mathematical methods, models, informational systems
and technologies in economics.

— Monitoring, modeling, forecasting and preemption of
crisis in socio-economic systems.

— Models of global transformations.

— Experimental economics.

— The dynamics of emergent markets in post crisis period.
— Management of the state’s economic safety and
economic safety of economic agents.

— Modeling of hospitality sphere development.

— Prioritized ways of formation of the innovation model
of Ukrainian economical development.

—The Global Challenges for Economic Theory and
Practice in CEE Countries.

— (Deep) Machine Learning for prediction of emergent
economy dynamics.

— Risk Management models in emergent economy.

This volume contains the papers presented at M3E2
2019: The 8th International Conference on Monitoring,

systems, synergy,

Modeling & Management of Emergent Economy held on
May 22-24, 2019 in Odessa.

There were 71 submissions. Each submission was
reviewed by at least 3, and on the average 3.1, program
committee members. The committee decided to accept
52 papers. The program also includes 1 invited talks.

M3E2 2019 program committee

Vitalina Babenko, V. N. Karazin Kharkiv National
University, Ukraine

Oleksandr Chernyak, Taras Shevchenko National
University of Kyiv, Ukraine

Hanna Danylchuk, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Maryna Drobotova, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Giedre Dzemydaite, Vilnius University, Lithuania

Irina Georgescu, Academy of Economic Studies,
Romania

Lidiya Guryanova, Simon Kuznets Kharkiv National
University of Economics, Ukraine

Alexey Hostryk, Odessa National
University, Ukraine

Pavlo Hryhoruk, Khmelnytskyi National University,
Ukraine

Liubov Kibalnyk, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Lyudmyla Kirichenko, Kharkiv National University
of Radio Electronics, Ukraine

Arnold Kiv, Ben-Gurion University of the Negev,
Israel

Konstantin Kovalchuk, National Metallurgical
Academy of Ukraine, Ukraine

Oksana Kovtun, Staropolskia Szkola Wyzsza w
Kielcach (Centrum ksztatcenia w Czerkasach), Ukraine

Hanna Kucherova, Classic Private University,
Ukraine

Nataliia  Maksyshko,
University, Ukraine

Andriy Matviychuk, Kyiv National Economic
University named after Vadym Hetman, Ukraine

Tamara Merkulova, V. N. Karazin Kharkiv National
University, Ukraine

Nikolaos Passalis, Tampere University, Finland

Lukas Pichl, International Christian University,
Japan

Oleg Pursky, Kyiv National University of Trade and
Economics, Ukraine

Serhiy Semerikov, Kryvyi Rih State Pedagogical
University, Ukraine

Lyudmila Sergeyeva, Zaporizhzhia State Medical
University, Ukraine

Yaroslav Shramko, Kryvyi Rih State Pedagogical
University, Ukraine

Vladimir Soloviev, Kryvyi Rih State Pedagogical
University, Ukraine

Viktoriia Solovieva, Kryvyi Rih Economic Institute
of Kyiv National Economic University named after
Vadym Hetman, Ukraine

Economic

Zaporizhzhia  National
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Valdemar Vitlinskyi, Kyiv National Economic
University named after Vadym Hetman, Ukraine

Eugene Yakub, Odessa National Economic
University, Ukraine

Nataliia Zachosova, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Pavel Zakharchenko, Berdyansk State Pedagogical
University, Ukraine

Conclusion

The vision of the M3E2 2019 is provides a premier
interdisciplinary platform for researchers, practitioners
and educators to present and discuss the most recent
innovations, trends, and concerns as well as practical
challenges encountered and solutions adopted in the fields
of emergent economy.

The conference has successfully performing forum to
transferring and discussing research result among the
researcher, students, government, private sector or
industries. Participants and presenters from several
countries such as Czechia, Italy, Israel, Lithuania, Poland,
Slovenia, Ukraine have attended the conference to share
their significant contribution in research related to
Monitoring, Modeling & Management of Emergent
Economy.

We are thankful to all the authors who submitted
papers and the delegates for their participation and their
interest in M3E2 as a platform to share their ideas and
innovation. Also, we are also thankful to all the program
committee members for providing continuous guidance
and efforts taken by peer reviewers contributed to
improve the quality of papers provided constructive
critical comments, improvements and corrections to the
authors are gratefully appreciated for their contribution to
the success of the conference.

We hope you enjoy this conference and meet again in
more friendly, hilarious, and happiness of further M3E2
2020.

The eighth instalment of M3E2 was organised by Kryvyi Rih
State Pedagogical University, Ukraine (with support of the
rector Yaroslav Shramko) in collaboration with the South
Ukrainian National Pedagogical University named after
K. D. Ushynsky, Ukraine (with support of the rector Aleksij Ya.
Chebykin); Bohdan Khmelnytsky National University of
Cherkasy, Ukraine (with support of the rector Oleksandr V.
Cherevko); Information Systems Management Institute, Latvia
(with support of the rector Deniss Djakons); Cardinal Stefan
Wyszynski University in Warsaw, Poland (with support of the
rector Stanistaw Dziekonski); University of Vienna, Austria
(with support of the rector Heinz W. Engl); Ben-Gurion
University of the Negev, Israel (with support of the rector Chaim
J. Hames); Taras Shevchenko National University of Kyiv,
Ukraine (with support of the rector Leonid V. Hubersky);
Belarusian State University, Republic of Belarus (with support
of the rector Andrei D. Karol); Kyiv National Economic
University named after Vadym Hetman, Ukraine (with support
of the rector Dmytro G. Lukianenko); Cracow University of
Economics, Poland (with support of the rector Andrzej
Chochét); Vilnius University, Lithuania (with support of the
rector Artiiras Zukauskas).
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Abstract. The development of a socially oriented market economy in Ukraine, the effective
implementation of reforms in this direction and the improvement of the well-being of the
population is not possible without qualitative financial support for the competitiveness of
workers, above all, in the mining industry. However, the absence of effective levers of influence
on the organization of high-tech production in this area, its considerable intensiveness of material
and energy, and its complexity and harm have negatively affected the labor motivation of miners
and the profitability of mining enterprises. Therefore, the urgent issues at the current stage of
development of Ukraine's mining industry are determining the conditions and opportunities for
increasing the competitiveness of employees in this industry. Scientific novelty of the results is to
identify, substantiate and analyze the main stages of financial support for the competitiveness of
workers in the mining industry under the conditions of a changing vector of the country’s foreign
economic policy and of market for products of this industry. The obtained results of the research
are the basis to both the study and practical solution of the problem of how to increase the
competitiveness of miners in enterprises under various forms of management. This approach
involves not only a high level of material incentives for highly qualified specialists in mining, but
also a comprehensive development of personnel potential in this industry as a whole.

Introduction is to characterize financial support for the
competitiveness of the mining industry workers and to

The formation of high-tech production in Ukraine,
effective implementation of reforms to this end, increase
in gross domestic product and real incomes of citizens is
only possible under the condition of high-quality
financial support for the competitiveness of workers,
above all, in the mining industry. Howeverthe lack of an
effective program for the development of this industry
and inhibition of its socio-economic reforms has
negatively affected the attitude towards the work by
miners and the quality of development of the mining
industry as a whole. Thus, in 2014-2015, the number of
registered unemployed in this industry exceeded other
sectors in Ukraine by 4 times. At the same time, the
profitability of operational activity of industrial
companies in Ukraine for the above period decreased
more than twice and amounted to less than 1% [1]. This
situation destabilizes the industrial and economic
security of the country, as well as the supply and demand
of the labor market in this field.

Taking into account urgency and lack of solution for
the aforementioned problem, the main goal of this study

%
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develop measures for its improvement. To achieve this
goal, we have identified the following main tasks:

—to form an apparatus of categories on the interpretation
of the essence of the workers’ competitiveness in the
mining industry;

— to identify and characterize the main stages of financial
support for the competitiveness of workers in this field,
—to propose measures for the effective implementation
of the above-mentioned stages.

Theory of the matter

The abovementioned matter has been researched by such
scientists as: A. Cardoso [2], T. Chan, M. Egorova [3],
P. Fedotov, E. Zelynskaya [4], G. Gayko, V. Beletsky
[5], V. Ivanov, V. Komarov, P. Pavlov [6], S. Kozlov
[7], S. Mahdevari, K. Shahriar, A. Esfahanipour [8],
J.Maiti, S. Chatterjee, S. Bangdiwala [9],
Y. Mossakovskyy [10], V. Nagornuy, V. Globa [11], L.
Polishchuk [12], J. Prno [13], J. Ryfkyn [14] and so on.
Thus, scientists have identified the basic principles for

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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the development of mining and recreation of its labor
resources. However, the problem of a complex appraisal
of the competitiveness of miners under the conditions of
a changing vector of foreign economic policy of the
country and the market for products of this sector has not
been researched sufficiently.

Detailed presentation of the
methodology of the study,
characterisation of materials and
methods of analysis, statistical

processing of results

The methodological basis of this study is a general
scientific dialectical method of cognition, in which the
object of the study is studied as a dynamic system in the
process of development. Formation of an apparatus of
categories of competitiveness of workers in the mining
industry and the main stages of its financial support,
carried out on the basis of dialectical, historical and
systemic methods. In the process of studying and
generalizing scientific and practical developments,
methods of comparison, analysis and synthesis,
induction and deduction have been applied. Additionally,
the study is based on regulatory and economic
documents, developments by research institutions and
scientists.

Mining industry is one of the most traumatic,
especially in underground work, where there is
significant gas pollution and dust. Scientists at the
University of Michigan [15] developed a model for
assessing the individual cost of an employee, based on
the notions of conditional and realized value.

The individual value of an employee depends on the
expected probability that the employee will remain
working and realizes his potential. That is, the realized
cost of an employee:

RV = UV * P(T), (1)

where UV is the employee’s standard cost, P(T) — the
probability that the employee works at the enterprise
until the end of his working age 7, taking into account
the level of risks of the industry.

The conditional cost of a UV employee characterizes
all the potential profits an employee can bring to an
organization if he has all the rest of his life working in it.
Expected realized cost of an employee RV characterizes
the value of an employee, given the likelihood that he
will remain in the organization for some time. The RV
poster is two-component: it consists of two elements: the
expected conditional value of UV and the probability of
continuing membership in the organization P(7). The
last figure is the expectation of management about what
part of the revenues will be realized in the organization
to the expected time of dismissal of the employee. The
mathematical model of these processes has the form:

P(2)=1-P(T); ()
AVP =UV—-RV =RV *P(Z),

where UV and RV are expected conditional and realized
costs;

P(T) — the probability that the employee will remain
in the organization after some time;

P(Z) — the probability of dismissal of the employee
from the organization or the rate of flow;

AVP — alternative flow rates.

In this model, the cost of human resources is
probabilistic. For organization, this may mean that not
always the employee with the greatest potential will be
the most useful company. And the HR manager, who
seeks to optimize the cost of human resources, should
prefer a candidate with the highest realized value, and
not just the most capable.

