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DETERMINATION OF INTELLECTUAL

ACTIVITY IN SOLVING THE PROBLEMS
OF BANK FUNCTIONING OPTIMIZATION

06 cxmom docaiorcens € nPoyec GYHKUIOHYBaHH KOMePUiin020 6anka. O0nuMm 3 HaTOLIbW NPOOLEMHUX MICUb

€ onmumizayis pobomu 6anKa 32i0H0 3 BUMOZAMU KILEHMIE 68 YMOBAX 0OMENCEHUX PeCypCis, moOmo, ax nompiono
PO3NOIIUMU NeGHY CYMY THEECTNUUITL N0 PISHUM HANPAMKAM OisSavHoCmi 6anka onmumaivhum uunom. ITio yum
C10 PO3YMIMU MAKCUMATLHY 3A0080JCHICD KAIeHMie npouecom dynxyionyeanns 6anxa. Taxoxc caio eusnavamu
BANCIUBICID HANPAMKIG OLANDHOCI 8 3ANCHCHOCTE 810 360POMHBO20 36 A3KY 3 KAIEHMAMU — 30UPAIOUU KIIEHMCLKY
inghopmayiio, maxy Sx ckapeu, nodaxcanis, pesyivmamu onumie ma inue. Taxi dani ne € inmeiexmyarvHumu, ix
mpeba opmarizyeamu ma na uiti 0cHosi nobydysamu cmpameziio QyHKUIoHYeanms 6anKa Ha neeHuil nepioo uacy.

B x00i docridncenns 6yno suxopucmano eucxionuil nioxio do cmeopenns cucmem wmyunozo inmeiexma. Ha
OCHOBI 1He THMeACKMYaivhux 0anux (niocucmemu 6anKa, KIEHMCoKi 0ani, CMmamucmuxa,) USHAUACMbCS tHpopMais
02151 nOOYOOBU THMEACKMYANLHOT ISAADHOCTE CMOCOBHO NPUUHAMMS Plulenb wodo onmumizauii npoyeca Gynx-
uionyeanms 6anKka 6 yiiomy, ax eounoi cucmemu, moomo nobyoosu ONMUMAILHOL cmpamezii disivrocmi 6anka.

B pesynvmami 0ocioxcenms ompumano npoexm iHmeiekmyaivHoi CUCmeMu, aKy npusnaueno 0is nobyoosu
ONMUMANLHOL cmpamezii 0isivHocmi 6 ymosax obmexcenux pecypcis. /s sanoenenis 6a3u 3nanv yiei cucmemu
nposedeno CmpyKxmypyeanis ma Gopmarisauiio suans. Onmumarvium eapianmom 0ns ubo2o 00CHioxNcens OYLo
BUSHANO POPMATLHO-T02IUHY MOOb HA OCHO8I N0OYO08U NPEOUKamis nepuLozo nopsoxy.

3aedsaxu ubomy 3abe3neuyemvcs MONCIUBICNY Peani3auii inmeiexmyaivhoi cucmemu 0ls eupiulenis npobie-
MU PO3N0OINY SHYMPIUNIX THEECTNUYIT OaNKA ONMUMALLHUM ULLAXOM, MOOMO, 3 MAKCUMALLHUM NIOGUULCHHAM
piens 3a00801enocmi Kiienmis. Buxopucmanis yiei cucmemu na npaxmuyi mae 00nomozmu xepisnuymey 6amnxa
Po3nodiiumu nesnutl 06csz SHYMPIUNIX THECCMUUIL Y HANPAMKAX OLAAbHOCIE OaHKA ONMUMAIOHUM ULAXOM,
Kepyiouucs nobaxcannsmy KiieHmie.

Kmouosi cnoBa: egexmueni 6ionocunu <OanK-KAeHM>, THMEICKMYANbHA CUCTIEMA, ONMUMISAUIL QYHKYio-
Hysanns 6anxa, po3snooil iHeecmuyiil.
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1. Introduction

To date, artificial intelligence systems are already used in
banking [1-3]. This allows to save time manual processing
of some banking information, to reduce the amount of the
same type of work that bank employees perform and so on.

