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An analysis of the factors of economic growth that determine the development of
the banking sector and the banking industry. The main factors of economic growth
include financial, human and information technology resources. The basis of
information and technological support of banks are the processes of digitalization.
Methods and models for solving structured, poorly structured and unstructured
problems that have the necessary mathematical tools are analyzed for sound analysis
and evaluation of the efficiency of banks. The article proposes a conceptual model
for evaluating the efficiency of the bank, which is based on the use of fuzzy logic
tools, and allows the analysis of production (operational), financial, economic and
management subsystems of the bank and form an integrated indicator of efficiency
of the banking system. The model of assessing the efficiency of the bank is based
on the method of assessing the competitive status of the enterprise in the market,
modified taking into account approaches to assessing the financial condition.
The developed conceptual model for evaluating the effectiveness of banks can
be used to improve decision-making systems used in the activities of banking
institutions. Implementation of the conceptual model in each bank will allow at
the system level to conduct model experiments to assess the effectiveness of the
bank’s operation and development, develop practical recommendations and ways
to improve the efficiency of Ukrainian banks, take into account the introduction of
banking services to provide customers with banking services.
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[IpoBenenoanani3GpakTopiB eKOHOMIYHOTO3POCTAHHS, SIK100YMOBIIOIOTH PO3BUTOK
GaHKiBCbKOT cepu Ta OaHKIBCHKOI iHAycTpii B 1isiomMy. /Io OCHOBHHX (akTOpiB
S€KOHOMIYHOTO 3pOCTaHHS BiJHeceHO (iHAHCOBI, KaapoBi Ta iH(pOpMamiiHO-
TexHOJOTiuHI pecypcu. OCHOBOIO iH(OPMAIiHHO-TEXHOIOTIYHOTO 3a0e3MeUeHHS
0aHKIB € IpoIIeCcH BIPOBAKEHHS AipKuTamizamnii. J[7s obrpyHTOBaHOTO aHAII3Y Ta
OIIIHIOBaHHS €()EKTUBHOCTI AisUTbHOCTI OAHKIB MPOaHAi30BAHO METOIU Ta MOJICIII
JUISl PO3B’SI3aHHS CTPYKTYPOBAHMX, CIa0OCTPYKTYPOBAHUX 1 HECTPYKTYPOBaHHX
3aja4, SKi MalTh HEOOXIIHMH MareMaTHYHWH IiHCTpyMeHTapid. B crarti
3aIllPOTIOHOBAHO KOHIIENTYaJbHY MOZICIb OIIHIOBAaHHS €(DeKTUBHOCTI HisUTBHOCTI
0aHKy, sfika 0a3yeThCcs Ha BUKOPHCTAHHI IHCTPYMEHTApil0 HEWITKOi JIOTiKH, Ta
JTO3BOJISIE TIPOBOJUTH aHAI3 MOKa3HHUKIB BUPOOHUUOI(omepariitioi), GpirancoBo-
€KOHOMIYHOT Ta YIpaBIiHCBhKOI mijcucTeM OaHKy Ta (OpMyBaTH IHTErpajbHUI
MOKa3HUK €(EeKTHBHOCTI pPOOOTH BCi€i OaHKIBCBKOI CHCTEMH 3 ypaxyBaHHSIM
30BHILIHIX Ta BHYTPIIIHIX ()akTOPiB pO3BUTKY OaHKIB. BOCHOBY MOz1€:11 OLIIHIOBaHHS
e(heKTUBHOCTI poOOTH OaHKY IOKJIaICHO METOAUKY OLIHIOBAHHS KOHKYPEHTHOTO
CTaTycy MiINpUEMCTBA Ha PUHKY, MOIAM(]IKOBaHY 3 ypaxyBaHHSIM TiIXOMIB IO
OIIiHIOBAaHHS TIOKA3HUKIB (DiHAHCOBOTO cTaHy. Po3pobieHa KoHIenTyaabHa MOJEITh
OIIIHIOBAaHHS C(CKTHBHOCTI IisIBHOCTI OaHKIB MOX€E OyTH BHKOPHUCTAaHA st
YAOCKOHAJIEHHSI CUCTEM MPUHHATTA PillieHb, SIKi BUKOPUCTOBYIOTHCS B JTiSUTBHOCTI
0aHKIBCHKMX ycTaHOB. Peaiizamis KOHLENTYaJbHOI MOJEIl B  KOXHOMY
KOHKPETHOMY OaHKy JO3BOJIMTh Ha CHCTEMHOMY pPiBHI IPOBOIUTH MOAENBHI
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SKCTICPUMEHTH 3 OIIHIOBaHHSA e(eKTUBHOCTI (DYyHKIIOHYBAaHHS Ta PO3BUTKY
0aHKy, pO3pOOIATH MPAaKTUIHI PEKOMEHIAII] 1 IJISXH i IBUIICHHS e(h)eKTUBHOCTI
JIOCITIJIKYBAaHUX YKpaiHChKMX OaHKIB, BPaXOBYBaTH OCOOJIMBOCTI BIIPOBAKCHHS
TEXHOJIOT1# OaHKIBCHKHMX CEPBICIB JUIS HaJJaHHS KIIIEHTaM OaHKIBCHKHX MOCIYT.