For the measurement of the monetary form UV and
RV developed stochastic positional model. It is
implemented by such an algorithm:

1) the creation of a base of mutually exclusive positions
or positions that can be occupied by an employee in the
organization, that is, the formation of a career path of the
employee — a sequential chain of positions or service
statuses with the addition of such a state as the release
from the enterprise;

2) determining the value of each position for the
organization, that is, the profit that will be brought in the
future by the employee while on this position. Moreover,
the profit can be attributed to the person of the
employee, and to the position that he occupies, as in the
case of personal and positional restorative costs;

3) determining the expectation of the term of human
rights in the organization, that is, the assessment of the
overall life of the person. It is influenced by many
factors: individual expectations, the emotional and
physical condition of the employee, the policy of the
company in the area of staff recruitment and
remuneration, mobility in the labor market, etc. All these
factors are difficult to determine and measure, therefore,
we can estimate the life of a person only from some
probability. And, speaking of the expected life
expectancy, we will have in mind the mathematical
expectation of magnitude. There are two main ways of
finding it: the method of expert evaluation and
analytical;

4) the calculation of the probability that the employee
will occupy each of the items specified in item 1 at a
certain point in the future. To do this, on the basis of
probabilistic assessments describe the expected career
path of the employee up to release: with which
probability each of the next year to the year of expected
release from the organization employee will occupy each
of the possible positions. In the last year of work the
probability of dismissal should be equal to 100%. This
probability can be measured by two methods described
in the third step. An analytical method involves three
consecutive steps: collection of data on hiring, moving
and dismissal; grouping data according to official status;
compilation of matrices of probability of transitions;

5) discounting the expected future cash income to
determine the present value.

The proposed model of employee valuation also
describes the dependence of the cost of human resources
on the degree of satisfaction. Therefore, satisfaction



SHS Web of Conferences 65, 01001 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196501001

must be measured and communicated to the management
of the organization.

In the absence of the necessary statistical information
for the characterization and assessment of the
competitiveness of the mining industry, in 2017 we have
conducted a sociological survey in 1256 employees of
mining industry Donetsk, Luhansk, Zaporizhia, Kharkiv,
Dnipropetrovsk, Lviv, Volyn and Transcarpathia regions
of Ukraine. Using a questionnaire developed by the
author, their opinion on the level of competitiveness of
workers in the mining industry has been studied.

Preliminarily, we had formed a set of basic features
and characteristics that reflect various professional and
socio-psychological features of miners and form their
competitiveness in the labor market. The main ones are:
gender, age, state of health, marital status and family
composition, education, professional qualification level,
work experience, conditions and work remuneration,
computer skills, responsibility, and others. Respondents
were asked to evaluate each of these criteria, based on
their importance, and to express it in a ballistic
assessment on a scale from 1 (minimum) to 50
(maximum) points. The survey was participated in by:
heads of enterprises (20%), heads of their structural
divisions and leading specialists (30%), and ordinary
workers (50%). Meaning, such groups of respondents,
whose work is directly related to the definition and
implementation of financial support for increasing the
competitiveness in the mining industry, and those who
are direct participants (performers) of individual
production and technological processes.

Discussion of results

As a result of the analysis, we have established that there
are different approaches to the interpretation of the
essence of the competitiveness of workers in the mining
industry. They are similar to each other and differ only
in separate constituents. Thus, within this category most
scholars understand the ability of a specialist to fully
realize his right to work in the economic entity of the
mining industry and receive appropriate remuneration
for it [2; 4-6; 8; 12-13].

Taking into account the interpretation of the socio-
economic category described above, we have identified
the main stages of financial support for the
competitiveness of the mining industry (Fig. 1).

We Dbelieve that the proposed comprehensive
methodological approach towards financial support for
the competitiveness of mining workers will help identify
its most important components and develop effective
measures for their improvement.

In our opinion, the most significant of the above
components is the financial support of the scientific and
practical processes of determining the criteria for the
competitiveness of miners and conducting its
sociological assessment. Thus, appropriate funding
allowed us to conduct monographic surveys to determine
the main features and characteristics of the
competitiveness of miners (Table 1).

Thus, the results of the above-mentioned sociological
assessment of managers and employees of mining
companies are different. Most managers and their
deputies have set rather high requirements for the
qualitative parameters of financial controllers and their
work activities, namely: professional qualification level,
work experience, gender, sense of responsibility, lack of
bad habits, health status, family status and composition.
This is evidenced by the high average mark — 41.8 and
the level of compliance with all the maximum possible
parameters — 83.6%.

FINANCIAL SUPPORT FOR THE COMPETITIVENESS OF
EMPLOYEES OF MINING INDUSTRY
v
Financial support for the scientific and practical process of
determining the criteria for the competitiveness of miners and
conducting its sociological assessment

Formation of leading components of financial support measures for
the competitiveness of miners

Definition of directions for increasing financing of miners'
competitiveness

Approbation and theoretical assessment of the developed concepts
and models for increasing financial support for the mining industry's
competitiveness

Formation of a long-term strategy for financing the development of
the human resources potential in the mining industry

Fig. 1. Main stages of financial support for the competitiveness
of mining workers

Table 1. Assessment of the main features and characteristics of
the competitiveness of the mining industry enterprises of
Donetsk, Lugansk, Zaporizhzhya, Kharkiv, Dnipropetrovsk,
Lviv, Volyn and Zakarpattia Regions, points.

Feature, characteristic Mapagers qnd Hired Average
their deputies | workers

Requirements for
conditions and 20 50 35.0
remuneration
Education 30 20 25.0
Professional qualification 50 30 400
level
Experience 50 20 35.0
Gender 50 10 30.0
Age 30 20 25.0
Sense of responsibility 50 30 40.0
Lack of bad habits 50 35 42.5
Computer skills 40 35 37.5
Health status 50 50 50.0
Family status, 40 30 | 350
composition
Average points of 41.8 300 | 359
feature, characteristic
Comphance with all 83.6 60.0 718
possible parameters, %

A more detailed analysis of the requirements of
managers and their deputies contributed to identifying
the priorities of this group of respondents regarding the
requirements towards the applicant most appropriate for
the position, whom they would prefer to employ in
mining companies. In their opinion, this should be a
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male person, aged 18-40, with a professional
qualification corresponding to the workplace, with or
without work experience for this position for at least 5
years (for simple, unskilled and predominantly manual
labor), who is responsible for fulfilling their duties and
does not have bad habits (alcoholism, drug addiction,
smoking). Thus, these qualities were evaluated by the
respondents mentioned above with the maximum
number of points. At the same time, heads of companies
and structural units would like the applicant for the
position have appropriate education and computer skills.

However, the requirements of hired workers of
mining companies for competitiveness are much lower
than those of managers and their deputies. For miners
employed in non-executive positions, the following
features are among the priorities for competitiveness:
production conditions and value of labor are expressed
by the level of remuneration, health status, age, marital
status and family composition, etc. (average 30).

We believe that this situation reflects the relationship
between the complexity of the work performed and the
qualifications of its direct performers. As a result,
differentiated requirements of employers and employees
towards the characteristics of competitiveness of the
latter are formed. So, if the work is predominantly
typical, manual, or mechanized, but involves material
liability, then it requires, first of all, greater physical
effort. Therefore, the requirements are higher for health,
conditions and wages, and much less for the skills of
work with computers, gender, education, etc. However,
in real life, hired workers may not always meet the
criteria of employers, which adversely affects the level
of their competitiveness, because it depends on the
influence of many factors.

In order to avoid disparity between the preferences of
the above-mentioned respondent groups, it is necessary,
in our opinion, to formulate leading components of the
financial support for the competitiveness of the mining
industry and determine the ways to increase the
financing of the competitiveness of miners (Table 2).
That means, the most important components and
directions for financing to improve the competitiveness
of miners are based on the implementation of measures
for the preservation of human resources and their
development in the short and long term. Thus, this
approach envisages, above all, the following measures:
financing of competitions concerning employment of
miners according to clear criteria; financing of
professional training and professional development of
miners; financing of complex programs for employment,
career growth and personnel rotation of specialists of all
levels; financing of complex programs for the formation
of the personnel reserve of miners according to their
professional qualification and professional direction, etc.

In our opinion, the aforementioned approach will be
conducive to the differentiation at the macro and micro
levels of influence levers on employment, income,
employment, conditions and attitudes towards labor and
competitiveness under the market conditions of future
and current professionals in the mining industry.

Table 2. Leading components and directions for increasing the
financial support of the competitiveness of mining workers in
certain regions of Ukraine at macro and micro levels

Macro | Micro
level | level
Funding of competitions for miners’ employment according to
clear criteria

Financing of leading scientific and practical
specialists for the development and
1. |implementation of specific and relevant| - +
criteria for the selection and employment of]
miners.

Financing of professional training and professional

development of miners
Financing of higher and vocational
education by prospective specialists of the
mining industry according to the needs of]
the labor market
Financing of competitive projects to attract
3. [the most capable and active youth to work| + +
in the mining industry.
Financing of complex programs for employment, career
rowth and personnel rotation of specialists of all levels
Material incentives for miners working
efficiently and effectively, taking into
4. |account their organizational and| - +
professional abilities, including prospect of]
their career growth.
Financing of complex programs for the formation of a
personnel reserve of miners according to their professional
qualification and professional direction

Material incentives for the most promising
future and current young specialists in
every work direction within the mining
industry, promotion of their professional
" |development, improvement of their
professional and organizational skills and
abilities and the possible assignment of]
each of them to the position at any time

No. Component, direction

Additionally, the effectiveness of the implementation
of all the above measures depends on the approbation
and the theoretical assessment of the developed concepts
and models for increasing financial support measures
for the competitiveness of the mining industry. This
approach involves the implementation of certain
interrelated stages (Fig. 2).

Thus, the aforementioned approach involves a
profound elaboration of theoretical concepts regarding
the financing of human resources development in the
mining industry and their effective practical
implementation. At the same time, their application
should help identify the most important components for
improving the competitiveness of miners who need to
improve, or to identify and finance the development of
new ones.

In our opinion, the formation of a long-term strategy
for financing the development of human resources
capacity of the mining industry is an equally important
stage in providing financial support towards miners’
competitiveness. ~ Thus, it should ensure the
implementation of the following measures at the expense
of public and private institutions at the macro and micro
levels:
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— financing the development and implementation of a
comprehensive state program of employment of
depressed regions and unprofitable sectors of the
economy (identification of priority areas for training, and
retraining of future and current workers in the mining
industry);

— financing of the employment system by the state or
private mining companies (with partially jobs guaranteed
by the state) (allocation of state funds for employment of
the population in the relevant economic entities);

— financing and formation of a state order for the training
of future mining specialists, taking into account the state
and prospects of the labor market in this area (reduction
of ineffective state expenditures for the training of
specialists for which there is no demand in the labor
market and directing these funds towards support of
employment and increase of incomes of mining
employees);

— financing the improvement of qualification of miners
in modern domestic and foreign technologically
equipped enterprises, institutions and organizations
(competitive selection of the best experts in the mining
industry and payment of their internships in the
respective economic entities);

— financing of the system of re-training of workers in the
mining industry in relation to this field (related to this
field may be any specialisation related to work in heavy
industry and the processing industry);

— financing a program of employment of disabled people
with occupational diseases obtained as a result of work
in this area (preferential taxation of economic entities
employing this category of population);

—privileged income taxation for employees of
unprofitable mining companies (granting of tax
privileges on personal income, a single social

contribution, value added tax, corporate income tax,
etc.), etc.