(http.//creativecommons.org/licenses/by,/4.0)

Standard financial products and services designed for
a wide range of consumers — this is yesterday. The modern
client needs the personified conditions for deposits, loans
and other offers. To realize this without an individual
approach is impossible. Here, the banks come to the aid
of artificial intelligence.

;10

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/2(49), 2019



I55N 2664-93969

INFORMATION AND CONTROL SYSTEMS:
INFORMATION TECHNOLOGIES )

Now every financial institution develops and offers
customers 10—20 products. A team of professional people
has been working on them for a long time. However,
if it is necessary to generate hundreds of thousands of
personalized offers, then it isn’t possible to do without
using the Al system.

According to statistics, at present, every person has
2-5 electronic devices, through which it goes online,
uses instant messengers and social networks. Naturally,
a large amount of data for all users remains in the virtual
web. The artificial intelligence algorithm is able to col-
lect information on the client, analyze and generate an
individual offer.

The main areas of application of artificial intelligence
systems in banking are chatbots and personal virtual as-
sistants, that is, financial consultants.

Table 1 shows examples of the use of artificial intel-
ligence systems in the operation of banks.

Table 1

Examples of the use of artificial intelligence in banking

Functions of artificial intelligence systems

No. | Bank in bank activities

State

«Contract Intelligence» system. Purpose — the
analysis of legal documents and the finding of
IP significant data and incidents in them.

1 | Morgan USA «Emerging Opportunities Engine» system. Pur-
Chase pose — identifying those customers who are
most suitable for the following offers and
promations
Artificial intelligence chat bot based on Face-
Wells book Messenger, with which the client can
2 USA . . -
Fargo obtain information about its account and reset
its password
Erica is a chat robot using «cognitive messages
Bank of - - - )
3 . USA and predictive analytics». Main purpose — fi-
America : X X
nancial recommendations to clients [1]
Alexa is a financial advisor built into Acoustic
4 UBS Sweden | Echo devices. Analysis of the situation in world

financial markets [2]

iPavlov is research project for an applied
5 Sher- Russian | purpose: the ability to build dialogue systems
bank | Federation |that are able to maintain a meaningful dialogue
with the user (3, 4]

Based on the results of the analysis of the functions
of artificial intelligence systems (Table 1), the main di-
rections of the use of knowledge of information resources
in addressing the issues of effective activity of banks are
determined. This is providing recommendations to the user
on the financial situation (in the country, in the world,
etc.), or identifying those customers who can, with the
maximum probability of consent, make some kind of service
or offer. Other areas — forecasting further activities, mar-
keting activities, for credit customer service and more. The
cognitive abilities of the artificial intelligence system (AIS)
(the client communicates with such systems in a language
as close to natural as possible) are used to recognize and
identify by physiological data: voice, fingerprints, DNA.

Thus, the topic of the use of intelligent systems in
banking is relevant, as evidenced by the already existing
examples of the operation of such systems, and the active
development of this area in large commercial banks with
a worldwide reputation.

2. The ohject of research
and its technological audit

The object of this research is the functioning of a com-
mercial bank. An indicator of the effectiveness of this process
is the level of customer satisfaction with the bank’s services.
Such data is collected by feedback systems, statistics, surveys
and more. All these data are not intellectual, therefore it
is difficult to use them to build an optimal bank develop-
ment strategy (optimizing the process of its functioning).
Such work is usually carried out by qualified specialists
from the departments of methodology, analysis and risk.

The most problematic stage of such work is usually the
formalization and structuring of data that is received from
customers. Also a problem is the synthesis of knowledge
from this data. Therefore, an intelligent system will be
built to help determine the optimal development strategy.

3. The aim and ohjectives of research

The aim of research is building a project of an in-
tellectual system to determine the optimal development
strategy of the bank in the conditions of limited resources.

To do this, there are the following steps:

1. To determine the main criteria for customer satis-
faction — how the client evaluates the functioning of the
bank is a priority for it.

