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INTRODUCTION

The concept of “Artificial Intelligence”(Al) arises in the middle of the last century.
Founder of the theory of Al is mathematician Alan Turing. During the 1950, he created
the well-known test- Imitation game. By means of this test it is identify the intelligence
of the machine. Until the 1955, there was no single term to cover neural networks and
natural language. For the creator of the term of the Al it is considered John Makkarty
from college of Dortmund, USA. At the conference held in 1956 under his leadership, Al

its development and potential areas for research were discussed.

In subsequent years, the trend in Al development has not been consistently
upward. In 70 years stagnation occurs in his development. It is a consequence of
unjustified expectations and interrupted research funding. Then the Al theme returns in
the form of “expert system”. These programs answered questions and solve problems in
different fields. In the late 80’s and early 90’s it experienced a new stagnation. Research
funding has almost sopped again. In the following years, a number of events occur that

show the importance of Al and change the trend in its development.

In banking, artificial intelligence plays an important role. It is used for customer
service, fraud protection and last but not least for data analysis, investment decisions and
risk management. In this way, managing credit institutions try to find the best solution
and extract higher profits.

More and more banks are using chatbots and digital bankers. The clients of the

bank using their services receive the needed analysis and decision for investment.

Data sharing creates prerequisites for the development of business models, based

and analyzing datasets and thereby stimulating the development of the digital economy.

In practice, various terms are used for Artificial Intelligence. Among them are
‘smart’, ‘intelligent’, ‘predictive’ and ‘cognitive’. Al software has a wide variety of

applications in a number of fields.
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INTELLIGENT METHODS FOR ANALYSING BANKING PROCESSES 5

Nowadays, it is also used to analyze data and make decisions as a result of
processing large databases that are complex and difficult for humans. Thus, it is part of
management process, for example in the field of finance. Through artificial intelligence,
data is processed, processes are analyzed, risk is assessed and intelligent solutions are

proposed.

The results of the McKinsey Institute’s latest global study on Al show that its use
continues to grow and that the benefits remain significant, especially in the years of the
COVID-19 pandemic. As business use of Al becomes more widespread, the tools and

best practices for getting the most out of it also become more sophisticated.

McKinsey Institute researchers looked at the practices of companies seeing the
greatest increase in profits from the use of artificial intelligence and found that they not
only followed more of both basic and advance practices, including machine learning
operations, which are in the foundation of success, but also spend more effectively on Al
and cloud technologies. In addition, they are more likely than other organizations to
engage in a range of activities to mitigate Al risk- an area that continues to be a
shortcoming for many companies’ Al efforts. Survey respondents claim that 27% of their
earnings before interest and taxes(EBIT) is attributable to Al, increasing by 22% in one

year.

Along with the development and increasingly widespread use of artificial
intelligence, there is also talk about the potential risk of its use. At the European level, the

European Commission has published a number of documents and strategies regarding Al.

The commission also published an official definition of Al in 2018. “ Artificial
Intelligence” refers to systems that display intelligent behavior by analyzing their
environment and with a certain degree of autonomy, take actions to achieve specific
goals. In practice , we use Al on a daily basis, for example to block someone from

accessing our email box or to chat with digital assistants.

Abstracts of Dissertations 2023 (2) 4-41



6 Slaviiana Danailova-Veleva

Increased computing power, availability of data, and advances in algorithms have

made Al one of the most important technologies of the 21% century.

In 2020 EC published the so-called “White Paper on artificial intelligence — a
European approach to excellence and trust”. Recognizing the great importance of artificial
intelligence for the development of various areas of our lives, the Commission expresses
concern regarding some potential risks such as non-transparent decision making, based on

gender or other types of discrimination, interference with our private lives.

In their activities, banks use internal model to calculate the minimum capital
requirements for credit risk, for market risk and for operational risk. These are statistical

models which bank can use to determine how much capital they need.

The more risks a bank takes the more capital it has to maintain. EU banks rules
require them to maintain sufficient capital to cover unexpected losses caused by the risks
in their portfolios. This is the capital adequacy requirement. When measuring these risks

to determine whether it meets the capital adequacy requirement, the bank may use either:
> Standardized approach defined be regulatory authorities or

> Own internal models that must meet specific conditions — also determined

by regulatory authorities.

The use of such models is subject to approval by the central bank or the ECB.
After an in-depth assessment of the internal models of the credit institution, models for

assessing risks and merging minimum capital requirements can be developed.
Typical activities with current monitoring of the models include:

> An assessment of the extent to which the institution complies with the
supervisory measures laid down by ECB decision as well as whether it complies with the
implementation plans and any other supervision and measures imposed on it relating to

the model;

Abstracts of Dissertations 2023 (2) 4-41
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> Analysis of the validation results of the bank’s internal credit risk and
operational risk models, as well as the results of back tests and dynamic series for internal

models for market risk;

> Assessment of the result of the EBA’s annual benchmarking of internal

models for market risk and credit risk;
> Evaluation of non-material changes and excavation of the scope of models.

In addition to internal models for regulatory purposes, bank also use other
sophisticated methods to evaluate their activities, to assess their effectiveness and

customer satisfaction.

Financial statement of credit institutions are also subject to analysis by external
users. Their purpose may be related to future interaction, for the purpose of investment, or

for the purpose of proving some thesis or evaluating a developed model or analysis.

In the current dissertation, financial reports and data of credit institutions from the
European Union are analyzed by using the well-known of specialist the InterCriteria

Analysis.

Current dissertation aims to develop, with the support of modern tools and
intelligent systems, highly efficient intelligent methods to analyzed the processes in

banking. To achieve this goal, the following tasks are formulated:

1. To carry out a critical analysis of the possibility of applying multi-criteria
decision-making approach — Inter Criteria Analysis in the analysis of the processes in the

banking;

2. To apply intelligent techniques for analyzing the mechanism of work of

financial institution in the EU, according to which the banking system functions;

3. To conduct an analysis of the activities of the participants in the financial

system in EU member countries;
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8 Slaviiana Danailova-Veleva

4. To conduct an analysis of the financial indicators of member countries of
EU;

5. To carry out a comparative analysis of the financial indicators of banks in

EU member states;

6. To propose intelligent techniques for the analysis of knowledge bases and

their application in practice.

The achieved results of the analogue of the conducted research are presented in a refereed
scientific publication from the series Lecture Notes in Networks and Systems at Springer.
International Publishing and in the proceedings of several international conferences, such
as 10-th International Conference on Intelligent System IS 20, International Symposium
on Bioinformatics and Biomedicine, BiolnfoMed 20, International Conference
Automatics and Informatics-ICAI21, 11-th International Conference on Intelligent
System-1S22 and International Workshop on Intuitionistic Fuzzy Sets and Generalized
Nets-IWIFSGN22.

The dissertation is structured in an introduction, three chapters and a conclusion,
and is accompanied by a declaration of originality, of the obtained results and a

bibliography.

Original results related to research in the field of intelligent system have been

achieved, using analytical and experimental models.

The PhD thesis was developed with the support of project No. KII-06-H22/1.
“Theoretical studies and applications of the InterCriteria Analysis” and within the
framework of No. DO01-65/19.03.2021, National Scientific Program Intelligently

Grown Government.
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CHAPTER 1

AN OVERVIEW OF THE INTELLIGENT METHODS FOR AN
ANALYSIS OF COMPLEX PROCESSES

Artificial intelligence emerged as a scientific field in the first decade after the
World War II. The term “Artificial Intelligence” itself appeared later. At the historic
summer seminar in Dortmounth (USA) in 1956, organized by John McCarthy(author of
the LISP programming language), the term was adopted for the first. Among those
present at the seminar were nine other presenters specialists in the field, including Marvin
Minsky( who made huge contributions to neural networks, frame structures and
knowledge representation theory), Claude Shannon (author of information theory), Allen
Newell and Herbert Simon (creators of the first computer program capable of proving
theorems, called Logic —Theoretic), Arthur Samuel (wrote the first self-learning machine

programs).
1.1. Computational intelligence

In the last two decades there appeared gradually a new scientific field, which was
termed “Computational intelligence”, one of the most popular definitions of

computational intelligence in the respective academia is of the following type:

“Computational intelligence is a methodology, including calculations, showing
possibilities for training and/or for coping with a new situation, so that the system is
comprehended as having one or more attributes of judgements, such as summary,

opening, association and abstraction®.
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1.2. Basic approaches in computational intelligence

The scientific approaches, using in computational intelligence are equally
accessible for Al, but the directions and goals in their development are different. Most of

them have their roots in classical Al, but someone are independent scientific disciplines.
The basic approaches in computational intelligence are as follow:
1. Fuzzy systems;
2. Acrtificial neural networks;

3. Support Vector Machines;

4, The evolutionary calculus;
5. Swarm Intelligence;
6. Intelligent agents

1.3. Intelligent systems

“Intelligent systems” is a term, having a wide scope and not accepted in a
straightforward fashion. The magazine “Intelligent Systems” of the biggest professional
organisation globally - Institute of Electrical and Electronics Engineers - IEEE is focused
mainly on informatics, while in the numerous international scientific forums devoted to
the intelligent systems, there is much wider understanding in the direction of
interdisciplinary and multidisciplinary approach. There is special emphasis on the term
“intelligent”, whose content corresponds to a great extent, in terms of sense and scope, to

the terms and techniques, considered above.
1.4. Intuitionistic Fuzzy Sets

Lotfi Aliasker Zadeh defined the theory of the Fuzzy Sets (FS) in 1965 as a
mathematical apparatus for an adequate description of the inaccuracy and uncertainty in
nature. A proof of the increasing interest in these were the developments, defined

subsequently: L-FS (L-Fuzzy Sets) of Goguen, FS with interval values (Interval Valued
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Fuzzy Sets) of Gorzalczany, rough sets of Pawlak and intuitionistic fuzzy sets (IBS) of

Kr. Atanassov.
1.4.1. Definition of IFS

A represents an intuitionistic fuzzy set (IFS), the description of which has the

following form:

A={(% pua(X)va(X))/xeE },

where E is a fixed set, function u, : E —[0,1] sets the corresponding degree belonging to
the function v,:E —[01] - the corresponding of membership of the element X€E

multitude 4  E and for every x € E it is fulfilled:
OSIUA(X)‘FVA(X)S]..

Function 7z, is described by a mathematical expression:

7p(X) =1 p1p(X)=va(x),

Which sets the degree of uncertainty of the element’s belonging x € E to a multitude A.

Obviously FS is a private case of IFS when 7,(x)=0 for everyxeE .

1.4.2. Operations and relations for IFS

The operations and relations defined for IS are a generalization of the operations

and relation for fuzzy sets.
1.4.4. Operators over IFS

In the theory of IFS, the operators “necessary” (1) and “possible” ([1), are defined,
which convert IFS into FS.

1.5. Indexed matrices
In practice, so-called multi-criteria decision-making tasks are rise. Heterogeneous

and diverse can be both the criteria and the available data obtained by measuring or

Abstracts of Dissertations 2023 (2) 4-41
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foaming the objects against the criteria. Some times measuring or evaluating some of the
criteria can be slow, expensive , resource intensive etc. In such cases, for decision maker
it would be of significant benefit to be able to ignore all or part of these unfavorable

criteria in future decision-making without significant loss of accuracy.
1.6. Method of InterCriteria Analysis

The method of InterCriteria Analysis was introduced in. It is based on two
mathematical formalisms — the apparatus of the index matrices for the processing of data
batches with various sizes, and intuitionistic fuzzy sets as a mathematical instrument for

the treatment of uncertainty.

Let M be an index matrix, built up in the following way:

" o .. O .. O .. O
C; |ac0 - &0 - 80 - 4o,
Ci |ac o ~ a0 - 8,0 - dcp,
C; ac,o, - acjo, - 4,0 - &0,
Cn ac o - 8mo, - amo, - &acmo, (12)

where for each p, g (1 <p<m, 1 <q < n): C, is criterion; O is object; acyoq is the

evaluation of the g-th object against the p-th criterion.

In detail, according to the table presented below the relations between the criteria
are termed ‘“strong positive consonance”, ‘“positive consonance”, “weak positive
consonance”, “weak dissonance”, “dissonance”, “strong dissonance”, “weak negative

consonance”, “negative consonance” or “strongly negative consonance”.
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Table 1.1. Relation between the criteria

Degree of relation Type of consonance
[0; 0,05] Strongly negative consonance (SNC)
[0,05; 0,15) Negative consonance (NC)
[0,15; 0,25) Weak negative consonance (WNC)
[0,25; 0,33) Weak dissonance (WD)
[0,33; 0,43) Dissonance (D)
[0,43; 0,57) Strong dissonance (SD)
[0,57; 0,67) Dissonance (D)
[0,67; 0,75) Weak dissonance (WD)
[0,75; 0,85) Weak positive consonance (WPC)
[0,85; 0,95) Positive consonance (PC)
[0,95; 1] Strongly positive consonance (SPC)

Abstracts of Dissertations 2023 (2) 4-41



14 Slaviiana Danailova-Veleva

CHAPTER 2

ANALISING OF PROCESSES IN BANKING

The search and development of new, intelligent methods for analyzing banking
processes is an actual scientific problem. Its relevance is determined by the changed
economic environment, by the need for rapid development and digitization of banking
services and above all, by accurate analyzes of the processes in credit institutions, the risk
to which they are exposed and the interpretation of data and evaluation of their

management.
2.1. Emergence of banks

Banks originated in ancient times, in the first city-state. One of the first banking
system was in Babylon, which arose about 2000 years ago. Ancient Babylon temples

accumulated money from donations and began to provide loans to entrepreneurs.

The historical development of banks goes though different stages depending on the
development of countries and their economies. Banks have always been helpful to the
population and provided the requested services. By attracting a resource, they make it

available to those seeking funding.
2.2. History of banking in Bulgaria

The establishment of banks and the development of banking in Bulgaria is
conditioned by its historical development. Before the Liberation of Bulgaria, there were
no Bulgarian banks. Before that, our country was part of Turkish Empire for a long time.
Established in 1857 Ottoman Bank had offices in Bulgaria, but cannot be considered as

the first Bulgarian bank.

In 1859, an attempt was made in Bulgaria to create banks, in the form of mutual

funds. After the Liberation, they functioned as agrarian funds, supporting rural fermers
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and thus marked the beginning of banking in Bulgaria. The first Bulgarian bank was the
Bulgarian National Bank (BNB) established in 1879. Initially, it did not have the right to
mint coins, print and put money into circulation. Later, with a change in its charter in
1885, it already has this right and issues the first Bulgarian banknotes. BNB plays an
important role in the economic life of the country. It has been the central bank of Bulgaria
since 2007 after the acceptance of Bulgaria as a part of the European Union BNB

becomes part of the system of European Central Banks (ECB).
2.3. New technologies and the development of banking in the world

On Fig 2.1 the most important points in the field of finance are presented.

Origin Emergence of computer Wider use of online  Mobile banking
-the first ATM banking banking

P 4 '

’

- Introduction of home Age of Age of internet; ablet computers,
computer computers mobiles smartphones
- Intermnet

Fig 2.1. The history of digital technology

Electronic banking began with the advent of ATMs and cards issued in the 1960s.

Through them users can receive cash, make deposits, pay utility bills and ets.

The most important event in the development of bank in the 20" century is the
appearance of on-line banking which in its earliest form is from the 80s. The biggest

boost in his early days is the appearance on the internet in the mid-90s.
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2.4. Analysis of business financing processes in Europe

Each country’s economy is financed differently from different sources. Banks are

the main source of financing for companies.
2.5. Analysis of bank regulation in Europe

Bank and more specifically their activity is one of the most regulated in the world.
In Europe, the countries that are part of the European Union, the activity of their banks is
controlled by the supervisory institution of the given country and by the European Central
Bank(ECB). This represents the so-called Single Supervisory Mechanism. The ECB is an
independent institution of the European Council. Its role consists in the following
establishment of a unified ongoing supervision of credit institution, monitoring and ensure
the application and compliance, with uniform harmonized rules and taking when
necessary corrective action. To achieve these goals, the ECB works in close cooperation

with national supervisory authorities.
2.6. Requirements for accountability of banks in Europe

As of 28.06.2021, the requirements for reporting by credit institutions are regulated
in the Implementation Regulation 2021/451, which replaces the Implementation
Regulation 680/2014. The Implementation Regulation 2021/451 establishes uniform
reporting formats and templates guidelines and methodology for the use of these samples,

frequency and dates of reporting, definitions and information technologies for reporting.

The periodicity and reports is also indicated in the regulations. Based on the
reports received, on a quarterly basis the ECB publishes aggregated information on the

monitored credit institutions. This represents the Supervisory Banking Statistics, Fig. 2.3.
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Fig. 2.3. Supervisory Banking Statistic

The information in this report is presented entirely in tabular form. It is divided
into six main areas — General Statistics, Balance Sheet Composition and Profitability,

Capital Adequacy and Leverage, Asset Quality, Funding and Liquidity.

The total number of tables in the various reports varies from 59 to 62. The
information in tables is generally divided by reporting period, by country and by
classification. It is at the highest consolidated level. Some country for reasons of
confidentiality do not give permissions for certain data to be published. Bulgaria, for
example, participates with one significant bank whose data is not published in the

Supervisory Banking Statistic.

Because of this reason in our research we chose and analyzed the information
about banks in eight European country for which complete information is available. These

are Germany, Spain, France, Italy, Luxembourg, Netherlands, Austria and Portugal. From

Abstracts of Dissertations 2023 (2) 4-41
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the tables in Supervisory Banking Statistic we chose to analyze data of Profit and losses

by country, Key performance indicators by country and NPL’s and advances by country.

Profit and loss figures by country for Q4 2020 is 13 and for Q4 2021 is 15. The
differences are due to a changed, to more detailed reporting of gains and losses from

financial assets and liabilities.
2.7. Analysis of competitiveness of the world’s economies

Other data that we analyzed are the data published in the year’s competitiveness
reports. The Global Competitiveness report of the World Economic Forum, Switzerland.
These were the last years in which such a report has been published. For 2020 there is

report, but it is not in the same format.

The Global Competitiveness report measures the competitiveness of countries and
their economies. For the purpose of analysis, we settled on this reports. We used the data
for 2018 and 20109.

Fig. 2.4. The Global Competitiveness report
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In 2018, the World Economic Forum presents The Global Competitiveness index
in its report. In the wake of globalization and the fourth industrial revolution, the forum’s
researches decided that a new economic compass was needed. Based on their 40 years of
experience in analyzing competitiveness and accumulated data, they create this index,
which they publish in The Global Competitiveness report. The information in the report is
organized and divided into four main areas in which 12 Pillars are distributed and in each
of them there are several indicators. These are Enabling Environment with Pillars — 1.
Institutions; 2. Infrastructure; 3. Internet, computers and communications; 4.
Macroeconomic stability. Human capital with Pillars — 5. Health and 6. Skills. Market
with Pillars — 7. Product market, 8. Labor and 9. Financial system. 10 Market size.

Innovative ecosystem with Pillars 11. Business dynamic and 12. Innovative ability.
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CHAPTER 3

EXPERIMENTAL RESULTS OF THE APPLICATION OF
INTELLIGENT METHODS FOR ANALYSING OF BANKING
PROCESSES

This chapter of the dissertation presents the results of the analysis. The method-
InterCriteria Analysis was used , which was originally developed to reflect the situations
where some of the criteria have a higher cost than others, such as their evaluations are

more difficult to obtain, more expensive and/or take longer.
3.1. Analysis of the financial system of EU member states

In publication[1] parameters of the parties are analyzed in detail using the multi-
criteria making methods — InterCriteria Analysis. Data from 2019 Annual Report on the

Competitiveness of Countries were used as the source data.

The analyzed data from the report measuring competitiveness are from Pillar 9 —
Financial system with indicators — 1. Domestic credits to private sector as a % GDP; 2-
Financing of small and medium -sized business; 3. Venture capital availability; 4.
Market capitalization as a % of GDP; 5. Insurance premiums as volume of GDP; 6.
Stability of the banks; 7. Non-performing loans as % of total loans; 8. Credit GAP in %;

9. Regulatory requirements for capital ratio as % of total risk —~weighted assets.

The aim is to show the relationship between these economic indicators by applying
a multi-criteria methods for taking decisions — InterCriteria Analysis. Those selected by
the authors of the report are the result of data processing of various institutions and a

digital evaluation of a conducted survey.

A detailed description of the indicators and Pillar 9 on the report is provided in

Chapter 2 of this dissertation.
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Economy Profiies
Bulgaria 51st/140
Index Component Value Score*  Rank/140 Best Performer
' Pillar 7: Product market 0-100 est 56.7 ¢+ 62 Singapore
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703 Competition in services 1-7 esy 52 695 ¢ 50 Hong Kong SAR
704 Prevalence of non-tarf bamiers 1.7 besy 42 536 ¢ 89 Singapore
705 Trade tanfls ~ ouwy 113 924 4 24 Hong Kong SAR
706 Complexity of tariffs 1.7 Rest) 30 3BT+ 12 Hong Kong SAR
707 Eficiency of the clearance process 1-5 es) 29 484 ¢ 43 Germany
708 Services trade 0penness 0-100 (woest) 155 845 = 17 Ecuador
< Pillar 8: Labour market o-100 best) . 620 + 50 United States
401 Redundancy costs weeks of salary 86 904 = 18 Multiple (8)
#02 Hiring and firing practices 1.7 besy 38 469 ¢ 69 Hong Kong SAR
&3 Cooperation in Labour-employer relations 1.7 best) 38 4634 18 Switzerland
204 Flexibiity of wage determination 1-7 (beet) 52 702 ¢ “ Hong Kong SAR
&05 Active Labour policies 1-7 (best) 34 4086 ¢ 65 Switzerand
208 Workers' nghts 0-100 (oest) 794 784 ¢ K] Muitiple (4)
207 Ease of hiring foreign abour 17 best) 38 4654 ¢ 100 Abania
808 Internal Labour mobiity 1-7 pest 47 613 ¢ 50 Guinea
&09 Refance on professional management 1-7 best) 35 214 12 Finland
810 Pay and productivity 17 (best) 37 456 ¢ 81 Unded States
& 11 Female participation in Labour force rao 088 84S ¢ 36 Multiple (4)
£12 Labour tax rate » 202 831 = % Muttiple (26)
£2 Pillar 9: Financial system 0100 pesy - 582 ¢ n United States
401 Domestic credit to private sector % GOP 559 589 ¢ 62 Multiple (29)
902 Financing of SMES 1.7 best) 37 453 ¢ 7 United States
902 Venture capital avallabiiity 1.7 test) 32 371 ¢ 50 Unded States
904 Market capitakzation % GOP 144 144 = 86 Muttiple (12)
905 Insurance premium * GOP 21 344 » 57 Muttiple (16)
906 Soundness of barks 1-7 (vesty 45 501 ¢ 88 Finlang
207 Non-performing i0ans % ken portolo vave 132 744 ¢ 114 Multiple (2)
903 Credit gap percertage ponts 170 1000 = 9 Muttiple (97)
909 Banks' reguiatory capital ratio rato 204 1000 = 2 Muttiple (72)
L Pillar 10: Market size 0100 st 546 ¢ 64 China

Fig. 3.1. Data for financial system in EU countries

The obtained results of the analysis are shown in Table 3.1 and Table 3.2.
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m 1 2 3 4 5 6

=
=)
D

1 1.000 | 0.569 | 0.560 | 0.689 | 0.655 | 0.520 | 0.462 | 0.406 ( 0.446

2 0.569 [ 1.00d | 0.855 | 0.680 | 0.597 | 0.766 [ 0132 ( 0.628 | 0.615

3 0.560 | 0.855 | L.000 | 0.680 | 0.600 | 0.717 | 0166 | 0.625 | 0.625

4 0.689 | 0.680 | 0.680 | 1.000 | 0.791 | 0.540 | 0.326 | 0.505 | 0.578

5 0.655 | 0.597 | 0.600 | 0.791 | 1.000 | 0.535 | 0.418 | 0.449 [ 0.465

L=y}

0.520 [ 0.766 | 0.717 | 0.640 | 0.535 | L.000 [ 0165 ( 0.680 | 0.597

0462 | 0,132 | 0.166 | 0.326 | 0.41% | 0.1692 ( 1.000 ( 0.298 | 0.280

=]

g 0.406 | 0.628 | 0.625 | 0.505 | 0.449 | 0.680 [ 0.298 [ 1.000 | 0.518

9 0.446 | 0.615 | 0.625 | 0.578 | 0.465 | 0.597 | 0.280 | 0.618 [ L.00H

Table 3.1. Values of u

v 1 2 3 4 5 B

=
[==]
9]

1 0.000 | 0.391 | 0.388 | 0.308 | 0.338 | 0.449 | 0.532 | 0.591 | 0.548

2 0.391 | 0,000 [ 0.065 [ 0.277 | 0.357 | 0.169 | 0.822 | 0.329 | 0.338

3 0.388 | 0.065 | 0.000 | 0.265 | 0.342 | 0.200 | 0.782 | 0.320 | 0.317

q 0.308 | 0.277 | 0.265 | 0.000 | 0.206 | 0.326 | 0.665 | 0.489 | 0.412

5 0.338 | 0.357 | 0.342 | 0.206 | 0.000 ( 0.428 | 0.569 | 0.542 | 0.523

B 0.44%9 | 0.169 | 0.200 ( 0.326 | 0.428 | 0.000 | 0.794 | 0.286 | 0.372

7 0.532 | 0.822 | 0.782 | 0.665 | 0.569 | 0.794 | 0.000 | 0.692 | 0.708

8 0.591 | 0.329 | 0.320 | 0.489 | 0.542 | 0.286 | 0.692 | 0.000 | 0.372

9 0.548 | 0.338 | 0.317 | 0.412 | 0.523 | 0.372 | 0.708 | 0.372 | 0.000

Table 3.2.Values of v

The results of the conducted inter-criteria analysis show the following: Indicators 1
("Local credits as % of GDP (Gross Domestic Product)™) and 6 ("Stability of banks™) are
in strong dissonance; Indicators 1 ("Local loans as % of GDP (Gross Domestic Product)™)

and 7 ("Non-performing loans as % of total loans") are in strong dissonance; Indicators 2
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("Financing of small and medium-sized businesses™) and 3 ("Capital requirement for
start-up businesses™) are in positive consonance; Indicators 2 ("Financing of small and
medium-sized businesses™) and 7 (“"Non-performing loans as % of total loans") are in
negative consonance; Indicators 3 (“Startup capital requirement”) and 4 ("Market
capitalization as % of GDP") are in slight dissonance; Indicators 3 (“Capital requirement
for start-up business™) and 7 ("Non-performing loans as % of total loans") are in weak
negative consonance; Indicators 4 (“Market capitalization as % of GDP") and 8 ("Credit
gap in %") are in strong dissonance; Indicators 5 ("Insurance premiums as a volume of
GDP") and 6 ("Stability of banks") are in strong dissonance; Indicators 6 ("Stability of
banks™) and 8 ("Credit gap in %") are in slight dissonance; Indicators 8 (“Credit Gap in

%") and 9 ("Regulatory Capital Ratio Requirement as %") are in dissonance.