Formulation of the problem

Accumulating the country’s monetary resources, banks
play a key role in ensuring economic development through
money circulation, capital turnover, enterprise financing,
introduction of innovative banking products, ensuring
the security of banks in the economic, financial and
information sectors, and, to a large extent, from quality of
used information technologies and banking systems. Using
the latest information technologies, telecommunications
systems, banks can significantly expand the market of
banking services, improve the quality of customer service,
improve the culture of banking.

Building intelligent banking information systems using
the Amazon Athena online query service, Amazon Machine
Learning cloud service, Amazon RDS web service and
artificial intelligence tools provides an opportunity to
significantly improve the process of sending messages to
bank customers with the possibility of further services.
Another important component of intelligent systems is the
integration with the mobile application, which allows the
bank to provide notifications more efficiently.

Under such conditions, an important area of research is
to assess the effectiveness of modern information systems
and technologies in the banking sector, which necessitates
the development of a conceptual model for evaluating the
effectiveness of banks to make management decisions
aimed at improving the efficiency of individual banks and
the banking system.

Analysis of recent research and publications

Innovative development of the banking sector in the
direction of modeling the implementation of information
technology to support innovative products of banks and
services is extremely important. In this direction, Vadym
Hetman Kyiv National University of Economics is
conducting research (R&D), in particular on the topics:
«Development of methods and technologies of intellectual
support for the management of organizational structures
in the context of digital economy» state registration
number 0119 U002604 «And» Modeling of processes
of introduction of information technologies of support
of innovative products of banks and services «state
registration number 0122U001987 (scientific supervisor
Doctor of Economics, Prof. Ustenko S.V.). Based on the
current results of these works, scientific articles have
been published in international monographs [1-5]. The
relevance of the research topic is due to the fact that in
market conditions, banking products, services and services
play a key role in the functioning of the financial system
and market. This causes an urgent need to build intelligent
information systems for the interaction of banking
institutions with the user, to attract artificial intelligence,
including neural networks. The main feature and innovation
of such systems is that they have the property of machine

learning and with each new training the system improves
its performance.

In [1; 5] information and communication systems and
technologies to support information security of banking
and conceptual approaches to sustainable development
of Ukrainian banks on the general principles of banking
education, the main of which are the principles of
integrity, stability, digitization and structural and logical
links elements and the banking system as a whole, which
requires the generalization of approaches to model research
and technologies for the use of banking systems.

The work [7] is devoted to the study of the conceptual
foundations of the processes of information support of
digital educational activities, which does not take into
account the production (operational) sphere of activity of
enterprises and organizations.