APPROBATION AND THEORETICAL EVALUATION OF CONCEPTS]
AND MODELS FOR THE IMPROVEMENT OF FINANCIAL
SUPPORT OF COMPETITIVENESS OF MINERS

Definition and adaptation of scientific and practical developments with respect|
to the evaluation of concepts and models for increasing financial support
measures of miners' competitiveness

v
Conducting monographic surveys of various social, age, gender and
professional groups of miners regarding certain measures to increase their
competitiveness
Characterisation of individual competitiveness criteria of workers in the
mining industry

Determination of the most important and relevant features and characteristics
of the competitiveness of the mining industry

Development of proposals for the long-term development of labor potential of]
the mining industry with its direct adaptation to the labor market

Fig. 2. The main stages of testing and theoretical assessment of
concepts and models for increasing of financial support
measures for the competitiveness of mining workers

We believe that all the above measures will not only
increase the competitiveness of the miners, but will also
contribute to their effective employment in this area and
the improvement of welfare in general. They can also be

used as proposals for the effective implementation of
financial support measures for the competitiveness of
mining workers.

Conclusion

Thus, as a result of the analysis, we have established that
the competitiveness of an employee of the mining
industry implies his ability to fully exercise his right to
work in an economic entity of the industry and receive
an appropriate remuneration for it at any time.

Taking into  account the  aforementioned
interpretation, we have identified the main stages of the
financial provision of the competitiveness of the mining
industry. They foresee: financial support of the scientific
and practical process of determining the criteria for
competitiveness of miners and conducting its
sociological assessment; formation of the leading
components of financial support for the competitiveness
of workers in the mining industry; definition of
directions for increasing financing of miners'
competitiveness; approbation and theoretical assessment
of the developed concepts and models of increasing the
financial support measures of the mining industry's
competitiveness; formation of a long-term strategy for
financing the development of the human resources
potential of the mining industry.

However, as a result of the monographic survey, we
have established that there is a significant disparity
between individual groups of respondents regarding the
implementation of the above-mentioned stages. Thus, the
activities of the heads of the mining enterprises and their
deputies are aimed at minimizing the costs of human
resources, while hired workers prefer to secure their own
welfare at the expense of employers.

In order to avoid the above disparity, we have
identified measures to increase the competitiveness of
miners. They provide financial support for the
implementation of professionally oriented personnel
policies by employers for hired workers, periodically
assessing the quality of work of each miner and
providing them with appropriate material and socio-
psychological incentives.

The above-mentioned approach will promote a
higher level of competitiveness, employment and income
of miners, as well as complex development of human
resources potential of enterprises of the mining industry
as a whole.

Further scientific research will examine the results of
the application of the described stochastic positional
model and the complex methodological approach to
financial support for the competitiveness of mining
workers at enterprises and substantiated the use of
recommendations for the formation of a long-term
strategy, including the application of preferential
taxation of profits for workers of non-profit mining
companies.
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Abstract. Topicality of research into interactions between tax environment subjects is justified by growing
uncertainty of changes in socio-economic processes. The aim of this study is to assess interaction between
taxpayers, controlling bodies and public authorities in view of dominant paradigms and results of expert and
sociological research on subjects with regard to the degree of their influence on tax environment climate.
Interaction is defined as a certain type of relations between subjects that result in developing mutual
influence which induces corresponding changes of their states. Interaction is essentially a poorly structured
category, which dictates a need to use soft modeling and subjective evaluation methods (matrix models).
According to the degree of influence on tax environment climate, public authorities are proved to be the
most influential subject, while taxpayers are found to be the least influential. Summative value of subjects’
interaction is set as Very Good. It is determined by taxpayers’ data as the best among other subjects. Based
on the analysis of dynamics in parameters and activity of interaction subjects it is argued that in order to
improve subjects’ interaction productivity, it is appropriate to improve the mechanisms of subjects’

interaction with public authorities of all others.

Introduction

Research into interaction between different subjects of
socio-economic system in regard to taxation is getting
increasingly popular as current social and economic
processes are highly dynamic and taxation mechanisms
need to be adjusted to ensure timely and adequate
response to changes. Ongoing crisis in Ukraine
redoubles uncertainty in decision-making, therefore a
vast majority of actors in the state socio-economic
system compensate for the lack of information with
subjective perception of objective circumstances of
taxation.

The period of reforms has added weight to the roles
of those subjects of the socio-economic system that
make tax decisions, including authorities, taxpayers,
controlling bodies and communities whose tax relations
are regulated by regulatory and legal provisions. Present
gaps and shortcomings of these provisions in Ukraine
have shifted the focus of the scope of research towards
subjectivism, which is seen as a derivative of an
individual subject’s knowledge and experience.
Therefore, wvalidity of decision-making requires
additional substantiation through expert judgment.

It should also be noted that so far Ukraine has carried
out reforms of both taxation system structure and
taxation mechanisms which determined the trends of
redefining the aims and ways of interaction between
taxation subjects. In order to adequately respond to
structural and dynamic changes in the socio-economic
system, we should regularly assess its subjects’

*
Corresponding author: kucherovahanna@gmail.com

interaction in respective tax environment and identify
high-potential options of main trends development,
which is actually the aim of this study. Objective
assessment will allow us to substantiate or specify the
areas which require further improvement of subjects’
interaction in order to ensure long-term equitable
relations and good balance of all actors’ interests. The
dynamics of these subjects’ interaction values will
determine the productivity of their relations.

Interaction is a means of studying subjects and their
environment, certain activity and type of behavior, a
mechanism of their organization under certain conditions
— all in one. Types of relations between subjects in tax
environment are determined by their socio-economic
roles (a taxpayer or a representative of controlling bodies
[12], structural and functional relations established by
the system to enable actualization of both system
properties and interaction subjects properties within the
system. In the context of this research relation is
determined by the way subjects’' interaction in tax
environment is organized, their state being mutually
conditioned by each other and itself. Relations represent
a broader concept than interaction and have a different
nature. They can only emerge between subjects in tax
environment on condition that states of subjects or the
system are fixed, acceptably equilibrium and stable
enough. In this context, legal and regulatory framework
acts as a stabilizing factor, knowledge of laws and
regulations has a positive effect on conscientious
payment of taxes [13; 16; 17; 18]. Awareness,
understanding, quality and simplicity of tax processes [1;

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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2; 5; 14], a positive attitude to taxation, and financial
resilience [7; 8] predominantly (but not a hundred
percent) ensure the required level of trustworthiness and
timeliness of tax liabilities. In general, established
relations between subjects in tax environment are
realized within the framework of their interaction, which
determines its effectiveness and productivity. In order to
ensure objective assessment, functional and structural
relations must be actualized, i.e. it is necessary to
identify the set and structure of relations actual at period
t.

Assessment of subjects’ interaction in tax
environment is generally based on analytical approaches
and sociological research, a vast majority of which
present their results in the form of a qualitative
characterization of a selected set of parameters in certain
areas of subjects' interaction. The above is explained by
poor structuring of subjects interaction in tax
environment due to informal factors of influence. For
example, a global monitoring of interaction between
taxpayers and controlling bodies is being done by
stakeholders in the context of Forum on Tax
Administration (FTA) [21] based on the International
Survey on Revenue Administration (ISORA). The data it
presents give full and clear idea of the tax administration
system in terms of services, favorable conditions,
technological development, easing administrative
pressure for all groups of taxpayers and controlling
bodies.

McKinsey assess interaction between taxpayers and
controlling bodies using their own practices. Results of
their research [4] suggest that across the globe, tax
authorities diverge in the maturity of their relations with
taxpayers in the following main areas: scale of digitized
interactions, scale of advanced analytics, process
automation, and talent management. Leading scientists
explain differences in subjects’ interaction in tax
environment from the standpoint of development
determinants of specific tax systems and scientific
paradigm evolution.

At the level of individual research groups, leading
scientists empirically substantiate the need to expand the
standard neoclassical paradigm of rational egoism by
taking into account multivarious behavioral strategies as
a result of profound differentiation of taxpayers [2]. As a
result of adopting a broader range of motivational factors
of behavior, the paradigm of enforcement was updated
and complemented with conceptual provisions of service
trust models of interaction [1; 16; 17] and relation
ethics [3]. In particular, this study [9] suggested ways of
organizing interaction between public authorities and
taxpaying individuals by means of transforming
cooperation forms from antagonistic to service trust
ones. The determinants of building synergetic subject
interaction in tax environment are considered to be
power of the government and trust in it [5]. However,
productivity and effectiveness of interaction between
controlling bodies and taxpayers also depends on their
good will to cooperate which is a compromise between a
decision as to compliance with tax legislation and
personal attitudes, opinions and assessments in terms of
taxation. [16; 17]. Another research [15] studies

reflexive interaction with taxpayers, controlling bodies
and public authorities and arrives at the conclusion that
they are satisfactory due to shortcomings of taxation
regulatory framework and controlling bodies operation.

Thus, subjects' interaction in tax environment is a
poorly structured category and quantitative evaluation of
its parameters is always characterized with fuzzy
reliability and unified approaches. The aim of this
research is to assess subjects’ interaction in tax
environment based on theories of dominant paradigms
and multiple-criteria results of sociological and expert
assessments of taxpayers, controlling bodies and public
authorities with regard to the degree of their influence on
tax environment climate.

1 Methods

Interaction is a certain type of relations between subjects
that result in developing mutual influence which induces
corresponding changes of their states. Subjects’ mutual
influence is formed in the course of two reciprocal
processes. One arises as a result of subject’s own activity
and potency, the other is a result of response to this
activity. Combined, they form the dynamics of
interrelation as a result of manifestation of dynamic
change properties.

Forward call (process) from one subject to another is
determined by the purpose of the interaction (C,) and
resources involved to achieve it (R#, ij=<C,, RZ, t>);
backward call is determined by the subject’s reaction to
the call which is formed depending on the congruence of
interaction purposes (C, = C,), availability and
sufficiency of resources (R.°) presented in the format of
possibilities and will to meet the purposes set:
Ji=<Cp=o, R°, t>, Fig. 1. There is also interaction of a
subject with itself which is determined by self-
organization processes (ii and jj).

ij=<C,_ R’ t>

ii | Subjecti

. Subject j i
S S

ij=<Cp,Rf,t>

Fig. 1. The structure of interaction between i and ;.