The analysis shows a dependency between criterion 2 (“Financing of small and
medium-sized businesses') and criterion 3 (“Start-up capital requirement"). The main
reason for this is that the data is taken after a study that shows the ability of small or start-
up businesses to find money to finance their activities, their innovative ideas. There is a
weak dissonance between criterion 6 (“Stability of banks") and criterion 8 ("Credit gap in
%). The stability of the banks was assessed after a survey, i.e. it is a subjective
assessment. The credit gap is considered an early indicator of an impending banking
crisis. On the other hand, there is a weak correlation between criterion 6 ("Stability of the
bank™) and criterion 7 (“Non-performing loans as % of total loans"). This is due to the
importance of these criteria. If a bank is in good shape, its level of non-performing loans
Is very low. The results obtained show that criterion 1 ("Domestic loans as % of GDP
(Gross Domestic Product)™), criterion 7 ("Non-performing loans as % of total loans") and
criterion 8 ("Credit gap in %") are in dissonance , both among themselves and with
everyone else, i.e. they are independent criteria. Criterion 7 ("Non-performing loans as a
% of total loans") has a numerical expression and is the result of the financial condition of

the companies and their ability to service their obligations.
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3.2. Analysis of the activities of the participants in the financial system of the

EU member

In publication [3] of data from the 2019 Competitiveness Report of the World
Economic Forum was expected to publish such a report on next year, but that didn’t
happen. Using the InterCriteria Analysis, the dependencies between the indicators
analyzed by the 2019 report are again confirmed. The obtained results of the analysis are

presented in the following tables.

The analyzed data from the report measuring the competitiveness of countries in
the world for 2018 are from Pillar 9 — Financial system with indicators — 1. Domestic
credits to private sector as a % GDP; 2- Financing of small and medium —sized business;
3. Venture capital availability; 4. Market capitalization as a % of GDP; 5. Insurance
premiums as volume of GDP; 6. Stability of the banks; 7. Non-performing loans as % of
total loans; 8. Credit GAP in %; 9. Regulatory requirements for capital ratio as % of

total risk —weighted assets.

u 1 2 3 4 5 6 7 8 9
1| 05328 | 05584 | 0,7407 | 0,6952 0,51 | 0,4501| 0,3903 0,4103

0,5328 1| 08376 | 0,6667| 06182| 0,755| 0,1481| 0,5983 0,5698
0,5584 | 0,8376 1| 06809 | 0,6382| 0,7151| 0,1823| 0,5926 | 0,6011
0,7407 | 0,6667 | 0,6809 1| 0,7806 | 0,6125| 0,3618| 0,4758| 0,4986
0,6952 | 0,6182 | 0,6382| 0,7806 1| 05556 | 04217| 0,453 0,433

051| 0755| 07151 0,6125| 0,5556 1| 0,2795| 0,6895 0,5812

0,4501 | 0,481 | 0,1823 | 0,3618 | 0,4217 | 0,1795 1| 0,2934| 0,3333
0,3903 | 0,5983 | 0,5926 | 0,4758 | 0,453 | 0,6895 | 0,2934 1| 06125
0,4103 | 0,5698 | 0,6011| 0,4986 | 0,433| 0,5812| 0,3333| 0,6125 1

Table 3.3. Values of u
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The analysis of the data shows the existence of a dependency between criterion 1
("Domestic lending to the private sector by banks as a % of GDP") and criterion 4
("Market capitalization as a % of GDP"). Both indicators show the development of the
economy and this is the main reason for their connection. This analysis also shows a
dependency between Criterion 3 (Start-up Capital Requirement) and Criterion 2 (SME
Financing). It shows the ability of small or start-up businesses to find capital to finance
their business. Analyzing the rest of the results, it can be said that there is another
dependence between criterion 6 ("Stability of banks") and criterion 8 ("Credit gap in %).
In the analysis of the data, a weak dependence is noticed between criterion 6 ("Stability of
the bank™) and criterion 7 ("Non-performing loans as % of total loans"). Again, the
explanation is that this is due to the importance of these criteria. If a bank is stable, its

level of non-performing loans is very low or their amount is largely covered by assets.

v 1 2 3 4 5 6 7 8 9
1 0| 0,4131| 0,4046 | 0,2564 | 0,2906 | 0,4644 | 0,5385 0,604 0,5812
2 0,4131 0| 00769 | 0,2821| 0,3191| 0,1709 0,792 | 0,3476 0,3732
3 0,4046 | 0,0769 0| 0,2849| 0,3162 | 0,2279 | 0,7806 | 0,3704 0,359
4 0,2564 | 0,2821 | 0,2849 0 0,208 | 0,3647 | 0,6296 | 0,5214 0,4957
5 0,2906 | 0,3191 | 0,3162 0,208 0 0,416 | 0,5584 | 0,5328 0,5499
6 0,4644 | 0,1709 | 0,2279 | 0,3647 0,416 0| 0,7892 | 0,2849 0,3903
7 0,5385 0,792 | 0,7806 | 0,6296 | 0,5584 | 0,7892 0| 0,7009 0,6524
8 0,604 | 0,3476 | 0,3704 | 0,5214 | 0,5328 | 0,2849 | 0,7009 0 0,3789
9 0,5812 | 0,3732 0,359 | 0,4957 | 0,5499 | 0,3903 | 0,6524 | 0,3789 0

Table 3.4. Values of v
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The presented results also show a weak relationship between criterion 7 ("Non-
performing loans as % of total credit™) and criterion 8 ("Credit gap in %"). The main
reason for this is that the credit gap is an early indicator for predicting a financial crisis. A
high level of non-performing loans can be the cause of such a crisis. The conclusions
drawn from the analysis of the data from the 2018 and 2019 competitiveness reports show
that the strong and weak dependencies between the indicators are manifested in the same
way. Through the method of InterCriteria Analysis, their influence is confirmed in an
indisputable way, as a consequence of the economic importance of the indicators and the

expected relationship between them.
3.3. Analysis of financial indicators of EU member state for 2020

In a publication [4], data from the ECB report — Supervisory Banking Statistics for
2020 were analyzed using the already known InterCriteria Analysis. By means of which
an array of data is analyzed, interrelationships that may be invisible at first glance are

shown, scientifically substantiated points are confirmed.

The analysis was made for eight selected EU member countries — Germany, Spain,
France, Italy, Luxembourg, Netherlands, Austria and Portugal, for 2020 with the

following indicators:
Profit and loss figures by country:
1. Net interest income;
2. Net fee and commission income;
3. Net trading income;
4. Exchange differences, net;
5. Net other operating income;
6. Operating income;
7. Administrative expenses and depreciation;

8. Net income before impairment, provision and taxes;
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9. Impairment and provisions;
10. Other;

11. Profit and loss before tax;
12. Tax expenses or income;
13. Net profit/loss.

On Fig. 3.3. it is shown the data that using from the Supervisory Banking Statistics
-4Q 2020 for Profit and loss figures by country.

Key risk indicators by country

14.  ROA.
15. RoE.
16. COR.
17. CIR.

On Fig 3.4. there is data for key risk indicators that have been used from
Supervisory Banking Statistics 4Q2020.

Non-performing loans by country

18.  Loans and advances.
19.  Non-performing loans and advances.

20. NPL’s ration in %.

The economic nature of the indicators, data sources and reasons for selection are

detailed in Chapter 2 of this dissertation.
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T02.01.2 Profit and loss figures by country
(EUR millions; percentages)

Profit and loss ' *
Total
(Q4 2020)

Net rierest income 259.391.68 Cc 3167744 28.082.09
Net fee and commisson income 14031447 32!8 57 c 2101261 1% H 2.504,33 1206 45 20.685 09 51 251 % 20047.75
Net radng ncome 2218027 12695 Cc 301984 635 24161 5932 4587 49 1229242 938.07
Exchange diffecences, net 1,678.70 35028 c 10650 2862 4839 4208 220107 711.84 545.22
Net other operating income 27.,710.99 23385 Cc 3857 8858 103475 255387 B2 7545 548207
Operating Income 447978.69 10.348.09 Cc S9673.72 83369 9.379.07 938745 85.870.72 140.276.31 56.997.20
Administrative expenses and depreciation -295,788.51 6H 33457 [ o -45 656 BE 490 22 5501 53 3046 24 L5 199 62 100 191 51 41 654 56
Net income before impairment, provisions and taxes 152,190.18 400352 c 14.006.86 30847 287753 543821 4067100 40084 80 15.342.65
Irparmert and provisiors 118,222.83 1848 59 c 0.751 % v c £ 086 51 ST RE2 74 22621 72 48321 74
Other 17.719.64 31859 Cc 4839 c Cc 239251 230738 082025 298887
Profit and loss before tax ® 45,268.96 267382 c 333346 340 14 161412 1,245 18 -1 857 04 2812972 121824
Tax experes or income 21.754.74 52089 c 2026 32 40 18 148.01 507 43 «7,119.13 6 595 65 J44.09
Net profitioss 2 2 214383
Net iterest income Operatng income 57.90% 63 80% Cc 5308% 64.37% 59.17% 58.85% S867% 49.84% . 4$527%
Net fee and commsson income Operating ncome 31.32% 31.78% Cc 521% 21.73% 2670% 1287% 240976 I6.5¢% 3851%
Net! rading ncome'Operalng ncome 494% -1.25% c 506% 071% 258% 0.63% 8.76% - 1.65%
E— I e T I B S e
atva thuarss Lo W ia NeThes Finlar
(Q4 2020)

Net réerest income Cc 115684 s 2955947 10,161.27 313796 C 6,159.69
Net fee and commisson income Cc 1.557.24 0850 841985 456495 149111 Cc 3.180.05
Net trading ncome c 152.17 c 27218 1133 472 C 516.22
Exchange differences, net Cc 3868 C 149.53 111.08 184.51 C Cc
Net other cperaling incoms . C 27619 3L 154815 716 06 29192 [ Cc
Operating Income © C 3214 13 41830 37949.15 1544257 44464 Cc 10.501.60
Administrative axponses and depreciation C 2532 318 2308330 9 380 93 2 847 3% C 5 045 55
Net income before impairment, provisions and taxes C 631 90 10468 1486585 605264 1.799.58 C 4558.35
Irparmert and provsions c 190 1 ¢ 8765231 2870 %0 2 262 58 C 127397
Other Cc 809 Cc 280.14 17275 167.75 Cc Cc
Profit and loss before tax c 499 87 40 7% 6,350 68 33453 324 62 c c
Tax experses or income A7.71 C 56 35 114 80 409 2,291 81 JES 04 292 8¢ C C
Net profitioss 3 ’ 4,089.08 2558635 (

Net! inferest incomeOpersting income 70.28% Cc 36.09% 72.14% 77 89% 65 80% 70.56% C . 58 65%
Ne! fee and commassion income/Opersting ncome 2089% Cc 49.36% 22 35% 1692% 29.56% 3353% Cc . 30 28%
Net trading income/Operating income Cc c 473% C 072% 072% -1.68% Cc . 492%
Source: ECB

Nokes Sigeficant Daliusors af he highest ol of consoblaton for which common reporting (COREP| ans Mnancial reportng (FINREFP) ame avalabie

C Pe vile b soppressed o confoenially reasons

1) Proft and 'osa staterrant figuses may B Sesnd on difecent founcial yean. 70 Pamee comateccy, f B and of e Snancel yesr i net 31 Decambier. 8 losar progecion of B figures has Seen made by asch reperiing perod
2) Figuren reporind are yeario-<ale

3)This includies. among ofher toms, QNG o 103503 reculd g fom he valaaton of Anancal astetslatitos af fair walue, Who™ hoce nNantal seoets/ labites are NCt re20Med a3 ekl for tracing”

4) Operating imocme Def0 3ATINETIINVG CXDON3es NS J2DMCTION 3% doducied

5) Provisions Inchudo provisions K0 "commilmens and guarantees ghven” and “uther provisions”

5) Proft and oss before tax hom continued cperalions (e “net ncoms belore mpalment, provisons and loos” » “mrparment and proesions” = “othwe”) plus poofl and oss before S from Sscontiound operaions.

7) There sen no signficant ol hisors o the hgteal el of comoidmion n Crosfie and Slovelis

Fig. 3.3. Supervisory Banking Statistics for 4Q2020
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T02.02.2 Key performance indicators by country

(percentages)
Country "
(Q4 2020)
Beigium
Bulgaria

549% 0.37% 61.31% 061%
C C C C
Germany 0.57% 0.03% 76.53% 0.43%
Estonia 6.75% 0.82% 55 16% 0.30%
Ireland -2.92% -0.20% 69 32% 1.52%
Greece 6.81% 0.62% 4207% 0.76%
Spain 4.15% 0.26% 52.64% 1.22%
France z 4.23% 0.26% 71.42% 0.53%
Croatia *' - - - -
Italy 0.26% 0.02% 73.08% 0.73%
Cyprus 3.26% D27% 66.80% 2.54%
Latvia c c c Cc
Lithuania 10.60% 0.86% 44 68% 0.25%
Luxembourg 2.88% 0.21% 78.78% 0.16%
Maita -2.52% 0.20% 7497% 1.26%
Netherlands 3.20% 0.18% 60.83% 0.49%
Austria 509% 0.43% 6081% 0.74%
Portugal 3.20% -0.28% 59.53% 1.24%
Slovenia C Cc (o Cc
Slovakia * . - - .
Finland 5.84% 041% 56.61% 0.32%
Souwrce: ECB

Notes: Significant nstitutions at the highost level of consoldation for which common reporting (COREP) and Ninancial
reporting (FINREP) are avaidabdle

C: the value is suppressed for confidentiality reasons.

1) RoE and RoA are computed by dividing "net proftioss” by, respectively, “equity” and "lotal assots” at the end of the
corresponding reference perod. The values of “net profitioss”, caginatly year-lo-date, ae annualised to increase the
comparabllity of the ratios across quarters.

2) Retums figures may be based on different financial years. To increase consistency. ¥ the end of the financial year is not
31 December, a inear projection of the figures has been made for each reporting pesod

3) Thete are no significant nstitutions at the hig level of consol In Croatia and Siovakia

4) As set out in the kst of definitions of ITS data points, the numerator of the cost of risk indicator is adjustments n
allowances for estimated lcan losses during the relovant period (annualised). Those adjustments may Do negative In certain
circumstances

Fig. 3.4. Key risk indicators by country for 2020
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T04.02.2 Asset quality: non-performing loans and advances by country
(EUR billions; percentages)

Count

Belgium 450. 72 7. 89 1. 75%
Bulgaria

Germany 2,792434 33.43 1.20%
Estonia 33.49 040 1.19%
Ireland 369.86 1243 3.36%
Greece 210.16 53.68 25.54%
Spain 2,381.57 69.67 2.93%
France 5,440.22 119.26 2.19%
Croatia " - . L
Italy 1,872.10 77.34 4.13%
Cyprus 32.07 327 10.21%
Latvia C Cc C
Lithuania 25.32 0.32 1.25%
Luxembourg 147.77 1.16 0.78%
Malta 16.54 0.57 3.46%
Netherlands 1,948.22 36.94 1.90%
Austria 475.40 9.99 2.10%
Portugal 148.46 8.13 5.48%
Slovenia C C C
Slovakia " - - -
Finland 505.29 7.66 1.51%
Total 16,890.71 443.54 2.63%
Source: ECB.

Notes: Significant institutions at the highest level of consolidation for which common reporting (COREP) and financial reporting (FINREP) are available.

C: the value iz cupproceed for confidentiality reacons.

1) There are no significant institutions at the highesl level of consolidation in Croatia and Slovakia.

2) Loans and advances in the asset quality tables are displayed at gross carrying amount. In line with FINREP: i) held for trading exposures are excluded, i)
cash balances al central banks and other demand deposits are included.

Fig. 3.5. Assets quality for 2020

This is one of the asset quality tables data on loans, by country used for the study,
from the Supervisory Banking Statistics, 4Q of 2020. The obtained results after
processing, applying the InterCriteria Analysis method are in front of the following Table
3.5. and Table 3.6.
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mn 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1| 0,8214 | 0,8929 | 0,3214 | 0,8214 | 0,9643 | 0,0714 | 0,8571 | 0,1071 | 0,7857 | 0,6429 | 0,1071 | 0,6429 0,5 0,5 | 04643 | 0,464 | 0,964 | 0,8571 0,5
2 | 0,8214 1| 08571 | 0,4286 1| 08571 | 0,1071 | 0,8214 | 0,1429 | 0,8214 | 0,6786 | 0,2857 | 0,6786 | 0,536 | 0,5357 | 0,5714 | 0,429 | 0,857 | 0,8929 | 0,536
3| 0,8929 | 0,8571 1| 03571 | 0,8571 | 0,9286 | 0,1071 | 0,8214 | 0,1429 0,75 | 0,6071 | 0,2143 | 0,6071 | 0,464 | 0,4643 | 0,5714 | 0,429 | 0,857 | 0,8214 | 0,464
4| 03214 | 04286 | 0,3571 1| 04286 | 0,3571 | 0,6071 | 0,3929 | 0,6429 | 0,4643 | 0,4643 | 0,7143 | 0,4643 | 0,393 | 0,3214 | 0,5714 0,5 | 0,357 | 0,4643 | 0,536
5 | 0,8214 1| 08571 | 0,4286 1| 08571 | 0,071 | 0,8214 | 0,1429 | 0,8214 | 0,6786 | 0,2857 | 0,6786 | 0,536 | 0,5357 | 0,5714 | 0,429 | 0,857 | 0,8929 | 0,536
6 | 0,9643 | 0,8571 | 0,9286 | 0,3571 | 0,8571 1 [ 00357 | 0,8929 | 0,0714 | 0,8214 | 0,6071 | 0,1429 | 0,6071 | 0,464 | 0,4643 0,5 0,5 | 0,929 | 0,8929 | 0,536
7 | 0,0714 | 0,1071 | 0,1071 | 0,6071 | 0,1071 | 0,0357 1| 01429 | 0,8929 | 0,2143 | 0,3571 | 0,8214 | 0,3571 0,5 0,5 | 0,4643 | 0,536 | 0,036 | 0,1429 0,5
8 | 0,8571 | 0,8214 | 0,8214 | 0,3929 | 0,8214 | 0,8929 | 0,1429 1 | 0,0357 | 0,8571 | 055714 | 0,071 | 0,5714 | 0,429 | 0,4286 | 0,3929 | 0,607 | 0,821 | 0,9286 | 0,643
9 | 0,071 | 0,1429 | 0,1429 | 0,6429 | 0,1429 | 0,0714 | 0,8929 | 0,0357 1| 0,786 | 0,4643 | 0,8571 | 0,4643 | 0,607 | 0,6071 | 055714 | 0,429 | 0,143 | 0,1071 | 0,393

10 | 0,7857 | 0,8214 0,75 | 0,4643 | 0,8214 | 0,8214 | 0,2143 | 0,8571 | 0,1786 1| 0,6429 0,25 | 0,6429 0,5 0,5 | 0,3929 | 0,607 | 0,75 | 0,9286 | 0,714

11 | 0,6429 | 0,6786 | 0,6071 | 0,4643 | 0,6786 | 0,6071 | 0,3571 | 0,5714 | 0,4643 | 0,6429 1| 03214 1| 0857 | 0,7857 | 0,6071 | 0,393 | 0,679 | 0,6429 | 0,429

12 | 0,071 | 0,2857 | 0,2143 | 0,7143 | 0,2857 | 0,1429 | 0,8214 | 0,1071 | 0,8571 0,25 | 0,3214 1| 03214 | 0,464 | 0,4643 | 0,6429 | 0,429 | 0,143 | 0,1786 | 0,464

13 | 0,6429 | 0,6786 | 0,6071 | 0,4643 | 0,6786 | 0,6071 | 0,3571 | 0,5714 | 0,4643 | 0,6429 1| 03214 1| 0857 | 0,7857 | 0,6071 | 0,393 | 0,679 | 0,6429 | 0,429

14 0,5 | 0,5357 | 04643 | 0,3929 | 0,5357 | 0,4643 0,5 | 0,4286 | 0,6071 0,5 | 0,8571 | 0,4643 | 0,8571 1| 09286 | 0,6071 | 0,393 | 0,536 0,5 | 0,357

15 0,5 | 0,5357 | 0,4643 | 0,3214 | 0,5357 | 0,4643 0,5 | 0,4286 | 0,6071 05 | 0,7857 | 0,4643 | 0,7857 | 0,929 1| 06071 | 0,321 | 0,536 0,5 | 0,286

16 | 0,4643 | 0,5714 | 0,5714 | 0,5714 | 0,5714 0,5 | 04643 | 0,3929 | 0,5714 | 0,3929 | 0,6071 | 0,6429 | 0,6071 | 0,607 | 0,6071 1| 0,143 0,5 | 04643 | 0,25

17 | 0,4643 | 0,4286 | 0,4286 0,5 | 0,4286 0,5 | 0,5357 | 0,6071 | 0,4286 | 0,6071 | 0,3929 | 0,4286 | 0,3929 | 0,393 | 0,3214 | 0,1429 1| 0429 | 055357 | 0,893

18 | 0,9643 | 0,8571 | 0,8571 | 0,3571 | 0,8571 | 0,9286 | 0,0357 | 0,8214 | 0,1429 0,75 | 0,6786 | 0,1429 | 0,6786 | 0,536 | 0,5357 0,5 | 0,429 1| 08214 | 0,464

19 | 0,8571 | 0,8929 | 0,8214 | 0,4643 | 0,8929 | 0,8929 | 0,1429 | 0,9286 | 0,1071 | 0,9286 | 0,6429 | 0,1786 | 0,6429 0,5 0,55 | 04643 | 0,536 | 0,821 1| 0,643

20 0,5 | 0,5357 | 04643 | 0,5357 | 0,5357 | 0,5357 0,5 | 0,6429 | 0,3929 | 0,7143 | 0,4286 | 0,4643 | 0,4286 | 0,357 | 0,2857 0,25 | 0,893 | 0,464 | 0,6429 1

Table 3.5. Values of u
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v 1 2 3 4 5 6 7 8 9 10 11 12 131 4 15 16 17 18 19 20
1 0| 0,178 | 0,1071 | 0,6786 | 0,1786 | 0,0357 | 0,9286 | 0,1429 | 0,8929 | 0,2143 | 0,3571 | 0,8929 | 0,3571 0,5 0,5 | 0,5357 | 0,536 [ 0,036 | 0,1429 0,5
2| 0,1786 0 | 0,1429 | 0,5714 0 | 0,1429 | 0,8929 | 0,1786 | 0,8571 | 0,1786 | 0,3214 | 0,7143 | 0,3214 | 0,464 | 0,4643 | 0,4286 | 0,571 | 0,143 | 0,1071 | 0,464
3| 0,1071 | 0,1429 0 | 0,6429 | 0,1429 | 0,0714 | 0,8929 | 0,1786 | 0,8571 0,25 | 0,3929 | 0,7857 | 0,3929 | 0,536 | 0,5357 | 0,4286 | 0,571 | 0,143 | 0,1786 | 0,536
4 | 0,6786 | 0,5714 | 0,6429 0 | 05714 | 0,6429 | 0,3929 | 0,6071 | 0,3571 | 0,5357 | 0,5357 | 0,2857 | 0,5357 | 0,607 | 0,6786 | 0,4286 0,5 | 0,643 | 0,5357 | 0,464
5| 0,1786 0 | 0,1429 | 0,5714 0 | 0,1429 | 0,8929 | 0,1786 | 0,8571 | 0,1786 | 0,3214 | 0,7143 | 0,3214 | 0,464 | 0,4643 | 0,4286 | 0,571 | 0,143 | 0,1071 | 0,464
6 | 0,0357 | 0,1429 | 0,0714 | 0,6429 | 0,1429 0| 0,943 | 0,1071 | 0,9286 | 0,1786 | 0,3929 | 0,8571 | 0,3929 | 0,536 | 0,5357 0,5 0,5 | 0,071 [ 0,1071 | 0,464
7 | 09286 | 0,8929 | 0,8929 | 0,3929 | 0,8929 | 0,9643 0 | 08571 | 0,1071 | 0,7857 | 0,6429 | 0,1786 | 0,6429 0,5 0,5 | 0,5357 | 0,464 | 0,964 | 0,8571 0,5
8 | 0,1429 | 0,1786 | 0,1786 | 0,6071 | 0,1786 | 0,1071 | 0,8571 0 | 09643 | 0,1429 | 0,4286 | 0,8929 | 0,4286 | 0,571 | 0,5714 | 0,6071 | 0,393 | 0,179 | 0,0714 | 0,357
9| 08929 | 0,8571 | 0,8571 | 0,3571 | 0,8571 | 0,9286 | 0,1071 | 0,9643 0 | 0,8214 | 0,5357 | 0,1429 | 0,5357 | 0,393 | 0,3929 | 0,4286 | 0,571 | 0,857 | 0,8929 | 0,607