Publications [8-11] provide approaches, trends and
factors of economic growth in the most technologically
advanced countries. Technological development [10; 11]
is one of the important factors of economic growth and
includes the use of a set of production techniques and
scientific methods that must be considered for sound
analysis and evaluation of banks’ performance.

At the same time, there is an urgent need to develop
a general (conceptual) model for assessing the effectiveness
of the bank, which can take into account key performance
indicators of a number of subsystems of the bank,
including operational, economic, financial, management,
information technology and more. Implementation of
the conceptual model in each bank will allow at the
system level to conduct model experiments to assess the
effectiveness of the bank’s operation and development,
develop practical recommendations and ways to improve
the efficiency of Ukrainian banks, take into account the
introduction of banking services to provide customers with
banking services.

Formulation of the objectives of the article

The purpose of this work is to improve and develop
a conceptual model for evaluating the effectiveness of
banks to make informed management decisions aimed
at improving the efficiency of individual banks and the
banking system of Ukraine.

The main material of the research

Since the beginning of 2014, the banking system of
Ukraine has experienced one of the strongest crises in its
history. In terms of banking assets as a percentage of gross
domestic product, Ukraine’s banking sector was similar
to Poland. However, by 2016, bank closures and reduced
lending have led to a sharp reduction in the role of banks
in the economy. Today, Ukraine lags far behind many
European banks. As of October 2020, out of 180 banks
operating at the beginning of 2014, 104 banks were declared
insolvent or liquidated by the National Bank of Ukraine,
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which is almost 60 % of the country’s banks. It should be
noted that the assets of some Ukrainian banks in 2014 were
overstated due to concealment of loans to related parties,
but many banks unfortunately did not have the ability to
model and predict the impact on the financial institution of
internal and external destabilizing factors, leading to search
for tools and approaches for strategic analysis, evaluation of
efficiency and development of banks.

Banks are at the epicenter of these changes.
Technological evolution and social change have a deeper
and more direct impact on the financial industry than on
most other sectors, as its main raw materials are information
and money. And money, in turn, can be dematerialized and
converted into accounting records, in other words, into
data that can be stored, processed and transmitted in real
time at low cost [3; 4].

Banking has not yet undergone the transformation that
other information sectors have undergone. This is largely
due to the fact that banking has historically been a strictly
regulated industry, subject to close scrutiny and control by
government agencies.

However, the transformation of the industry is not only
inevitable, but is gaining momentum every day. The main
reason is that the technological revolution is introducing new
ways of doing business every day and increasing the potential
for cost reduction, and the number of users who resort to non-
traditional methods of banking continues to grow.

Another reason for the transformation is that the current
crisis is causing changes in different directions. Banks are
perceived as the «culprits» of the recession, and rightly
so, as many institutions have made very serious mistakes
and decided to ignore the basic principles of banking:
prudence, transparency and even honesty. As a result of
these mistakes, many banks have faced serious difficulties,
with some banks failing and others undergoing a complete
restructuring, which is usually financed by public funds.
The colossal amount of taxpayers’ resources invested
in savings banks has severely damaged the reputation of
financial institutions and the entire industry in the eyes of
ordinary citizens.

The crisis has also provoked a process of radical
changes in banking regulation: borrowing limits, higher
requirements for capital and reserves, the need for large
investments to improve risk systems and compliance, and
so on. All this comes down to lower revenues and higher
costs, in other words, lowering the current and future
profitability of financial institutions.

Banks must respond to the new demands of their
customers and society, meet this challenge with a damaged
reputation, lower profits and slow growth of traditional
banking business. This situation requires a radical
transformation: banks must radically reconsider the way
they interact with their customers and make a qualitative
leap forward in efficiency.

