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The banking system is a constantly evolving system. The information environment of the bank
is growing, the volumes of processed information are increasing due to the growth of users and
banking products. To reduce risks, banks make a financial assessment of the situation of individuals
and legal entities. The aim of the work is to develop fuzzy multi-connected models designed to pre-
dict the receipt of a positive or negative decision to receive a banking product. The decision is made
based on scoring. Scoring consists in assigning points for completing a certain questionnaire deve-
loped by underwriters of credit risk assessors. Based on the results of the points gained, the system
automatically makes a decision on approving or refusing to issue a loan. Different banks have diffe-
rent scoring models. Purpose of the study. The paper considers the use of fuzzy models for making
a decision by a bank to issue a banking product that implements the concept of “soft computing”.
Methods. The use of fuzzy logic methods in credit scoring is not new, but it is not widely used in
practice because it is expensive to integrate into existing systems. Each bank uses its own indicators
of the client's financial reliability in scoring. Most of the indicators in banks are the same, but when
deciding to issue different banking products, they have different numerical values. The data of
the standard scoring methodology of a real bank were taken as the initial data. To predict a bank's
decision to issue a banking product to a client, a fuzzy model was applied, production rules were
proposed, and membership functions were determined. The model focused on the simultaneous pro-
cessing of incoming data from multiple clients and for different banks and different scoring models.
Results. The developed mathematical model for assessing the client's rating and predicting the decision
to receive a banking product based on the fuzzy inference rule. The obtained results are proposed to be
used in a multi-banking web-oriented system of providing banking products to corporate clients.
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Introduction

The work of banks is associated with lending activities, investment of funds, and therefore in their
activities should take into account the risks of loss of funds. To this end, banks regularly identify signifi-
cant risks and analyze the causes of their occurrence. To reduce risks, banks make a financial assessment
of the situation of individuals and legal entities. Deciding on the basis of which method to build a sco-
ring system that determines the rating is a difficult problem, since the quality of the solution depends
both on the model and on the quality of the available data, their noisiness and heterogeneity. The bank
evaluates the financial position of the client, first, based on the information available to the bank about
the client and, secondly, by requesting additional information on income from the client himself. Fur-
ther, the data is processed according to its own algorithm adopted in each bank and a customer reliability
rating is obtained. The rating is an aggregated assessment of the client's financial position. The rating
model for assessing credit risk is quite popular and consists of a set of quantitative and qualitative cha-
racteristics of the client. These characteristics are checked, analyzed by the bank and they determine
the creditworthiness of the client.

To conduct an adequate analysis of the client's financial position in terms of qualitative characteris-
tics, reliable, from the point of view of the bank, sources of information are used [1]. These are accoun-
ting data, data from the tax service, documents received from various departments of the bank. Nowa-
days, it has become popular to analyze customer data posted on the Internet, media, and social networks.

For quantitative analysis, the data provided by the client in the financial statements is used.

It should be noted that each bank uses its own methodology for calculating the customer's reliability
rating and assessing his financial position.

70 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 2, pp. 70-78



O3epoea M.U., XKueanoe WU.E. lMpumeHeHue HeYemMKoU /102UKU
0151 oueHKU KpelumHo20 pucka 6aHKoe

Domain analysis

One of the most popular methods for determining the credit rating based on the summation of
points [2]. Quantitative and qualitative characteristics, according to expert judgment, are determined in
the form of points. The score based on a rating scale, from highest (good) to lowest (bad). To determine
the final indicator of the client's financial position, the arithmetic mean of the points considered based on
the sum of all criteria, quantitative and qualitative characteristics.

For example, there is a group of indicators of the bank XXX: quantitative, qualitative and corrective
characteristics of the client (X;). Each group is characterized by # characteristics.

For each group, the average score of the analyzed group is calculated, and is calculated using
the following formula:

(X +X,+X,)
Xaverage = ZX b
n

where X ... — the average score of the characteristics of the analyzed subgroup; X, — the analyzed

parameter of the characteristics of the subgroup; X; — subgroup indicator; X, — a subgroup indicator.

For each subgroup, the total number of points of quantitative, qualitative parameters and indicators
calculated which adjust the client's credit rating. The client's credit rating determined by the formula:
R=>X +2X, +2X;5

where X,,,,,,, — the average score of the quality parameters of the Client; X, ., — the average score

laverage average average>

of the quantitative parameters of the Client; X, — the average score of the correcting parameters.

average
Based on the totality of the assigned points, taking into account the established intervals of the sco-
ring values, the final credit rating of the client (R) and his financial position are determined.
The Table 1 contains a description of the client's financial position in accordance with the rating
determined by the parameters of bank XXX.

Table 1
Compliance of the rating with the assessment of financial position
Score Score | Rating Financial Descrition
Min Max R position P

Low degree of creditworthiness. The main indica-
tors of the financial position assessed as satisfactory
0 <1.5 C not satisfactory | or close to satisfactory, but their stability is ques-
tionable. The company has serious enough problems
or is at a significant risk of serious problems
Average degree of creditworthiness. The financial
position assessed as satisfactory and stable in
the short term. The company has no problems that
could lead to loss of creditworthiness

High degree of creditworthiness. The financial posi-
>5.1 <8 A high position | tion assessed as good and stable in the long term.
The company has no discernible problems

>1.5 <5 B satisfactory

The aim of the work is to develop fuzzy multi-connected models [3, 4], designed to predict the re-
ceipt of a positive or negative decision to receive a banking product, including the assessment of
the credit rating of a legal entity (Client).