10 | 0,2143 | 0,1786 0,25 | 0,5357 | 0,1786 | 0,1786 | 0,7857 | 0,1429 | 0,8214 0 | 03571 0,75 | 0,3571 0,5 0,5 | 0,6071 | 0,393 0,25 | 0,0714 | 0,286

11 | 0,3571 | 0,3214 | 0,3929 | 0,5357 | 0,3214 | 0,3929 | 0,6429 | 0,4286 | 0,5357 | 0,3571 0 | 0,6786 0 | 0,143 | 0,2143 | 0,3929 | 0,607 | 0,321 | 0,3571 | 0,571

12 | 0,8929 | 0,7143 | 0,7857 | 0,2857 | 0,7143 | 0,8571 | 0,1786 | 0,8929 | 0,1429 0,75 | 0,6786 0 | 0678 | 0,536 | 0,5357 | 0,3571 | 0,571 | 0,857 | 0,8214 | 0,536

13 | 0,3571 | 0,3214 | 0,3929 | 0,5357 | 0,3214 | 0,3929 | 0,6429 | 0,4286 | 0,5357 | 0,3571 0 | 0,6786 0 | 0,143 | 0,2143 | 0,3929 | 0,607 | 0,321 | 0,3571 | 0,571

14 0,5 | 0,4643 | 0,5357 | 0,6071 | 0,4643 | 0,5357 0,5 | 0,5714 | 0,3929 0,5 | 0,1429 | 0,5357 | 0,1429 0 [ 0,0714 | 0,3929 | 0,607 | 0,464 0,5 | 0,643

15 0,5 | 0,4643 | 0,5357 | 0,6786 | 0,4643 | 0,5357 0,5 | 0,5714 | 0,3929 0,5 | 0,2143 | 0,5357 | 0,2143 | 0,071 0| 0,3929 | 0,679 | 0,464 0,5 | 0,714

16 | 0,5357 | 0,4286 | 0,4286 | 0,4286 | 0,4286 0,5 | 05357 | 0,6071 | 0,4286 | 0,6071 | 0,3929 | 0,3571 | 0,3929 | 0,393 | 0,3929 0 | 0,857 0,5 | 0,5357 0,75

17 | 0,5357 | 0,5714 | 0,5714 0,5 | 0,5714 0,5 | 04643 | 0,3929 | 0,5714 | 0,3929 | 0,6071 | 0,5714 | 0,6071 | 0,607 | 0,6786 | 0,8571 0| 0571 | 0,4643 | 0,107

18 | 0,0357 | 0,1429 | 0,1429 | 0,6429 | 0,1429 | 0,0714 | 0,9643 | 0,1786 | 0,8571 0,25 | 0,3214 | 0,8571 | 0,3214 | 0,464 | 0,4643 0,5 [ 0,571 0| 0,1786 | 0,536

19 | 0,1429 | 0,1071 | 0,1786 | 0,5357 | 0,1071 | 0,1071 | 0,8571 | 0,0714 | 0,8929 | 0,0714 | 0,3571 | 0,8214 | 0,3571 0,5 0,5 | 0,5357 | 0,464 | 0,179 0 | 0,357

20 0,5 | 0,4643 | 0,5357 | 0,4643 | 0,4643 | 0,4643 0,5 | 0,3571 | 0,6071 | 0,2857 | 0,5714 | 0,5357 | 0,5714 | 0,643 | 0,7143 0,75 | 0,107 | 0,536 | 0,3571 0
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The manifestation of a pronounced dependence between some of the observed
indicators is due to both their economic nature and the way they are calculated. The
manifestation of weak dependence between the indicators has its economic explanation.
In the Statement of Income and Expenses of a credit institution, one indicator is income
and the other is expense. Also, one of the criteria is from the Income and Expense
Statement and the other from the institution's Balance Sheet asset, which has no

relationship and does not generate an entry in the Income or Expense Statement.

3.4. Comparative analysis of the financial indicators of EU member states for
the period 2020-2021

The analyzed indicators for the 4Q of 2021are the same as the indicators that we
analyzed from the Supervisory Banking Statistic report for the 4 Q of 2020. There is a
difference in indicators only for the following items in the 2020 report, the item net
trading income exists as a result of changed reporting in 2021, it has been replaced by the

more detailed breakdown of these revenues.

This article confirms the conclusions reached in the previous one. The starting data
are different, consecutive financial years are analyzed, but the results obtained by means

of the InterCriteria Analysis method show the same positive and negative relationships.

In conducting this research, presented in [5], data from the ECB's report -

Supervisory Banking Statistics for the fourth quarter of 2021 were used.

The obtained results are presented in Table 3.7 and Table 3.8.
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2;;9 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 1| 08571 | 0,8214 | 0,5714 | 0,5357 | 0,7857 0,75 | 0,9643 | 0,0714 | 0,9286 | 0,1786 | 0,8214 | 0,9643 | 0,0357 | 0,9643 | 0,6786 | 0,6071 0,5 | 0,5714 | 0,9643 | 0,9286 0,5
2 | 0,8571 1| 08929 | 05714 | 0,5357 | 0,7143 | 0,8214 | 0,8929 | 0,0714 | 0,8571 0,25 0,75 | 0,8214 | 0,1786 | 0,8214 | 0,5357 | 0,4643 | 0,6429 0,5 | 0,8929 | 0,8571 0,5
3 | 0,8214 | 0,8929 1| 04643 | 06429 | 0,6071 | 0,7857 | 0,8571 | 0,1786 | 0,8214 | 0,2143 | 0,7143 | 0,7857 | 0,2143 | 0,7857 0,5 | 04286 | 0,6071 | 0,5357 | 0,8571 | 0,8214 | 0,5357
4 | 05714 | 0,5714 | 0,4643 1| 01786 | 0,6429 | 0,3929 | 0,5357 | 0,4286 0,5 | 0,5357 | 0,3929 | 0,5357 | 0,4643 | 0,5357 | 0,5357 | 0,4643 0,5 | 0,4643 | 0,6071 0,5 | 0,3571
5 | 05357 | 0,5357 | 0,6429 | 0,1786 1| 03929 | 0,6429 0,5 | 0,5357 | 0,5357 0,5 | 05714 | 0,5714 | 0,4286 | 0,5714 0,5 | 05714 | 0,5357 | 0,3929 | 0,5714 | 0,5357 | 0,5357
6 | 0,7857 | 0,7143 | 0,6071 | 0,6429 | 0,3929 1| 06071 0,75 | 0,2143 | 0,7143 | 0,3929 0,75 0,75 0,25 0,75 | 0,6786 | 0,6071 | 0,4286 | 0,5714 0,75 | 0,7143 0,5
7 0,75 | 0,8214 | 0,7857 | 0,3929 | 0,6429 | 0,6071 1| 07857 | 0,1786 | 0,8214 | 0,2857 | 0,7857 | 0,7857 | 0,2143 | 0,7857 | 0,5714 0,5 | 0,6071 | 0,4643 | 0,7143 | 0,8214 | 0,5357
8 | 0,9643 | 0,8929 | 0,8571 | 0,5357 0,5 0,75 | 0,7857 1| 0,0357 | 09643 | 0,1429 | 0,8571 | 0,9286 | 0,0714 | 0,9286 | 0,6429 | 0,5714 | 0,5357 | 0,6071 | 0,9286 | 0,9643 | 0,5357
9 | 0,0714 | 0,0714 | 0,1786 | 0,4286 | 0,5357 | 0,2143 | 0,1786 | 0,0357 1| 00714 | 0,8214 | 0,1786 | 0,1071 | 0,8929 | 0,1071 | 0,3929 | 0,4643 | 0,4286 | 0,3929 | 0,1071 | 0,0714 0,5

10 | 0,9286 | 0,8571 | 0,8214 0,5 | 0,5357 | 0,7143 | 0,8214 | 0,9643 | 0,0714 1| 01071 | 0,8929 | 0,8929 | 0,1071 | 0,8929 | 0,6786 | 0,6071 0,5 | 0,6429 | 0,8929 1| 05714
11 | 0,1786 0,25 | 0,2143 | 0,5357 0,5 | 0,3929 | 0,2857 | 0,1429 | 0,8214 | 0,1071 1| 02143 | 0,2143 | 0,7857 | 0,2143 | 0,3571 | 0,4286 | 0,6071 | 0,2143 | 0,2143 | 0,1071 | 0,3214
12 | 0,8214 0,75 | 0,7143 | 0,3929 | 0,5714 0,75 | 0,7857 | 0,8571 | 0,1786 | 0,8929 | 0,2143 1| 08571 | 0,1429 | 0,8571 | 0,7857 | 0,7143 | 0,3929 | 0,6786 | 0,7857 | 0,8929 | 0,6786
13 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 07143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357
14 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643
15 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 07143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357
16 | 0,6786 | 0,5357 0,5 | 0,5357 0,5 | 0,678 | 0,5714 | 0,6429 | 0,3929 | 0,6786 | 0,3571 | 0,7857 | 0,7143 | 0,2857 | 0,7143 1| 09286 | 0,1786 | 0,6429 | 0,6429 | 0,6786 | 0,6071
17 | 0,6071 | 0,4643 | 0,4286 | 0,4643 | 0,5714 | 0,6071 0,5 | 05714 | 0,4643 | 0,6071 | 0,4286 | 0,7143 | 0,6429 | 0,3571 | 0,6429 | 0,9286 1 0,25 | 0,5714 | 0,5714 | 0,6071 | 0,5357
18 0,5 | 0,6429 | 0,6071 0,5 | 0,5357 | 0,4286 | 0,6071 | 0,5357 | 0,4286 0,5 | 0,6071 | 0,3929 | 0,4643 | 0,5357 | 0,4643 | 0,1786 0,25 1| 02143 | 0,5357 0,5 | 0,2143
19 | 0,5714 0,5 | 0,5357 | 0,4643 | 0,3929 | 0,5714 | 0,4643 | 0,6071 | 0,3929 | 0,6429 | 0,2143 | 0,6786 | 0,5357 | 0,4286 | 0,5357 | 0,6429 | 0,5714 | 0,2143 1| 055357 | 0,6429 | 0,8571
20 | 0,9643 | 0,8929 | 0,8571 | 0,6071 | 0,5714 0,75 | 0,7143 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,7857 | 0,9286 | 0,0714 | 0,9286 | 0,6429 | 0,5714 | 0,5357 | 0,5357 1 | 0,8929 | 0,4643
21 | 0,9286 | 0,8571 | 0,8214 0,5 | 05357 | 0,7143 | 0,8214 | 0,9643 | 0,0714 1| 0,1071 | 0,8929 | 0,8929 | 0,1071 | 0,8929 | 0,6786 | 0,6071 0,5 | 0,6429 | 0,8929 1| 05714
22 0,5 0,5 | 0,5357 | 0,3571 | 0,5357 0,5 | 0,5357 | 0,5357 0,5 | 05714 | 0,3214 | 0,6786 | 0,5357 | 0,4643 | 0,5357 | 0,6071 | 0,5357 | 0,2143 | 0,8571 | 0,4643 | 0,5714 1

Table 3.7. Values of u
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:auk;le 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 0 | 01429 | 0,1786 | 0,4286 | 0,4643 | 0,2143 0,25 | 0,0357 | 0,9286 | 0,0714 | 0,8214 | 0,1786 | 0,0357 | 0,9643 | 0,0357 | 0,3214 | 0,3929 0,5 | 0,3929 | 0,0357 | 0,0714 0,5
2 | 0,1429 0 [ 0,1071 | 0,4286 | 0,4643 | 0,2857 | 0,1786 | 0,1071 | 0,9286 | 0,1429 0,75 0,25 | 0,1786 | 0,8214 | 0,1786 | 0,4643 | 0,5357 | 0,3571 | 0,4643 | 0,1071 | 0,1429 0,5
3 | 01786 | 0,1071 0 ( 05357 | 03571 | 0,3929 | 0,2143 | 0,1429 | 0,8214 | 0,1786 | 0,7857 | 0,2857 | 0,2143 | 0,7857 | 0,2143 0,5 | 0,5714 | 0,3929 | 0,4286 | 0,1429 | 0,1786 | 0,4643
4 | 04286 | 0,4286 | 0,5357 0 ( 08214 | 0,3571 | 0,6071 | 0,4643 | 0,5714 0,5 | 0,4643 | 0,6071 | 0,4643 | 0,5357 | 0,4643 | 0,4643 | 0,5357 0,5 0,5 | 0,3929 0,5 | 0,6429
5 | 04643 | 0,4643 | 0,3571 | 0,8214 0 ( 06071 | 0,3571 0,5 | 0,4643 | 0,4643 0,5 | 0,4286 | 0,4286 | 0,5714 | 0,4286 0,5 | 0,4286 | 0,4643 | 0,5714 | 0,4286 | 0,4643 | 0,4643
6 | 0,2143 | 0,2857 | 0,3929 | 0,3571 | 0,6071 0 | 0,3929 0,25 | 0,7857 | 0,2857 | 0,6071 0,25 0,25 0,75 0,25 | 0,3214 | 0,3929 | 0,5714 | 0,3929 0,25 | 0,2857 0,5
7 0,25  0,1786 | 0,2143 | 0,6071 | 0,3571 | 0,3929 0 | 0,2143 | 0,8214 | 0,1786 | 0,7143 | 0,2143 | 0,2143 | 0,7857 | 0,2143 | 0,4286 0,5 | 0,3929 0,5 | 0,2857 | 0,1786 | 0,4643
8 | 0,0357 | 0,1071 | 0,1429 | 0,4643 0,5 0,25 | 0,2143 0 [ 09643 [ 0,0357 | 0,8571 | 0,1429 | 0,0714 | 0,9286 | 0,0714 | 0,3571 | 0,4286 | 0,4643 | 0,3571 | 0,0714 | 0,0357 | 0,4643
9 | 09286 | 09286 | 0,8214 | 0,5714 | 0,4643 | 0,7857 | 0,8214 | 0,9643 0 | 0,928 | 0,1786 | 0,8214 | 0,8929 | 0,1071 | 0,8929 | 0,6071 | 0,5357 | 0,5714 | 0,5714 | 0,8929 | 0,9286 0,5

10 | 0,0714 | 0,1429 | 0,1786 0,5 | 0,4643 | 0,2857 | 0,1786 | 0,0357 | 0,9286 0 | 08929 | 0,1071 | 0,1071 | 0,8929 | 0,1071 | 0,3214 | 0,3929 0,5 | 0,3214 | 0,1071 0 | 0,4286
11 | 0,8214 0,75 | 0,7857 | 0,4643 0,55 | 06071 | 0,7143 | 0,8571 | 0,1786 | 0,8929 0 | 0,7857 | 0,7857 | 0,2143 | 0,7857 | 0,6429 | 0,5714 | 0,3929 0,75 | 0,7857 | 0,8929 | 0,6786
12 | 0,1786 0,25 | 0,2857 | 0,6071 | 0,4286 0,25 | 0,2143 | 0,1429 | 0,8214 | 0,1071 | 0,7857 0 ( 01429 | 0,8571 | 0,1429 | 0,2143 | 0,2857 | 0,6071 | 0,2857 | 0,2143 | 0,1071 | 0,3214
13 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643
14 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 0,7143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357
15 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643
16 | 0,3214 | 0,4643 0,5 | 0,4643 0,5 | 0,3214 | 0,4286 | 0,3571 | 0,6071 | 0,3214 | 0,6429 | 0,2143 | 0,2857 | 0,7143 | 0,2857 0 | 00714 | 0,8214 | 0,3214 | 0,3571 | 0,3214 | 0,3929
17 | 0,3929 | 0,5357 | 0,5714 | 0,5357 | 0,4286 | 0,3929 0,5 | 0,4286 | 0,5357 | 0,3929 | 0,5714 | 0,2857 | 0,3571 | 0,6429 | 0,3571 | 0,0714 0 0,75 | 0,3929 | 0,4286 | 0,3929 | 0,4643
18 0,5 | 0,3571 | 0,3929 0,5 | 0,4643 | 0,5714 | 0,3929 | 0,4643 | 0,5714 0,5 | 0,3929 | 0,6071 | 0,5357 | 0,4643 | 0,5357 | 0,8214 0,75 0 0,75 | 0,4643 0,5 | 0,7857
19 | 0,3929 | 0,4643 | 0,4286 0,5 | 0,5714 | 0,3929 0,5 | 0,3571 | 0,5714 | 0,3214 0,75 | 0,2857 | 0,4286 | 0,5357 | 0,4286 | 0,3214 | 0,3929 0,75 0 | 04286 | 0,3214 | 0,1071
20 | 0,0357 | 0,1071 | 0,1429 | 0,3929 | 0,4286 0,25 | 0,2857 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,2143 | 0,0714 | 0,9286 | 0,0714 | 0,3571 | 0,4286 | 0,4643 | 0,4286 0 ( 0,1071 | 0,5357
21 | 0,0714 | 0,1429 | 0,1786 0,5 | 0,4643 | 0,2857 | 0,1786 | 0,0357 | 0,9286 0 0,8929 0,1071 | 0,071 | 0,8929 | 0,1071 | 0,3214 | 0,3929 0,5 | 0,3214 | 0,1071 0 | 0,4286
22 0,5 0,5 | 0,4643 | 0,6429 | 0,4643 0,5 | 0,4643 | 0,4643 0,5 | 0,4286 | 0,6786 | 0,3214 | 0,4643 | 0,5357 | 0,4643 | 0,3929 | 0,4643 | 0,7857 | 0,1071 | 0,5357 | 0,4286 0

Table 3.8. . Values of v
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There is a negative relationship between criterion 1 ("Net interest income") and
criterion 14 ("Tax income or expenses”) because one criterion is income and the other is
an expense for the bank. The same conclusion can be drawn for criterion 8 ("Operating
income™) and criterion 9 ("Administrative expenses and impairment™). The analyzed data
show a pronounced dependence between the criteria that are part of the Income Statement
and their essence, with economic importance being one of the main reasons for the
relationship between them. Also between the criteria from the Income Statement and
assets from the Institution's Balance Sheet, as a consequence of these assets bringing a

corresponding income for the banks.

3.5. Intelligent techniques for analysis of knowledge base of smart crop
production

The main purpose of paper [2] is to propose an architecture of a knowledge base to
be developed in order to automate the cultivation of crops. The architecture includes a

two-layer data model and an applied layer model for a connection between them.

Ontclogy Layer

‘ EventEngine
e

PA -
Analytical tools

« Database Layer

DB Plant
Characteristics

DB Sensors

Fig. 3.9. The architecture of a knowledge base in plant agriculture
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The proposed architecture for a knowledge base in the field of intelligent plant
agriculture is designed to automate the work on growing different types of agricultural
crops. One of the main tasks we have set ourselves is to make the process of cultivation

more predictable, which will help farmers obtain better quality crops.

For the realization of the architecture, we have chosen Protégé for the ontologies,
JaCaMo for the environment of the multi-agent system, Jason for the personal assistant,

and Jade for the operational assistants.

Abstracts of Dissertations 2023 (2) 4-41



38 Slaviiana Danailova-Veleva

CONCLUSION

The dissertation is devoted to the application of innovative, intelligent techniques
for the analysis of processes in banking. The latest achievements in the field of designing
highly efficient data processing algorithms are applied. The intelligent techniques used
require the processing of large data streams, referring to all available information on the
observed processes. In the dissertation, for the purposes of the analysis, mathematical
modeling tools were used, such as InterCriteria Analysis (ICA), which is based on two
mathematical formalisms: the algebraic apparatus of indexed matrices (IM), when the
application of algebraic operations over matrices is required of different size and
intuitionistic fuzzy sets (IFMs) as a mathematical tool for dealing with uncertainty. The
research methodology in the dissertation includes the use of a numerical and experimental
approach. The numerical approach was used in the implementation of the algorithms by
means of computer calculation of the intelligent methods for analyzing the processes in
banking. The experimental approach was used in the collection of data from observations
of indicators characterizing the processes in banking. The aim of this dissertation is to
analyze banking processes using modern methods from the field of intelligent systems. To
achieve the set goal, six scientific tasks have been formulated. In the process of solving
them, original results related to research of modern paradigms in the field of intelligent
systems were obtained, using analytical and experimental models.

As a result of the conducted research, presented in this dissertation work, the
following scientific-applied and applied results were achieved:

1. A critical analysis of the possibility of applying the multi-criteria decision-
making method — “InterCriteria Analysis” in the analysis of processes in banking was
conducted.

2. Intelligent techniques have been applied to analyze the mechanism of work of

financial institutions in the EU, according to which the banking system functions.

Abstracts of Dissertations 2023 (2) 4-41



INTELLIGENT METHODS FOR ANALYSING BANKING PROCESSES 39

3. An analysis of the activities of the participants in the financial system of the EU
member states was carried out.

4. The financial indicators of eight selected EU member countries were analyzed.

5. A comparative analysis of the financial indicators of the banks in the selected
EU member countries was carried out.

6. An original knowledge-based architecture with application in the field of
intelligent plant breeding has been developed.

The achieved results of the analysis of the conducted studies are presented in a
refereed scientific publication from the series Lecture Notes in Networks and Systems of
Springer International Publishing and in the works of several international conferences,
such as — 10-th International Conference on Intelligent Systems - 1S'20, International
Symposium on Bioinformatics and Biomedicine - BiolnfoMed'20, International
Conference Automatics and Informatics - ICAI'21, 11-th International Conference on
Intelligent Systems - 1S'22 and International Workshop on Intuitionistic Fuzzy Sets and
Generalized Nets - IWIFSGN'22. The PhD thesis is structured in an introduction, three
chapters and a conclusion, a declaration of originality of the obtained results and a

bibliography.
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GUIDELINES FOR FUTURE RESEARCH

The results obtained in the dissertation are applicable to solving a broader range of
tasks related to the analysis of banking processes. This could be a guide for future

research that will enrich the research area.
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YBOJI

[Tonsituero ,,M3kycrBen unrenekt (M) Bp3HUKBa B cpeaTta Ha MUHAJIUS BeK. 3a
OCHOBOTIOJIO)KHUK Ha TEOPHUSTA 3a M3KYCTBEHUSI MHTEJEKT CE CUYMTA MATEMATUKBT AJBH
Tropunr. IIpe3 1950 r. Toii cb3naBa u3BecTHUs TecT Imitation game — Tect Ha TropuHr 3a
U3KYCTBEHUs UHTENEKT. [locpecTBOM TO3u TeCT ce uAeHTU(UIIMpPA UHTEIUTEHTHOCTTA Ha
MammHute. Jlo 1955 1. He e WMano eauHEeH TepMHH, KOMTO na oOXBalla HEBPOHHUTE
MpEXH U €CTECTBEHHUS €3UK. 3a Ch3Jare]l Ha TEpPMHHA W3KYCTBEH HHTEJIEKT CE€ CUUTa
npod. Ixon Maxkkaptu ot Joprmynackus konex, CAILl. Ha mpoenenara npe3 1956 .
KoH(epeHIrs, o1 HeroBo pbkoBoaAcTBO B [optmynn, CAIll ce oOchkaa M3KyCTBEHUS

HHTCJICKT, HCIT'OBOTO PA3BUTUC U IIOTCHIHUAIIHUTC o0JracTu 3a HU3CJICABAaHC.

[Ipe3 cnenBamuTe TOMUHKM TCHACHIUATA B PA3BUTHETO HA M3KYCTBEHHUS HHTCIICKT
He ¢ Owra nmoctosHHO Harope. IIpe3 70-Te ronuHM Ha MHHAIMSA BEK HACTHIIBA 3aCTOH B
HETOBOTO pa3BUTHE. 1O € CJEACTBHE HAa HEOMpPaBIaHH OYAKBAHUS W TMPEKBCHATO
¢buHaHCHMpaHe Ha mpoyuBaHusATa. Cleq ToBa TeMara 3a HW3KYCTBEHHS HWHTEIEKT Ce
3aBpbIlla B HayyHUTe cpeau moa Qopmara Ha ,.excrnepTHH cuctemu’ . ToBa €
MPEACTABIABANIO MPOTPAMH KOWTO OTIOBAapsST Ha BBIPOCH W peliaBaT MpoOJieMH B
paznuunu obnactu. B kpas Ha 80-Te romuHM u Hayanoro Ha 90-Te W3KYCTBEHHUSIT
WHTEJIEKT TpPEeKHUBsABA HOB 3acTod. OTHOBO € TOYTH CHPSHO (PUHAHCHpPAHETO Ha
Mpoy4YBaHUATA. B clienBamuTe roguHyd ce CIydBaT peauiia ChOWTHS, KOMTO ITOKa3BaT

S3HAYUMOCTTA Ha U3KYCTBCHHUA MHTCJICKT U IIPOMCHAT TCHACHIMATA B HCTOBOTO PAa3BUTHC.