To some extent, these efficiency gains will be achieved
through the sharp consolidation of the banking sector
that has already begun. But the real transformation of the
industry will be achieved through the wide and, above
all, smart use of technology as part of a long process of
innovation.
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In recent decades, banks have been one of the most
important users of information and communication
technologies, which they have adopted with two main
goals: to reduce costs and optimize processes to increase
profits, as well as to develop communication channels
other than conventional ones.

With the development of banking, the Internet has
become a leading source of information, indispensable
business communication, and even a forum for personal
relationships: more than a billion people around the
world now use various social networks. The Internet is
also a driving force behind the fragmentation of banks’
production chains, facilitating the outsourcing of services.
Banking services offered by cloud computing are a major
breakthrough in universal access to storage and data
processing at very low costs and will have far-reaching
consequences. The use of the Internet has also gained
enormously thanks to the advancement of mobile phone
technology. Thanks to these new devices, almost 4.5 billion
people are online and have almost universal access to
a certain level of information services, which has a huge
impact on productivity [5; 6]. Mobile phones are equipped
with more and more powerful and various functions, which
will be gradually included in other devices, additional
services and services of banking systems («Internet of
Things», «Internet Banking).

The methodology of research of processes of
functioning and development of banks is based on the
general analysis and principles of development of banks
and taking into account the complex approach to research
of processes of effective development of banks [5].

An integrated approach to the study of banking
developmentprocessesisfocusedontheholisticdevelopment
of all processes, rather than its individual processes,
which contributes to the comprehensive development of
the bank. This approach allows to take into account the
information and technological aspects of banking services,
development of new banking products and the use of
modern information technology and banking systems. The
basis of information and technological support of banks are
the processes of implementation of digitalization as a tool
for development and scaling of the bank. Digitalization is
a direction of development of banks in understanding the
introduction of modern digital technologies aimed at the
transition to automated digital technologies controlled by
real-time intelligent systems in constant interaction with the
external environment beyond one bank, with the prospect
of unification in the global network of the Internet of Things
and Services. Today, the first steps in the implementation of
digitalization are the introduction of technologies such as
machine learning, blockchain systems, blockchain systems,
AR technologies (augmented reality), cloud technologies
AWS (cloud technologies), systems for processing large
data sets (data processing) [3; 4; 8].

For sound analysis and evaluation of the efficiency of
banks, it is necessary to choose methods and models, the
necessary mathematical tools. It is possible to solve this
problem by dividing methods and models into three groups:

» methods and models for solving structured problems
that have a homogeneous relationship between the elements
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of the system. To solve such problems, it is advisable to
use classical and scenario methods and models (regression,
classification, clustering, etc.);

* methods and models for solving poorly structured
problems, which are characterized by the presence of
partial relationships (quantitative, qualitative) between
the elements of the system. To solve such problems, it is
possible to use both classical methods and models, and
models using fuzzy logic;

* methods and models for solving unstructured
problems, in which calculations are performed on the basis
of verbal descriptions of elements only and in the absence
of direct relationships between elements of the system.
Artificial intelligence methods and models are best suited
for solving unstructured problems.

Let’s build a conceptual model for evaluating the
effectiveness of the bank on the basis of fuzzy logic. The
model of assessing the efficiency of the bank will be based
on the method of assessing the competitive status of the
enterprise in the market [12], modified taking into account
approaches to assessing the integrated indicator of financial
condition [13].

We will evaluate the effectiveness of the bank in the
following areas and subsystems of the bank:

» operation of production (operational) subsystem
(this includes production and technological aspects of the
bank’s development potential) — S, ;

* work of financial and economic subsystem (includes
financial and sales aspects of potential) — S,

* work of the management subsystem (includes
such aspects of capacity as efficiency and innovation
management) — S..

To build the model we use the following development
algorithm [13; 14]:

— stage 1: Selection of indicators to be taken into
account in the model;

— stage 2: Description of linguistic variables;

— stage 3: Defining the types of membership functions
and their construction;

— stage 4: Building a fuzzy knowledge base;

— stage 5: Adjust the model parameters and determine
the initial characteristics.