Thus, these forward and backward processes
characterize the effectiveness of interaction between the
subjects in a particular situation, which is determined by
the change of subjects’ state m as a result of their mutual
influence AS/".

Direct evaluation of the subjects’ states in tax
environment is made by expertise, based on objective
and subjective tax consequences for all interaction
parties.

In the study [15], subject interaction structure is
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formalized through a system of weight adjacency
matrices A;;=||v|ij|2x2 where v(I;, ;) is the forward relation
weight and v(J, ;) is the backward relation weight.
Adjacency matrix elements are determined by expertise
in the absence of relevant statistical information and
represent a set of subject interaction effectiveness values.

V(["’If)J ()

) ~ 0
A{/ _“VL.]. 2x2 B V(Ij;[,') 0

However, this approach does not take into account
the difference in weights of interaction subjects which
also depends on their socio-economic roles. For
example, in tax environment authorities and controlling
bodies are closer to each other than to taxpayers due to
the fact that controlling bodies act as an executive
authority while taxpayers are interaction subjects with
their own purposes regarding income distribution, which
are opposite to the authorities' ones, and also a source of
forming state resources and social demand for public
services. That is, the role of taxpayers in tax
environment is multifaceted.

Thus, interaction subjects’ roles determine how much
they influence the process of tax environment formation.
It is logical that the state and controlling bodies have
more leverage in the process of managerial decision-
making in tax environment while taxpayers can only
respond and adjust their economic mechanisms to new
tax realities. Taking into account the difference in
subjects’ influence on the process of tax environment
formation (d;), it seems appropriate to define the weight
adjacency matrix of subjects’ interaction more precisely:

_ 0 Vdi(lialj) (2)

v g
2x2 v (]j’Ii) 0

i

Matrix eigenvalue A characterizes the value of m-
subjects’ interaction and is determined in the following
way:

A (Im)=\/vdi (]w]_/)x"dj (]_/’]z')’ Aeloa} @)

In order to estimate the influence on the process of
tax environment formation (d;), we designed a pairwise
comparison matrix underlying analytic hierarchy process
[20]: 4= Hal_j vector

and relative priority

mxm

m is the number of subjects which interact in tax
environment.

Calculated adjacency matrix eigenvalues determine
the proportion of subjects’ influence on each other in tax
environment while their batch forms a generalized
adjacency matrix 4". Generalized value of subjects’

interaction can be determined as the root of the averaged
sum of squares of the generalized adjacency matrix
elements:

(4)

Further development of subjects’ interaction in tax
environment under invariable factors of influence can be
forecast using an autonomous impulse process [19] when
the state of interaction at a certain moment is calculated
as follows:

pO)= po)x|4 | X(0) = X(O) +[4 + 4+ £ ..+ 4] (5)

where p(?) is the vector of changing values of subjects’
interaction in the corresponding period of simulation,
p(0) is the vector of initial impulses, 4 is the adjacency
matrix, ¢ is simulation periods (¢ is 0, 1, 2, 3, ..., k)
which represent the sequence of changes in the
interaction state, X(, is the value of subjects’ interaction
in the ¢ simulation period, X is the value of subjects’
interaction in the initial simulation period, 4 is a unit
matrix As a result, we can build a set of forecasting
scenarios of subjects’ interaction development, S={S;}.

2 Materials

Key roles of subjects that determine the general climate
in tax environment need clarifying. Despite generally
accepted grouping of taxpayers into large, medium and
small ones according to the size of their business, in
Ukraine it is large and small economic entities that set
trends for taxation due to their fiscal significance and
vulnerability, respectively. The above can be explained
by the fact that medium taxpayers’ characteristics
partially overlap with those of both small and large
taxpayers, therefore, in the context of statistical
significance, when grouped according to certain issues,
they are most often grouped with small payers and
occasionally with large ones. In addition, in the course of
active reforms of Ukrainian taxation system, tax
consciousness has significantly improved in terms of
acquired knowledge [14]. At the same time, updated tax
mechanisms are not free from legislative shortcomings
and gaps, which informed taxpayers use to their
advantage. Hence, if previously we used to single out the
state and controlling bodies, currently the judicial branch
is gaining momentum while usual importance is being
given to legislative branch and controlling bodies which
act as executive branch. The above can be explained by
the fact that a large number of decisions made by
controlling bodies are appealed in court. For example,
according to the State Fiscal Service of Ukraine, in 2018
[11] 18.8 thousand law suits on taxation were heard in
court (generally on the following: “...seeking revocation
of tax decision-notice..., appeal of customs decisions”)
totaling 61.3 billion UAH [11]. The proportion of
judgments in favor of controlling bodies is 62.5% which
is 63.1% of the total value [11]. The rest of these cases,
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37.5% with the share of 36.9% of the total sum, were
ruled in favor of taxpayers [11]. Also, in 2018 there were
4.6 thousand cases appealing customs decisions totaling
3.2 billion UAH and 10.8% of the judgments are in favor
of controlling bodies which amounts 5.87% of the total
sum [11]. The structure presented confirms the fact that
actions of controlling bodies are partially frivolous
which results in a large proportion of their decisions
being appealed. It accounts for the negative attitude of
taxpayers to controlling bodies, lack of trust in the
government and taxation in general, which drives their
tax behavior to be more opportunistic.

In the context of this study we determine the
elements of subjects’ interaction adjacency matrix using
the data of the TADAT Performance Assessment Report
of the State Fiscal Service (SFS) [22] and data of the
Annual Business Climate Assessment (ABCA) [6]
regarding taxation, to which we apply the standard
values of Harrington's desirability scale [10], namely
very good: 1.00-0.80; good: 0.80-0.63; satisfactory:
0.63-0.37; bad: 0.37-0.20; very bad: 0.20-0. Then we
conform the TADAT SFS Performance Assessment
scale, where criteria were assessed according to the
[A,B,C,D] scale from the best (A) to the worst (D) value,
with Harrington’s desirability scale in the following
way: A-1; B-0.8; C-0.63; D-0.37. The resulting
integrated criteria values according to Harrington’s
desirability scale are presented in Table 1. Thus, in terms
of tax administration the level of interaction between
controlling bodies and taxpayers is 0.72 This value
underlies the corresponding adjacency matrix of
subjects’ interaction. In order to assess the interaction
between the authorities and controlling bodies from
taxpayers’ perspective, we analyzed the results of
Annual Business Climate Assessment (ABCA) [6]
regarding taxation and found the following:

— Taxpayers find the level of trust in government low,
50% of respondents see the government as an
impediment to do business, 25% of respondents consider
main government institutions to be essential obstacles
for business development.

—About 50% of respondents among small business
representatives believe that informal relations with
authorities are key to their business success. Direct
support by the government is believed to be ineffective
for business development, priority is given to creating
proper business climate.

—35% of individual respondents and 38% of legal
entities think that their business growth is impaired by
high rates of taxes and fees, 22% of individuals and
29% of legal entities blame it on burdensome tax
administration and accounting, 18% of individuals and
29% of legal entities refer to instability and frequent
changes of economic legislation, 18% of individual
respondents and 25% of legal entities mention regulatory
pressure and other non-tax factors. Accordingly, with
business growth and increasing size of enterprise tax
conditions get significantly worse.

Thus, government influence on taxpayers is
characterized as negative, hindering business
development, which corresponds to approximately 0.20
on Harrington's desirability scale. As far as controlling

bodies are concerned, their value is only important for
taxpayers in the context of informal relations and is
estimated to be 0.37 on the scale. Taking into account
that taxpayers have more trust in business environment
(other economic entities), improving business climate
and, according to the SFS report (see Table 1), they
timely file their tax declarations, pay taxes and fees,
provide accurate and valid reports, we can calculate the
value of their self-organization processes as a geometric
mean of corresponding criteria, which equals 0.71. Then,
bearing in mind market realities as to possible purpose
inconsistency or lack of resources that interaction
subjects may have, backward relation constitutes 0.63 on
Harrington’s scale.

Table 1. Integrated values of criteria of subjects’ interaction in
Ukrainian tax environment+

Criteria Actual |Harrington’s scale| Geometric
TADAT value mean
value
Integrity of the
Registered C;C 0.63; 0.63 0.63
Taxpayer Base
Effective Risk 0.63; 0.37; 0.63;
Management GD;GC 0.63 0.55
Supporting
Voluntary B; B; B 0.8;0.8;0.8 0.8
Compliance
Accountability | 5 5.0 A | 08080631 | 08
and Transparency
Geometric mean for controlling bodies 0.67
Effective Tax
Dispute A;B; A 1;0.8; 1 0.93
Resolution
Efficient Revenuel g . | 08:0.63;063 | 068
Management
Geometric mean for authorities 0.79
Timely Filing of| = 5, 0.9; 0.63 0.75
Tax Declarations
Timely —Payment| ).\ A5 | 1.1.1.038 0.94
of Taxes
Accurate
Reporting in| D+, B;D 0.47; 0.8; 0.37 0.52
Declarations
Geometric mean for taxpayers 0.71
Geometric mean for all subjects 0.72

*Calculated based on the data [23]

3 Results

As a result, we have the following adjacency matrix of
interaction between taxpayers P, with other subjects
(public authorities D, controlling bodies K):

0 037

Api = Hv ‘PK . 0,67 0 }APK =050,
0 037

Arp = "v |PD 22 0,20 0 }/IPD =027,
0 0,71

Apr _Hv ‘PP 2 0,63 0 }APP =067



SHS Web of Conferences 65, 01002 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196501002

Different degree of interacting subjects’ influence on
tax environment should be considered. Subjects that
interact in tax environment can be assessed according to
their influence on tax environment using a pairwise
comparison matrix, see Table 2.

Table 2. Subjects’ pairwise comparison matrix according to
their influence on tax environment formation, d;.

Line numbers of  |Prio
compared subjects |rity
Line numbers and names of; 2 [3 |4 |5 |vect |Weigh
compared subjects or, |t di
d,
1. Legislative branch 1 |2 |4 |6 [8]3.29/0.46
2. Judicial branch 05011 3 |4 6]2.05/0.29
3. Controlling bodies 0.2510.33(1 |2 [5[0.96]|0.13
4. Large taxpayers 0.17]0.25(0.50{1  [5]0.64]0.09
5.Small and medium
taxpayers 0.13]0.17{0.20]0.20{1 [0.24|0.03
Total 7.18|1

Thus, the value of interaction on the level of specific
subjects should be adjusted by the degree of their
influence on tax environment formation. Therefore, the
elements of weight adjacency matrices are specified as
follows:

0 0.370-09+0.03
o = ’ dpg _
Apc = Hv PK |22 _[0,670"3 0 ,Ass =092,

0 0.370:09+0.03

o = ? dpp _

Arp :HV PD |22 _(O 2()0-46+0.29 0 ,App =0,52,

0 0.710:09+0.03

e = ’ dpp _

APP - ‘V PP|2x2 _[O 630,09+0,03 0 a}«pp —0,95.