B 6aHKOBOTO J1€10 U3KYCTBEHHUSI MHTEJIEKT 3aeMa BaxxHa poJisi. Toil ce u3nomn3pa 3a
oOcCITy’)kBaHE Ha KJIMEHTH, 3a 3allliTa OT U3MaMH U HE Ha MOCJIEIHO MSCTO 33 aHAIMU3 Ha
JIaHHM, 32 pelIeHHs] 3a MHBECTUIMU W 3a yIpaBlieHWe Ha puckoBeTe. [lo To3u HauumH
yIpaBsBalIUTe KPEAUTHUTE HHCTUTYLIUU CE€ ONUTBAT Ja HAMEPAT Hail-1o0puTe pelieHus

1 Ja U3BJICKAT I10-BHCOKHU reyaoun.
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Bce moBeue Oanku w3MON3BAaT 4YaTOOTOBE W AWTHUTAIHW JUYHA OaHKEPH.
[locpeacTBoM TIX KJIMEHTUTE Ha OaHKaTa MOJy4yaBaT AaHAJIM3U U TPENJIOKEHUs 3a

pemicHrA 1 HTHBCCTHULINU.

CrogenstHETO Ha JaHHU Ch3/aBa MPEANOCTABKY 3a PA3BUTUETO HA OW3HEC MOJIEINH,
OCHOBAHU WM aHAJU3HMPAId MAaCUBU OT JIaHHH U 10 TO3M HAUYMH C€ CTUMYJIUpPA Pa3BUTHETO

Ha I_II/I(prBaTa HMKOHOMUKaA.

B mpakTtukara 3a VI3KyCTBEHMS MHTENEKT CE€ M3IOI3BAT HAW-PA3INYHU TEPMHUHH.
Cpen 11X ca ,,yMHH”, ,,AHTEIMTEHTHH , ,,lipeJcKazyeMu’” U “KOrHUTUBHU . CopTyepbT 3a

HN3KYCTBCH MHTCJICKT HMa Haﬁ-paquHo IMPHUIIOXKCHUC B pCAnIa o0J1acTH.

B Hamm 1HM TOM ce M3MO0I3Ba U 33 AaHAIM3HPAHE HA JIAHHU U B3€MaHE Ha PEUICHUS,
BCJIEICTBHE Ha 00paboTKa Ha roysiMa 0a3a JIaHHU, KOUTO ca CIOKHH U TPYIHHU 3a Xopara.
[To To3u HaumH TOM € YacT OT YIpaBJICHCKHS TMpOIleC, HampuMep B oOnacTTa Ha
¢unancute. [TocpeacTBOM M3KYCTBEHUS MHTEJIEKT ce 00padoTBaT JaHHH, aHAIU3UPAT Ce

mpouecCHu, oCHABA CC pHUCKA U CC Mpeajiarar MHTCJIUTCHTHH PCIICHUA.

Pesynratute oT mocnmegHoTo mIo0amHO mpoyuyBaHe Ha wuHcTHTyTa McKinsey
OTHOCHO M3KYCTBEHHUS MHTEJICKT MOKa3BaT, Y€ M3I0JI3BAHETO MY MPOJIbKaBa Ja pacTe u
Yye MOJI3UTE OCTaBaT 3HAYMTENIHH, 0cOOeHO B romunute oT nangemusra COVID-19. Twit
KaTO M3IMOJI3BAaHETO Ha M3KYCTBEHUSI MHTEJIEKT OT OM3HEca CTaBa BCE MO-PA3MPOCTPAHEHO,
WHCTPYMEHTUTE M HA-TOO0pPHUTE MPAKTUKHA 32 M3BIMYaHE HAa MAKCUMyMa OT HETrO ChIIO

CTaBar I10-CJIOXKHH.

UscnenoBarenure Ha wuwHcTUTyra McKinsey, pasmiexgar TpakTUKUTE Ha
KOMIIaHUUTE, KOUTO BUXKIAT HAW-TOJSMO YBEJIMUYCHHE HA MeYaJOUTe OT M3IMOJI3BAHETO HA
M3KYCTBEH MHTEIIEKT, U OTKPHUBAT, Y€ TE HE CAMO CJIEBAT OBEYE KAKTO OCHOBHUTE, TaKa U
HalpeAHAIUTe MPAKTHKUA, BKJIIOUYUTENHO oOmepanuu ¢ MamuHHO obOydenune (MLOps),
KOMTO Ca B OCHOBaTa Ha ycCIexa, HO ChILIO Taka XapyaTr MOo-e(EeKTUBHO 3a M3KYCTBEH
UHTEJNEKT W oOnayauTe TexHonoruu. OCBEH TOBa, T€ Ca TO-CKIOHHH OT JPYTH

opraHusanuu ga C€ aHTaXupar C Ha60p OT JEMHOCTH 3a CMEKYaBaHE Ha PHUCKOBCTC,

Asmopegpepamu na oucepmavuu 2023 (2) 43-82



45 Cnasusana lanaunosa-Benesa

cBbp3anu ¢ UM — o6nacT, koaTo mpoabnkaBa ga ObJe HETOCTAThK 32 YCUIIUSATA HA MHOTO
xommanuu 3a M. YyacTHUIUTE B MPOYyYBAHETO TBBPIAT, u€ 27% OT TEXHUTE NMPUXOIU
npeau nuxBu U Takcu (EBIT) ce nbkar Ha M3KYCTBEHHS MHTEJEKT, KaTO HapacTBaT C

22% 3a eHa TOAUHA.

Hapen ¢ pa3BuTueTo u Bce MO-IIMPOKOTO M3MOJI3BAaHE HA M3KYCTBEHUS HHTEIICKT,
ce TOBOPU M 3a TMOTCHIIMAJHUTE PHUCKOBE OT M3ION3BaHeTo My. Ha eBpomelicko HUBO,
EBponeiickara komucus mmyOonuKyBa peAaulia JOKYMEHTH M CTpPaTerud OTHOCHO WU3-
KyCTBEHUsI MHTEJICKT. T myOnuKkyBa u opunHaiHa JeOUHHUIUSA 32 U3KYCTBEH HMHTEICKT
mpe3 2018 1. Ilom ,,u3KycTBEH HHTENEKT® ce pa30upar CHUCTEMH, KOUTO ITOKa3BaT
WHTEIUTCHTHO TOBEJACHUE, KAaTO aHaJM3upaT CBOSATAa cpela W C W3BECTHA CTENEH Ha
CaMOCTOSITEIHOCT, MpEeArpueMaT ACUCTBUS 3a TMOCTHUTaHE HAa KOHKpeTHH 1enu. Ha
MpakTUKa eXeAHeBHO wu3nom3Bame MU, wampumep 3a ma Onokupame JOCThIIa Ha
HEXejJaHa TIoIla JI0 eJCKTPOHHATa CH TIOIMICHCKAa KYTHS WM 3a Ja pas3roBapsiMe C

U (ppoBHU MOMOITHUIIH.

HapaCHanaTa HU3YUCIIUTCIIHATa MOI, HAJIWMYXWCTO Ha MdaHHU W HAIIPCABKBT Ha

anroputmute npesbpHaxa MU B enHa OT Hail-BaXKHUTE TEXHOJIOTUH Ha 21-BU BEK.

[Tpe3 2020 r. EK nybnukyBa T.Hap. ,, bsiia kHUra OTHOCHO U3KYCTBEHHS UHTEJICKT -
€BPOIECUCKHU TOAXOJ KbM BHCOKH TMOCTWIKEHHMS W JoBepue”. lIpu3HaBailku ToJIsMOTO
3HaUEHHWE HA W3KYCTBEHUS WHTEJICKT 3a Pa3BUTHETO HA PA3JIUYHH O0JACTU OT HaIIUs
KUBOT, KOMHUCHATA H3pa3sBa 3arpWKEHOCT MO OTHOILIEHWE Ha HSIKOM MOTEHIUAHU
PHCKOBE KaTO, HEMPO3pAayHO B3EMAHE HA PEUICHMs, OCHOBAHA Ha TOJia WKW JPYTY BUJIOBE

JAUCKpUMUHANWA, HaMECa B JIMYHUS HU JKUBOT WM U3IOJI3BAHC 3a MPCCTHITHU LCJIN.

bankute B cBosTa HeﬁHOCT H3II0JI3BAT BHTPCIIHU MOJCIIMU 3a H3YUCIIIBAHC Ha
MHUHHUMAJIHUTC KallMTAaJOBH H3HMCKBAHHA, 3a OLCHKA Ha KPCAWTHHUA PHCK, 3a OLCHKA Ha
OIICpallMOHHUA PHUCK MW 3a OICHKAa Ha IIa3apHUTC PHCKOBC. ToBa ca cTaTuCTHYECKHU
MOACIIM, KOHTO OaHKHTE MoOrar JAa H3I0J3BAT, 3a Aa OIPCACIIAT KOJIKO KalruTal UM €

HCO6XOZ[I/IM. Konkoto moBeue PUCKOBC IIOCMa C€IHa 6aHKa, TOJIKOBA IIOBCYC KaIIMTall
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TpsiOBa na mnojabpxka. IIpaBunara 3a Oankure B EC u3uckBar Te Ja NOAAbpXKAT
JIOCTAaThYHO KaIlMTall, 3a Ja MOKPHAT HEOYaKBaHU 3aryOu, oOyCIIOBEHH OT PHUCKOBETE B
noprgeinute uM. ToBa ce Hapuya ,,M3MCKBaHE 3a KamuTajnoBa ajekBarHocT. Koraro
W3MepBa TE3W PHCKOBE, 3a Ja OMpeIeid Jali H3IIbIHABA M3MCKBAHETO 3a KalKTajloBa

aJICKBATHOCT, OaHKaTa MOXKE Ja U3I10JI3Ba 1IN
> CTaHJAapTHU3UPaH IIOAXOd, OIIPCACIICH OT PECTYIATOPHUTC OpraHu, UJIN

> COOCTBEHH BBTPCITHNU MOACIIHU, KOUTO TpH6Ba Ja OTroBapsAT Ha KOHKPCTHH

YCIIOBHSI — CBIIO ONPEAEICHH OT PETyIaTOPHUTE OPraHH.

W3non3BaneTo Ha TaKWBa MOJIEIH CTaBa clie[ 0Jo0peHre OT IeHTpalHaTa OaHKa
unmu ot EIlb. Cnen 3ampnbovyeHa oleHKa Ha BBTPEUIHUTE MOJEIM Ha KpeIuTHATa
MHCTUTYLUSI MOXE J1a CE€ pa3pelld Ja M3I0JI3Ba MOJENU 3a OLIEHKA Ha PUCKOBETE U
W3YMCIISIBAHE HA MUHHUMAJIHUTE KallUTAJIOBU HM3WCKBaHUsA. BriociencrBue OT cTpaHa Ha
HAJ30pHUTE OPTaHU CE€ U3BBPIIBA TEKYIIO0 HAOMIONEHUE Ha M3IOJI3BAHUTE MOENH, Aalld
T€ MPOABJIKABAT J]a OTTOBAPAT HA 3aKOHOBUTE MU3WCKBAHUS, TAJIM HMHCTUTYLHSITA U3II0I3Ba
no0pe pa3paboTeHWTEe M aKTyaJlHW TEXHUKH BHB BBTPEUIHUTE MOJETU. TUIHMYHHUTE

,Z[CﬁHOCTPI BbB BPb3Ka C TCKYIIOTO H&6JIIOI[CHI/IC Ha MOACIIMTC BKIOYBAT.

> OIICHKA JIOKOJIKO MHCTUTYIMATA CIla3Ba HAJ30PHUTE MEPKH, HAJOXKEHU C
pemenuss Ha Ellb, xakTo u manu cbOI0aBa IMJIAHOBETE 3a M3MBIHEHHE U BCSIKAKBU

JPYTU HAJIOXKE€HU U HAJI30pPHU MEPKH, OTHACSIIH CE JI0 MOJIENA;

> aHaJIM3 Ha pe3yATaTUTEe OT BaJUAMPAHETO Ha MoJenuTe Ha OaHkKaTa 3a
BBTPEIICH KPEIUTEH PHUCK U 3a OINEpaIlOHEH PHUCK, KaKTO M Ha pe3yiaTaTUTe OT Oek-

TECTOBC U TMHAMWYHU PCAOBC 3a BbTPCIITHHU MOACIIN 3a Ma3apHUs PUCK]

> OLICHKa Ha pe3yJTaTUTEe OT IOJUIIHMS cpaBHUTeNeH aHanu3 Ha EBO Ha

BBTPCITHUTC MOJCIIN 3a IMa3apHUAd PUCK U KPCIUTHHSA PUCK;

> OIICHKAa Ha HCCBIICCTBCHHUTC IMPOMCHU H pPa3IHPSABAHEC Ha oOxBaTra Ha

MOJIEIIUTE.
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OcBeH BBTpPEIIHUTE MOAETH 3a PErylaTOpHH LeiH, OaHKUTE M3MOJ3BaT U JIPYTH
YCBBBPUIEHCTBAHU METOAM 32 OLIEHKAa Ha JEMHOCTTA CH, 3@ OLICHKAa Ha €()eKTUBHOCTTA CU

Y KJIMEHTCKaTa YJIOBIETBOPEHOCT.

DuUHAHCOBUTE OTYETH Ha KPpCAUTHUTC HMHCTHTYLIUHU Ca O00CKT Ha aHaJIM3 M OT
BBbHIIIHU l'IOTpe6I/ITeJ'II/I. TsaxHara men Moxe aa € CBbp3aHa C 6’5,[[61].[0 BSaHMOHeﬁCTBHe, C
OcJI HHBCCTULIMA WJIKW C OCJI JOKAa3BaHC Ha HAKAaKBa TC3a MJIM OLICHKA Ha pa3pa60TeH MOACII

WM aHaJlIu3.

B HactosmusaT AucepTalMoHEeH TP/ ca aHaJu3UpaHu (PUHAHCOBU OTYETU U JTAHHU
Ha KPEAUTHU MHCTUTYLHUH OT EBpONENCKHs CBIO3, KaTO € U3IIOI3BAaH IIO3HATHsA BEYe Ha
CHEUAINCTUTE ,,MHTEPKpUTEpUaeH aHain3 . IlocpeacTBoM HeEro ce aHaiau3upa MacuB
OT JaHHU, IIOKa3BaT C€ B3aWMOBPB3KH, KOUTO Ha IPHB MNONIEI MOXKE Ja Ca HEBUIUMHU,

Hay4YHO 000CHOBAHO ce IIOTBBPIKAaBaT OYaKBaAHU B3aUMO/JICHCTBUS.

OcHOBEH akIeHT B paloTa MO AMCEPTAIMOHHMS Tpyld O aHamu3bT Ha
3HAQUUTEIIHOTO MHOroo0Opa3ue Ha U3CJIEIBaHUS U CBHIIECTBYBAIM METOJIU, KOHUTO
TpsOBalie aa OMpeneNaT MOAXOAUTE, METOAUTE M alTOPUTMHTE, MPUIOKUMH BBPXY
orpeiesieHn KiacoBe 00ekT. OCHOBHUTE YCHIIMS 3a MOCTUTaHE Ha ThPCEHUTE Pe3yJITaTh

0s1xa HacoueHU KbM MHTETUTEeHTHU METO/IM 3a aHAJIU3 Ha MPOIECUTE B 0AHKOBOTO JIEJO.

Hacrosmuar aucepraiiioHeH TPyJd CH TOCTaBs 3a IIe1 CbhC CpeacTBaTa Ha
ChbBpPEeMEHHUTE METOAH OT 00/1ACTTA HA UHTEJIUTeHTHUTE CUCTEMHU, /1A Ce AHAJIU3UPAT

npouecure B 0aHKOBOTO J1€J10.
3a MOCTHraHeTo Ha Taka IoCcTaBeHaTa Iie, ca GopMyITHpaHH CIICTHUTE 3aa9H:

1. na ce mpoBede KpUTHUYEH aHAIM3 HAa BB3MOXKHOCTTA 3a MpuUJaraHe Ha
MHOTOKPUTEPHUAJIHASL METOJ 3a B3€MaHE Ha pelleHus — , JIHTepkpurepranHus aHamus®,

IIpH aHaJIN3a Ha MPOLUECCUTE B 0aHKOBOTO ACJI10,

2. Jda CC MPUJIOKAT MHTCIUTCHTHU TCXHHUKMU 3a aHAJIM3 HAa MCXaHHM3Ma Ha pa60Ta

Ha ¢uHaHcoBuTe nHCTUTYIMH B EC, ciopen koiTo ¢pyHKIMOHMpa OaHKOBaTa CHCTEMA;
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3. la ce TMpOBeAE aHAIW3 Ha JEWHOCTTA HA YYACTHHUIIUTE BHB (DMHAHCOBATA

CUCTCMA Ha CTPAHUTC YJICHKHU Ha EC,
4. Jda CC IIPOBCAC aHAJIN3 Ha q)HHaHCOBI/ITC IIOKa3aTCJIM Ha CTPpaHH YWICHKH Ha EC,

5. J1a ce MpOBEJE CPaBHUTEIIEH aHAJIU3 HAa (PMHAHCOBUTE MOKA3aTeln Ha OaHKUTE B

ctpanu wieHku Ha EC;

6. da CC IPCIIOKAT HHTCIIMI'CHTHU TCXHHUKH 3a aHAJIM3 Ha 0a3u OT 3HAHUA H

TAXHOTO MPHUIIOKCHUC B IPAKTHUKATA.

ITocTurnarure pe3yiaTaTu OT aHalln3a Ha IIPOBCACHHUTC M3CJIICABAHHA Ca IIPCACTABCHH B
pedepupano HayuHo u3fanue oT mopeaunara Lecture Notes in Networks and Systems na
Springer International Publishing u B TpymoBeTe Ha HSIKOJIKO MEXIYHAPOIHU
koHpepennun, katro — 10-th International Conference on Intelligent Systems - 1S°20),
International Symposium on Bioinformatics and Biomedicine - BiolnfoMed'20,
International Conference Automatics and Informatics - ICAI°21, 11-th International
Conference on Intelligent Systems - IS°22 u International Workshop on Intuitionistic
Fuzzy Sets and Generalized Nets - IWIFSGN’22.

JlucepTalimOHHUAT TPYA € CTPYKTYPUPAH B YBOJ, TPHU IJIaBU U 3aKIIOYEHUE, U CE
NpUJpyKaBa OT JEKJIapauus 3a OpPUTMHAIHOCT Ha IIOJyYEHUTE pe3yiTaTd |

oubauorpadus.

[locTurHatu ca OpUrMHAIHMU PE3yJITaTH, CBbP3aHU C U3CJIEBAHUA OT 00JacTTa Ha

HHTCIIMT'CHTHUTC CUCTCMH, KaTO CC I10JI3BAT dAHAJIMTUYHHU U CKCIICPUMCHTAJIHHU MO CIIN.

JlucepTarmoHHUAT TPy € pa3padoTeH ¢ nmoakpenara Ha npoekT Ne KII-06-H22/1,
“TeopeTHYHU M3CJeABAHMA W NPUIOKEHUS] HA MHTEPKPUTECPHAJIHUS aHAJIW3 U B
pamkute Ha Ne /101-65/19.03.2021r., Haunonanna Hay4yHa nporpama ,,IHTe IMreHTHO

PacCTEeHUBBACTBO.
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ITbPBA I'JTABA

Ob30P HA UHTEJIUTI'EHTHUTE METOIU 3A AHAJIU3 HA
CJOXHHU IMTPOLECH

W3KycTBEHUAT MHTENEKT Bb3HMKBA KaTO HaydyHa oO0nacT TMpe3 MbPBOTO
neceruiietue cien Bropara cBeroBHa BoviHa. CaMUSIT TEPMUH ,,U3KYCTBEH UHTEJIEKT CE€
NosiBsIBa T0-KbCcHO. Ha mcropuueckus neren cemunap B Jloptmyt (CAILL) mpe3 1956 .,
opranusupad ot JI)xon Makaptu (aBrop Ha mnporpamHus e3uk LISP) TepmunbT €
BB3NPUET 32 NbpBU MbT. Cpel MNPUCHCTBAINTE HAa CEMHHAapa ca OIE JIEBET BOJCIIU
CHelUalucTy B 001acTTa, B TOBa ynciao MapBuH MUHCKH (C OTpOMEH NMPUHOC B o0nacTTa
HAa HEBPOHHUTE MPEXKHU, (PpeMOBHUTE CTPYKTypH M TEOpHsITAa Ha MPEICTABIHETO Ha
3nanusTa), Knon [llanon (aBrop Ha Teopusita Ha uHGopMarusta), Anen Hroen u XepOept
CaiimbH (Cch3aaTen Ha IbpBaTa KOMIIOTHPHA MPOTrpaMa, CocoOHa J1a I0Ka3Ba TEOPEMH,
HapeueHa ,Jloruk-Teoperuk™), Aprtyp Camroen (Hamucaja IIbpPBUTE MPOrpaMH 3a

MAaIIuHHO CaMOOOYyUEHHE).
1.1. KoMnoThpHa MHTEJIUTEHTHOCT

B nocneanure nBe AeceTwneTHs MOCTENEHHO ce (opMHUpa HOBa HayyHa O0JacT,
KOSITO TTOJIyYH Ha3BaHUETO ,,KOMIIIOTbpHA MHTEIUTEHTHOCT , €IHA OT Hal- MOIYJIIPHUATE
Ae(UHUIIMM Ha KOMIIOTbPHA MHTEIUICHTHOCT B CBOTBETHUTE HAyYHH Cpelud HUMa

CJICTHUSAT BUJ:

,», KOMIIIOTbpHATa HWHTEIUICHTHOCT € METONOJIOTUsSA, BKJIKOYBAIlA W3YUCIICHUS,
MOKa3Ball Bb3MOKHOCTH 3a 00yYeHHUE W/WIM 3a CIpaBsHE C HOBA CUTYyallMsl, TakaBa, ye
cUcTeMara ce€ BBb3NpHUEMa KaTo TpUTEeXKaBalla €IUH WIM I[oBeYe aTpudOyTH OT

pa3ChKICHUsI, TAKMBA KaTo 0000IIeHNE, OTKpUBAaHE, aCOLIMUPaHE U abCcTpakius.”
1.2. OCHOBHHM NOXX0AM B KOMIIIOTHPHATA HHTEJIUTE€HTHOCT

Hay‘-IHI/ITe moaxoau, MU3IOJI3BAHW B KOMITIOTbpHATA WHTCIUTCHTHOCT, Ca CIHAKBO

AOCTBIIHU W 3a HU3KYCTBCHHA HHTCIICKT, HO HACOKHUTC M LCIUTC B PASBUTUCTO UM CC
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pasiin4aBar. bonmuaCTBOTO OT TAX HMMAT KOPCHUTC CHU B KIACHUYCCKUA H3KYCTBCH

MHTEJIEKT, HO HSKOU Ca CAMOCTOSITETHO MOSIBUJIM C€ HayYHU JUCHIUILIINHU.
OCHOBHUTE MOAXOAH B KOMITIOThPHATA UHTEIIUTEHTHOCT Ca:
1. Pa3mutu cucremu;
2. I3KyCTBEHU HEBPOHHU MPEXKH;
3. Meron Ha onopHute BekTopu (Support Vector Machines);
4. EBONIOIIMOHHOTO U3YUCIICHHUE;
5. NnrenurentHoCT Ha posauu (Swarm Intelligence);
6. IUHTeTMreHTHU areHTH.
1.3. UHTeJIUTeHTHU CHCTEMHU

,,/IHTEJINTEHTHU CHUCTEMHU~ € TEePMHH C IIUPOK M HEMPHeT eAHO3HAaYHO OOXBaT.
Cnucanuero ,,Intelligent Systems” Ha Hali-rojsiMaTta npodecroHaiHa OpraHu3alus B
cBeTa - VHCTUTYTHT HAa WHXKEHEPUTE IO EIEKTpOTeXHWKa u enekrpoHuka (Institute of
Electrical and Electronics Engineers - IEEE) uma opueHTanmuss npeauMHO KbM
nH(popMaTHKaTa, TOKaToO B MHOTOOPOMHUTE MEXIyHApOJHU HAaydHHU (HOPYMHU MOCBETEHU
Ha MHTEIUTEHTHUTE CUCTEMH, ce HalJlIoJaBa MHOTO MO-IIMPOKO CXBallaHE B MOCOKa Ha
MHTEPIUCUUIUIMHAPHOCT W MYATHAMCUMILUIMHAPHOCT. Briara ce o0co0eH akueHT B
MOHATUETO ,,MHTEJIMTEHTHU YHUETO ChIbpP’KaHWE, CHOTBETCTBA B TOJsIMa CTENEH I10

CMUCHJI U 00XBAT HAa MOHATUATA U TEXHUKHUTE, pa3rielaHu Mo-Tope.
1.4. UIHTYMIMOHUCTKH Pa3MHUTH MHOKECTBA

Teopusita Ha pasmMutuTe MHOXecTBa (PM) e nepunupana or Lotfi Aliasker Zadeh
npe3 1965 1. kaTo MaTeMaTUyYeCcKH amapar 3a aJeKBaTHO OMMCAHME HAa HETOYHOCTTAa
HEOIPEEIIEHOCTTa B Mpupozaara. J{okazareiacTBo 3a HapacTBallUs MHTEPEC KbM TIX ca
nedunupannte B nocneacTeue pasmmpenus: L-PM (L-Fuzzy Sets) na J. Goguen, PM ¢

untepBanHu croiHoctu (Interval Valued Fuzzy Sets) ma M. Gorzalczany, “rpyou”
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(rpamaBu) wmHOxkectBa (Rough Sets) ma Z. Pawlak um HWaTynmmonuctkm Pazmurtu

MuoxectBa (IPM) na Kp. Atanacos.
1.4.1. lepunnuus na UPM

A npencTasisiBa UHTYUIIMOHUCTKU pa3MUTO MHoXkecTBO (MIPM), unero onucanue

nMa CICAHHS BUO:

A={(x, a(x) va(X))/ x€E 1},

KbaeTo E € (uKCcHpaHO MHOXeCTBO, (yHKuuaTa u,:E —[01] 3anaBa chorerHara
CTeNeH Ha MpHHALIEKHOCT, a (ynkmuara v, :E —[01] - choTBerHara cremen Ha

HETPUHAICKHOCT Ha eaeMenTa X € E kM MuOKECTBOTO A c F u3asBcako xXeEe

HU3ITBJIHCHO:

0< up(x)+va(x)<1.