2. To collect data from respondents: statistics of com-
plaints, appeals to customer support, customer survey results.

3. To analyze the existing approaches to assessing the
functioning of the bank by customers.

4. To build a project of an intellectual system that the
bank management can use to help build an optimal bank
development strategy.

4. Research of existing solutions
of the prohlem

Among the main directions of solving the problem of
optimizing the functioning of the bank in conditions of limited
resources identified in the resources of the world scientific
periodicals, a number of publications can be singled out. But
most of them are tied to specific regions of the study, tak-
ing into account local characteristics, and cannot be applied
on the Eastern European banking market. Also, almost all
works use the SERVQUAL model as a mathematical appa-
ratus. For example, in [5], the problem of quality of service
management in North Korean banks is considered. This work
has the main purpose of considering the quality of banking
services focused on Asian countries. Work [6] is oriented to
the Vietnamese market, and it mainly addresses customer
satisfaction with the deposit service. Work [7] considers the
degree of customer satisfaction of Turkish banks. In a scientific
work [8], trends in the development of the banking sector
in Bangladesh are studied. Closer to the Ukrainian market
works [9, 10] are devoted to assessing the reliability of
a commercial bank by customers, and the continuous process
of managing the quality of banking services. These studies
were conducted in the Russian Federation. But all of the
above works are devoted mainly to the definition of criteria
for evaluating a bank by customers, quality management,
and they do not consider the use of intelligent systems.

Multicriteria assessment is also considered in [11], but the
work of the bank branch, and not of the bank as a whole,
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as a single system is evaluated. Works [12, 13] investigate
the problems of increasing the attractiveness of a bank
for customers, that is, how a bank can retain old custo-
mers and attract new ones, but they do not consider the
problem of investment distribution. The work [14] gives
more specific recommendations on building a bank deve-
lopment strategy, but also does not provide a method for
distributing investments. These works also do not high-
light the use of intelligent systems in the banking sector.
Therefore, all of the above labor is used to collect infor-
mation about the main criteria for evaluating the bank by
customers.

The work [15] is devoted to the use of expert systems
and geographic information systems in solving the problem
of developing a network of bank branches (determining the
best location). But there is no consideration of the criteria
for assessing the functioning of the bank by customers.

An expert system for assisting financial management
is identified in [16]. However, this work is focused on
the user of banking services, and not to build an optimal
bank development strategy.

Thus, the results of literature analysis allow to conclude
that the topics of assessing the functioning of the bank by
customers and the use of intelligent (and expert) systems
in banking are promising, but are considered independently
of each other. Therefore, this work is devoted to combin-
ing these two topics: building an intelligent system project
based on criteria for evaluating a bank by customers. And
the main application of such a system is the distribution
of domestic investments in an optimal way to increase
customer satisfaction.

5. Methods of research

The system that will be developed in the process of
work should be classified as an expert system, the knowledge
base of which is built on the basis of customer feedback,

Decision makers
(bank management)

surveys and other sources of information, reflects the ex-
perience of the bank and banking experts. This system
is a decision support system. It will use soft calculations
based on fuzzy logic (since the criteria for evaluating
a bank are not clear). To build a hierarchy of criteria for
evaluating a bank by customers, the Saaty pair compari-
son method and the hierarchy analysis method are used.

An intelligent system developed in the framework of
this work to solve the problems of resource allocation
to ensure stable banking-client relations is based on the
main property of the Emerging Opportunities Engine
system [3], that is, on the basis of client criteria it is
determined which services (or properties of the bank)
is not available, recommendations are given to determine
the essential parameters of the bank’s assessment. In this
work, this aspect of the activity of AIS is used to develop
a decision-making system for the allocation of investments
according to such criteria in an optimal way. It is assumed
that the cognitive abilities of the new system will not be
developed: information from clients comes in an already
formalized form. The ability to self-study is: depending on
the responses of customers, which may vary, conclusions
are made about the materiality of the criteria.

Fig. 1 shows the structure of the intelligent system.

Users are customers of the bank (that is, those who
use banking services). Decision makers are management,
the management of the bank.

