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Abstract. In the conditions where the information representing the creditworthiness of
bank customers has a large volume and features of uncertainty, it is necessary to identify the
hidden relationship between the data, the specific laws of predicting the course of the processes,
classification, intellectualization of the studied process are important issues of analysis.
Therefore, it is important to determine and evaluate the creditworthiness of bank customers
through neural network algorithms. The principles and methods of intelligent data analysis,
prediction, evaluation, and object-oriented programming were used in the research process. In
the research work, a model for assessing the creditworthiness of bank customers is proposed; it
is proposed to build a classification and evaluation model of intellectual analysis of
creditworthiness of bank customers based on a multi-layer neural network algorithm; an
algorithm for determining and evaluating the creditworthiness of bank customers was developed
using multilayer neural networks.
Keywords: artificial intelligence, neural networks, risk, credit, bank, customer,
classification, evaluation, activation function.
INPUMEHEHUWE TEXHOJIOI'M HCKYCCTBEHHOI'O MHTEJIJIEKTA JIJIS
OUHEHKU KPEAUTHOI'O PUCKA
Annomauusn. B ycnosusx, xocoa un@opmayus, ompadcaroujas KpeoumocnocooHOCmb
KIUeHmMo8 6aHKa, umeem 00IbUOl 00beM U Yepmovl HeONPEOeeHHOCIU, He0OX0OUMO BblABIECHUE
CKpbll’l’lOlZ C6A43U Meofcay ()aHHblMu, cneuuqbuuecxue 3AKOHOMEPHOCMU NPOCHO3UPOBAHUA
npomeKaHusl  npoyeccos, K/zaccugbukaquﬂ, UHmelekmyaiusayusd — usyuaemvlx  npoyecca
ABJAIOMCA  8AJCHBIMU  60onpocamu  anaiusd. H03m0My BUAINCHO onpedeﬂﬂmb u ouyeHueambv
erdumocnoco6ﬂocn1b KAuenmos O6anka c nomMoulbio Heﬁpocemee;blx ajleopunimoe. B npoyecce
UCCEO08AHUSA UCNOIL308ANUCH NpUHYyUnsl U Memoobl UHMENNIEKMYAJIbHOCO aHaiusd aaHHblx,
NPOCHO3UPOBAHUA, OYEHKU u 06’b€Kﬂ’lH0-0pu€Hmup0661HH020 npocpavmupoeanus. B
uccnedoeamenvCekol pabome npeodiodHceHd Mooelb OYeHKU KPeOUmoCnoCcOOHOCMU KIUEHMO8
6aHKa,' npe()ﬂaeaemc;z nocmpoumo R‘Jlaccu¢ul<al4u0HHO-OZ/;eHO’{HyIO MoOenb UHmMEJIEKM) dJIbHO20
aHaiuza er()umocnoco6Hocmu KAuenmoe b6amnka Ha OCHO8E MHO20CIOUHO20 Heﬁpocemeeoeo
ajizopumma, paapa60maH anzopumm onpe()eﬂeyu}z u OYeHKU erdumocnoco6ﬁocmu KJluermoe
OaHKA C UCTIONb30BAHUCM MHO2OCIOUHBLX Heﬁp0HHblx cemeil.
Kniouesvie cnosa: uckyccmeeHmvill uHmesleKm, HelipoOHHble cemu, PUcK, Kpeoum, OaHK,
Kauernm, maccu¢ul<auuﬂ, OYEHKAQ, ¢yHKL;u}Z akmueauyuu.

INTRODUCTION

The decisive role of the mortgage market in causing the financial crisis as a result of the
pandemic has led to an increase in academic research on bank regulation and credit risk
modeling. Banks spend significant resources developing internal credit risk models to more
accurately determine expected credit losses and assign required economic capital. Rigorous
analysis of credit risk is important not only for lenders and banks, but also for the proper
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formulation and regulation of economic policy, as it provides a check on the financial system
and a healthy economy in general. One of the main practices of banking institutions is to lend
money to their customers. A common reason customers borrow is to finance their home
purchase. Despite the fact that these future homeowners are looking for banks that offer the
lowest interest rates, banks will lend to customers who can meet their financial obligations. In
order for banks to weigh the default risk of their future borrowers, they collect information on
borrowers and mortgages. The results of this collected data are called credit worthiness of
applicants. These applicants will then receive a credit score rating. Banks then use the collected
information to decide whether to lend or not [1-3].

In order to assess the bank's credit risk, the following issues must be resolved: the level of
default, the probability of default and the damage caused. Currently, credit risk determination in
developed countries is carried out on the basis of artificial intelligence models and algorithms.
This serves to increase the level of accuracy and reduce the human factor [4-5].

The purpose of the research work is to develop an algorithm and a software tool for
determining the creditworthiness of bank customers based on neural networks.

To achieve the goal, the following research tasks are set:

analysis of existing methods of assessing the creditworthiness of a bank client;

identify the problems of developing a model for assessing the creditworthiness of a bank
client;

formulation of the general issue of applying classification algorithms in creditworthiness
assessment systems of bank clients;

solving the problems of assessing the bank client's creditworthiness based on neural
networks;

development of an algorithm for assessing the creditworthiness of a bank client;

development of the functional structure and software tool of the bank client's
creditworthiness evaluation software tool;

conducting computational experiments to evaluate the effectiveness of developed
algorithms and programs and analyzing the obtained results.