CI)YHKIII/IHTa 7T p CC OIIKMCBA C MATCMATUYCCKUSA U3Pa3:

7a(X) =1= pp(X)=va(x),

KOMTO 3aj7jlaBa CTCIICHTAa Ha HCONIPCACICHOCT Ha IMPUHAJIIC)KHOCTTA Ha CIIEMCHTA X € E

KbM MHOXeCTBOTO 4. OueBuano, PM e uacten cnyuait na UPM npu 7,(X)=0 3a Besko

XeE.
1.4.2. Onepauuu u pesanun Hag UPM

Onepanuure W penanuure, AePUHUPAHU 32 HWHTYUIIUOHUCTKUTE Pa3MUTHU

MHOKECTBa ca 00001IIeHrEe Ha OTIepAIlUUTE U PETAIIMHUTE 32 PA3MUTH MHOKECTBA.
1.4.4. Oneparopu nag UPM

B Tteopusta ma MPM ca nedunupanu omeparopute “HeoOxommmo” (1) m

“Bp3MoxHO” (L), kouto mpeobpazysar IPM B PM.
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1.5. UnaekcupaHu MaTpULH

B mpakTrkara 4ecto Bb3HHKBAT T.Hap. MHOTOKPUTEPHAIHU 3aJa4Hl 3a B3€MaHE Ha
pemenue (BP). Pasnopoanu u pasHooOpa3zHu Morar ja ObJaT KakTo KpUTEPHUTE, Taka U
HAJIMYHHUTE JAHHU, MOJYYCHU Ype3 U3MEPBAHETO WIIM OIICHSABAHETO Ha OOCKTUTE CIIPSIMO
kputepuute. [ToHsKOra M3MEpPBaHETO WM OICHSBAHETO IO HSIKOM OT KPUTEPUUTE MOXKE
Ja ce oKake 0aBHO, CKBIIO, PECYpPCOEMKO M T.H. B TakuBa ciydau 3a JUIETO B3EeMaIlo
pemenue, (JIBP) me e or chluecTBeHa mos3a Ja MoOrar Ja ce IpeHeOperHar mnpu
OBJIEIIOTO B3eMaHe Ha PEHICHNEe BCUYKH WM 4acT OT Te3H ,,HeOIaronpusTHH  KpUTCPUH

0e3 chlecTBeHa 3aryda Ha TOYHOCT.
1.6. MeToa Ha MHTEPKPUTEPUAJIHHUSA aHATH3

MeToabT Ha MHTEPKpUTEPHAIHUS aHAIU3 CE€ OCHOBAaBa Ha JBa MaTeMaTHYECKH
dbopMann3Ma - anapara Ha MHJIEKCUpPaHUTE MaTpuld 3a 00pabOTKa Ha MaCUBH OT JAHHU C
Pa3TUYHUA PA3MEPHOCTH, U HHTYUIITMOHUCTKH Pa3MUTUTE MHOKECTBA KaTO MaTeMaTUYECKH

MHCTPYMEHT 3a TPETHUPAHE HA HEONIPEIEICHOCTTA.

Hexka M e nnnekcupana Marpuiia, KOHCTpyHpaHa 1o CIEIHUS HAYUH:

" o .. O .. O .. O,
Ci |ac,0, - a0, - a0 - acpQ,
Cilaco - a0 - a0 - &g,
CJ acjvol e aCJvok e aCJ10| o aCJvon
Cnlac,o - dmo, - @dcmo - @acmo, (12)

KbJieTo 3a Besiko p, ¢ (1 <p<m, 1 < g <n):
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o C, € KpuTepHuii;
° O, e 00exkT;
o acp,04 € OLIEHKATA HA ¢-TUSI OOEKT CPELy p-TUsl KPUTEPHIA.

[To-nmeraiinHO, cropen MpeacTaBeHara I0-A0dy TaONHIla KOPENIAMUTE MEXITY
KPUTCPUUTE CE HAPHUYAT ,,CHJICH MO3UTUBEH KOHCOHAHC', ,,[IO3UTHBEH KOHCOHAHC", ,,ci1a0
MMO3UTHUBEH KOHCOHAHC®, ,,c1ad aucoHaHc™, ,,JUCOHAHC®, ,,CHJIEH JHMCOHaHC®, ,,cia0

HEraTuBEH KOHCOHAHC", ,,HETaTUBEH KOHCOHAHC " MJIM ,,CHJTHO HETaTUBCH KOHCOHAHC*.

Cmenen na kopenayus Tun Konconanc
[0; 0,05] CuiieH HeraTUBeH KOHCOHAHC
[0,05; 0,15) HerarnBen KoHCOHAHC
[0,15;0,25) Cnab HeratuBeH KOHCOHAHC
[0,25;0,33) Cnab nucoHaHc
[0,33;0,43) Jluconanc
[0,43;0,57) CuileH IMCOHAHC
[0,57;0,67) Junconanc
[0,67; 0,75) Cnab mucoHaHc
[0,75; 0,85) Ca0 mo3uTHBEH KOHCOHAHC
[0,85;0,95) Ilo3uTHBEH KOHCOHAHC
[0,95; 1] CuIleH MO3UTHBEH KOHCOHAHC

Tabnuya 1.1. Kopenayuu medncoy kpumepuume
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BTOPA I'/TABA
AHAJIN3 HA TIPOLECUTE B BAHKOBOTO JIEJIO

TbpceHeTo u pa3pabOTBAaHETO HA HOBU, WUHTEIMIEHTHUTE METOAM 3a aHAJIU3 Ha
nporecure B OAHKOBOTO JE€JI0 € aKTyaJeH HaydeH NpobieM. AKTyaJHOCTTa My ce
orpeieNs OT IPOMEHEHaTa UKOHOMHUYECKa cpesia, OT HeoOXOAUMOCTTa Ha Obp30 pa3BUTHE
U JUTWTaIu3anys Ha OAaHKOBUTE YCIYrd U Hali-Bedue Ha TOYHHM aHAJIM3U Ha MPOLECUTE B
KpEOUTHUTE UHCTUTYLUU, HA PUCKOBETE HAa KOUTO €A M3JI0KEHU U HA TBHIKYBAaHETO Ha

JTAHHU U OIIEHKA Ha TAXHOTO YIIPABJICHUE.
2.1. BL3HukBaHe Ha 0aHKHUTE

bankute ca Bb3HUKHAIM B JIPEBHOCTTA, B ITBPBHUTE TpajioBe-IbpkaBu. EmHa oT
IbpBUTE OAHKOBH CUCTEMH € Ta3u BbB BaBuiioH, Bp3HMKHANA Tipean okoio 2000 roauHm.
JlpeBHuTe BaBUIOHCKM XpaMOBE HATpyHadd TapW OT JapeHHUs M 3aloyHajdd Ja THU

mpeaoCTaBAT B 3a€M Ha NPCAIIPpUCMaIN.

Hcropuyeckoro pa3BuTHe Ha OaHKUTE MNpPEMUHABAa IMpe3 pa3jM4yHU €Tald B
3aBUCUMOCT OT PAa3BUTHUETO HA AbPKABUTE U TEXHUTE MKOHOMUKHU. baHkuTe BHHarm ca
OWJIM B MOMOIIl Ha HACEJICHUETO M Ca MPEJOCTABSUI ThPCEHUTE ychnyru. [IpuBIudaiku

pecypc, Te o MPel0CTaBAT Ha Te3U KOUTO ThPCAT (PMHAHCUPAHE.
2.2. UcTtopusi Ha 0aHKOBOTO 1¢J10 B bbiarapus

Cw3maBaHeTo Ha OaHKUTE W PA3BUTHETO Ha OAHKOBOTO Jei0 B beiarapus e
00yCIIOBEHO OT HEWHOTO ucTOopuuecko pazButue. [JJo OcBoOoxaeHuneTo Ha brarapus He
ca chllecTBYBaidu Obarapcku 6anku. CTpaHara HU Ipeau TOBa ABITO BpeMe € Ouiia yacT
or Typckara wumnepus. Cw3nanenara mpe3 1857 r. OtomaHcka OaHka € uMana

Mpe/icTaBUTENICTBA B bharapus, HO He MOXe Jla ce IpueMe 3a MbpBa Obarapcka OaHka.

[Ipe3 1859 r. B bbarapus ce npaBu ONuT 3a ch3AaBaHe Ha OaHKH, oA ¢opMaTa Ha

obmonone3nu kacu. Crmex OcBOOOXAEHHETO Te (YHKUMOHMpAT Karo arpapHyU KacH,
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MOJTIOMArad CeJCKUTE CTOMAaHM M Taka MOCTaBIT HAYaJIOTO Ha OAHKOBOTO €O B
bearapus. IIepBara Obnrapcka 6anka e cp3fganeHara npe3 1879 r. bwarapcka HapoaHa
6anka (bHB). IIbpBOHauanHO TS HE € MMajia MPaBo Jla C€4e MOHETH, J1a MeYaTH U MycKa
napu B oOpbiueHue. Ilo kbcHO ¢ mpomsiHa B ycraBa i mpe3 1885, T Beue mma ToBa
paBo M u3JaBa MbpBUTEe Obirapcku OankHoTH. bHDB wurpae Baxna pons B
MKOHOMUYECKUS KUBOT Ha cTpaHara. T4 e neHrpanHa 6anka Ha bearapus u ot 2007r,
cien npueMaHeto Ha bwarapus 3a vact or EBponeiickus cpro3, bBHB craBa wact ot

cuctemara Ha EBponelickure LeHTpaiaHu OaHKH.
2.3. HoBuTe TeXHOJIOTHH U Pa3BUTHETO HA 0AHKOBOTO J1€JI0 B CBETa

Ha ¢urypa 2.1. ca mpeacraBeHM Hal-Ba)KHUTE MOMEHTH B pPa3BUTHUETO Ha

1M(pPOBUTE TEXHOJIOTUHU B 001aCTTa HA (DUHAHCHUTE.

Origin Emergence of computer Wider use of online  Mobile banking
-the first ATM banking banking

. N 4 »

v '

- Introduction of home Age of Age of internet;  1ablet computers,
computer computers mobiles smartphones
- Intemet

Que. 2.1. Hcmopus na yugpposume mexnonocuu

Enextponnoro OankupaHe 3amouBa c mosiBata Ha ATM — OaHkomatutre u
nebutHute kaptu npe3 60-te roguau Ha 20 Bek. [TocpencTBoM TX MOTpeOUTENHUTE MOTaT

Jla ToJTy4aBar napu B Opoii, 1a mpaBsT JENO3UTH J1a IUallaT KOMyHAJIHA CMETKU U Jp.

Haii-3Haunmo cnOutHe B pa3BuTHeTOo Ha OaHkuTe mpe3 20 BeK € mosiBara Ha

OHJIaliH OaHKHUpaHETO, KOETO B Hail-paHHUTE cu GopMmu € OT 80-Te rOAMHM Ha MHUHAIUS
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Bek. Haif-ronsiMm TJiachk B HETOBOTO Pa3BUTHE € MOsABaTa Ha UHTEPHET B cpenara Ha 90-Te

TOJIMHH.
2.4. AHa/1u3 Ha npouecuTe Ha (puHaHCcHpaHe Ha Ou3Heca B EBpona

Nxonomukara Ha BCsika cTpaHa ce (PMHAHCHpA MO pa3iMueH HAYUMH OT Pa3IMYHU

n3ToyHULM. OCHOBEH U3TOUYHUK Ha (PMHAHCUpaHE 3a (upMUTe ca OaHKUTE.
2.5. AHa;1M3 Ha npouecuTe Ha peryjanus Ha 0ankute B EBpona

bankuTe M MO-KOHKPETHO TAXHATA JEUHOCT € €Ha OT HaW-pEryJIMpaHUTE B CBETA.
B EBporma ctpanute kouTo ca 4acT ot EBporneiickus cbhio3, IeMHOCTTa Ha OaHKUTE UM Ce
KOHTpOJIMpa OT HaJ30pHAaTa WHCTUTYLMS Ha JajJeHara cTpaHa U oOT EBpomeiickara
neHtpanHa Oanka (EILIb). ToBa mpencraBnsBa Taka HapeueHus EawmHeH Ham3opeH
Mexanus3bpM. ElIb e He3aBucnma mHctuTynus keM EBponerickus cbBeT. Helinara posst ce
CbCTOM B YCTAHOBSBAaHE Ha €IMHEH TEKyIll HAA30p HaJ KpPEIUTHUTE WHCTUTYLHUU,
OCUTYpsIBAHE Ha NPWJIATaHETO M CIAa3BaHETO HA €IWHHM, XapMOHHM3WpaHU MpaBUiia U
MOJINTHKY, TpEANpUeMane, Korato € HEeoOXOIWMO, Ha KOpPUTHpalld ACHCTBUA. 3a
nocturanero Ha te3u 1enu EIB paGotu B TACHO CHTPYAHHYECTBO C HAIMOHAIHUTE

Ha/I30PHU OpTaHH.
2.6. M3uckBanus 3a oT4eTHOCT HA 0ankuTe B EBpona

Cuunrano ot 28.06.2021 r. U3UCKBaHUATA 32 OTYETHOCT OT CTPaHA HA KPEIUTHUTE
WHCTUTYIIUU C€ ypekIaT B PernmamMeHT 3a M3MbIHEHWE, KOWTO 3aMeHs PermameHT 3a
u3MbIHEHUE. B myOnukaims ce ycTaHOBSIBAaT eqUHHU (GopMaTH 1 00pa3iy 3a TOKIaIBaHe,
yKa3aHUS M METOJOJIOTHS 3a M3IMOJM3BaHETO Ha TE3W 00pasly, 4ecToTa W JaTh Ha

AOKJIaABAaHEC, OMPCACICHUA U I/IH(i)OpMaIII/IOHHI/I TEXHOJIOTHH 3a JOKJIaABAHETO.

B pernmameHTuTe ca yKa3aHM M TIEPUOJUYHOCTTA HA OTYETHTE. BB3 OCHOBa Ha
MoJy4yaBaHUTE OTYETH, HA TpuMeceuHa O0a3a EBpormelickaTta neHTpanHa 6aHka myOIuKyBa
arperupana uHpopMaius 3a HaOMOAaBaHUTE KPEAUTHU WHCTUTYIMH. ToBa MpeacTaBIisiBa

Hanzopnara 6ankoBa cratuctuka, @ur. 2.3.
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Supervisory Banking Statistics

Poush cosetar 2071

. 1!
BANKU PRIE ZIDRA NADZOR BANKOW
! FELUGYELE]
SL""’[‘“V'“ |O\J " ANCAIRE
NADZOR BANAKA

* BANKING S'UPERVIS|ON

SUP‘:RVISAO BANCARIA

Que. 2.3. Hao3opua bankoea cmamucmuxa

Nudopmanusara B TO3M OTUET € MpeJCTaBeHa U3LsUIO B TabnuyeH Bu. Pa3nenena e
B ILIECT OCHOBHU 00nactu — O0Ima cratucTuka, bamaHcoBa KOMITO3UIUS U CIIOCOOHOCT 3a
reHepupane Ha nevanba, KanuranoBa afieKBaTHOCT U JUBbPUIK, KauecTBO Ha akTUBHTE,
®unancupane u JlukBuaHoct. OOmuaT Opoit Ha TaAONMHUIIMTE B PA3IMYHUTE OTYETH Bapupa
oT 59 no 62. Nudopmanusara B TabaummTe B OOLIUS ciaydail € pa3ieneHa 3a OTYETHUS
NepHoA, MO CTPAaHW U MO Kinacupukanus. T € Ha Hal-BUCOKO KOHCOJUAMPAHO HUBO.
Hsxoit cTpanu mopanud NpUYMHM 32 KOH(DHICHIIMATHOCT HE JaBaT ChIVIACHE 3a TOBa
ornpezesieH! JaHHM J1a Obaar nyonuKyBaHu. bbiarapus HarpuMmep ydacTsa ¢ €jHa 3HauuMa
O0aHKa ¥ HEWHWTE JaHHW HE ce myOnukyBar B Hag3zopnara 6ankoBa craructuka. [lopaau
Ta3M MPUYMHA B AUCEPTALMOHHUS TPYJ Ce aHAIM3Mpa WHPOpMAMATA 32 OAHKUTE B OCEM
€BpOTMEHCKH CTpaHU, 3a KOUTO MMa mbiHa uH(opMmanusa. ToBa ca ['epmanus, Vcnanus,
Opannwust, Utanus, JliokcemOypr, Hunepnanaus, Asctpus u I[lopryranus. Ot Tabaumure
B HagzopHara GaHkoBa cTaTUCTHKA, ca U30paHM 3a aHATU3 AaHHU 3a — [leyanOu u 3aryou
no ctpanu, KimrouoBu MHIMKATOpH 3a MpEACTaBsHE 10 cTpaHu U HeoOcayxBaHU KpeauTu

M aBaHCH 110 CTPaHH.
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JlanHuTE 32 MeyanOuTe U 3aryouTe Mo CTpaHH 3a YeTBBPTOTO Tpumeceuue Ha 2020
. ca 13 Ha Opoii, a 3a yeTBbpTOTO TpUMeceune Ha 2021 1. ca 15 Ha Opoii. Paznukara ce
IBJKU HA MIPOMEHEHA, KbM I0-ACTalIM3UpaHa OTYETHOCT Ha Me4aOuTe U 3aryouTe ot

(bMHAHCOBU aKTUBU U MAaCUBH.
2.7. AHa/IU3 HA KOHKYPEHTOCIOCOOHOCTTAa HA MKOHOMUKUTE B CBEeTa

Jpyru naHHU, KOMTO ca aHaJu3UpPaHU B JUCEPTALMOHHHUSA TPYI ca JaHHUTE
NMyOJMKyBaHM B TOAMIIHHUTE JOKJIaAW 3a KoHKypeHTocmocobHoct — The Global
competitiveness report Ha CBeTOBHUsI MKOHOMHUYecKHUs ¢popyMm. Ch3aaneH e npe3 1971 .
or npod. Kmayc IIIBa6. Cemamumiero ¢ B JKenea, IIBeiinapusi. Opranuzanusra e

MOIYJISIPHA C TOAMIITHUTE Cpeln nposexaanu B Jlasoc, LlIBelinapus.

I'moGamHusT JOKJIana 3a KOHKypeHTOCHOCO6HOCTTa NU3MCpBa KOHKYPCHTO-
CIIOCOOHOCTTA Ha CTPAHUTC U TCXHUTC MKOHOMUKMU. 3a OEJIUTC Ha aHaJln3a, B HAaCTOAIIUA

JTUCEPTAIIMOHEH TPY/ ca U3Moia3BaHu naHHuTe 3a 2018 . 1 2019 1.

The Global
Competitiveness Report
2019

T Yetmad, ¢

1“?" 4"

Que. 2.4. [obanen 0oxnao 3a KOHKYPEHMOCNOCOOHOCMMA
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[Ipe3 2018 1., CBeToBHUS HKOHOMHYECKH (OpyM TpencTaBs B JOKIana CH
[mobanen wHAEGKC 3a KOHKYpeHTOCNocoOHOCT. BceneactBue Ha mio0Oanuzanuara u
YeTBbpPTATa MHAYCTPUAJIHA PEBOJIOLMS, W3CJEIOBaTeINTe Ha ¢opyma peliaBar, 4ye €
HEOoOXO MM HOB HMKOHOMHuYecku kommnac. Ha ©Oazara Ha 40 romuimHUS CU ONUT B
aHAJU3MpPaHE HA KOHKYPEHTOCIOCOOHOCTTAa W HATPYyNMaHWTE JaHHU, T€ Ch3JlaBaT TO3U
UHJACKC, KOuUTO TmyOnukyBar B I[7oGamHus JAOKIa[ 3a KOHKYPEHTOCIIOCOOHOCT.
Nudopmanusara B 10KiIa1a € OpraHu3upaHa U pas3zielieHa Ha YeTUPU OCHOBHU OOJACTH B
KouTO ca pazmnpeaencHu 12 Ctwi0a u BB BCEKH €IHH UMa IO HSIKOJIKO MHANKaTopa. ToBa
ca — bnazonpuamna cpeoa cvc cmwvnoose - 1. Unacturyuun, 2. Uudpactpykrypa, 3.
WNuTepHet, kKoMIIOTpU ¥ KOMyHUKauuu 4. MakpoukoHomuuecka ctabunHoct; Yoeeuwku
Kanuman cvc cmwviadoge — 5. 3apase u 6. Ymenus; Ilazapu cve cmwvnoose — 7. 11azap Ha
mponyktd, 8. TpymoB mnazap, 9. ®dunancoBa cucrema, 10. IlazapHa ronemuHa;
Huoeamuena exocucmema covc cmwinooee — 11. busnec nuaamuka u 12. MlHOBaTuBHA

CIIOCOOHOCT.

OT BCHYKO Ka3aHO JI0 TYK CIie[Ba, Y€ € He0OXOUM MHOBATUBEH METOJl 33 aHaJU3
Ha MHOXXECTBOTO JaHHU 32 KOHKYPEHTOCIOCOOHOCTTa Ha MKOHOMHUKHTE. B HacTosmms
JTUCEPTAllMOHEH TPyl HMKOHOMHYECKUTE JIaHHM 3a TMpolecuTe B OaHKHUTE IIe ce
aHAJM3UPAT TMOCPEACTBOM MpUJIaraHe Ha WHTCPKUTCPUATHHS aHaau3, JepuHMpaH OT
Kpacumup ArtanacoB. ToBa e merom 3a moArnoMaraHe Ha Mpoleca Ha B3€MaHE Ha
pemieHus, Oa3upaH Ha JBa MaTeMmarhyeckw (opmanusma: anreOpuyeH amapar ot
WHJICKCUPAHUTE MaTpHIM 3a 00pabOTka HAa MAacWBU OT JIaHHW, U WHTYHIIMOHUCTKUTE

PasMHUTHU MHO>KCCTBA.

B 3akmrouenue, TpsOBa na ce oTOeNekHu, 4e € M3BBPIUICH KPUTHYCH aHAIU3 Ha
Bb3MOXKHOCTTA 3a MpUJiIaraHe Ha MHOTOKPUTEPHAJIEH METO/I 32 B3€MaHe Ha pelIeHus, IpH
OLICHKAa Ha MpolecuTe B OaHKOBOTO J€l0. 3a LENIWTE Ha aHajlu3a ca OIpeleleHU
J0CTaThyHO MH(POPMATUBHU TOKA3aTENN OT ACHHOCTTa Ha OAHKUTE B CTPAHUTE YJICHKH Ha

EBponerickus cbro3. M3mosi3BaHuTe JaHHU Ca Ha arperupaHo HUBO 3a BCAKA CTPaHA.
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TPETA IJTABA

EKCHEPUMEHTAJIHU PE3VJITATHU OT IPUJIATAHETO HA
UHTEJIUTI'EHTHU METO/H 3A AHAJIN3 HA ITPOINECUTE B
BAHKOBOTO JEJIO

B Ta3u maBa oT qucepTalMOHHUS TPYA Cca MPEACTaBEHU NOIYYEHUTE PE3YITAaTH OT
nposefeHuss aHanu3. M3non3san € metoasT - MHTepkputepuanen ananus (InterCriteria
Analisys - ICA), koliTo MbpBOHAYaJIHO € pa3padoTeH, 3a J1a OTpa3siBa CUTYalUH, KbJIETO
HSKOU OT KPUTEPUMTE Ca C IO-BUCOKA CEOECTOMHOCT OT OCTaHAJINUTE, KaTo Hampumep

TEXHHUTE OLICHKHU C€ IMOJTy4aBaT MO-TPYAHO, MMO-CKBIIO W/ UIIK OTHEMAT TIOBEYE BPEME.
3.1. AHanu3 Ha GUHAHCOBATA CHCTEeMa HA CTPaHuTe WieHKH Ha EC

B nyGmukammst [1], mapamerpute Ha CTpaHUTE ca JETAWIHO aHAIU3UPAHU
W3MOI3BallKi MHOTOKPUTEPHAITHUS METOJ] 32 B3EMaHE Ha pelleHus — HTepKpuTepuaicH
anamu3 (InterCriteria Analisys - ICA). KaTto u3X0QHM MaHHHM ca W3MOJ3BaHU JaHHU OT
logumaus gokiman 3a KOHKypeHTOocmocoOHOCT Ha cTpaHuTe 3a 2019 r, myOnukyBaH OT
exuna Ha CBeroBHMs HMxonomuuecku Popym, koilto ce mpoBexna B llseiinapus. B
noknana ¢urypupar gaHHu 3a 141 ctpanu. [lo manHu Ha aBTOpUTE HA JOKJIajaa, TE3U
cTpaHu mpousBexaar 99% ot OpyTHHUS HAIMOHAJICH JOXOH. AHAJIW3UpaHUTE NAaHHU OT
JIOKJIaJia U3MepBall KOHKypeHTocTTa ca oT CThyib 9 — @uHaHCOBa cucTeMa C MHIUKATOPHU:
1 — Mecmnuu xpeoumu xamo % om bBBIl (bpymen evmpewen npooykm);, 2 —
QuHnancupane Ha Marvk u cpeder busnec; 3 — M3uckearne 3a kanumai npu HavuHavue —
cmapmupawy oOusnec, 4 — Ilazapna kanumanuzayus xamo % om BBII; 5 —
3acmpaxosamennu npemuu, kamo obem om BBII; 6 — Cmabunnocm na 6aunkume ; 7 —
Heobcnyscsanu kpeoumu kamo % om obwo kpeoumu; 8 — Kpeoumen ean ¢ % u 9 —
Pezynamopno usuckeane 3a kanumanogo cvomuoweHue kamo % om 00WO PUCKOBO

npemecileHu aKknueu.