The Bank Communication Systems module is designed
to collect information from users using feedback systems
and periodic surveys. Based on these data, the Intelligent
Interface module draws conclusions about the degree of
customer satisfaction and their assessment criteria of the
bank. The decision inference unit formalizes the informa-
tion received and places the knowledge base.

The knowledge base contains knowledge about the
benefits of customers and the ways and factors by which
they evaluate the quality of the bank.

\

Feedback

and argumentation

Block explanation

system

Smart interface

1

/

Decision block

A

Conceptual level
Information level

Internet resources

Software systems

Knowledge base
Hardware systems

Fig. 1. The structure of the intellectual system
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In this work, the knowledge base is enriched by in-
formation from the hardware and software systems of the
bank: ATMs, self-service terminals, mobile applications,
web resources. These data fall into the relational database
of the bank, and after processing by the logical inference
unit of the decisions obtained by the knowledge.

The block of explanation and argumentation makes
recommendations for improving the functioning of the bank,
and provides these recommendations to decision makers.
This unit also deals with forecasting: what will happen
if investments are distributed in a certain way; what will
happen if to do not take any actions and other situations
that arise in the activities of the bank with customers.

Thus, the general structure of the intellectual system,
which is presented in Fig. 1, is a general view of the pro-
posed expert system. Let’s consider some explanations re-
garding the scheme.

The logical conclusion block is for obtaining new facts
based on a comparison of the source data from the work-
ing database and knowledge from the knowledge base. It
contains the following procedures: V — the procedure for
selecting rules and facts from the database and knowledge
base; W — the procedure for performing actions corre-
sponding to the obtained value of the fact.

In this system, the object of study is the process of
functioning of the bank. It is advisable to monitor some
indicators of the bank’s activity over a specific period of
time. This allows to establish a relationship between the
degree of customer satisfaction depending on the values
of the bank’s performance indicators and external factors.
This degree of satisfaction is the basis for continued ser-
vice at this customer bank.

A specific example: monitoring the volume of a bank’s
loan portfolio during the period 2012-2018. The volume
is monitored on a monthly basis, so the first days of all
months of 2012-2018 will be a specific parametric set.
They can be replaced by serial numbers 1-72.

Each dimension is a definition of the total amount of
loans to individuals and legal entities, the prospects for their
return. These are all numerous variables; they are defined
through clear observation channels. According to the values
of these variables and external data (lending conditions, ad-
vertising campaigns, political situation in the country, etc.) is
determined depending on the degree of customer satisfaction.

6. Research resulis

6.1. Expert system design. For system design, the metho-
dology of «quick design» will be used, the general scheme
of which is shown in Fig. 2.

The stage of problem identification — at this stage
it is determined which problem the expert system will
solve. In the framework of this work, this is an increase
in the degree of customer satisfaction with minimal in-
vestment. It is advisable to solve this problem by means
of an expert system, since the initial data is constantly
changing. But almost the entire amount of data at any
time is available in a formalized form, as it is based on
statistics on the activities of the bank. Also the criteria
for measuring customer satisfaction are conflicting. To
solve strategic problems, it is advisable to involve experts,
and for the regular solution of tactical tasks it is enough
to use an expert system.

The first step is to answer the basic question: how is
customer satisfaction measured? It is proposed to reformat
the question: how does the client evaluate the level of
banking services. And then decomposition of this prob-
lem is carried out. For this, in previous works, a model
for assessing a bank by a client is built on the basis of
the Saaty hierarchy analysis method [17], it is shown
in Fig. 3.

The next stage of design is the acquisition of knowledge.
This is the formation of an engineer’s knowledge (of the
person who will «learn» the system), an understanding of
the subject area, basic knowledge, determination of basic
facts to fill out the database.

At the stage of structuring knowledge, a hierarchical
system of knowledge and the presentation of an expert
are created. For this, the main objects of the subject area
are determined. In this work, the main object that forms
the degree of customer satisfaction is a group of criteria
for evaluating a high-level bank, namely reliability, quality
of service, and a range of services. Further, each criterion
is a list of its parameters: for example, for reliability, this
is the amount of the authorized capital, participation in
the Deposit Guarantee Fund program, reputation among
the population, the volume of deposits, etc.