In our study, the advantages and disadvantages of algorithms for assessing the
creditworthiness of a bank customer were analyzed.

K-nearest neighbor classifiers (KNN) are based on similarity based learning. Given an
unknown sample, the KNN classifier searches the template space for the closest KNN to the
unknown sample. Proximity is determined by distance. An unknown sample is assigned to the
most common class among KNN. The main advantage of this approach is that no pre-
classification model specification is required. The disadvantage of KNN is that it does not
generate a simple classification probability formula and its prediction accuracy is greatly
affected by the distance measure and the degree of cardinality k of the neighbor [6-7].

Logistic regression can be considered a special case of linear regression models. But a
binary response variable violates the usual assumptions of general regression models. A logistic
regression model specifies that the appropriate function of the fitted probability of an event is a
linear function of the observed values of the available explanatory parameters. The main
advantage of this approach is that it can provide a simple classification of probability.
Weaknesses are that logistic regression does not work well with problems of nonlinear and
interactive effects from discrete variables [8-10].
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Discriminant analysis, also known as Fisher's rule, is another method applied to the
binary outcome of the response variable. Fisher's rule is a proxy for logistic regression, and the
descriptive variables for each response variable class are based on a highly variable normal
distribution function with a common coefficient-covariance matrix. The goal of Fisher's rule is to
maximize the distance between different groups and minimize the distance within each group.
Their pros and cons are similar to logistic regression [11-12].

Bayesian classifier is based on Bayesian theory and asserts that the effect of one attribute
value in a given class is independent of the values of other attributes. This assumption is called
class conditional independence. Bayesian classifiers are useful in providing a theoretical
framework for other classifiers that do not explicitly use Bayes' theorem. The main weakness of
the Bayesian classifier is that the prediction accuracy depends on the conditional independence
of the class. This assumption makes the calculation easier. In practice, there may be a correlation
between the variables [13-15].

Lending evaluation allows to eliminate the risk of influence of manager's subjective
opinion on the decision on lending, simplifies the process of lending, helps to further increase the
volume of lending. The evaluation model has the following main advantages:

1) shortening the time for making a decision on lending. Increasing the number and speed
of consideration of applications by minimizing documents in lending to private clients;

2) Effective assessment and continuous control of the risk level of a particular borrower;

3) reducing the influence of subjective factors when making a decision on lending.
Ensuring objectivity in evaluating applications of credit specialists in all branches and offices of
the bank;

4) assessment and risk management of the portfolio of loans given to individuals of the
bank as a whole, including its branches. Taking into account the profitability level and risk of the
loan portfolio when determining the parameters of new loans. There is a wide statistical model
for calculating points proposed by representatives of foreign banks. 'based on methods of
predicting borrower behavior based on data.

The most powerful in terms of the accuracy of credit risk assessment are models that use
a complex approach, i.e. accounting for all data and expert knowledge of bank management.
Three main options are used in the construction of assessment models. The first is to create a
profile of a specific target customer, and the second is to buy a ready-made model written off
from another country (however, based on its experience, the bank should strengthen the
requirements for borrowers). The third is a model adapted to the bank of individual
characteristics. The third option is often used by strong banks entering the market with new
products [16-17].

MATERIALS AND METHODS

To conduct research, it is necessary to use:

implementation of mathematical calculation of the problem, identification of data
sources, identification of artificial neural network sources, model failure, creation of neural
network sources. Let's formulate the problem mathematically

classification problem, where G = [personal information about the client] is a set of
parameters describing a potential borrower, Q = {1, 0} is a single non-distinguished set (to
whom credit is granted and to whom credit is denied) . about)).
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As input data of the artificial neural network, we use a vector consisting of a set of
questionnaires.

Customer data, they are reviewed for loan officers at banks and they make a decision on
whether to grant a loan or reject an application. entrepreneur” and others), social status (options:
"married”, “divorced”, "Single"), education ("unknown", "middle", "primary", "high" and
others), average annual income, whether there are loans from other organizations ("'yes" / "no")
and whether payments are preloaded (*yes" / "no").

Training data expressed in o1 Xpzrer Xpm € X, p=1r. Here

Xy :(xti, X: .xF',“i),izl,mp, N - considered in the range of dimensional characters, X

p=1r specifying a set of classes, u X,...,X, consists of objects.

Mp

Problem: to create a decision rule for identifying an unknown object, that is, to develop a
rule to which class belongs to a set of trained options, and mathematical support for neural
network algorithms.

Despite the diversity of neural networks, they all have common features. Thus, they all
consist of many elements of the same type as the human brain - neurons that mimic the neurons
of the brain.

The state of the neuron is determined by the following formula [1].