Here is the process of building a model.

The initial parameter Z — an integrated indicator of
the efficiency of the bank — is determined on the basis of
quantitative and qualitative indicators s, that characterize
the production (operational) (S)), financial and economic (S,)
and management subsystems (S,) of the bank:

Z=fS,...8 ), S, =fs, ... 5,), 8, =<f(s!./.]

szjh)’

j:Lna lzl,_ha

where Z — an integrated indicator of the level of efficiency
of the bank; S, — generalizing signs of states of subsystems,
i =1,m ; i—subsystem status characteristic number; m — the
number of subsystem states, m = 3; 8~ generalizing signs
of estimation of parameters of subsystem states, j=1Ln;

J — number of parameters #; n — the number of parameters
that characterize the state 7, (technical and economic
parameters, parameters of use of production resources,

i:l,M5
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parameters of financial stability and autonomy, parameters
of turnover of current assets, parameters of solvency and
liquidity assessment, profitability parameters, parameters
of evaluation of innovations and technologies, management
parameters); S5 — evaluation indicators that are part of 8,5
l- subsystem status parameter indicator number; & — the
number of indicators in the group of parameters j, the
nomenclature of which is ranked depending on the period
of analysis (current, operational, strategic).

To reflect the relationship between input and output
parameters of the model using the linguistic rules «If —
then» to form the linguistic characteristics of quality terms
of the production, financial, economic and management
subsystems of the bank{4H, H,C, B, /IB} : JIH — very
low, H — low, C — average, B — high level, /[B — very high.

Denote the given term sets as follows:

A.= {a}*, aﬁ, af*, ai‘l, af*} =
—{d. =" JH", a. ="H", a) ="C",a’. ="B", &% =" JIB"}
where af, — p-ii linguistic term 7*-i variable, p= 1_5 s
i* =111 ; i*— through number of input linguistic variables.

The resulting parameter Z makes it possible to assess
the level of efficiency of the bank on such a scale of term
sets {I1,3, H3, K} : I — positive, 3 — satisfactory, H3 —
unsatisfactory, K — critical. Denote this term set as follows:

G={gl,g2, g3’g4} _

{g — IIHII — "3" g _"H3H "R‘ll}’
where g* — k-ii linguistic term of the original variable Z,
k=14.

In the table. 1 shows the values of fuzzy terms of the
above-set terms of input and output variables.

The membership function performs the task of
generalizing the values of expert assessments regarding the
distribution of elements in sets.

Suppose there is some universal set U, which includes
a set of possible values i*-1 variable. Then there is a fuzzy
subset 4, which describes the constraints on the possible
values of the variable a,,.

Then A can be defined as A= {Sij, e (s;);5; € U}

and4 = {S,, e (S), S, e U}, where (s;) and T (S) -

membership functions, which acquire values in the range
from 0 to 1, and:

w*(8)>0,v8 eU,
W (s)=0,vS, ¢ U,

supy ., [ u (S,.)} =1.

Similarly determined Ha”: (s;).

Thus, the function u"g (S,) determines the degree of
belonging of the elements S, and S subsetA

To determine the parameters I (S) ta p” (s )
it is expedient to use bell-shaped membershlp
functions [13; 15], as they are smooth throughout the
domain and take non-zero values.
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Table 1 — Parametric characteristics of the bank's performance appraisal model