In turn, each parameter has its own range of values.
These areas provide in the form of various ways of display-
ing the applied parameters. For example, for the parameter
«loan portfolio volume» it is a range of values from 0
to the average value of the loan portfolio of Ukrainian
banks. For the parameter «own processing» is a logical
function of truth (yes or no).

Next, the connection between the concepts is revealed.
For example, the volume of the bank’s deposits depends
on the bank’s participation in the Deposit Guarantee Fund
program, the volume of the loan portfolio depends on the
fact that the bank’s leadership belongs to the political
elite of the country, and so on.

Redefinition Gaining Changed
ofa additional knowledge o .
problem knowledge fields Reformalization Reprogramming

‘L v v l v A

Problem Acquisition of o  Structuring Formalization of Problem Testin
identification knowledge ” knowledge the problem implementation 9

E+KE E+KE KE KE+Pr Pr E+KE+Pr

Problem Knowledge Field of KB in
knowledae KRL Prototype

Fig. 2. The general design scheme of the expert system:
E - expert; KE — knowledge engineer; Pr — programmer; KB — knowledge base; KBL — knowledge representation languages
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Reliability

Quality of service

Bank evaluation

Range of
services

Internet Bank Client;
Mobile applications;

SMS informing;
Telephone banking;
Payment of online games;

o Share capital;

o Volume of assets; o Number of branches;
o Volume of deposits of individuals; o Number of ATMs;

o Deposit rates; o Customer reviews;
o Bank size; e |PS card issue;

o Ratings; o Own processing

e Turnover in cash;

o «Political»;

o Loan portfolio

Payment of utility services;
Ordering tickets;

Payment for telecommunication
services

—

Fig. 3. Hierarchy of bank assessment criteria

It is proposed to take into account some specific features
in addition, for example, the influence of external factors,
such as crises, elections, possible «jumps» in the foreign
exchange market, the international political environment and
other factors that cannot be (or very difficult) to predict.

During the structuring of knowledge, the conceptual and
functional structures of the subject area are determined. In
Fig. 4, 5, an abridged example of the conceptual structure

Input factors

Reliability

Share capital;

Volume of investments of
individuals;

Independent agency ratings;
Turnover in cash;

Public reputation;

Other...

Quality of service

of the subject area of this work (input factors) is given.

Table 2 contains a brief description of the functional
structure of the subject area.

The next stage is the formalization of knowledge. As
part of the work, a formal logical model of knowledge
representation will be used to formalize knowledge.

The final steps — prototype implementation and test-
ing — will not be considered in this work.

Range of
services

« Own processing;

« Android, Apple Pay;
Courtesy of staff; « Remote services
Professional skills of
employees;
Support;

Fig. 4. The conceptual structure of the subject area (input factars)

Output factors

Investment

Share capital;
Branch network development;
Remote services;

Advertising
campaign

Staff rewards

o Points system;
e Prizes for each new
client;

« New deposit conditions;
o Carloans;
o Salary projects;

Fig. 5. The conceptual structure of the subject area (output factors)
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Tahle 2
Functional structure of the subject area
The amount of the authorized | Deposits volume | Loan portfolio volume Remote services Advertising campaian Confidence
capital (mln. USD) (mln. USD) (mln. USD) (rating 0...9) g paig degree
1-2 4-6 B Deposits 8
4-9 2-3 6-12 7 Deposits 7
>3 >12 7 Deposits, new credit conditions 8
9-20 >3 >8 8 Hemote services 9
<4 <8 9 Deposits 7
20-30
>4 >8 9 New loan terms B
>30 >4 >10 9 Deposits 4

6.2. Knowledge representation model. In formalizing
knowledge, it is necessary to build their model. There
are several attempts to classify knowledge representation
models. Fig. 6 shows one of them [18].