Specifying the degree of influence according to the
weights in Table2, we determine the values of
interaction on the level of large (VP) and small (MP)
taxpayers, judiciary (S) and legislative institutions (Z).

Al =), =(0’620,13 07 ] 2 =093,
Ape =l =(0’230,46 037 J 2, =066,
Aps =My = (0’2(0)0,29 037 J 25, =0,76,
. . 2(0,6(3)0’09 0’7(1)0’09 J 24 20,96

Similar calculations for controlling bodies arrive at
the following results:

Apy = Hv ‘

Ay = 0,95,

PK

0 0,67""
v 0.71%-09+0.03

0 0,67%"
Ay = HV ‘KD 22 = (0 790.46+0.29 0 s Axp = 0,89,
0 0,67%"
A = Hv ‘KK v (0 37013 0 » e = 0.91.

As we can see, controlling bodies have the same
influence on other subjects, as according to the SFS
Report they function as executive authorities in terms of
taxation, so the value of forward relation is 0.67 for all
subjects. According to the SFS assessment, public
authorities’ value is 0.79. Self-organization processes in
controlling bodies are determined as built in the way
their functions duplicate, so it corresponds to 0.37 on
Harrington’s scale.

The results of subjects’ interaction with public
authorities are presented below:

0 0,68%46+0%9
ADP = HV ‘DP 22 = (0 710-09+0,03 0 ’APD =085,
0 0,93%:46+0.29
Ao = HV ‘DK 22 [O 37%8 0 o =091
0 0,68%4670%
App = Hv ‘DD v [0 700:46+0.29 0 s App = 0.81.

The state interacts with taxpayers through the
mechanisms of income formation, whose value is 0.68
according to the SFS Report criteria. Public authorities
interact with controlling bodies in terms of taxation
through effective tax dispute resolution using regulatory
means. Its value is 0.93 according to the SFS Report
criteria. Forward self-organization processes for public
authorities in terms of taxation is evaluated according to
the SFS Report criteria and equals 0.79, while backward
processes are evaluated according to the criteria of all
interaction subjects and equals 0.72.

Based on the received eigenvalues of adjacency
matrices, a generalized matrix of interaction between
public authorities, controlling bodies and taxpayers in
tax environment can be designed:

0,95 0,50 0,27
A =[0,95 091 0,89
0,85 091 081

Summative value of subjects’ interaction in tax
environment is, formula (4):

Based on the formula (5), we can study the dynamics
of subjects’ interaction activity and parameters of this
interaction. The results are shown in Figures 2, 3.
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Fig. 3. Subjects’ interaction parameters dynamics.

As can be seen from Figure2, the intensity of
interaction for public authorities and controlling bodies
is almost identical up to step 3, after which the activity
of public authorities gradually slows down. On the one
hand, it is due to their close functional and structural
relations in taxation process. On the other hand, in the
course of time a system needs more time for the
procedure of managerial decision-making, which, in the
context of the subjects’ interaction, is reflected by
delayed response, in our case on the part of public
authorities. At the same time, the trends in the
interaction of controlling bodies and taxpayers get closer
in steps 1-3, and then controlling bodies’ activity curve
is more moderate, but it corresponds with taxpayers’
one.

Based on the dynamics of parameters which describe
subjects’ interaction (Figure 3), we can see that the
curves of public authorities and controlling bodies are
close in steps 1-2. After that, public authorities’
dynamics fall behind in tempo. Taxpayers’ interaction
parameters are more dynamic as compared to other
subjects’ interaction. Thus, it can be argued that in order
to improve the interaction results for all subjects in
taxation environment, it is appropriate to revise and
adjust the mechanisms of subjects’ interaction with
public authorities, whose parameter dynamics grows
dissonant with other subjects’ interaction trends in the
course of time.

M3E2 2019
e 4. Conclusions

900 This research deals with assessment of interaction
between taxpayers, controlling bodies and public
700 authorities in view of dominant paradigms and results of
expert and sociological research on the subjects with

o ——P(1) . .
3 5o - reggrd to thg degree of .the%r influence on tgx
ot3) environment climate. Interaction is defined as a certain
300 type of relations between subjects that result in
developing  mutual influence  which  induces
100 corresponding changes of their states. Subjects’ mutual
Bt influence is presented as two reciprocal processes:
1000 1 2 3 4 5 6 7 8 9 101 forward process arises as a result of subject’s own
Time, month activity and potency and is determined by interaction
Fig. 2. Subjects’ interaction activity dynamics. purpose and resources inVO,IV_ed’ ba,Ckward process i_S a
result of response to the activity, it is formed depending
1000 on the congruence of interaction purposes, availability
000 and sufficiency of resources presented in the format of
possibilities and will to meet the goals set. There is also
800 interaction of a subject with itself which is determined
700 by self-organization processes. Interaction is essentially
600 a poorly structured category, which dictates a need to use
2 s ——V1 soft modeling and subjective evaluation methods. The
g i -2 suggested approach is based on an adjacency matrix
- v3 whose elements are eigenvalues of weight matrices of
subjects’ pairwise interaction. Matrix elements are
200 determined by expertise. Based on the pairwise
100 comparison matrix, subjects are differentiated according

to the degree of their influence on tax environment
climate. As a result, public authorities are found to be the
most influential subject, while small and medium
taxpayers are the least influential. Summative value of
subjects’ interaction is 0.81 which is determined by
taxpayers’ data as the best among other subjects.
Dynamics of parameters and activity of interaction
subjects have been studied by means of autonomous
impulse process. It has been proved that in order to
improve subjects’ interaction productivity, it is
appropriate to improve the mechanisms of subjects’
interaction with public authorities of all others. The
results of this research allow us to substantiate strategies
aimed at improving and optimizing subjects’ interaction
in tax environment upon the criterion of maximizing
effectiveness and productivity. In addition, significance
of the issue justifies the need for a system of subjects’
interaction monitoring for the sake of higher accuracy of
tax result assessment. Future research will develop
strategies to improve and monitor subjects' interaction in
tax environment.
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Abstract. This paper describes the construction of the short-term forecasting model of cryptocurrencies’
prices using machine learning approach. The modified model of Binary Auto Regressive Tree (BART) is
adapted from the standard models of regression trees and the data of the time series. BART combines the
classic algorithm classification and regression trees (C&RT) and autoregressive models ARIMA. Using the
BART model, we made a short-term forecast (from 5 to 30 days) for the 3 most capitalized
cryptocurrencies: Bitcoin, Ethereum and Ripple. We found that the proposed approach was more accurate
than the ARIMA-ARFIMA models in forecasting cryptocurrencies time series both in the periods of slow
rising (falling) and in the periods of transition dynamics (change of trend).

1 Introduction

The rapid development of digital currencies during the
last decade is one of the most controversial and
ambiguous innovations in the modern global economy.

Significant fluctuations in the exchange rate of
cryptocurrencies and their high volatility, as well as the
lack of legal regulation of their transactions in most
countries resulted in significant risks associated with
investment into crypto assets. This has led to heated
discussions about their place and role in the modern
economy (see, for example [1-5]).

Therefore, the issue of developing appropriate
methods and models for predicting prices for
cryptographic products is relevant both for the scientific
community and for financial analysts, investors and
traders.

Methodological approaches to forecasting prices for
financial assets depend on an analyst’s understanding of
the causal relationships in the pricing process.

For example, the forecasting model can be specified
as a price formation model:

—Based on the interaction of market players (demand-
supply models) that make economic decisions based on
some indicators or regularities, taking into account
objective economic laws or laws of behavioral finance
(econometric and balance models);

—Given the past dynamics (time series models and
autoregressive models),

—Taking into account production-technological
possibilities of creating the corresponding asset (in
particular, for commodity markets, fundamental
valuation of shares, technological opportunities for
mining cryptocurrency, etc.);

: Corresponding author: derbvd@gmail.com

—Based on the consideration of random factors and
events, for example, external shocks, which complicate
the formal description of cause and effect relationships
(stochastic models).

It should be noted that forecasting cryptocurrencies’
prices is fundamentally different from forecasting other
financial assets, in particular, ordinary (fiat) currencies,
which have a large number of theoretical and empirical
studies focused on studying their dynamics model.

There are two fundamentally different approaches to
forecasting the exchange rate dynamics of currencies.
The first approach is to build a cause and effect casual
model that describes the relationship between exchange
rates and other macroeconomic variables (in particular,
the rates of economic growth, trade and balance of
payments, purchasing power parity, public debt, inflation
rates, etc.) within a certain theoretical economic concept.

The other approach is to study only the time series
and make a prediction based on the processing and
analysis of past observations. The most common models
are the Box-Jenkins ARIMA time series models and
their modifications, GARCH models, or artificial neural
networks.

It should be noted that there is no consensus on the
fundamental value of cryptocurrencies among scholars.
The prevailing thesis is that the exchange rate of the
majority of cryptocurrencies is determined only by the
ratio of demand and supply [3, 4, 6-10].

Liu and Tsyvinski’s [11] empirical analysis of the
three most capitalized crypto currencies (Bitcoin, Ripple,
and Ethereum) did not reveal a static relationship
between the yield of cryptocurrencies and the
complexity of their extraction.

At the same time, macroeconomic factors, which
usually determine the dynamics of currency, stock and

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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commodity markets have no significant effect on the
dynamics of the cryptocurrencies market.

Conrad, et al. [12], also found that influence of the
US stock market (SP500 index) and the global stock
market index (Nikkei 225 index) on bitcoin's volatility
was not significant.

In addition, the studies reported in [1, 8, 9] show that
the price dynamics of cryptocurrencies is described by
classical log-periodic models of price bubbles of
Sornette [13] and their modifications.

A number of recent cryptocurrency market studies
show that, unlike other financial assets, cryptocurrency
prices are influenced by a number of specific factors that
shape their demand, such as the number of Google trends
searches, the number of posts in social networks and
other mass media [6, 14-16]. These studies substantiated
the feasibility of using non-typical factors as predictors.

All of these factors complicate the development of
casual econometric models of cryptocurrency price
dynamics.

Recently, non-parametric methods based on Machine
Learning and Deep Learning have gained popularity for
the analysis and forecasting of financial and economic
time series.

Models of Machine Learning are based on special
artificial networks that allow to solve the problem of
prediction and classification by utilizing learning
sequences in the data. The effectiveness of such models
depends on the training speed and the degree of
universality of approximating functions.

These models combine an arsenal of powerful
methods, such as Artificial Neural Network (ANN),
Support Vector Machines (SVM), Decision and
Classification Tree (DT, CT), Fuzzy Logic, Genetic
Algorithms (GA), linear and nonlinear statistical models,
etc.

Examples of their effective use in forecasting
exchange rates and stock indices are given, in particular,
by Peng et al. [17].