Asmopegpepamu na oucepmavuu 2023 (2) 43-82



61 Cnasuana Janaunosa-Benesa

Economy Profiies
Bulgaria 51st/140
Index Component Value Score*  Rank/140 Best Performer
 Pillar 7: Product market 0100 pest) . 56.7 ¢ 62 Singapore
701 Distortive effect of taxes and subsidies on competition 1-7 vesty 33 381 ¢ 107 Singapore
702 Extent of market dominance 1-7 (best) 37 450+ n Swizeriand
703 Competition in services 17 (et 52 695 ¢ 50 Hong Kong SAR
704 Prevalence of non-tarff bamers 1.7 besy 42 536 + 89 Singapore
705 Trade tanfls  ouwy 113 924 4 24 Hong Kong SAR
706 Complexity of tarifts 1.7 est) 30 37+ 12 Hong Kong SAR
707 Eficiency of the clearance process 1.5 e 29 484 ¢ 43 Germany
704 Services trade Openness 0100 fworst) 155 845 = 17 Ecuador
¢ Pillar 8: Labour market 0-100 es) . 620 + 50 United States
401 Redundancy COS!S weeks of salary 86 904 = 18 Multiple (8)
402 Hinng and firing practices 1.7 oest 38 469 ¢ 69 Hong Kong SAR
203 Cooperation in Labour-employer relations 17 besy 38 4634 18 Switzerland
104 Flexibiity of wage determination 1.7 (test) 52 702 ¢ 44 Hong Kong SAR
405 Active Labour policies 1-7 (best) 34 4086 ¢ 65 Switzerland
808 Workers' nights 0-100 oest) 794 794 ¢ 3 Muitiple (4)
807 Ease of hiring foreign kabour 17 est) 38 464+ 100 Abania
203 Intemal Labour mobiity 1-7 pest 47 613 ¢ 50 Guinea
&09 Refance on professional management 1-7 est) 35 214 12 Finland
10 Pay and productivity 1.7 (et 37 456 ¢ 81 Unded States
& 11 Female participation in Labour force rae 088 845 4 36 Multiple (4)
& 12 Labour tax rate % 202 831 = <) Muttiple (26)
£ Pillar 9: Financial system 0-100 pesy . 582 ¢+ n United States
401 Domestic credit to private sector % GOP 559 589 ¢ 62 Muttiple (29)
902 Financing of SMES 1.7 best 37 453 ¢ 7 Unied States
903 Venture capital availabiiity 1.7 foest 32 371 ¢ 50 Unied States
904 Market capitakzation % GOP 144 144 » 86 Muttiple (12)
905 Insurance premium % GOP 21 344 - 57 Muttiple (16)
906 Soundness of banks 17 (vest 45 501 ¢ 88 Finlana
207 Non-performing I0ans % kan portolo vae 132 744 ¢ 114 Multiple (2)
903 Credit gap percentage points 170 1000 = 9 Muttiple (97)
909 Banks' reguiatory capital ratio rato 204 1000 = 2 Muttiple (72)
L Pillar 10: Market size 0100 est . 5456 64 China

Que. 3.1. [lannu 3a punancosama cucmema 6 cmpanume na Eeponetickus cvios

Ilenta e nga ce moKaxe Bpb3KaTa MEXIYy TE3W HKOHOMUYECKH WHIHKATOPH
MOCPEJICTBOM TpWJIaTaHE HAa MHOTOKPUTEpUAJICH METOJl 3a B3eMaHE Ha PEIICHUs —
Nurepkpurepuanen ananmm3 (InterCriteria Analisys - ICA). M36panutre WHAUKATOPU OT
aBTOPUTE HA JIOKJIaJa ca pe3ynraT Ha 00paboTKa Ha JaHHW Ha pa3jIMYHU MHCTUTYIIMHU U Ha

udpoBa OIEHKA Ha MPOBEACHO nonuTBaHe. [lonpoOHO onrcanne HAa UHIUKATOPUTE U HA
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Cren6 9 or moknmaga e HampaBeHO B [71aBa 2 B HACTOSIIUS JAWCEPTAIMOHEH TPYII.

[TomyyenuTe pe3ynTaTu oT aHanu3a ca mokazanu B Tabnuma 3.1 u Tabmuma 3.2.

[Tonpo6HO onucanne Ha mHAMKaTOpuTe W Ha CTHIO 9 OT JOKIaaa € HampaBeHO B

['maBa 2 B HacTOSAIIMS QUCEPTALMOHEH TPY/I.

m 1 2 3 4 5 &

=]
=}
K&l

1 1.000 | 0.569 | 0.560 | 0.689 | 0.655 | 0.520 | 0.462 | 0.406 | 0.446

2 0.569 | 1.000 | 0.855 | 0.680 | 0.597 [ 0.766 | OX32 | 0.628 | 0.615

3 0.560 | 0.855 [ 1.000 | 0.680 | 0.600 [ ©0.717 | 0166 | 0.625 ( 0.625

4 0.689 | 0.680 | 0.680 | L.000 | 0.791 | 0.540 | 0.326 | 0.505 | 0.578

5 0.655 | 0.597 | 0.600 | 0.791 | 1.000 ( 0.535 | 0.418 | 0.449 [ 0.465

& 0.520 | 0.766 | 0.717 | 0.640 | 0.535 [ 1.000° | 0.169 | 0.680 ( 0.597

7 0.462 | 0.132 | 0.166 | 0.326 | 0.418 | 0.169 | 1.000 | 0.298 | 0.280

8 0.406 | 0.628 | 0.625 | 0.505 | 0.449 [ 0.580 | 0.298 | 1.000 ( 0.518

9 0.446 | 0.615 | 0.625 | 0.578 | 0.465 [ 0.597 | 0.280 | 0.618 [ 1.000

Tabauya 3.1. Cmotinocmu Ha U

1 0.000 | 0.321 | 0.388 | 0.308 | 0.338 | 0.449 | 0.532 | 0.591 | 0.548

2 0.391 | .O0O0 | 0.065 | 0.277 [ 0.357 | 0.169 | 0.822 | 0.329 | 0.338

3 0.388 | 0.065 | 0.000 ( 0.265 | 0.342 | 0.200 | 0.782 | 0.320 | 0.317

q 0.308 | 0.277 | 0.265 | 0.000 ( 0.206 | 0.326 | 0.665 | 0.489 | 0.412

5 0.338 | 0.357 | 0.342 | 0.206 | 0.000 | 0.428 | 0.569 | 0.542 | 0.523

6 0.449 | 0.169 | 0.200 ( 0.326 | 0.428 | 0.000 | 0.794 | 0.286 | 0.372

7 0.532 | 0.822 | 0.782 | 0.665 | 0.569 | 0.794 | 0.000 | 0.692 | 0.708

8 0.591 | 0.329 | 0.320 | 0.489 | 0.542 | 0.2856 | 0.692 | 0.000 | 0.372

9 0.548 | 0.338 | 0.317 | 0.412 | 0.523 | 0.372 | 0.708 | 0.372 | 0.000

Tabauya 3.2. Cmotinocmu na v
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Pe3y.HTaTI/IT€ OT IIPOBCACHUS MHTCPKPUTCPHAIICH aHAJIU3 IIOKA3BAT CJICIHOTO.

Wnnukatopu [ (,, Mecmuu kpeoumu xamo % om bBBII (Bpymen evmpeuien

npooykm) ) u 6 (,, Cmabunnocm na bankume *“) ca B CUJICH TMCOHAHC,

Wunukatopu 1 (, Mecmnu xpeoumu kamo % om BBIl (bpymen evmpeuwen
npooykm)“) u 1 (,, Heobcnysxceanu kpeoumu xamo % om obwo kpeoumu ‘) ca B CUJICH

JIIMCOHAHC;

WNunukatopu 2 (,, Qunancupane na maivk u cpeden busnec ) u 3 (,, Mzuckeane 3a

Kanumarn npu cmapmupauy 6usHec “) ca B IO3UTUBEH KOHCOHAHC;

Wuanukatopu 2 (,, Quuancupane Ha Marvk u cpedew oOusnec”) wu 1

(,, Heobcnyoswceanu kpeoumu kamo % om obwjo kpeoumu ) ca B HeraTUBEH KOHCOHAHC;

Wunukatopu 3 (,M3uckeane 3a kanuman npu cmapmupaws oOuznec™) u 4

(,, [lazapua xanumanuzayus kamo % om BBII*) ca B cnab nucoHaHc;

Wunukatopu 3 (,M3uckeane 3a xanuman npu cmapmupaw, ouszmnec™) wm 1
(,, Heobcnysiceanu kpeoumu xamo % om obwo xpedumu‘) ca B clad HeraTUBEH

KOHCOHAaHC,

Wnnukaropu 4 (,, [lazapra kanumanuzayus xamo % om BBII*) u 8 (,, Kpeoumen

2an 6 % ‘) ca B CWJICH JUCOHAHC,

Wunukatopu 5 (,3acmpaxoeamennu npemuu, xkamo obem om bBII“) u 6

(,, Cmabunnocm na 6anxume ) ca B CUJICH JUCOHAHC,

Nunukatopu 6 (,, Cmaburnocm na 6ankume ™) u 8 (,, Kpeoumen can ¢ %) ca B

ci1a0 IUCOHAHC;

Wunukatopu 8 (,,Kpeoumen e2an 6 %) n 9 (,, Pecynamopno usuckeane 3a

Kanumaioso cvomuouieHue kamo % ‘) ca B IUCOHAHC.
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AHaIU3BT MOKa3Ba 3aBUCUMOCT MEXIy Kputepuit 2 (,, Qunancupane Ha MaivK u
cpeden Ousnec ) m xpurepuit 3 (,, M3uckeane 3a kanuman npu cmapmupauwy ousuec ).
OcHoBHaTa MpUYMHA 3a TOBA €, Y€ JAHHUTE Ca B3ETH CJel MPOy4YBaHE, KOETO MOKa3Ba
CIOCOOHOCTTa Ha MAJIKUS MJIM cTapTUpail OW3HeC Ja HaMepsT mapH 3a (puHaHCUpaHe Ha

CBOATA I[CﬁHOCT, Ha CBOUTC MHOBAaTHUBHU UJCHU.

HabGmronasa ce cnab nucoHaHc Mexay Kputepuit 6 (,, Cmaburnocm na 6ankume )
u xpurepuir 8 (,, Kpeoumen ecan ¢ % °). CrabmiHocTTa Ha OaHKUTE € OIIEHEHa CIex
JOTIUTBAHE, T.€. TS € CyOeKTHUBHA OlleHKa. KpeUTHUSAT Tall ce cunTa 3a paHCH HHIUKATOP

3a HaOmkaBala OaHKOBa KpH3a.

Ot nmpyra ctpaHa, uMa ciaba 3aBUCUMOCT Mexay Kputepuid 6 (,, Cmaburnocm Ha
bankama ) u xputrepuit 7 (,, Heobcnysceanu kpeoumu xkamo % om 006wo Kpeoumu ).
ToBa ce nbKHM Ha 3HAYEHHUETO Ha TE3U KPUTEpUHU. AKO elHa OaHKa € B JOOPO ChCTOSHUE,

HHUBOTO Ha HEHHHTE HCOGCJ’IY)KBaHI/I KpeauTu € MHOT'O HHUCKO.

[Tonyuenure pe3ynraru mokaspar, ue kputepuit I (,, Mecmuu kpeoumu xamo % om
bBII (bpymen eévmpewen npooykm)“), xpurepuit 7 (,, Heobcnysceanu kpeoumu kamo %
om obwo kpeoumu ‘) u xkpurepuit 8 (,, Kpeoumen ean 6 %°) ca B NUCOHAHC, KAKTO
MIOMEXAY CH TaKa M C BCUUKM OCTaHAJIU, T.€. T€ Ca He3aBUCUMU Kpurepuu. Kpurepuit 7
(,, Heoocnysceanu kpeoumu xamo % om obwo kpeoumu ‘) imMa udpoBO U3PAKECHHUE U €
pe3ynrar Ha (PUHAHCOBOTO CHCTOSIHHE Ha (UPMUTE M TAXHATa BB3MOXHOCT Ja CH

00CITy’)KBaT 3a1bJDKEHUSTA.

3.2. AHaIM3 HA JefiHOCTTa HA yYaCTHUIUTEe BbB (JMHAHCOBATa CHCTeMa Ha

cTrpaHuTe WwieHKd Ha EC

B nyGnukanus [3] ca u3non3BaHu, 3a NENWTE HA aHAIM3a, JaHHW OT JIOKJIaaa 3a
KOHKypeHTocnocoOHocT 3a 2018 1., karo ce oyakBaiie CBETOBHUS MKOHOMUYECKU GopyM
na myOnMKyBa TakbB JTOKJIaA M 3a Clie[[BallaTa rofrHa. 3a chKajJeHue ce CIy4yd CBETOBHA
3apaBHa Kpusa npenusBukaHa or COVID-19. Ha nHeBeH pen u3isi30Xa MHOIO JIPYIH

npobnieMu. MIKOHOMHUKUTE MPEThpIsixa TOJIeMU ChTPECEHHs M 3aryOu. 3aroBopu ce 3a
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Bb3cTaHOBsiBaHe. Exunure Ha CBETOBHUS UKOHOMUYECKHU (OpYM 3arodHaxa Jia o0chxkaAar

IIPOMCHU B OOKJIaAaA.

B ImobGannus noxman 3a KOHKYPEHTOCIIOCOOHOCT JaHHUTE ca pasieieHu B 12
CTHJIOA, KbM BCEKHM MMa TOJ UHAUKATOPH, KOUTO ca oOuro 98 Ha Opoil. AHanu3upaHu ca
unankaropure ot Ctoy6 9 — Gunancosa cucrema — war u Crabunnoct. Toi ce cheTon
OT ciegHuTe mnon uHaukaropu: 1 — Mecmuu kpeoumu kamo % om BBII (bpymen
svmpeuien npoodykm),; 2 — Quuancupane Ha MAalvk u cpeden busnec, 3 — H3uckeane 3a
Kanumai npu HaduHauwue — cmapmupaw ousnec, 4 — llazapuna xanumanusayusi kamo %
om BBII; 5 — 3acmpaxosamennu npemuu, xamo ooem om BBII; 6 — Cmabuinocm Ha
banxume; 7 — Heobcnysiceanu kpeoumu kamo % om obwo kpeoumu, 8 — Kpeoumen 2an 6
% u 9 — PecynamopHno usuckeéane 3a Kanumanio8o CbOMHOWeHUe kamo % om oouo

PUCKOBO npemecleHU aKknuesu.

[lonydyenure pe3ynTatd OT MPHJIATaHETO HA HMHTEPKPUTEPHAIHUS aHAIU3 ca

MIPEACTaBEHHU B CIICBAIITUTE ABE TAOJIUIIH.

u 1 2 3 4 5 6 7 8 9
1 1| 05328 | 0,5584| 0,7407 | 0,6952| 0,51 04501 | 03903 | 04103
2| 05328 1| 08376 06667 | 0,6182| 0,755 | 0,1481| 0,5983 | 0,5698
3| 05584 | 0,8376 1| 0,6809 | 06382 0,7151 | 0,1823 | 0,5926 | 0,6011
4| 0,7407 | 0,6667 | 0,6809 1| 0,7806 | 0,6125| 03618 | 04758 | 0,4986
5| 06952 | 0,6182 | 06382 0,7806 1| 05556 | 04217 0453| 0433
6 0,51 0,755| 0,7151| 0,6125| 0,5556 1| 0,1795| 06895 | 0,5812
7| 04501 | 0,1481| 0,1823 | 03618 | 04217 | 0,1795 1] 02934 03333
8| 053903 | 0,5983 | 0,5926| 04758 | 0453 | 0,6895| 0,2934 1| 06125
9| 04103| 055698 | 0,6011 | 04986 | 0433 0,5812| 0,3333 | 0,6125 1

Tabnuya 3.3. Cmounocmu Ha U
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AHanu3bT Ha JAHHUTE IOKa3Ba HAJIMYME HA 3aBUCUMOCT MEXAY KpuTepuil [
(,, Bbmpewno kpedoumupaume Ha uacmuus cexmop om 6auku xkamo % om bBBII”) u
kpurepuit 4 (,llazapna xanumanuzayus kamo % om bBBII”). I nBara moka3zatens

ITOKa3BaT Pa3BUTUCTO HA HKOHOMHUKATA U TOBA € OCHOBHATA IIpUYHHA 3da BPBb3Ka HM.

[Tpu TO3M aHAIM3 CHINO CE MPOSBSABA 3aBUCUMOCT MEXIY Kputepuid 3 (,, Mzuckeane
3a Kanumai npu cmapmupaw ousznec ) n xputepuit 2 (,, Punancupane na MCII*). Ts
MOKa3Ba CIIOCOOHOCTTAa HAa MAJIKHS WM CTapTHpaIIus OW3HEC 1a HaMepsT KamuTal, 3a Ja
¢dbuHaHCHpaT OM3HECa CU. AHAIM3UPANKN OCTAHAIMTE PE3YJITAaTH MOXKE Jla Ce Kaxke, ue ce
Ha0II0/1aBa U OlIE €JHA 3aBUCUMOCT MEXIy Kputepuit 6 (,, Cmabunnocm na bankume ‘) u

kputepuii 8§ (,, Kpeoumen ecan ¢ %*).

[Ipn ananu3a Ha AaHHWUTE ce 3a0eis3Ba cinada 3aBUCUMOCT MEXAY KpUTepHil 6
(,, Cmabunnocm Ha 6anxama ‘) n xpurepust 7 (,, Heobcnysceanu kpeoumu kamo % om
oowo xkpedumu ). OTHOBO OOSICHEHHETO €, Y€ TOBa CE€ ABJIKM HA 3HAYECHUETO Ha TE3U
KpUTepuHu. AKO enHa OaHKa € CTa0WJIHA, HUBOTO Ha HEHHUTE HEOOCTYXBaHH KPEIWTH ©

MHOTI'0 MAJIKO WJIM PasMCPBbT UM CC IMOKPHBaA B rojisiMa CTCIICH C aKTUBU.

v 1 2 3 4 5 6 7 8 9
1 0] 04131 | 0,4046 | 0,2564 | 0,2906 | 0,4644 | 0,5385| 0,604 | 0,5812
2| 04131 0] 0,0769 | 0,2821| 0,3191 | 0,1709 | 0,792 | 0,3476 | 0,3732
3| 0,4046 | 0,0769 0] 0,2849 | 0,3162 | 0,2279 | 0,7806 | 0,3704 0,359
4| 02564 | 0,2821 | 0,2849 0| 0,208 | 0,3647 | 0,6296 | 0,5214 | 0,4957
5] 0,2906 | 0,3191 | 0,3162 | 0,208 0| 0416 ] 0,5584 | 0,5328 0,5499
6| 04644 | 0,1709 | 0,2279 | 0,3647 | 0,416 0] 0,7892 | 0,2849 0,3903
71 0,5385| 0,792 | 0,7806 | 0,6296 | 0,5584 | 0,7892 0] 0,7009 | 0,6524
8 0,604 | 0,3476 | 0,3704 | 0,5214 | 0,5328 | 0,2849 | 0,7009 0] 0,3789
9| 0,5812 ] 0,3732| 0,359 | 0,4957 | 0,5499 | 0,3903 | 0,6524 | 0,3789 0

Tabauya 3.4. Cmotinocmu Ha v

[IpencraBenute pesyaTarH IMOKa3BaT cjlaba 3aBUCHUMOCT U MEXAY KpuUTepuil 7
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(,, Heoocnysceanu kpeoumu kamo % om oowus kpeoum ) v xpurepuit 8 (,, Kpeoumen ean
6 %7). OcHOBHaTa MpUYHMHA 32 TOBAa €, Y€ KPEIUTHUAT Tal € paHeH WHIUKATOp 3a
MPOTHO3UpaHe Ha (PMHAHCOBA KpH3a. BUCOKOTO HUBO Ha HEOOCTY)KBaHU KPEIUTH MOXKE J1a

6’5,[[6 IIpUYKrHA 3a TaKaBa KpH3a.

W3BonuTe HampaBeHM TpU aHauW3a Ha JaHHUTE OT JOKIAJWTEe 32
KoHKypeHTocrocoOHocT 3a 2018 1. m 3a 2019 r., moka3BaT, 4e CHJIHUTE U ClIadbuTe
3aBUCUMOCTH MEXIY UHIUKATOPUTE CE MPOSIBABAT M0 €IWH U ChIM HauuH. Upe3 meTona
Ha MHTEPKPUTEPHAIHUS aHAJIU3 MO €UH O0e3CIOpeH HAUYMH Ce MOTBBPK/IaBa BIUSHUETO
MM, KaTO CIIEJICTBUE Ha MKOHOMHYECKOTO 3HAUYCHHE Ha WHAMKATOPUTE W OYaKBaHATa

BpBb3Ka MCIKAY TAX.

3.3. AHa/1u3 Ha GUHAHCOBUTE MOKa3aTeJ M Ha cTpaHH wieHKH Ha EC 3a 2020

B myOnukanus [4] ca aHanu3upaHu JaHHU OT oTYeTa Ha EBporeiickara nmeHTpaina
Oanka - Hamzopna OankoBa cratuctuka 3a 2020 1, Karo € M3MOJI3BaH 3a IIEJIUTE Ha
aHanmmza Merona - HMartepkputepuanen ananu3 (InterCriteria Analisys - ICA).
[TocpeacTBoM HETO ce aHaTM3Mpa MAacUB OT JIaHHU, TIOKAa3BaT C€ B3aUMOBPBH3KH, KOUTO HA
MPBHB TOIJIel MOXE J1a Ca HEBUIUMH, HaAydHO OOOCHOBAaHO C€ MOTBBPK/IaBaT OYaKBAHU

B3aUMOJEHUCTBUS.

AHanu3bpT € mpoBefeH 3a u3bpanu ocem crpanu wienku Ha EC (I'epmanws,
Ucnanus, ®pannus, Uranus, JlrokcemOypr, Hunepnannus, Asctpus u Ilopryranus) 3a

2020 1. cbC CIEAHUTE UHINKATOPH:

Iannu 3a nevyanoume u 3612)161417’16 no cmpdaHu.

1. Heren nuxseH qoxo/.

2. HeTHu npuxoam oT TakCM U1 KOMUCHOHHH.
3. HeTtHu npuxonu ot Thpro.usi.

4, Hetnu kypcoBu pa3nuku.
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5. Jlpyru HETHU OTIEPATUBHU MTPUXO/IH.

6. OnepaTuBHU NPUXOIU.

7. AJIMUHUCTPATUBHH Pa3XoJu U 00€3ICHKA.

8. Hetnu npuxonu, npean o0e31eHKa, MPOBU3HH U JaHbBIIH.
9. OO6e31eHKa 1 MPOBU3HH.

10.  Hpyrm.

11.  Ilewyan6a wnu 3ary0a mpeau TaHbIIN.

12. JlaHbYHM NPUXOAM WIIH PA3XOIH.

Ha ®wur. 3.3. ca mnpeacraBeHH MaHHUTE, W3IMOJI3BaHW B U3CIECABAHETO, 34
[Teyanbure u 3aryouTe 1o cTpaHM, MyOJUKYBaHH B oTueTa Ha EBporielickara meHTpaHa

Oanka - HagzopHa 6aHkoBa cTaTUCTHKA 32 YETBBPTO TpuMmeceune Ha 2020 .

Knouosu puckosu unouxamopu no cmparu:

13. ROA — Bwb3BpaiaeMocT Ha aKTHBHTE.
14.  RoE — Bn3Bpamnjaemoct Ha Kanurania.
15. CIR — CpoTHOIIICHUE HA TIPUXOJIUTE U PA3XOIUTE. .