Knowledge
representation
models

Determined

o Logical algebraic;
o Networks;

e Frames;

« Production

Fuzzy systems;
Neural networks;
Evolutionary systems;
Hybrid systems

Fig. B. Classification of knowledge representation models

For this research, the optimal option is a formal logi-
cal model [18, 19] of knowledge representation, which
belongs to the class of deterministic models (a group of
logical-algebraic). These models are based on first-order
predicates. There is a finite, non-empty set of objects of
a subject area. On this set with the help of interpreter
functions, relationships between objects are established.
Based on these connections, all the laws and rules of
the subject area are built. The importance of the proper
formation of the subject area is determined by its role
in achieving the goals: if the presentation of the subject
area is not correct, that is, the communication between
the objects is not configured correctly, or not fully, then
the correct performance of the system is at risk.

First-order predicate calculus is a formal language that
is used to represent relationships between objects and to
identify new relationships based on existing ones. The al-
phabet of the first order predicate calculus language includes
variables, constants, predicates, logical operations, functions,
quantifiers. The sentence constructions in the first-order
predicate calculus language are governed by syntactic rules.

A term is a variable, constant, or the result of applying
a function to a term, for example, a, x, f(x). The parent
language of the first-order predicate calculus is formulas
that are defined as follows:

If P is an n-predicate (a predicate of n arguments)
and 1, 2, .., tn — terms, then P(¢1, 2, .., tn) — an
atomic formula (atom).

Atom is a correctly constructed formula.

If F1 and F2 are atoms, then FIAF2, FIvF2, F1—>F2,
F1 are also atoms.

If Fis a formula and x is not a quantifier variable,
the variables in F Vx(f),3x(f) are also atom.

To avoid ambiguity, formulas should be defined in which
all variables are quantized, that is, connected by quantifiers.

This formula is called closed. A closed formula has
one and only one true value [19].

To build models of a certain subject area, one should
describe the known facts in the language of predicate logic.
Using its results, build a system that is capable of building
on the basis of existing facts, build some new proposals
and answer the questions posed.

For a machine solution of the above problem, the me-
thod of automatic formation of discretion, or the deduction
method, is used. At the same time, the following procedures
are implemented:

— exclusion of signs of implication;

— restriction of the scope of the negation sign;

— rename variables;

— putting quantifiers at the beginning of the formula;

— exception of quantifiers and so on.

When automating the derivation of evidence using predi-
cate calculation methods, it is necessary to determine a number
of procedures for choosing rules to avoid a «combinatorial
explosion» and to ensure a non-monotonic reasoning. The
solution to the problem is the creation of declarative pro-
gramming languages (Prolog).

Programming in such languages includes the follow-
ing steps:

— statement of some facts about the objects and the

relationship between them;

— definition of certain rules about objects and the

relationship between them;

— wording of questions about objects and the relation-

ship between them.

Here are some examples of predicates and productive
sentences («if»):

— bank provides customers with a deposit service;

— bank the final list of possible conditions for the

placement of deposits (deposits);

— client chooses the terms of the deposit depending

on its needs;

— when placing a deposit, the client needs reliability;

maximum profit; capacities add; early withdrawal options;

— bank uses the funds placed by the client for other

operations (lending, securities, ...);

— it is unprofitable for a bank to provide a high inte-

rest rate for a short term;

— it is beneficial for the bank to attract customer funds

for a long term;
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— the client is wary of very high interest rates (those

that are above the average market);

— customer is wary of periods of 1 year or longer;

— IF the deposit conditions provide for the possibility

of early withdrawal, THEN for such deposit conditions,

there will be a high interest rate;

— IF the deposit agreement is concluded for a period

of 1 year or more, THEN the long term must be offset

by a high interest rate;

— IF the deposit conditions provide for the possibility

of adding funds, THEN the bank is not advisable to

place deposits for a long time.