Several studies [18-20] reported the results of the
Bitcoin exchange rate forecasting using classical
ARIMA models and using different methods of machine
learning, such as Random Forest (RF), Logistic
Regression (LR) and Linear Discriminant Analysis
(LDA), and Long Short-Term Memory (LSTM). The
results from these analyses showed that the models that
relied on training proved to be better suited for
forecasting both the prices of cryptocurrencies and their
volatility.

Rebane and Karlsson [21] conducted a comparative
analysis of the ARIMA forecasting properties with
recurrent neural networks (RNNs) for such
cryptocurrencies as DASH, Ethereum (ETH), Litecoin
(LTC), Siacoin (SC), Stellar (STR), NEM (XEM),
Monero (XMR) and Ripple (XRP). The results showed
that neural networks had better forecasting properties
than ARIMA models.

Thus, in our view, the second approach, which is
based on the application of the time series analysis using
the CRISP-DM methodology [22], is more appropriate
for predicting price trends in cryptocurrency.

The purpose of our work is to construct a short-term
price forecasting model for the 3 cryptocurrencies with
the highest market capitalization using binary
autoregressive models and machine learning technology.

2 Methodology

2.1 CRISP-DM approach

To solve the problem of forecasting the dynamics of
cryptocurrencies, we used the CRISP-DM (Cross-
industry standard process for data mining) methodology
(Fig. 1-2).
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Fig. 1. The conceptual diagram of cryptocurrency forecasting
based on the standard CRISP-DM.

According to CRISP-DM, intelligent analysis is a
continuous process with many cycles and feedback
loops, and has six phases (I-VI).

The main advantage of the CRISP-DM is that it is
platform- and application neutral and that it can be
adapted to various applied problems.

Fig. 2 shows some of the CRISP-DM phases of the
cryptocurrency forecasting functional dynamics diagram:
Phase II: Data understanding, Phase III: Data
preparation, Phase IV: Modeling, Phase V: Evaluation.

Methodology CRISP-DM is the most widespread
publicly available standard process model that describes
major phases and common data mining methods.

2.2 Regression Tree

The regression tree is a class of regression models that
allows separating the input space of factor variables into
segments. Subsequently, a separate piecewise regression
model can be constructed for each of them representing a
regression function in an intuitive and visual form [23-
24].

In such a tree, internal nodes contain rules for
splitting the space of explanatory variables; branches
indicate the conditions and the transition between the
nodes; and tree leaves are local regression models.

The essence of this method is in sequential division
of the data set into non-intersecting classes, which, in
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turn, are also subject to a breakdown by a partition
efficiency criterion.
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Fig. 2. An excerpt from the cryptocurrencies functional
dynamics diagram in the Microsoft Azure Machine Learning
Studio environment based on the CRISP-DM standard.

The decision tree consists of the following elements:
“nodes”, “leaves” and “branches”. “Branches” contain
records of attributes which define the target function
(result variable), the “leaves” are the values of the target
function, and “nodes” are the remaining attributes under
which the classification takes place.

There are two types of trees: (i) for classification, in
this case, the result of the prediction is the data
ownership class; and (ii) for regression, the result in this
case is the predicted value of the target function.

2.3 BART algorithm

Let us consider the proposed approach we call BART
(Binary Auto Regressive Tree). It is a generalization of
standard models of regression trees and is adapted to
time series data. BART combines the classic
classification and regression trees (C&RT) [24-25]
algorithm and the standard autoregressive integrated
moving average (ARIMA) models and their components
(AR, MA). Models of ART (Auto Regressive Tree) are
closely related to the models of the TAR (threshold
autoregressive model) threshold auto-regression models
of the class and their modifications SETAR and ASTAR
[24]. The SETAR and ASTAR models are linear models
that construct multiple adaptive regression splines
(MARS) based on time series [26-27]. BART models
differ from the SETAR and ASTAR models in two
ways:

(1) Error estimates for models based on BART differ
from one another;

(i) BART models allow for the gap between built-in
auto regression models.

To convert a time series, the “window” data
conversion method is used. The result variable Y; in this
algorithm corresponds to the previous value (Y.;) and
the value with the lag p (Y.). This separation of the
input space into segments (Fig. 3) allows to construct a
separate (local) model for each of them and to represent
a piecewise function as an autoregressive tree (Fig. 4) in
an intuitive visual form.
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Fig. 3. Separation of the input space into segments.

| Model 1 | | Model 2 |

Fig. 4. Autoregressive tree building diagram.

Most such algorithms apply a recursive separation of
training data. In BART, unlike other algorithms, a step-
by-step (staged and iterative) method of constructing a
tree is used:

Step 1. The construction of a regression tree begins
from a single value (root node), which is defined as the
Median (Me, second quartile Qsoy) of the entire time
series Y; and is calculated the equation

ME=Q50%=0.5(Y,'”””+YI~’”“") (1)

The median of the time series is defined as the
median of the distribution of realization of a random
variable at time ¢, that is, a real number with probability
of exceeding an arbitrary dimension equal to 0.5. For a
stationary series and a series with a symmetric
distribution, this value does not depend on the time of

observation Me =Y, and coincides with the mean value
of the series. Sometimes in the literature, the median is
considered to be a prototype of a simple stable output.
Step 2. The best split is found for each unprocessed
node, and it is selected according to a predefined rule.
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These procedures are performed similarly to the
C&RT algorithm. The difference lies in the accepted
rules, criteria for evaluation and termination of splitting.
We have used an alternative selection criterion (or
informational criterion) for better splitting based on the
entropy indicator, because it gives preference to options
with less tree complexity. This algorithm will determine
an entropy information gain.

In constructing BART, the number of branches
(branching) is 2, that is, each node has two child nodes.
The final tree is chosen from these nodes, and we have
to evaluate informativeness of not only the predictor
nodes that divide the time series into subsets, but also of
those that separate a certain group of subsets from the
set, that is, the subtree from the rest of the tree.

Entropy criterion. Initially, the probability is
estimated as the frequency of assigning a particular
observation to a certain subset (subtree) and the entropy

H sampling Y’ is calculated using the following
equation:

- P N
H(P,N):H(P+N+P+N]. )

After all the information in the node is obtained for a
certain predecessor, entropy is calculated using the
following equation:

A _ p+n A
H(p(PaNap’n)_ P+NH(p9n)+ (3)
+P+N—(p+n)[:[(

P+ N P_paN_n)»

where P — is the number of objects that correspond to a
subset C, and p — is the number of objects that
correspond to the membership conditions of a subset,
p € P, similarly n and N are such that ne N, N e C.

Then the entropy of the sample {xeY [|<p(x):1}
will be H (p,n), and the probability of obtaining an

element from this sample will be calculated as prn
P+N

Similarly, for the sample {xeY l|go(x):0} entropy
H (P—p,N —n) can be calculated with probability

(P-p)+(N-n)
P+N
after obtaining information ¢ is calculated using

equation (3).
Then the decrease of entropy can be calculated as:

. Thus, the entropy of the whole sample

[Gain (p,¥')=H (P,N)-H (PN, pn), (4

which is called entropy information gain, which is the
amount of information about the current division of the
tree into two classes «c» and «not c».

In addition, in the BART algorithm for the early
termination criterion Q, we used an extended Bayesian

information criterion [28], which minimizes the statistic:

EBIC:n-lnﬁ-i-J-[ln(nHZln(p)], %)
n

where SSE — is the sum of squares of the residuals of
the model; J — is the number of model parameters; n — is
the number of examples of training sample; p — is the
quantity that characterizes the complexity of the model
space (it is the product of the tree size and the number
of explanatory variables).

In equation (5), the first term is the maximum value
of the plausibility logarithmic function, and the second is
a penalty for the model complexity.

Splitting of the nodes continues until the EBIC value
is reduced. Note that the application of this criterion in
the recursive approach of the algorithm of the regression
tree is not possible. This is due to the fact that in the
recursive method during tree construction only part of
the model is considered at a time without considering the
complete model as a whole.

For BART, the simplification procedure (i.e., early
termination of the tree branching) is more important
than, for example, for classification trees. This is due to
the fact that regression trees tend to be more complex,
because the variety of the investigated metric values (for
example, the price of regression) is much more diverse
than for qualitative data.

Step 3. If the selected split improves the model and it
is valid with an entropy information gain, then this split
is performed and step 2 is repeated. Otherwise, the final
tree is selected and the BART algorithm execution
procedure is considered complete.

The rejection of recursion in the BART algorithm
and the transition to the iterative version allows for a
complete control of the tree construction process, that is,
it provides a “softer” control of the tree construction
process at the expense of the following:

(i) Determining the arbitrary order of split nodes;

(i1) Introducing early termination rules / algorithms
that analyze both separate nodes and the whole
regression tree as a whole;

(iii) Termination of the construction of the regression
tree at any time.

Because the ultimate goal of the proposed algorithm
is forecasting, the standard regression model of the
ARIMA class, which is a traditional tool for forecasting
financial series, needs to be built on the nodes-leaves:

(LN -L)" X, =u+0(L)s,, ©)
g~ N(O, o2 )

where Y, — is the time series, L — is the lag operator,
CD(L) — is the polynomial degree p from L, x4 — is the
average process value, @(L) — is the polynomial degree
q from L, &, — is white noise, d — is the order of process
integration Y,. If d=0, then process X; can be described
by ARMA (p, g) or ARIMA (p, 0, g).

This process is stationary and has a short memory. If
d=1, then the series has infinite memory, that is, each

perturbation has an impact on the behavior of the process
indefinitely.
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Thus the result variable Y; in this algorithm
corresponds to the previous value (Y1) and the lag p
(¥,_,). Also, the separation of the input space into

segments allows to construct an own (local) model for
each of them and to represent a piecewise function as an
autoregressive tree in an intuitive visual form.

3 Empirical results

For performing empirical analysis, we selected three
cryptocurrencies which are the market capitalization
leaders: Bitcoin (BTC), Ethereum (ETH) and Ripple
(XRP). We have taken daily closing prices for the period
from  01/01/2017 to  01/03/2019,  according
to Yahoo Finance [29] and calculated their time series in
log-return.

To compare the predictive properties of the BART
algorithm, we also made a forecast using the classical
ARIMA (1, 0, 1) and ARFIMA (1, d, 1) models.

As a parameter d in ARFIMA we can use appropriate
Hurst exponents (see, for example E. Peters [30]). So we
selected as the difference parameter d for ARFIMA
models for each currency such values [31]:

H(BTC)=0.75, H(ETC)=0.83, H(XRP)=0.66.

The sample size for training for all sub-periods for
the BART algorithm was 80% of the total sample size,
and 20% was used as out-of-sample dataset.

To implement the models, we chose the Microsoft
Azure Machine Learning Studio Cloud Application. A
fragment of the implementation of machine experiments
is shown in Fig. 5.