16. COR —Ilena Ha pucka

Ha ®ur. 3.4 ca nmpeacTaBCHU JAaHHUTC 3a KIIFOYOBHUTC PHCKOBHU WHAWKATOPHU, I10
CTpaHU, KOUTO Ca U3IOJI3BAHU B U3CJICABAHCTO OT OTHUCTA EBpOHeﬁCKaTa HOCHTpAaJIHA OaHKa

- Hanzopna OankoBa cratucTuka 3a 4eTBbpTO TpuMeceune Ha 2020 r.
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T02.01.2 Profit and loss figures by country

(EUR millions; percentages)
R o e} N ) N ) N B s ) I s |
(ct 2020
hﬂrhrdmum 0023 c nnu sST2 . 2808209
Nt foe and commisson INCome uuu.u 28887 c 2201281 1w 250! 33 l’“u R&SN 5‘25‘% . 2194775
Net ¥adng noome n8n A2695 C 10984 6% Karm LU 7 4587 48 wma . s o
Exchange differencos, net 147870 3028 c 10850 a3 4339 208 220107 T4 . 522
Not ottt Coet aling rcoTe 21,7099 2108 c AT LR 103478 25808 ARS8 T5uM . saswy
Oporating iIncome “ “rase 10.342.09 c seerin 88365 LINT Q375 SS87072 10276 . S6.997.20
Admicisinative expomses and deprecation 294,708 .61 6328 C 45 0 M 450 2 L4501 54 UR ) 45 90 K2 100,101 59 . 41 A58 N
Not income before impairment, proviskons and taxes 152.190.18 400352 c 100626 s 287753 54821 067100 4003430 . 1534265
Impaemert and provaicea A10222.9) 164449 c 10751 10 c c OOMS) 31 BE274 nEN N . BN
Other 1771964 NeH c @ c C 2325 2373 WS . aseswl
Profit and loss before tax* 45268 56 287252 c RRAAR 340 14 LA LR P 1245 18 1 BT D4 21407 . 12108
anam 21.754.74 298 C <006 X2 40 13 wa o SOT A4S 719913 6 595 465 . 748 0%
'&!mu comoUpe g meome 57.90% 61 50% c S3108% &4 37T S1™ 58.85% S867% 49845 . SN
Mhmwmm%gm nm 3178 C )5)1\ n73% N‘O\ 1207% Z‘CM BN . BN
Net raden) pcome'Openatey bcome 123% c ans 063% a75% . 1.65%
(Q4 2020)
7&2 SO c mor 11564 301 ?C 29585547 LAl L2 13796 C . 615308
c 10245 15574 641985 456495 1491 " C 3.180.05
C Cc K67 1w C 7234 mx 4 Cc s1822
C c 17.1¢ »es C 153 "nos 184519 C c
6463 C ”es 6% je 154815 7608 MM C C
105503 c L gV 321413 480 ITM9.15 Qs 4™ Cc 10.501.60
O] C 28 88 2R 2 e 2308320 0,389 0 2047 38 C LEA LY
Net income before impairment, provisions and taxes 3B c b1 = 85120 10468 1480585 605204 17905 c 4553
Ierpasrmert and provasorn c c Y) e e c 87650 AT 26258 C 12w
Othet c c oM g 00 c 250.14 s 0775 C C
Profit and loss before tax * L c = SN WD 635063 R LR ) 24 62 C C
Tax experaes o mcome wn C &5 3 11480 400 2291 61 JHS 04 22 50 C Cc
Not profitioss Fa 4087208 .
Net réerest income'Upersdng income 70 28% c 58 74% ¥ 0% 72 4% 77 8% 65 80N 76 56% Cc 58 655
Net fee and commusscn mcome Operstng ncome 20 8% Cc NN 49.08% 22 35% 1682% 2 5% 35 C 00N
Net Fadng rcome Openatng ncome C C 35N 4735 c 0N Q% -1 60N [ . 40N
Souce IC8
N Bgeicact bathders of he Mt on! of cormalldaton T whah comeon mporting (COREP) snd frarcied seporieg (FINREP) aw scalite
C P v b g prenesd S confdentaly reasine
1) Pl et o ststement Sgrms My be Sasad 00 et runcal peans To momans comsatercy. f B and of B o pear o ot 31 Dmcamtenr & breas progection of B Ggurm has been made b sach guring perod
D Figaren repores am pratioande
1Thes nCuces. among ofer lams. SaiNs ¥ (35t el Pom De L2107 o 1ol dstet st et M i WUe. A0 e T06S TNINCUS Jeset Wtd et e NCL MESONSE 38 Teld X Fadrg
4) Cporstng moome Defory EmINETICVe EITONNT 30T J0procaion 3y deducted
) Provisions nOude provescns X ommitens and Quarattees ghan” ond Ul provieors”
A Prdn ant e twfere tan b cortinmd (peralens (o Tt pioere Sebire mgebmert proome s el lases” * g armen! end praeshrn’ @ ot "] gl el end as bt e T Sarfirued (ger sors
7) There sen 0 sgpficant onthsors of B hghesd ol of comabdston i Costie e Slovelin
Que. 3.3. [lannu om EL]F — Haod3zopHna baunkosa cmamucmuka 3a yemsvpmo mpumecedue Ha 2020 e.
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T02.02.2 Key performance indicators by country
(percentages)

(Q4 2020)
Belgium
Bulgaria

5.49% 037% 61.31% 061%

Cc C (o Cc
Germany 0.57% 0.03% 76.53% 0.43%
Estonia 6.75% 0.82% 55.16% 0.30%
Ireland -2.92% 029% 69.32% 1.52%
Greece £.81% 062% 4207% 0.76%
Spain 4.15% 0.26% 52.64% 1.22%
France 4.23% 0.26% 71.42% 0.53%
Croatia ¥ . . . .
Italy 0.26% 0.02% 73.08% 0.73%
Cyprus -3.26% D27% 66.80% 2.54%
Latvia C C C Cc
Lithuania 10.60% 0.86% 44 68% 0.25%
Luxembourg 2.88% 021% 78.78% 0.16%
Malta -2.52% 020% 7497% 1.26%
Netherlands 3.20% 0.18% 60.83% 0.49%
Austria 5.09% 0.43% 60.81% 0.74%
Portugal -3.20% 0.28% 59.53% 1.24%
Slovenia Cc Cc C C
Slovakia - . . -
Finland 584% 041% 56.61% 0.32%
Source: ECB

Notes: Significant insttutions at the highest level of consoldation for which common reporting (COREP) and financeal
reporting (FINREP) are available

C: the value is supprossed for confidentiality teasons

1) RoE and RoA are computed by déviding “net proftioss” by, respectively, “equity” and “lotal assets” at the end of the
corresponding reference period. The values of “net profitioss”, onginally year-to-date, are annualised 10 increase the
comparabiity of the ratios across quarters.

2) Returns figures may be basod on differont inancial yoars. To increase consistancy, If the end of the financial year is not
31 Dx ber, a Inear projection of the figures has boen made for each reporting period

3) There are no significant nsttutions al the highest lovel of consclidation in Croatia and Siovakia

4) As set out in the st of definitions of ITS data points, the numarator of the cost of risk indicator is adjustments in
aliowances for estimated loan iosses during the relevant period (annualised) Those adjustments may be negative in certain
circumstances.

Que. 3.4. Knrouosu unouxamopu no cmpanu 3a 2020 2.

Heobcnyorcsanu kpeoumu no cmpauu

17. Kpenutu u aBaHcH.
18. HeobcnyxBaHu KpeUTH 1 aBaHCH.

19. CpoTHOIIEHNE HA HEOOCITYy)KBAHUTE KPEUTH U aBaHCH B %o.

29
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T04.02.2 Asset quality: non-performing loans and advances by country
(EUR billions; percentages)

ey Loans and advances ° Non-performing loans and advances Non-performing loans ratio
(c&u 2020) 9 g

Belgium 450. 72 7 89 ) D 75%
Bulgaria

Germany 2.792.34 33.43 1.20%
Estonia 33.49 0.40 1.19%
Ireland 369.86 12.43 3.36%
Greece 210.16 53.68 25.54%
Spain 2,381.57 69.67 2.93%
France 5,440.22 119.26 2.19%
Croatia " - - -
Italy 1,872.10 77.34 4.13%
Cyprus 32.07 327 10.21%
Latvia C Cc (]
Lithuania 25.32 0.32 1.25%
Luxembourg 147.77 1.16 0.78%
Malta 16.54 0.57 3.46%
Netherlands 1,948.22 36.94 1.90%
Austria 475.40 9.99 2.10%
Portugal 148.46 8.13 5.48%
Slovenia C C C
Slovakia " - - .
Finland 505.29 7.66 1.51%
Total 16,890.71 443.54 2.63%
Source: ECB.

Notes: Significant institutions at the highest level of consolidation for which common reporting (COREP) and financial reporting (FINREP) are available.

C: the value iz cupproceed for confidentiality reasons.

1) There are no significant institutions at the highes! level of consolidation in Croatia and Slovakia.

2) Loans and advances in the asset quality tables are displayed at gross carrying amount. In line with FINREP: i) held for trading exposures are excluded, i)
cash balances al central banks and other demand deposits are included.

Que. 3.5. Kauecmeo na akmusume 3a 2020 2.

HMxoHoMmnueckara CBbIIHOCT Ha WHAUKATOPUTC, HU3TOYHUIHUTC HA JaHHU H

MPUYMHHUTE 3a U300pa ca mopoOHO onMcaHu B [1aBa 2 Ha HacTOsIIATa JUCEPTAITHUS.

Ha ®ur. 3.5 e mpencraBeHa eqHa OT TaOMUIUTE 32 Ka4eCTBOTO HA aKTHBUTE -
JTAHHUTE 32 HEOOCTYXBAaHUTE KPEIUTH, IO CTPAHU KOUTO Ca H3MOJI3BaHU B U3CJIEIBAHETO
oT oTtueTta Ha EBpornelickara nieHTpanHa 6anka - Han3opHa 6aHKoBa CTaTUCTHKA, YETBBPTO
tpumeceurne Ha 2020 1. [lomydenuTe pe3ynratu cien oOpabOTKa, MpuUilaraiku MeToja Ha

WNuTepkputepuaiHus aHaIU3 ca MpeacTaBeHu B cienpamute Tadmuua 3.5 u Tabnuua 3.6.
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H 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1| 08214 | 0,8929 | 0,3214 | 0,8214 | 0,9643 | 0,0714 | 0,8571 | 0,1071 | 0,7857 | 0,6429 | 0,1071 | 0,6429 0,5 0,5 | 04643 | 0,464 | 0,964 | 0,8571 0,5
2 | 0,8214 1| 08571 | 0,4286 1| 08571 | 0,071 | 0,8214 | 0,1429 | 0,8214 | 0,6786 | 0,2857 | 0,6786 | 0,536 | 0,5357 | 0,5714 | 0,429 | 0,857 | 0,8929 | 0,536
3| 08929 | 0,8571 1| 03571 | 0,8571 | 0,9286 | 0,1071 | 0,8214 | 0,1429 0,75 | 0,6071 | 0,2143 | 0,6071 | 0,464 | 0,4643 | 05714 | 0,429 | 0,857 | 0,8214 | 0,464
4| 03214 | 0,4286 | 0,3571 1| 04286 | 03571 | 0,6071 | 0,3929 | 0,6429 | 0,4643 | 0,4643 | 0,7143 | 0,4643 | 0,393 | 0,3214 | 0,5714 0,5 | 0,357 | 04643 | 0,536
5| 0,8214 1| 08571 | 0,4286 1| 08571 | 0,071 | 0,8214 | 0,1429 | 0,8214 | 0,6786 | 0,2857 | 0,6786 | 0,536 | 0,5357 | 0,5714 | 0,429 | 0,857 | 0,8929 | 0,536
6 | 09643 | 0,8571 | 0,9286 | 0,3571 | 0,8571 1| 00357 | 0,8929 | 0,0714 | 0,8214 | 0,6071 | 0,1429 | 0,6071 | 0,464 | 0,4643 0,5 05| 0929 | 0,8929 | 0,536
7 | 00714 | 0,071 | 0,071 | 0,6071 | 0,1071 | 0,0357 1| 0,1429 | 0,8929 | 0,2143 | 0,3571 | 0,8214 | 0,3571 0,5 0,5 | 04643 | 0,536 | 0,036 | 0,1429 0,5
8| 08571 | 0,8214 | 0,8214 | 0,3929 | 0,8214 | 0,8929 | 0,1429 1| 00357 | 08571 | 05714 | 0,1071 | 0,5714 | 0,429 | 0,4286 | 0,3929 | 0,607 | 0,821 | 0,9286 | 0,643
9 | 01071 | 0,1429 | 0,1429 | 0,6429 | 0,1429 | 0,0714 | 0,8929 | 0,0357 1| 0,178 | 0,4643 | 0,8571 | 0,4643 | 0,607 | 0,6071 | 0,5714 | 0,429 | 0,143 | 0,1071 | 0,393

10 | 0,7857 | 0,8214 0,75 | 0,4643 | 0,8214 | 0,8214 | 0,2143 | 0,8571 | 0,1786 1| 06429 0,25 | 0,6429 0,5 0,5 | 0,3929 | 0,607 0,75 | 0,9286 | 0,714

11 | 0,6429 | 0,6786 | 0,6071 | 0,4643 | 0,6786 | 0,6071 | 0,3571 | 0,5714 | 0,4643 | 0,6429 1| 03214 1| 0857 | 0,7857 | 0,6071 | 0,393 | 0,679 | 0,6429 | 0,429

12 | 0,1071 | 0,2857 | 0,2143 | 0,7143 | 0,2857 | 0,1429 | 0,8214 | 0,1071 | 0,8571 0,25 | 0,3214 1| 03214 | 0,464 | 0,4643 | 0,6429 | 0,429 | 0,143 | 0,1786 | 0,464

13 | 0,6429 | 0,6786 | 0,6071 | 0,4643 | 0,6786 | 0,6071 | 0,3571 | 0,5714 | 0,4643 | 0,6429 1| 03214 1| 0857 | 0,7857 | 0,6071 | 0,393 | 0,679 | 0,6429 | 0,429

14 0,5 | 0,5357 | 0,4643 | 0,3929 | 0,5357 | 0,4643 0,5 | 0,4286 | 0,6071 0,5 | 08571 | 0,4643 | 0,8571 1| 09286 | 0,6071 | 0,393 | 0,536 0,5 | 0,357

15 0,5 | 0,5357 | 0,4643 | 0,3214 | 0,5357 | 0,4643 0,5 | 0,4286 | 0,6071 0,5 | 0,7857 | 0,4643 | 0,7857 | 0,929 1| 06071 | 0,321 | 0,536 0,5 | 0,286

16 | 0,4643 | 0,5714 | 0,5714 | 0,5714 | 0,5714 0,5 | 0,4643 | 0,3929 | 0,5714 | 0,3929 | 0,6071 | 0,6429 | 0,6071 | 0,607 | 0,6071 1| 0,143 0,5 | 0,4643 0,25

17 | 0,4643 | 0,4286 | 0,4286 0,5 | 0,4286 0,5 | 0,5357 | 0,6071 | 0,4286 | 0,6071 | 0,3929 | 0,4286 | 0,3929 | 0,393 | 0,3214 | 0,1429 1| 0429 | 05357 | 0,893

18 | 0,9643 | 0,8571 | 0,8571 | 0,3571 | 0,8571 | 0,9286 | 0,0357 | 0,8214 | 0,1429 0,75 | 0,6786 | 0,1429 | 0,6786 | 0,536 | 0,5357 0,5 | 0,429 1| 08214 | 0,464

19 | 0,8571 | 0,8929 | 0,8214 | 0,4643 | 0,8929 | 0,8929 | 0,1429 | 0,9286 | 0,1071 | 0,9286 | 0,6429 | 0,1786 | 0,6429 0,5 0,5 | 0,4643 | 0,536 | 0,821 1| 0,643

20 0,5 | 0,5357 | 0,4643 | 0,5357 | 0,5357 | 0,5357 0,5 | 06429 | 0,3929 | 0,7143 | 0,4286 | 0,4643 | 0,4286 | 0,357 | 0,2857 0,25 | 0,893 | 0,464 | 0,6429 1

Tabauya 3.5. Cmotinocmu Ha U
31
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v 1 2 3 4 5 6 7 8 9 10 11 12 131 4 15 16 17 18 19 20
1 0| 01786 | 0,071 | 0,6786 | 0,1786 | 0,0357 | 0,9286 | 0,1429 | 0,8929 | 0,2143 | 0,3571 | 0,8929 | 0,3571 0,5 0,5 | 05357 | 0,536 | 0,036 | 0,1429 0,5
2 0,1786 0 | 0,1429 0,5714 0| 01429 | 0,8929 | 0,1786 | 0,8571 | 0,1786 | 0,3214 | 0,7143 | 0,3214 | 0,464 | 0,4643 0,4286 | 0,571 | 0,143 | 0,1071 0,464
3 0,1071 0,1429 0 | 0,6429 0,1429 0,0714 | 0,8929 | 0,1786 | 0,8571 0,25 | 0,3929 | 0,7857 | 0,3929 | 0,536 | 0,5357 | 0,4286 | 0,571 | 0,143 | 0,1786 | 0,536
4 0,6786 | 0,5714 | 0,6429 0| 05714 | 0,6429 | 0,3929 | 0,6071 | 0,3571 | 0,5357 | 0,5357 | 0,2857 | 0,5357 | 0,607 | 0,6786 | 0,4286 0,5 | 0,643 0,5357 0,464
5| 0,1786 0 [ 0,1429 | 0,5714 0| 01429 | 0,8929 | 0,1786 | 0,8571 | 0,1786 | 0,3214 | 0,7143 | 0,3214 | 0,464 | 0,4643 | 0,4286 | 0,571 | 0,143 | 0,1071 | 0,464
6 | 0,0357 | 0,1429 | 0,0714 | 0,6429 | 0,1429 0 | 09643 | 0,071 | 0,9286 | 0,1786 | 0,3929 | 0,8571 | 0,3929 | 0,536 | 0,5357 0,5 0,5 | 0,071 | 0,071 | 0,464
7 | 09286 | 0,8929 | 0,8929 | 0,3929 | 0,8929 | 0,9643 0| 038571 | 0,1071 | 0,7857 | 0,6429 | 0,1786 | 0,6429 0,5 0,5 | 0,5357 | 0,464 | 0,964 | 0,8571 0,5
8 | 0,429 | 0,1786 | 0,1786 | 0,6071 | 0,1786 | 0,1071 | 0,8571 0 | 09643 | 0,1429 | 0,4286 | 0,8929 | 0,4286 | 0,571 | 0,5714 | 0,6071 | 0,393 | 0,179 | 0,0714 | 0,357
91| 08929 | 0,8571 | 0,8571 | 0,3571 | 0,8571 | 0,9286 | 0,1071 | 0,9643 0| 08214 | 0,5357 | 0,429 | 0,5357 | 0,393 | 0,3929 | 0,4286 | 0,571 | 0,857 | 0,8929 | 0,607

10 | 0,2143 | 0,1786 0,25 | 0,5357 | 0,1786 | 0,1786 | 0,7857 | 0,1429 | 0,8214 0 | 0,3571 0,75 | 0,3571 0,5 0,5 | 06071 | 0,393 0,25 | 0,0714 | 0,286

11 | 0,3571 | 0,3214 | 0,3929 | 0,5357 | 0,3214 | 0,3929 | 0,6429 | 0,4286 | 0,5357 | 0,3571 0 | 0,6786 0 | 0,143 | 0,2143 | 0,3929 | 0,607 | 0,321 | 0,3571 | 0,571

12 | 0,8929 | 0,7143 | 0,7857 | 0,2857 | 0,7143 | 0,8571 | 0,1786 | 0,8929 | 0,1429 0,75 | 0,6786 0| 06786 | 0,536 | 0,5357 | 0,3571 | 0,571 | 0,857 | 0,8214 | 0,536

13 | 0,3571 | 0,3214 | 0,3929 | 0,5357 | 0,3214 | 0,3929 | 0,6429 | 0,4286 | 0,5357 | 0,3571 0 | 0,6786 0 | 0,143 | 0,2143 | 0,3929 | 0,607 | 0,321 | 0,3571 | 0,571

14 0,5 | 04643 | 0,5357 | 0,6071 | 0,4643 | 0,5357 0,5 | 05714 | 0,3929 0,5 | 0,1429 | 0,5357 | 0,1429 0| 00714 | 0,3929 | 0,607 | 0,464 0,5 | 0,643

15 0,5 | 04643 | 0,5357 | 0,6786 | 0,4643 | 0,5357 0,5 | 05714 | 0,3929 0,5 | 0,2143 | 0,5357 | 0,2143 | 0,071 0| 0,3929 | 0,679 | 0,464 0,5 | 0,714

16 | 0,5357 | 0,4286 | 0,4286 | 0,4286 | 0,4286 0,5 05357 | 0,6071 | 0,4286 | 0,6071 | 0,3929 | 0,3571 | 0,3929 | 0,393 | 0,3929 0 | 0,857 0,5 | 0,5357 0,75

17 | 0,5357 | 0,5714 | 0,5714 0,5 | 05714 0,5 | 04643 | 0,3929 | 0,5714 | 0,3929 | 0,6071 | 0,5714 | 0,6071 | 0,607 | 0,6786 | 0,8571 0| 0,571 | 0,4643 | 0,107

18 | 0,0357 | 0,1429 | 0,1429 | 0,6429 | 0,1429 | 0,0714 | 0,9643 | 0,1786 | 0,8571 0,25 | 0,3214 | 0,8571 | 0,3214 | 0,464 | 0,4643 0,5 | 0,571 0 01786 | 0,536

19 | 0,1429 | 0,1071 | 0,1786 | 0,5357 | 0,1071 | O,1071 | 0,8571 | 0,0714 | 0,8929 | 0,0714 | 0,3571 | 0,8214 | 0,3571 0,5 0,5 | 05357 | 0,464 | 0,179 0 | 0,357

20 0,5 | 0,4643 | 0,5357 | 0,4643 | 0,4643 | 0,4643 05| 03571 | 0,6071 | 0,2857 | 0,5714 | 0,5357 | 0,5714 | 0,643 | 0,7143 0,75 | 0,107 | 0,536 | 0,3571 0

Tabnuya 3.6. Cmotinocmu Ha v
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[IposiBaTa Ha U3pazeHa 3aBUCUMOCT MEXKY HAKOU OT HAOII0AaBaHUTE UHAUKATOPU
ce IbKU, KaKTO Ha HMKOHOMHYECKAaTa MM CBIIHOCT, Taka M Ha HadyuMHA, [0 KOUTO CE€

U349uCiIAaBar.

[IposiBaTa Ha cnaba 3aBUCUMOCT MEKY UHIUKATOPUTE NMa CBOETO MKOHOMHYECKO
obsicieHne. B Otuera 3a mpuxoaure W pa3XoAWTe HAa €JHA KpPEAUTHA HHCTUTYLUS
eIMHUAT UHUKATOP € MPUXOJ, a APYTHAT € pa3xol. ChIo Taka eAUHUAT OT KPUTEPUUTE €
or OTtuyera 3a NPUXOAMTE M pa3XoAMTE, a JPYIHIAT OT akTuBa Ha bamanca Ha
MHCTUTYLUATA, KOWTO HsAMa Bpb3Ka M HE Hopaxja 3anuc B OTdera 3a MPUXOAU WU

pasxou.

3.4. CpaBHUTe/IEeH aHAJM3 HA (PMHAHCOBHUTE MOKA3aTeJH HA CTPAHM YICHKH

Ha EC 3a nepuona 2020-2021

AHanm3upaHuTe WHAMKATOPU 3a YETBBPTO Tpumeceune Ha 2021 1. ca cwimwre,
KaKTO HMHAMKATOpUTE, KOUTO ca aHalu3WpaHu oOT oTuera 3a Hanzopuara OaHkoBa
CTaTUCTHKA 3a 4eTBbpTO TpuMeceune Ha 2020 r. Pa3nuka B nHaukaropute uma B Otuera
3a 2020 1., KbIETO CHIIECTBYBA NO3ULIUTA ,,Hemuu npuxoou om mwvpeosus'. B ciencreue
Ha TIpoMeHeHa oT4eTHOCT mipe3 2021 1., TS € 3aMeHeHa ¢ Mo-noApoOHaTa pa30uBKa Ha TE3U

MIPUXO/IH.

[ToTBBpK1aBaT CcE 3aKIIOYEHUATA HANPABEHW IpH NpeauiuHus noknan Ha ElLb.
W3xonHuTe MaHHU ca pa3inyHU, MOCIeI0BaTeIHU (PMHAHCOBH TOJUHH Ca aHAJIM3UPaHH,
HO TIIOJy4EHWTE pE3yJITaTH IOCPEACTBOM MeTofa Ha VHTepKpuTepualiHUs aHaIu3

IMOKa3BaT CHIIUTC MO3UTHBHU U HCTATUBHU B3aMOBPB3KU.

IIpn mpoBekgaHETO Ha TOBAa M3CIEIBaHE, NPEACTAaBEHO B [5], ca W3MOJI3BaHU
nanHu ot oryera Ha EIIb - Hagzopna GaHkoBa cTaTHCTHKA 32 YETBHPTO TPUMECEUUE Ha

2021 r.