Thus, there is a set of facts about the bank and cus-
tomers (about the subject area), on the basis of which
predicates are built. From these predicates new facts are
derived (IF-THEN). Of course, this is the basis for iden-

Table 4
Classification scale and its gradations
Code Profitability Name
degree
1 13 Minimum profitability, serves only to attract customers
and to build a bank reputation
Average profitability, the main goal is attracting custo-
2 4-8 s
mers with income above the average
3 7-9 High profitability — the main goal is the profit of the bank
4 10 Ultra high profitability

To build a training sample, descriptive scales must also
be formed. An example of such a scale is given in Table 5.

tifying new knowledge in a bank-client relationship. - Tabls 5
.. Descriptive scales and grades
There are automated tools for formalizing knowledge.
For example, the EIDOS system [18]. Code Name (description)
For formalization, it is necessary to formulate the source : SHOMT — loe foom 1
data. For example, let’s consider the profitability of plac- — ‘ess than 1 year
ing deposit plans depending on a number of parameters. 2 TERM BELOW AVERAGE - from 1 to 2 years
. The parameters are .the term of .the agreement, the 3 MEDIUM - 2 to 4 years
interest rate, the possibility of additional payments, the
possibility of early termination of the agreement, the 4 LONG-TERM — mare than 4 years
minimum transaction amount. 5 MINIMUM BATES — less than 14 % per annum
The source data are given in Table 3.
B AVEBAGE BATE - 14-16 % per annum
Table 3 7 HIGH BATE - over 16 % per annum
Initial data for formalizing knowledge
8 The possibility of early termination is
Profitability Duration Possibility !Jf Possi- Minimu.m 9 There is no possibility of early termination
No degree for of agree- Interest | early termi- bility of transaction
| the bank ment rate | nation of the addin amount, 10 The ahility to add funds is
(1-10) contract g UsD
11 No opportunity to add funds
Less th
1 2 iss;ea:n 14 NO ND 200 12 The minimum amount is 200 USD
Less th 13 The minimum amount is 400 USD
2 1 Bes A |y NO YES | 400
1 year
1to Using such scales and gradations, let’s form a training
3 4 12.5 YES YES 200
2 years sample (Table 6).
4 7 from | g5 NO NO | 200 - Tahle 6
4 years Training sample
5 3 2”13 01135 YES YES | =200 Feature codes
years Class
. | Early | Mini-
5 5 Up to 15 NO YES 400 fibjct nama code Term Addt- te::n}’— mﬁlrln Interest
4 years tion nation | amount rate
7 8 5Frz$s 175 NO NO 400 Minimum profitability | 1 1,2 [10,11] 8,9 12 B, 7
v Average profitability 2 2,3 11 8 12,13 | 5,6
8 3 1VE‘;'P3 14 NO NO | 400 High profitability 5| 4 [10,11] 89 [12,13| 5
Less than Ultra high profitability | 4 4 11 9 13 5
9 2 2 years 13 ES YES 400 Minimum profitability | 1 4 11 8 12 7
10 4 4U$E;T.S 15 YES YES 200 Average profitability 2 12,3 4|10, 11 9 13 56

The next step in the development of an expert system
is the development of qualification scales and gradations,
and the development of a training sample, that is, coding
of source data using scales and gradations.

Table 4 shows an example of a qualification scale.

Table 6 is not complete, since all possible combinations
and variants of conditions are not considered. The table
is abridged for demonstration purposes only.

With the help of such a training sample, the system
will draw conclusions about the profitability of a bank for
depositing depending on the parameters of transactions.

;18
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This approach is the search for a compromise option for
the bank and the client: with it, the deposit plan satisfies
the needs of the client and brings benefits to the bank.
Of course, such criteria are contradictory: the client wants
a minimum of restrictions and a maximum of benefits,
and it is advisable for a bank to have maximum rights to
temporarily dispose of client funds with a minimum fee.

Let’s calculate the correlation matrix of knowledge
given in Table 7.

Tahle 7
Knowledge correlation matrix
_ Term | Addition EaF'ly FEI‘- Minimum | Interest
mination amount rate
Term 1 - - - -
Addition 0.33 1 - - -
Early termination | -0.012 | —-0.667 1 - -
Minimum amount | 0.302 | 0.046 0.574 1 -
Interest rate -0.384 | 0.064 -0.465 -0.565 1

As a result of the metrization of scales, the construction
of a correlation matrix, the matrix of absolute frequencies,
it becomes possible to correctly and jointly process the
results of formalizing descriptions of the source data in
these scales and use all arithmetic operations. This allows
to use additive integral criteria and reasonably answer the
question of how to calculate the total contribution of the
features of an object to similarity with certain classes.