Fig. 5. A diagram of the forecasting cryptocurrencies times
series experiments in MS Azure Machine Learning
environment.

For each model the target variable is the log-return
for the next time period. The forecast was carried out on
five different time horizons: 5, 10, 14, 21, and 30 days
using three models for each cryptocurrency.

To check the effectiveness of the BART algorithm
and that of the classical models, we conducted tests for
periods with different types of dynamics of
cryptocurrencies time series (two subperiods for each
type), namely (Fig. 6):

(1) Stable period,

(i1)  Falling trend;

(iii)  Transition dynamics (change of trend);
(iv)  Rising trend.

Close, BTC

Chang of trend

Close, ETH

Close, XRP

Fig. 6. Selected periods with different types of dynamics of
cryptocurrencies time series: (a) BTC, (b) ETH, (c) XRP.

As we can see, BTC is a driver and other
cryptocurrencies repeat its dynamics.

Fig. 7-8 illustrate the forecast accuracy for 3 models
for ETH in the period of slow rising (falling) (Fig. 7) and
rapid trend change period (Fig. 8). Forecasting accuracy
for BTC and XRP have the same properties as ETH.

To estimate the prognostic properties of the models
we used the Root Mean Square Error metric (RMSE).

Results (averaged over three cryptocurrencies) of
forecasting performance for all sub-periods are shown in
Table 1.

The obtained results indicate that for the investigated
time series of cryptocurrencies, the proposed approach
gives RMSE over the range 4% for the 14 days forecast
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horizon without reference to the type of dynamic
behavior, over the range 6% for the 21 days and 8% for
the 30 days forecast horizon, respectively.

10 step (days) forecast, ETH
400 = = = ARIMA  seesuaene ARFIMA BART

Fig. 7. 10-step (days) forecast performance for ETH in the
period of slow rising (falling).

30 step (days) forecast, ETH

ARIMA  «eeeevees ARFIMA

01.2018
01.2018

05.02.2018

o N W &
i’ )

Fig. 8. 30-step (days) forecast performance for ETH in
transition dymamics period.

Table 1. Summary (average in three cryptocurrencies) of the
forecast accuracy RMSE, %

Step forecast, days

Model |

5 [ 10 | 14 [ 21 [ 30

Stable period *

ARIMA 4.27 6.54 6.80 12.20 15.08

ARFIMA 3.93 4.87 5.30 6.00 8.60

BART 2.76 3.11 3.45 3.73 4.83

Falling trend **

ARIMA 7.13 10.12 11.10 12.47 16.40

ARFIMA 4.98 5.34 7.70 8.73 9.26

BART 2.97 3.64 3.30 4.15 5.60

Transition dynamics (change of trend) ***

ARIMA 6.76 7.03 7.30 13.61 18.51

ARFIMA 3.34 3.67 4.00 6.44 8.76

BART 2.82 3.16 3.50 5.59 7.61

Rising trend "

ARIMA 6.82 | 11.99 13.15 14.07 15.34

ARFIMA 4.63 442 7.20 7.81 8.93

BART 2.25 2.98 3.70 3.34 5.64

sub-periods: 11/09/2018-09/11/2018, 27/12/2018-
25/02/2019
* sub-periods: 06/01/2018-09/02/2018, 12/03/2018-
10/04/2018
*** sub-periods: 04/12/2017-02/01/2018, 22/04/2018-
21/05/2018, 02/03/2018-04/05/2018
**** sub-periods: 09/10/2017-19/12/2017, 10/02/2018-
11/03/2018

The results show that for selected time series for the
short-term forecast, the error of BART algorithm is half
the size of the error of ARIMA model, on average, and it
is 15-20% lower than the error of ARFIMA model for
slowly changing periods (both falling and rising).

Note that all of our models show worse forecast
accuracy for the periods of complex dynamic modes
(rapid trend change periods).

In addition, the proposed algorithm is more accurate
in the periods of transition dynamics (change of trend)
compared to ARIMA-ARFIMA models.

4 Concluding remarks

The modified model of Binary Auto Regressive Tree
(BART) is adapted from the standard models of
regression trees to the data of time series. BART
combines the classic algorithm C&RT and
autoregressive models ARIMA.

One of the advantages of the proposed method is the
use of the “window” data transformation method for the
time series.

The obtained results proved that the BART algorithm
is more accurate for all investigated time series of
cryptocurrencies and subperiods. In particular, RMSE
for this algorithm for the horizon of 14, 21, and 30 days
was within the range of 4%, 6%, and 8%, respectively.

The proposed BART method for analyzing and
forecasting cryptocurrecies time series demonstrated
higher efficiency for building forecast estimates in
comparison with traditional time series technique,
regardless of whether the target data is collected before,
during or after a recession.
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Fraud detection models and payment transactions analysis
using machine learning

Viktor Shpyrko'", and Bohdan Koval'

'Department of Economic Cybernetics, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Abstract. The work’s aim is to research a set of selected mathematical models and algorithms that examine
the data of a single payment transaction to classify it as fraud or verified. Described models are implemented
in the form of a computer code and algorithms, and therefore can be executed in real-time. The main objective
is to apply different methods of machine learning to find the most accurate, in other words, the one in which
the cross-validation score is maximal. Thus, the main problem to resolve is the creation of a model that could
instantly detect and block a given fraudulent transaction in order to provide better security and user
experience. At first, we determine the classification problem: which initial data we have, how we can
interpreter it to find the solution. The next part is dedicated to presenting the methods for solving the
classification problem. In particular, we describe such approaches as Logistic Regression, Support Vectors
Method (SVM), K-Nearest neighbours, Decision Tree Classifier and Artificial Neural Networks; provide the
notion of how these methods operate the data and yield the result. At the end, we apply these methods to the
provided data using Python programming language and analyze the results.

X" = {( X1, V1 ), ,( Xms Ym )} (2)
a: X—-Y (3)

1 The notion of classification problem and
its characteristics

The probabilistic definition of the problem is more
general. It assumes that the set of pairs “object-class”
X xY is a probabilistic space with an unknown
probabilistic degree P. There is a finite study sample of
observations (2) generated in accordance with the
probabilistic degree P. The aim is to construct an
algorithm (3), capable of classifying arbitrary object
xelX.

1.1 The definition of classification problem

The classification problem is a formalized task, which
contains a set of objects (situations), divided in a certain
way into classes. There is specified a finite set of objects,
and we know to which classes each of them belongs. This
set is called a sample. There is no info about other objects,
so we do not know to what class they belong. The aim is
to create an algorithm that will be able to classify an
arbitrary object from the initial set.

To classify an object means to indicate the number (or
name) of the class to which this object belongs.

The classification of an object is the number or class
name, issued by the classification algorithm because of its
application to this particular object [1].

In mathematical statistics, the classification problems
are also called as the problems of discrete analysis. In
machine learning, the classification problems can be
solved with the help of artificial neural network methods,
particularly by staging an experiment in the form of
training with a teacher.

Let X be a set of object descriptions, Y is a plurality of

1.2 The concept of characteristics in the tasks of
classification

The characteristic is the mapping (4), where Dy — the set
of permissible values of the characteristic.

f:X— Dy @)

If the characteristics f1, ..., f» are given, then the vector
(5) is called the characteristic description of the object
xelX

x = (fix), ... fu(X)) )

numbers (or names) of classes. There is an unknown
target dependence — mapping (1) — whose values are
known only for elements of a finite learning sample (2).
The aim is to construct an algorithm (3) capable of
classifying any arbitrary object x € X [2].

yiX—>Y (D

: Corresponding author: viksh@bigmir.net

Characteristics can be identified with the objects
themselves. In this case, the set (6) is called the space of
characteristics.

X=Dﬂ X .. X Dfn (6)

Depending on the Dyset, the characteristics are divided
into the following types:

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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* Binary characteristici= { 0, 1}; 2 Methods of solving the classification
» Nominal characteristic®: — finite set; problem
» Sequence characteristi@:— finite ordered set;
* Quantitative characteristics: {3>- the set ofreal

numbers. 2.1 Regression methods in solving classification
And into the following classes: problems
» Two-class classification, which technically is the

easiest case, and serves as the basis for solving morePdiStic ~ regression is suitable for solving the
complex tasks; classification problem. This is a statistical regression

« Multiclass classification. The number of classes Method used in the case when the dependent variable is

reaches thousands (for example, when recognizingcategorical, so it can acquire only two values (or, more
hieroglyphs or fused speech), the task of classificationdeneelly, afinite set ovalues) [.

becomes significantly more difficult; Let some seY have only two values, which are usually
- Non-overlapping classes; indicated by numbers 0 and 1. Let this value depend on
- Ordinary classesin object may belong to several SOMe set of explanatory variables (7).

classes at a time;
’ . . X =(1, X1, X2, +.+ 7
* Fuzzy classes. Itis necessary to determine the degree (2, % X) (7)

of belonging of the object to each of the classes, usually it The dependence dfonxy, Xo, ..., Xk can be determined

is a valid number from O to 1 [2]. by adding an additional variab{é, where (8).

In our case, we are interested in the binary
charateristic of the set with a twolass specification. Yy =600+ 0xa+ ®+ O+ u (8)

Then (9):

1.3 Publications dedicated to the fraud detection 0, =0
problem =1, >0 9
Bertrand Lebichot and Yanfel Le Borgne have The next tool is the method of support vectesslata
researched the problem in the “Ddegarning Domain  analysis method for classification and regression using
Adaptation Techniques for Credit Cards Frautedgon”  models with controlled training with associated learning
publication[3]. algorithms, which are called support vector machines.

They worked on the design of automatic Fraud  For a given set of training samples, each of which is
Detection Systems (FDS) able to detect fraudulentmarked as belonging to one or other of the two categories,
transactions with high precision and deal with the the training algorithm of the SVM builds a model that
heterogeneous nature of the fraudster behavior. Indeedselates new samples to one or another category, making it
the nature of the fraud behar may strongly differ  an incredible binary linear classifier. The SVM model is
according to the payment system (e.gcommerce or  the representation of samples as points in space, didplaye
shop terminal), the country and the population segment. in such a way that samples from individual categories are

The another publication isliproving Card Fraud  separated by a blank space that is most extensive. New
Detection Through Suspicious Pattern DiscoVey samples then appear to the same space, and predictions
Olivier Caelenand Evgeni N. Smirnov [4]. They  about their belonging to the category are based on which
proposed a new approach to detect credit card fraud baseside of the gaps they fall.
on suspicious payment patterns. According to their |n addition to performing a linear classification, the
hypothesis fraudsters use stolen credit card data aSVM can effectively perform a nonlinear classification in
specific, recurring sets of shops. They exploited this the application of the scalled core trick, implicitly

behavior to i@ntify fraudulent transactions. displaying its inputs to the spaces of attributes of high
Also the problem was mentioned in “Calibrating dimensionality.
Probability with Undersampling for Unbalanced Formally, the supportvector machine builds a

Classification” article by Andrea Dal Pozzolo, Olivier hyperplane, or a set of hyperplanes in a space of high or
Caelen, Gianluca Bontemfd]. In this paper, they study infinite dimensionality that can be used for classification,
analytically and experimentally how undersampling regression, and other tasks. Intuitively, good separation is
affects the posterior probability of a machine learning achieved by a hyperplane tlats the greatest distance to
model. They formalize the problem of undersampling andthe nearest points of the training data of any of the classes
explore the relationship between conditional probability (so-called functional separation)][7

in the preence and absence of undersampling. They use

Bayes Minimum Risk theory to find the correct
classification threshold and show how to adjust it after
undersampling. problems

2.2 Discrete methods in solving classification

The next method for solving the problems of classification
uses a sligtly different approach. The method &f

nearest neighbours is a simple nonparametric
classification method, where the distances (usually
Euclidean) used to classify objects within the space of
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gambling earnings; speculation in the market; money of
Islamic banks cannot be used for immoral purposes
(drug trafficking, alcohol trade, etc.).