The number of the Designation S . Basic term set of Syntactic description of the
P . A . Name of linguistic variables L . L L .
linguistic variable | of linguistic variables a linguistic variable | values of the linguistic variable
Input variables
i*1 s, technical and economic parameters A, a),d,al,al,
- parameters of use L s s a4 s
i*2 ) . A a,at,a,al, a
il of production resources 2 T2 T2 Y T2
3 s parameters of financial y a2 & d
il stability and autonomy 3 ¥ YTy T TS
e parameters of turnover s a4 s
i*4 S, A a,at,a,al,a
il of current assets 4 @ Te e e T
- solvency and liquidity s 3 a4 s
i*5 S A al,a’, ad, at,a
il assessment parameters B ST TS
7%k 111 1 2 3 4 5
i*6 s, profitability parameters A, ay, a,, a, ai, a;
7 S _parameters of evaluation ‘ 4 a & & d a
il of innovations and technologies 7 v T
7k 1 2 3 4 S
i*8 s, control parameters Ay ag, az, az, ai, a
9 s the level of operation y a2, 4. d,d
! of the production subsystem 9 97797 792 797 79
#10 s the level qf financial y d @ d
2 and economic subsystem 10 10> 7107 77107 10”710
11 S the level of operation 4 i@ .d . d
3 of the management subsystem 1 12 711 7112 T T
Output variables
- | 4 | indicator of the effectiveness of the | G | g.gg. ¢

Belonging function pgk (Z) fuzzy terms g source
variable Z takes value in the range from 0 to 1:

u (2)=

where d — concentration-stretching coefficient IT — similar
membership function (bell-shaped), ¢ — the coordinate of
the maximum of the function, b — setting option.

Next, we will form a set of rules — a fuzzy knowledge
base, which presents expert-logical conclusions for the
basic indicators (criteria) for assessing the state of the
system.

The final rule on the positive overall level of efficiency
of the bank in analytical form can be represented as follows:

B (S8, = W () W (8,)- w4 (S,) v
VHB(Sl)'HC(Sz)'HC(Sg)V ’

V(S 1P (S,) 1P (S,)

where through v — denotes the disjunction operation
(corresponding to the «OR» operation), such that
WSV p(S,,) = max (W (S w (S (A -
denotes the conjunction operation (correlated with
the operation «AND»), so that p(S)A p*(S,,) =
= min (" (5)). i (,,,)

Similarly, we can present the final rules for the other
three terms (3, H3, K):

H3(51~--53)=HC(51)'MC(52)'MC(53)V
VHH(Sl)'HB(Sz)'HH(Ss)V >
v (S -1 (8) - (S;y)

46

HHB (S1-~-S3) = MH (Sl)'HH (Sz)'HH(S3)V
v () u(S,) n (S

VuB(Sl)'uC(Sz)'HHH(Ss)
HK(Sl“'S3) = P'HH(SJ ) P«IIH (S)- “HH (S5)v

VRO (S u (S v

VIS - (S,) 1P (S))

Consider a set of rules, for example, for parametric
assessment of the financial and economic subsystem:

To ex'press the degree of relationship between the
output variable and the input, the function of belonging of
the input variables to the value of the output variable can
be represented as follows:

. s, b
Hg (S1’S2»S3):\/|:/\H"(Si) .
p=1i*=9

Then, based on the provisions of the tﬁeory of fuzzy
sets, you can form a fuzzy set of the original variable Z:

W' (Z)= max E min p (S,)

p=15 i*=9,11
at . . : .
where U™ (S;) — membership function of the input variable

S, to the term af;; ugk (Z) — membership function of the
input variable Z to the term g*.

Determining the level of efficiency of the bank is based
on an algorithm such as Mamdani, as one of the most
common methods of fuzzy derivation [15].

Conclusions

The article considers aspects of the development of
the banking sector and its impact on economic growth,
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the key to success is a wider range of information systems
and technologies. The main driver of economic growth
is innovative digital technologies to adapt services to
meet the needs and demands of users, providing efficient
banking products and services.

A conceptual model for evaluating the efficiency of
banks based on the theory of fuzzy sets is proposed, which
allows to identify groups of indicators of production
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(operational), financial, economic and management
subsystems of the bank, and form an integrated indicator
for evaluating the effectiveness of banks for effective
management decisions.

The developed conceptual model for evaluating the
effectiveness of banks can be used to improve decision-
making systems used in the activities of banking
institutions.
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