Two criteria are used: «Sum of knowledge» and «Se-
mantic resonance of knowledge».

The integral criterion «Sum of knowledge» is the total
amount of knowledge contained in the system of factors of
various nature that characterize the control object itself,
control factors and the environment, about the transition
of the object to future target or undesirable states.

The integral criterion is an additive function of the
criteria of knowledge:

where M — the number of gradations of descriptive scales
(features); I;; — the state vector of the j-th class; L; — the
state vector of the recognized object, including all kinds
of factors characterizing the object, the control effects
and the environment.

The integral criterion «Semantic resonance of know-
ledge» is the normalized total amount of knowledge con-
tained in the system of factors of various nature that
characterize the control object itself, control factors and
the environment, about the transition of the object to
future target or undesirable states.

1 M — —
> Uy =1)(L-L),

[. =
' o0, M~

where M — the number of gradations of descriptive scales
(features); I; — the average information content for the
class vector; L — the average over the vector of the object;
o; — the average deviation of the frequent criteria for
knowing the class vector; 6, — the average deviation of
the vector of the recognized object; I; — the state vector

of the j-th class; L; — the state vector of the recognized
object, including all kinds of factors characterizing the
object, the control effects and the environment.

So, at the stage of formalizing knowledge, a know-
ledge model is built (in the case of this work, a formal
logical model). And also integral criteria of knowledge
are calculated, which can be considered a correlation of
the state vectors of a particular class (in this case, this
is the volume of the deposit portfolio) and the state of
the object of study (bank).

7. SWOT analysis of research resulis

Strengths. The strength of this research is the fact
that the data for building the optimal strategy is ob-
tained directly from the client. It is understood that in
determining the strategy, the requirements and wishes of
customers will be taken into account as much as possible
to increase satisfaction. Also, due to the vagueness of the
evaluation criteria, soft calculations are used, which al-
lows to reduce the level of inaccuracy in the calculations.

Weaknesses. The weak side of the research is the de-
pendence on the size of a commercial bank and the lack of
universality. The study is conducted within the framework
of a regional bank (which operates within the same area),
therefore this technique is not applicable for a world-class
commercial bank.

Opportunities. The research prospects are the further
creation of an intellectual system that can be put into
practice. Such a system would be appropriate for use in
small commercial banks both in Ukraine and abroad.

Threats. When implementing the research results, it is
necessary, first of all, the time of the bank employees who
will provide the initial data for the formation of know-
ledge. This time is not always possible to use. It is also
necessary an agreement with a specific bank, it is difficult
enough due to the presence of conservatism in investing.

1. Surveys of respondents are conducted and statistics
on the use of banking services over the past 5 years are
collected. Based on this, the most essential criteria for cus-
tomers of Ukrainian banks are determined. A hierarchy of
criteria is built to formalize the problem of bank valuation.

2. Based on the use of customer feedback systems, statis-
tics of calls to the support service, the most popular banking
services for customers of Ukrainian banks are identified.

3. Based on the literature analysis it is determined that
the basic mathematical apparatus for assessing the qua-
lity of the bank and for assessing the degree of customer
satisfaction is the model SERVQUAL, SERVPERF. The
basic principles of the SERVQUAL model (as the most
universal) are taken into account when constructing the
hierarchy of criteria.

4. On a specific example (deposit service), the problem
of customer expectations and bank capabilities is examined.
A project of an intelligent system is built that will seek
a compromise solution for a comprehensive criterion for
evaluating a bank by customers. Within the framework of
this system, an integral criterion is defined that characte-
rizes the control object (bank) and the possibility of its
transition to target or undesirable states. Based on the
operation of this system, the bank management can make
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decisions regarding the bank’s development strategy. In
a further study, it is proposed to develop a method for
the optimal distribution of domestic investment based on
an indicator of this integral criterion. That is, in which
criteria from the hierarchy of the bank’s valuation should
be invested, and to what extent, in order to be able to
transfer the control object to the desired state.
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