Over the past twenty years, the Islamic finance sector
has experienced significant growth and today the volume
of assets is about $1.814 trillion (a six-fold increase over
the past decade). Most transnational financial institutions
participate in some form in Islamic finance as global
banking, investment, consulting, accounting or
information companies. Nowadays, Islamic financial
institutions operate in at least 105 countries and more of
them have already implemented (or are considering
implementation of) legislation to provide a regulatory
framework for the development of this type of financial
industry.

In the Islamic world, Islamic financial institutions are
major economic players. Five countries dominate in
Islamic banking, namely Iran with $345 billion of
Islamic assets; followed by Saudi Arabia ($258 billion),
Malaysia ($142 billion), Kuwait ($128 billion) and the
United Arab Emirates ($112 billion). Except for Islamic
countries, the industry is actively developing in many
non-Muslim countries — mainly in Western Europe, the
USA, Canada and Australia as a consumer segment
(focused on local communities of Muslim immigrants)
and corporate segment (focused primarily on attracting
investment from oil-producing countries of the Persian
Gulf). The greatest success in this direction was
achieved by Great Britain: 22 Islamic banks with the
assets value of $19 billion (according to only six banks)
and 34 Islamic investment funds with the assets value of
$300 million are operating on its territory; and 43 sukuk
for a total amount of $24 billion were allocated on the
London Stock Exchange. The experience of Great
Britain shows that Islamic finance can be an attractive
market segment for the existing banking sector, where
from 22 Islamic banks 17 of them are Islamic windows
of local traditional banks and only 5 of them are full-
fledged Islamic banks founded by the investors from the
Persian Gulf countries [13].

Today, London is the world's largest market for
Islamic bonds. This is due to the global expansion of
Islamic finance; global leadership positions of Great
Britain in financial innovations, which has a strong
potential of legal, accounting and financial engineering;
excess liquidity in the Middle East; creation of regional
offices in the Middle East and Asia, market research,
improvement of the product line (Islamic windows);
creation of a single financial regulator — Financial
Services Authority, which replaced 11 regulatory bodies;
elimination of double taxation on Islamic mortgages and
expansion of tax benefits for Islamic mortgages to
companies as well as individuals; reform of bond
arrangements.

Federal Financial Supervisory Authority, the main
Agency that regulates the banking sector, has issued a
limited license to conduct banking activities of the
Kuveyt Turk Participation Bank. The controlling stake in
this bank belongs to Kuwait Finance House, one of the
largest Islamic banks in terms of assets value. Among
other shareholders — the Islamic Development Bank,

which has a 9% stake in the Kuveyt Turk Participation
Bank.

Kuveyt Turk has a branch in the city of the same
name, and the current issuance of the license, even if
limited, actually means an increase in the status and
powers of its German representative office.

It should be noted the so-called Islamic windows are
also common in Germany, a number of financial
institutions have them; in particular, Deutsche Bank,
Hypo Real Estate Bank, Commerzbank and insurance
companies such as Allianz and FWU AG, which
distribute such Islamic financial products as real estate
transactions, direct private investment, as well as
transactions with Islamic securities [14].

The first Islamic bank in the territory of CIS
countries was Islamic Bank Al Hilal, established in 2010
in Kazakhstan. This financial institution is a subsidiary
bank of Al Hilal Bank PJSC, which is one of the most
progressive and developed Islamic state-owned banks in
the United Arab Emirates.

Al Hilal Bank PJSC has a high credit rating from
Fitch Ratings and A2 from Moody's, which is an
indicator of financial stability and reliability of the bank.
In 2017, after seven years of successful work in the
corporate sector, the bank began to provide Islamic
banking products to individuals. Al Hilal Bank designed
to actively contribute to the development and prosperity
of the national economy by providing Islamic financial
services to corporate clients and population.

It should be noted that in March 2012, the
government of the Republic of Kazakhstan approved the
Roadmap for the development of Islamic finance until
2020 in order to further implementation of financial and
banking services on the principles of Islam [22].
According to this document, the work on the integration
of Islamic banking in the country should be carried out
in the following areas:

1) improvement of legislation, in particular,
development of additional recommendations for
improvement of legislation on Islamic finance with the
assistance of domestic and international consultants,
consideration of the feasibility and necessity of
establishing a separate legal framework for the
functioning of Islamic non-banking and microfinance
institutions (investment funds, leasing and mortgage
companies), as well as companies with the status of
Islamic professional participants in the securities market;

2) awareness-raising activities, in particular, the
preparation and implementation of the media plan,
consideration of the possibility of creating a special
Internet portal dedicated to Islamic finance;

3) development of Islamic financial infrastructure, in
particular, consideration of the possibility of establishing
a Central Council for Islamic finance and establishing a
regional Islamic financial center in Almaty city;

4) development of international cooperation, in
particular,  establishment of cooperation  with
international organizations including General Council of
Islamic Banks and Financial Institutions, Accounting
and Auditing Organization for Islamic Financial
Institutions, International Islamic Financial Market,
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International Islamic Rating Agency, Islamic Financial
Services Board, Islamic Solidarity Fund for
Development, Islamic Liquidity Management Centre;

5) development of the public sector, in particular,
consideration of the establishment of the Committee for
Development of Islamic Finance under the National
Bank of the Republic of Kazakhstan, implementation of
the special intergovernmental program (twinning) for the
study and experience exchange with the countries that
have successfully implemented and develop the system
of Islamic finance (Malaysia, Bahrain, UAE, Great
Britain, USA, Luxembourg);

6) development of the Islamic financial services
market, in particular, facilitating establishment of several
Islamic banks and introduction of Islamic insurance;

7) scientific and educational work, in particular, the
study of the methodology and experience of the Islamic
financial industry and establishment of an educational
and analytical center for the study of Islamic finance on
the basis of Kazakh higher educational establishments,
holding round tables with the involvement of scientists
and practitioners;

8) cooperation  with investors, in particular,
conducting targeted negotiations and meetings with
banks, funds, companies of the countries of South-East
Asia and the Middle East in order to attract investments
to Kazakhstan (financing of the investment project,
conclusion of agreements), considering the possibility of
carrying out organizational measures on the territory of
the Republic of Kazakhstan (including Kazakhstan
Islamic Financial Conference).

Almost all relevant ministries (Ministry of Foreign
Affairs, Ministry of Industry and New Technologies,
Ministry of Finance, Ministry of Economic Development
and Trade, Ministry of Justice, Ministry of Education
and Science, etc.), National Bank, National Economic
Chamber, Association of Financiers of the Republic of
Kazakhstan and a number of other institutions are
involved in the implementation of the Roadmap for the
development of Islamic finance until 2020.

Islamic banking is also being actively developed in
the territory of Uzbekistan. In particular, in May 2018,
the draft resolution of the President of Uzbekistan “On
measures to establish the infrastructure of Islamic
banking and finance in the Republic of Uzbekistan” [23]
was published on the portal for the discussion of draft
regulatory legal acts. In order to create alternative
financing opportunities and meet the growing needs of
the population and entrepreneurs, to expand the range of
banking and financial services offered, to mobilize
financial resources from the domestic and foreign
markets on the basis of Islamic banking and finance
principles, it was proposed, in particular, to form a
Commission on the development and implementation of
Islamic banking and finance principles. The working
body of this Commission is the initiative group, which
was established by the Ministry of Finance from among
experts and specialists in the field of Islamic finance.
The Commission will carry out activities to establish the
necessary financial infrastructure in Uzbekistan, develop
and submit regulatory legal acts on the implementation

of Islamic banking and finance principles for approval
by the law. The Commission is also responsible for
coordinating the activities of ministries, agencies and
other interested organizations in order to facilitate the
prompt consideration, agreement and approval of draft
relevant regulatory legal acts. In addition, the
Commission will take measures to widely publicize the
advantages and opportunities of using banking and
financial services based on the principles of Islamic
banking and finance among the population and business
entities, as well as to explain their main differences from
traditional banking services. On the completion of the
working draft, the Commission is entitled to submit a
draft decision of the President of the Republic of
Uzbekistan on the establishment of the Islamic
Development Bank of Uzbekistan in accordance with the
established legislation.

It should be noted that in September 2018, the
Islamic Development Bank (IDB) and Uzbekistan signed
a partnership strategy for 2018 — 2021, which provides
allocation of $1.3 billion to the Central Asian country. In
general, since 2003, in which Uzbekistan became a
member of the IDB, the Bank has allocated $1.9 billion
for the implementation of various projects in the country
[24].

4 Conclusion

Consequently, Islamic banks entered the financial
markets and managed to occupy a niche in the global
investment process. Islamic finance is based on the
principles of trust, respect, risk sharing, compliance with
the commitments and fair distribution of profit. This
ensures the interest of Islamic banks in the final result of
their activities, unlike conventional banks, which focus
only on obtaining their own profit. An Islamic banking
model has a specific set of properties contributing to
formation of sustainable development of not only the
banking market but also the financial market as a whole.
Features of Islamic banking institutions activities
become their advantages in comparison with traditional
banking institutions. That is why Islamic banks have
become active participants in the global financial market,
despite the specific nature of their operations and
difficulties of their adaptation to international practice.
Islamic banking has spread not only in the developed
countries of Western Europe, but also in Central Asia.
The study of the process of Islamic banks activities in
the financial markets of such countries as Great Britain,
Germany, Kazakhstan and Uzbekistan allows us to
identify two forms of their functioning: establishment of
Islamic windows by banking institutions of these
countries and direct entry of banks that originate from
Islamic countries. The experience of the above-
mentioned countries regarding the integration of Islamic
banking into the national financial sector has shown, first
of all, the need to develop an appropriate regulatory
framework, to form an appropriate infrastructure, to
conduct awareness-raising activities, to strengthen
international cooperation with investor countries. The
practical use of characteristics of the Islamic banking
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model is a promising direction in addressing the
challenges of innovative banking products and services
generation and modern banking modernization.
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