[Tonyyenurte pe3ynraTu OT MPOBEACHHS aHATIU3 ca mpeactaBeHu B Tabmuma 3.7 u

Tab6mnura 3. 8.
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)2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 1] 08571 | 0,8214 | 0,5714 | 0,5357 | 0,7857 0,75 | 0,9643 | 0,0714 | 0,9286 | 0,1786 | 0,8214 | 0,9643 | 0,0357 | 0,9643 | 0,6786 | 0,6071 0,5 | 0,5714 | 0,9643 | 0,9286 0,5
2 | 08571 1] 08929 | 05714 | 0,5357 | 0,7143 | 0,8214 | 0,8929 | 0,0714 | 0,8571 0,25 0,75 | 0,8214 | 0,1786 | 0,8214 | 0,5357 | 0,4643 | 0,6429 0,5 | 0,8929 | 0,8571 0,5
3 | 0,8214 | 0,8929 1| 04643 | 0,6429 | 0,6071 | 0,7857 | 0,8571 | 0,1786 | 0,8214 | 0,2143 | 0,7143 | 0,7857 | 0,2143 | 0,7857 0,5 | 0,4286 | 0,6071 | 0,5357 | 0,8571 | 0,8214 | 0,5357
4 | 05714 | 0,5714 | 0,4643 1] 01786 | 0,6429 | 0,3929 | 0,5357 | 0,4286 0,5 | 0,5357 | 0,3929 | 0,5357 | 0,4643 | 0,5357 | 0,5357 | 0,4643 0,5 | 0,4643 | 0,6071 0,5 | 0,3571
5 | 05357 | 0,5357 | 0,6429 | 0,1786 1] 03929 | 0,6429 0,5 | 0,5357 | 0,5357 0,5 | 0,5714 | 0,5714 | 0,4286 | 0,5714 0,5 | 055714 | 0,5357 | 0,3929 | 0,5714 | 0,5357 | 0,5357
6 | 0,7857 | 0,7143 | 0,6071 | 0,6429 | 0,3929 1| 06071 0,75 | 0,2143 | 0,7143 | 0,3929 0,75 0,75 0,25 0,75 | 0,6786 | 0,6071 | 0,4286 | 0,5714 0,75 | 0,7143 0,5
7 0,75 | 0,8214 | 0,7857 | 0,3929 | 0,6429 | 0,6071 1] 07857 | 0,1786 | 0,8214 | 0,2857 | 0,7857 | 0,7857 | 0,2143 | 0,7857 | 0,5714 0,5 | 0,6071 | 0,4643 | 0,7143 | 0,8214 | 0,5357
8 | 0,9643 | 0,8929 | 0,8571 | 0,5357 0,5 0,75 | 0,7857 1 | 0,0357 | 0,9643 | 0,1429 | 0,8571 | 0,9286 | 0,0714 | 0,9286 | 0,6429 | 0,5714 | 0,5357 | 0,6071 | 0,9286 | 0,9643 | 0,5357
9 | 0,0714 | 0,0714 | 0,1786 | 0,4286 | 0,5357 | 0,2143 | 0,1786 | 0,0357 1] 00714 | 0,8214 | 0,1786 | 0,1071 | 0,8929 | 0,1071 | 0,3929 | 0,4643 | 0,4286 | 0,3929 | 0,1071 | 0,0714 0,5

10 | 0,9286 | 0,8571 | 0,8214 0,5 | 0,5357 | 0,7143 | 0,8214 | 0,9643 | 0,0714 1| 01071 | 0,8929 | 0,8929 | 0,071 | 0,8929 | 0,6786 | 0,6071 0,5 | 0,6429 | 0,8929 1| 05714
11 | 0,1786 0,25 | 0,2143 | 0,5357 0,5 | 0,3929 | 0,2857 | 0,1429 | 0,8214 | 0,1071 1) 02143 | 0,2143 | 0,7857 | 0,2143 | 0,3571 | 0,4286 | 0,6071 | 0,2143 | 0,2143 | 0,1071 | 0,3214
12 | 0,8214 0,75 | 0,7143 | 0,3929 | 0,5714 0,75 | 0,7857 | 0,8571 | 0,1786 | 0,8929 | 0,2143 1] 08571 | 0,1429 | 0,8571 | 0,7857 | 0,7143 | 0,3929 | 0,6786 | 0,7857 | 0,8929 | 0,6786
13 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 07143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357
14 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643
15 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 07143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357
16 | 0,6786 | 0,5357 0,5 | 0,5357 05 | 06786 | 0,5714 | 0,6429 | 0,3929 | 0,6786 | 0,3571 | 0,7857 | 0,7143 | 0,2857 | 0,7143 1| 09286 | 0,1786 | 0,6429 | 0,6429 | 0,6786 | 0,6071
17 | 0,6071 | 0,4643 | 0,4286 | 0,4643 | 0,5714 | 0,6071 05 | 05714 | 0,4643 | 0,6071 | 0,4286 | 0,7143 | 0,6429 | 0,3571 | 0,6429 | 0,9286 1 0,25 | 0,5714 | 0,5714 | 0,6071 | 0,5357
18 0,5 | 0,6429 | 0,6071 0,5 | 05357 | 0,4286 | 0,6071 | 0,5357 | 0,4286 0,5 | 0,6071 | 0,3929 | 0,4643 | 0,5357 | 0,4643 | 0,1786 0,25 1| 02143 | 0,5357 0,5 | 0,2143
19 | 0,5714 0,5 | 0,5357 | 0,4643 | 0,3929 | 0,5714 | 0,4643 | 0,6071 | 0,3929 | 0,6429 | 0,2143 | 0,6786 | 0,5357 | 0,4286 | 0,5357 | 0,6429 | 0,5714 | 0,2143 1] 055357 | 0,6429 | 0,8571
20 | 0,943 | 0,8929 | 0,8571 | 0,6071 | 0,5714 0,75 | 0,7143 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,7857 | 0,9286 | 0,0714 | 0,9286 | 0,6429 | 0,5714 | 0,5357 | 0,5357 1| 0,8929 | 0,4643
21 | 0,9286 | 0,8571 | 0,8214 0,5 | 0,5357 | 0,7143 | 0,8214 | 0,9643 | 0,0714 1| 031071 | 0,8929 | 0,8929 | 0,071 | 0,8929 | 0,6786 | 0,6071 0,5 | 0,6429 | 0,8929 1| 05714
22 0,5 0,5 | 0,5357 | 0,3571 | 0,5357 0,5 | 0,5357 | 0,5357 0,5 | 05714 | 0,3214 | 0,6786 | 0,5357 | 0,4643 | 0,5357 | 0,6071 | 0,5357 | 0,2143 | 0,8571 | 0,4643 | 0,5714 1
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14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 0 | 0,429 | 0,1786 | 0,4286 | 0,4643 | 0,2143 0,25 | 0,0357 | 0,9286 | 0,0714 | 0,8214 | 0,1786 | 0,0357 | 0,9643 | 0,0357 | 0,3214 | 0,3929 0,5 | 0,3929 | 0,0357 | 0,0714 0,5
2 | 0,1429 0 | 01071 | 0,4286 | 0,4643 | 0,2857 | 0,1786 | 0,1071 | 0,9286 | 0,1429 0,75 0,25 | 0,1786 | 0,8214 | 0,1786 | 0,4643 | 0,5357 | 0,3571 | 0,4643 | 0,1071 | 0,1429 0,5
3 | 0178 | 0,1071 0 [ 05357 | 03571 | 0,3929 | 0,2143 | 0,1429 | 0,8214 | 0,1786 | 0,7857 | 0,2857 | 0,2143 | 0,7857 | 0,2143 0,5 | 0,5714 | 0,3929 | 0,4286 | 0,1429 | 0,1786 | 0,4643
4 | 04286 | 04286 | 0,5357 0 | 08214 | 0,3571 | 0,6071 | 0,4643 | 0,5714 0,5 | 04643 | 0,6071 | 0,4643 | 0,5357 | 0,4643 | 0,4643 | 0,5357 0,5 0,5 | 0,3929 0,5 | 0,6429
5 | 04643 | 04643 | 0,3571 | 0,8214 0 [ 06071 | 0,3571 0,5 | 0,4643 | 0,4643 0,5 | 0,4286 | 0,4286 | 0,5714 | 0,4286 0,5 | 0,4286 | 0,4643 | 0,5714 | 0,4286 | 0,4643 | 0,4643
6 | 0,2143 | 0,2857 | 0,3929 | 0,3571 | 0,6071 0 | 0,3929 0,25 | 0,7857 | 0,2857 | 0,6071 0,25 0,25 0,75 0,25 | 0,3214 | 0,3929 | 0,5714 | 0,3929 0,25 | 0,2857 0,5
7 0,25 | 0,1786 | 0,2143 | 0,6071 | 0,3571 | 0,3929 0 | 0,2143 | 0,8214 | 0,1786 | 0,7143 | 0,2143 | 0,2143 | 0,7857 | 0,2143 | 0,4286 0,5 | 0,3929 0,5 | 0,2857 | 0,1786 | 0,4643
8 | 0,0357 | 0,1071 | 0,1429 | 0,4643 0,5 0,25 | 0,2143 0 | 09643 | 0,0357 | 0,8571 | 0,1429 | 0,0714 | 0,9286 | 0,0714 | 0,3571 | 0,4286 | 0,4643 | 0,3571 | 0,0714 | 0,0357 | 0,4643
9 | 09286 | 09286 | 0,8214 | 0,5714 | 0,4643 | 0,7857 | 0,8214 | 0,9643 0 | 0928 | 0,1786 | 0,8214 | 0,8929 | 0,1071 | 0,8929 | 0,6071 | 0,5357 | 0,5714 | 0,5714 | 0,8929 | 0,9286 0,5

10 | 0,0714 | 0,1429 | 0,1786 0,5 | 0,4643 | 0,2857 | 0,1786 | 0,0357 | 0,9286 0 | 08929 | 0,1071 | 0,1071 | 0,8929 | 0,1071 | 0,3214 | 0,3929 0,5 | 0,3214 | 0,1071 0 | 04286

11 | 0,8214 0,75 | 0,7857 | 0,4643 0,5 ] 06071 | 0,7143 | 0,8571 | 0,1786 | 0,8929 0 | 0,7857 | 0,7857 | 0,2143 | 0,7857 | 0,6429 | 0,5714 | 0,3929 0,75 | 0,7857 | 0,8929 | 0,6786

12 | 0,1786 0,25 | 0,2857 | 0,6071 | 0,4286 0,25 | 0,2143 | 0,1429 | 0,8214 | 0,1071 | 0,7857 0 | 01429 | 0,8571 | 0,1429 | 0,2143 | 0,2857 | 0,6071 | 0,2857 | 0,2143 | 0,1071 | 0,3214

13 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643

14 | 0,9643 | 0,8214 | 0,7857 | 0,5357 | 0,5714 0,75 | 0,7857 | 0,9286 | 0,1071 | 0,8929 | 0,2143 | 0,8571 1 0 1| 07143 | 0,6429 | 0,4643 | 0,5357 | 0,9286 | 0,8929 | 0,5357

15 | 0,0357 | 0,1786 | 0,2143 | 0,4643 | 0,4286 0,25 | 0,2143 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,1429 0 1 0 | 0,2857 | 0,3571 | 0,5357 | 0,4286 | 0,0714 | 0,1071 | 0,4643

16 | 0,3214 | 0,4643 0,5 | 0,4643 0,5 | 0,3214 | 0,4286 | 0,3571 | 0,6071 | 0,3214 | 0,6429 | 0,2143 | 0,2857 | 0,7143 | 0,2857 0 | 00714 | 0,8214 | 0,3214 | 0,3571 | 0,3214 | 0,3929

17 | 0,3929 | 0,5357 | 0,5714 | 0,5357 | 0,4286 | 0,3929 05 | 04286 | 0,5357 | 0,3929 | 0,5714 | 0,2857 | 0,3571 | 0,6429 | 0,3571 | 0,0714 0 0,75 | 0,3929 | 0,4286 | 0,3929 | 0,4643

18 0,5 | 0,3571 | 0,3929 0,5 | 0,4643 | 0,5714 | 0,3929 | 0,4643 | 0,5714 0,5 | 0,3929 | 0,6071 | 0,5357 | 0,4643 | 0,5357 | 0,8214 0,75 0 0,75 | 0,4643 0,5 | 0,7857

19 | 0,3929 | 0,4643 | 0,4286 0,5 | 0,5714 | 0,3929 0,5 | 0,3571 | 0,5714 | 0,3214 0,75 | 0,2857 | 0,4286 | 0,5357 | 0,4286 | 0,3214 | 0,3929 0,75 0 | 0428 | 0,3214 | 0,1071

20 | 0,0357 | 0,071 | 0,1429 | 0,3929 | 0,4286 0,25 | 0,2857 | 0,0714 | 0,8929 | 0,1071 | 0,7857 | 0,2143 | 0,0714 | 0,9286 | 0,0714 | 0,3571 | 0,4286 | 0,4643 | 0,4286 0 | 0,1071 | 0,5357

21 | 0,0714 | 0,1429 | 0,1786 0,5 | 0,4643 | 0,2857 | 0,1786 | 0,0357 | 0,9286 0 | 08929 | 0,1071 | 0,1071 | 0,8929 | 0,1071 | 0,3214 | 0,3929 0,5 | 0,3214 | 0,1071 0 | 04286

22 0,5 0,5 | 0,4643 | 0,6429 | 0,4643 0,5 | 0,4643 | 0,4643 0,5 | 04286 | 0,6786 | 0,3214 | 0,4643 | 0,5357 | 0,4643 | 0,3929 | 0,4643 | 0,7857 | 0,071 | 0,5357 | 0,4286 0

Tabnuya 3.8. Cmotinocmu nHa v
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HabGmogaBa ce HeratMBHa 3aBUCUMOCT Mexay Kputepwii [ (,, Hemen nuxeew
00x00 ‘) u xputepuit 14 (,,/lanvunu npuxoou unu pazxoou ), 3alI0TO TUHUAT KPUTESPUI
€ MPHUXOA, a APYTHIT € pazxon 3a Oankara. ChIIMAT M3BOJ MOXKE Ja C€ HANpaBH WU 3a
kputepuit 8 (,, Onepamusnu npuxoou ) u xputepuit 9 (,, AOmurucmpamusru pazxoou u

obe3yenka ‘).

AHaHI/ISI/IpaHI/ITe JaHHH, ITOKa3BaT U34ABCHA 3aBUCUMOCT MCXKAY KPUTCPUUTC, KOUTO
ca gact ot OTtueTa 3a A0XOOUTC U TsAXHATA CBITHOCT, KATO NKOHOMHUYCCKO 3HAYCHUC € CPCL
OCHOBHHUTC IIPUYMHHU 3a BpPb3KaTa IIOMCIKIAY HM. C’BIIIO TaKa U MCKIAY KPUTCPUUTC OT
OrTueTa 3a JOXOOAUTC U aKTHUBU OT bananca na HHCTUTYHOUATA, KaTO CJIICACTBHUC HA TOBA, 4C

TC3HU aKTUBH HOCAT CBOTBCTCH JOXO 34 OaHKHUTE.

3.5. UHTeJUreHTHH TEXHHKH 3a aHajJu3 Ha 0a3u OT 3HAHUA M TAXHOTO

MPUWIOKEHUE

B nmybOnukamus [2] e pazpaboTeHa opurnHaiHa apXUTEKTypa Ha 6a3a OT 3HAHUS, C

MIPUJIOKEHUE B 00JIACTTa HA UHTEIIUTEHTHOTO PaCTEHUEBBACTBO, Dur. 3.9.

Ontclogy Layer

Task Omology - - frert Ontology ‘e ® Domasr Orsalegy

os grrerate
»

EventEngine
gersrale

PA -
Analytical tools

] !

« Database Layer

) .

DB Plant
Characteristics

DB Sensors

Que. 3.9. Apxumexmypa Ha 6aza om 3HaAHUSL
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OcHoBHaTa 1Ie7 € Ja MPeUIOKK apXUTEKTypa Ha 0aza OT 3HaHUS, KOSATO Jda Obie
pa3zpaboTeHa, 3a Ja ce aBTOMAaTH3Upa OTIVIKJAHETO Ha CEJICKOCTOMAHCKU KYITYpH.
ApXHTEKTypara BKJIOYBA ABYCJIOE€H MOJEN HAa JAHHM M MOJIE] Ha MPWIOKEH CION 3a

BPBb3Ka MCXKAY TAX.

ApxuTekTypara Ha 0a3ara OT 3HaHHMS C€ OCHOBaBa Ha OCHOBHUTE acleKTH Ha
(dbopMHpaHETO Ha 3HAHUSA B PACTEHHEBBACTBOTO. ToBa ca €CTECTBEHU (PaKTOpu Karo
10YBa, BOJA, KIMMAaT M CAMHUTE DPACTEHHUS] U H3KYCTBEHU (PAKTOPH KAaTO CEH30pH H

CCJICKOCTOIIaHCKAa MCXaHH3alus-.

IIpennoxkeHara apxXuUTEKTypa BKJIOYBA TPU CJIOS — OHTOJIOTUYEH CJIOM 3a
MpeACTaBsIHE Ha OOIIM IMO3HAHUS B JIOMEIHA, CIoW 0a3a JaHHM 3a JWHAMUYHU JaHHU OT
pa3IuuyHU HW3MEpPBaHUSI HA OIEHBYHU XAPAKTEPUCTUKH U (PaKTOpH, BIHUSEIIN BHPXY
pacTeHusATa, U MPUIOKEH CJIOM, CHhCTOSI CE€ OT MHTEJIUICHTHU KOMIIOHEHTH 3a BPb3Ka

MEXTy JIBaTa CIosl Ha 3HAHMUSL.

Bpb3kara Mexay norpeburenure M 0Oa3ara 3HaHMS CE€ OCBIIECTBSIBA OT JIMYEH

aCHCTEHT, KONTO € ChOOpa3eH ¢ HYXIUTE Ha BCEKU IOTPEOUTEN — KypaTop- arpoHOM,

dbepmep u apyru.

[Ipennoxenara apxuTekrypa 3a 0a3a OT 3HAHUS B OOJIACTTa HA MHTEIUTEHTHOTO
pPacTUTENHO 3eMeieNiue € MpeHa3HauYeHa Jja aBToMaru3upa padboTara 1o oTIIeK/1aHeTo Ha
pa3liMuyHU BHUAOBE 3E€MEACNICKM KyITypu. EnHa OT OCHOBHUTE 3ajaud, KOUTO CME€ CH
MOCTaBWIH, € J]a HAllpaBUM IPOIECca Ha OTIVIEXKAAHE MO-TIPEABUIUM, KOETO 1€ TOMOTHE
Ha (hepMmepuTe J]a TIoTyyaT MO-KaueCTBeHa pPeKoJITa. 3a peau3alusiaTa Ha apXUTeKTypara €
u3bpano Protégé 3a omtonmormute, JaCaMo 3a cpemara Ha MyJITHAareHTHaTa CHCTEMA,

Jason 3a au4uHMs acucTeHT U Jade 3a OIICPATUBHUTEC aCUCTCHTHU.

Taka NpeaACTaBCHUA IMPUMEP 3a MNPHIIOKCHUETO HA HWHTCIUTICHTHHU MCETOOAU 3a
aHalIn3 Ha CJIOXHHU ITPOLECCH, on Oui YCIICIIHO adalTHpaH W 3a HCIUTC Ha aHaJIn3a B

0aHKOBOTO JI€EJIO.
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SJAKVIIOYEHHUE

JucepTallMOHHUAT TPYyJd € TIOCBETEH Ha MpWIaraHeTo Ha HWHOBATUBHH,
WHTEIUTCHTHU TEXHUKH 33 aHAJIN3 Ha MpolecuTe B 0aHKOBOTO Jeno. [IpunoxkeHu ca Haii-
HOBHUTE JIOCTHXKEHHUS B 00J1acCTTa Ha MPOSKTUPAHETO Ha BUCOKO €()eKTUBHH aJITOPUTMH 3a
o0paboTka Ha naHHH. M3M0n3BaHUTE MHTEIUTCHTHU TEXHUKH M3MCKBAT 00paboTKaTa Ha
rojieMd TOTOLUM JIaHHHW, TO30BaBaikKM c€ Ha IsjaTa JOoCThIHA HH(OpManus 3a

Ha6J'II-O,Z[aBaHI/ITe IIpoLcCH.

B nucepranmoHHHs TPy 3a LEIWTE Ha aHAJIM3a Ca W3IMOJI3BAaHH MATEMAaTHYCCKH
cpeactBa 3a mojenupane, kato Murtepkpurepuanen ananu3 (InterCriteria Analysis -
ICA), kouTo ce OCHOBaBa Ha JiBa MaTeMaTHYECKH (OpMaaInu3Ma: aircOpUIHHUAT anapar Ha
uHaekcupanute wmarpunu (MM), korato ce Hajlara NpWIAraHeTO Ha alreOpUvHU
oTiepaIuy HaJ MAaTPUIU C PA3IMYHU pPa3Mep W MHTYHUITHOHUCTKUTE Pa3MHUTH MHOXECTBA

(MPM), kato MaTeMaTUYECKH HHCTPYMEHT 3a TPETUpaHE Ha HEONPEIeJICHOCTTA.

Mertonosorusita Ha M3CJIE€IBaHUATA B JUCEpPTAIUATA BKJIIOYBAT M3MOJ3BAHETO HA
YUCJICH ¥ €KCIIEPUMEHTAJICH MOAX0A. YUCICHUAT TOIX0]] € U3MOJI3BaH TMIPH peau3arusara
Ha aJITOPUTMUTE TTOCPEJACTBOM KOMITFOTHPHO M3YUCIISIBAHE HA MHTEITUTCHTHUTE METOIH 3a
aHaJU3 Ha IpoIecuTe B OAHKOBOTO Jiei0. EkciepuMEeHTaTHUAT TOIX0/ € M3TOJ3BaH MpHU
CHOMPAHETO HA JJAHHU OT HAOIIOACHUS Ha MOKa3aTelld, XapaKTepU3Upaly Ha IPOIIECUTE B

OaHKOBOTO J€EJIO.

HacroamusT aucepraunoHeH TpyA MMa 3a IeJl ChC CPEJCTBaTa Ha ChbBPEMEHHUTE
METOAM OT OOJacTTa Ha MHTEJIMICHTHUTE CUCTEMHM, Ja C€ aHAJIM3HpaT IMpOLEeCUTe B
0AHKOBOTO J1eJ10. 32 MOCTUTAHETO Ha TMOCTaBeHara 1ed ca (GopMyIupaHu LIECT HAy4YHH
3a1aud. B mpoleca Ha pernraBaHETO UM ca MOJIYYEHH OPUTHMHAIHU PE3YJITaTH, CBbP3aHU C
U3CcleIBaHUsl Ha ChbBPEMEHHUTE MapaJurMU OT 00JacTTa Ha WHTEIUTEHTHUTE CHUCTEMH,

KaToO Ca U3IMOJI3BAHU aHAJIMTUYIHU U CKCIICPUMCHTAJIHU MOICIIN.
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B pe3yiarar OT HNPOBCACHUTC H3CJIICABAHUSA, TMPCACTABCHU B HACTOAIIUA
AUCCPTAIIMOHCH TpyA, Ca IOCTHUIHATU CICOIHHUTC HAYYHO-IIPHUIIO)KHU W IIPHUIIOKHU

pe3yaTaru:

1. IlpoBeneH € KXpUTHMYEH aHaIUM3 HAa BB3MOXKHOCTTA 3a IIpUJlaraHe Ha
MHOTOKPUTEpUAIHUSA METOJ 3a B3€MaHe Ha pewmeHus — ,JIHTepkpurepuaneH aHammz®,

IIpHU aHaJIn3a Ha IIPOLCCUTC B 0aHKOBOTO ACJIO0.

2. HpI/IJ'IO)KeHI/I Ca UHTCIIMI'CHTHHN TCXHHUKH 3a aHAJIN3 HAa MCXaHHU3Ma Ha pa60Ta Ha

¢unancoBute nuuctutyuu B EC, ciopen koto pyHKIMOHMpa OaHKOBaTa CUcTeMa.

3. HpOBeI[eH € aHaJIM3 Ha JEMHOCTTA Ha Y4aCTHHUIIUTC BLHB (bHHaHCOBaTa CHUCTCMa

Ha cTpaHuTe wieHkn Ha EC.

4. Ananusupanu ca (UHAHCOBHUTE MMOKA3aTeIM Ha OCEM M30paHU CTpaHU YJICHKU

Ha EC.

5. TlpoBeneH e cpaBHUTEJIEH aHAIW3 HAa (PUHAHCOBUTE MOKA3aTeNM Ha OAHKUTE B

n30panute crpanu wienku Ha EC.

6. PaspaboTeHa € opurrHaigHa apXUTEKTypa Ha 0a3a OT 3HaHUS, C MPUIIOKECHUE B

00J1acTTa Ha UHTEIUTCHTHOTO pPaCTCHUCBBACTBO.

ITocTurnarure pe3yiaTatn OT aHalln3a Ha IIPOBCACHUTC M3CJICABAHHA Ca
Npe/ICTaBeHH B peepupaHo HaydyHO u3iaHue oT nmopeaunata Lecture Notes in Networks
and Systems wna Springer International Publishing m B TpymoBeTe Ha HSIKOJIKO
MexIyHapoaHu koHdepennuu, kato — 10-th International Conference on Intelligent
Systems - IS°20, International Symposium on Bioinformatics and Biomedicine -
BiolnfoMed'20, International Conference Automatics and Informatics - ICA7°21, 11-th
International Conference on Intelligent Systems - 1S°22 u International Workshop on
Intuitionistic Fuzzy Sets and Generalized Nets - IWIFSGN '22.

JlucepTauOHHUAT TPyA € CTPYKTYpUpaH B yBOJ, TPU [JIaBU M 3aKJIKOYCHHUE,

JeKJIapanys 3a OPUTHHAIHOCT Ha MOIYYCHUTE pe3yaTaTtu U Oubmuorpadus.
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81 Cnasusana anaunosa-Benesa

Hacoxu 3a 0baemy u3cjaeaBanus

[Tonyyenure B nucepramnusaTa pe3yjaTaTd ca MPUIOKHUMH 32 pPEIIaBaHETO Ha IO0-
IIMPOK KPBI' 33aJ1a4M, CBbP3aHM C aHajW3a Ha MpoIlecHTe B O0aHKOBOTO jaeno. ToBa Ou
MOIIO J1a OBbJie HAacOKa 3a ObJEIIN H3CIEIBaHHUs, KOUTO 1€ JOBeIaT I0 oOorarsBaHe Ha

M3clie/IBaHaTa Hay4YHa O0JacT.
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