F= Zn:xiwi : (1)

p

Here,
n - is the number of input neurons;

X; - value of input neurons;

W, - i - synaptic weight.
Then the value of the neuron axon is determined by the following formula [1-2].
Y="1(S). (2)
Here, f is a function called activation. Often sigmoid is used as an activation function
with the following form:
1
f(x)= : 3
(%) 1+e™ ®)
The main advantage of this function is that the derivative of the function is represented by

the function itself:
f'(x)=af(x)(1-f(x)). (4)

During training, the task of minimizing the objective function of the neural network
errors is set to limit the search space found using the least squares method:

E(W)=%i_l(yj—dj)2. (5)

Here,
Y, - j - output neuron value;

d.- ] -j the ideal value of the output;
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p - is the number of neurons in the output layer.

The neural network is trained using the gradient descent method, which means that at
each iteration, the weight is changed according to the following formula:
oE
Ow, =—n-—. (6)
ij
on,
The parameter that determines the speed of learning 7 is calculated according to the

following formula.
n n+ n+ dy
A = Yo iy |20 ™
X ds,
Finding the neural network for the last layer is not difficult, since we know the target

vector, that is, the vector of values that the neural network should generate for a given set of
input values.

dy
(N _(yN) _g ). 220
0] —(yj di) ds, (8)
Finally, we write the formula (6) in an expanded form.
(n) _ (n) , yn
AW =—1-077- X ©)

Now let's look at the complete neural network training algorithm:

Step 1: determine the output values of the network neurons;

Step 2: calculate for the output layer of the neural network according to the formula (8)
and calculate the change of weights of n output layers according to the formula (9);

Step 3: calculate formulas (7) and (9) respectively for the remaining layers of the neural
network for n = N-1..1;

Step 4: Adjust the weights of all neural networks;

Wl ()= i (6-1) + A (1),

Step 5: If the error is significant, go to step 1.

RESULTS

Assessing and determining the creditworthiness of a bank client.

* two dichotomous variables - usual payment (Yes = 1, No = 0) were used as response
variables.

» Among the total 25 thousand observations, 5529 (22.12%) are non-paying card holders.

» the following 23 variables were used as descriptive variables:

* X1: Amount of loan granted (NT$): personal consumer loan and its family (additional)
loan.

» X2: gender (1 = male, 2 = female).

* X3: Education (1 = Masters; 2 = University; 3 = High School; 4 = Others).

» X4: Marital status (1 = married, 2 = single, 3 = others). X5: Age (years).

» X6-X11: Past payment history. We observed monthly payment records from April to
September 2005 as follows: X6 = repayment status in September 2005;

« X7 = return status in August 2005; . . .; X11 = April 2005 return status. The scale of
repayment is as follows: 1 = pay on time; 1 = delay payment for one month; 2 = two months late
payment;
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» 8 = eight months payment delay; 9 = payment arrears of nine months or more. -X17:
Tax amount (NT dollars). X12 = amount of budget declaration in September 2005; X13 =
August 2005 bill amount;

* X17 = April 2005 bill amount.

* X18-X23: prepayment amount (NT$). X18 = amount of money paid in September 2005;
X19 = amount paid in August 2005; . . .; X23 = amount paid in April 2005.

DISCUSSION

Creditworthiness of a client who wants to get a loan is a comprehensive assessment of the
client's financial activity, which determines the ability of the borrower to repay the requested
loan (principal amount and interest on it) on time and fulfill other debt obligations. to determine
the ability to get lay.

At the first stage of lending, the bank must determine the following:

a) reliability and creditworthiness of the borrower, his

continuity and efficiency of the activity as a partner;

b) the validity of the loan order and the level of security of the loan repayment. If
necessary, the bank develops its own requirements for the loan offer;

d) it is necessary to find an answer to the question of whether the bank's credit policy of
the loan proposal leads to a decrease in the risk of granting a new loan or not.

The research object is a bank client.

The subject of the study is to assess the creditworthiness of the client.

The following methods and approaches are used in the research process:

- Assessing the creditworthiness of a new loan client;

- database;

In addition, the following results were obtained when the algorithm for selecting an
effective method for classification was tested with the Blood transfusion dataset (Table 1):

Table 1
Analysis of results
Algorithm name Xatolik Vaqt(c)
Logistic 442 1,12
KStar 523 0,007
Decision tree (J48) 489 0,03
Tasodifiy o‘rmon 762 0,058
Neural network 399 0,007

The analysis of the results shows that Decision tree (J48), Logistic and Neural network
performed well for this data set, but Neural network method gives better result if we compare
with the time parameter.

CONCLUSIONS

The article describes the solution of artificial intelligence problems based on the neural
network algorithm. The mathematical apparatus and algorithm of the neural network are
presented. Based on the proposed algorithm, a program was written in the Java programming
language, the selection of the number of neurons in the layers of the neural network and the
adjustment of the parameters for the redistribution of errors in solving the problem of the iris
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model were analyzed and the results obtained in several classification algorithms were
compared.

The use of neural network models and algorithms in the intellectual analysis of large

volumes of data allows for the formation and adoption of more effective decisions.

The scientific significance of the results obtained in the research work is made up of the

proposed models and algorithms.

Economic efficiency was achieved based on the generalization and systematization of

knowledge about promising artificial intelligence technologies in the banking sector and their
application to solving credit risk assessment issues.
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