Modeling method

The use of fuzzy logic methods in credit scoring is not new, it is presented in works [5-8], and
however, with the growth of information technologies, new opportunities for their implementation ap-
pear. Currently, neural networks and systems with fuzzy logic have proven themselves well in forecas-
ting in the form of a fuzzy neural network [9—12]. The concept of “fuzzy set” fuzzy set, introduced by
L. Zadeh in 1965 [13], admits that the characteristic function (the function of membership of an element
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in a set) can take any values in the interval [0, 1], and not only values 0 or 1. This relation is described
using the membership function u — [0, 1]. L. Zadeh proposed, by analogy with the theory of probabi-
lity, to use the function [14] as a mathematical model of the linguistic uncertainty of the object [15]:

xe X :J10]. ¥ =p(x, B),
where Y is the result of calculating the function, expressing the measure of uncertainty (fuzziness) for
a specific object xe X'; p is a continuous function such that u: X — [0, 1]. In essence, the function p
determines the distribution of uncertainty on X; X — the domain of definition of the function p.

The domain of definition specified by an ordered set of values, of an arbitrary nature, called a uni-
versal set (or universe).

The support of the function p(x, B) is the subset w X, on which the function p(x, B) takes on
a nonzero value. The set of real numbers usually given as a universal set; B — a vector of function pa-
rameters, usually numeric.

Fuzzy inference systems based on rules [16], which can be represented by the following types
of production rules, containing in the right-hand sides: three types of production rules, containing in
the right parts, can represent constants:

constants

0. . 0 . 0 . 0 _ 0

R”:if xjis Xy, x,i1s X5,...,x,,1s X,,, then y=c", (D)
fuzzy sets

8.:0 . i vO .0 .0 . y0

R :if xjis X, x, 18 X5,...,x, 1s X,,, then yis Y~ 2)
and linear equations

RY:if x, is X7, xy is X3, ..., x,, is X0, 3)

m
0_ 0
I=1
where 0=1,n, [ =1,m; 0 — is the rule number; n — number of rules; / — number of input; m — number of

6 0 6

input variables; c¢° =(c0, Clyenns cm) — vector of coefficients; X;,Y® — fuzzy sets characterized by

membership functions X 16 (xl , d,e ), Y® ( v,d e) the shape, size and location of which depends on the vec-

tors of parameters d{ u d°.
Fuzzy forecast models are calculated using the formula:

W= f(XP (k). 20 (K)e?), )
where & — the vector of parameters and structural elements of the fuzzy i-th model (rules 1, 2, 3).

In this case, the following conditions must be observed [17]:

1. There is at least one rule for each linguistic term of the output variable.

2. For any term of the input variable, there is at least one rule in which this term used as a prerequi-
site (left side of the rule). Otherwise, there is an incomplete fuzzy rule base.

To predict the bank's decision (Y)) to issue a banking product (BP) to the Client, apply fuzzy models
like (1)—(3), with parametric and structural learning algorithms and implementing the concept of “soft
computing” [18].

Let us introduce the following notation:

Qualitative parameters of the Client X::
U(k)=(U,(k)...U,(k)), the variables defining Y, respectively: U (k)= (Ulj (k)..U (k)) :

Uy

Quantitative indicators of the Client Z;:

Z(k)=(2,(k)...Z,(k)).

The variables defining ¥}, respectively: Z; (k) = (le (k) Ly (k))
Indicators adjusting the Client's credit rating (&,):

G(b)=(G,(b)...G, (b)) and accordingly G, (b)=(Gi,(b)...G,,; (b))-
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In addition, it is necessary to take into account the type of banking product (BP) having the number
g=1,N.

Then, according to formula (4), to predict the optimal solution Y; in the b-th bank, fuzzy models of
forecasting the optimal solution Y; are required, we obtain the formula:

vi = (U (k). 25 (k)G (b)<5). (3)
g = 1, m’ j = n’
where m — the number of bank products; n — sample length; 8§ — a vector of parameters and structural
elements of the fuzzy j model.
The accuracy of the forecast is the proximity of the calculated y}g to the given Y¥ value is estima-
ted by the value of the criterion, which is a function of the error:
J(a;-f (b)) - cp(g§ (b)).
Next, you need to check the fuzzy model by the condition:
1 & A
Ji :_Z|yi(p)_yip
N s=1
0<J,<0,2.
In the process of training the model, it is possible to change the number of variables in groups,
therefore, to simplify formula (5), we introduce the notation U (k), Z(k) and G, (b) through X; we

obtain formula:
v = 1(U5 (5y), 25 ()65 (o)) ©
Table 2 shows the groups of input variables that influence the decision to provide a banking
product (V).

,Vi=1l,q,

Table 2
Groups of input variables influencing the decision to provide a banking product
Variable Variable label Categories of Possible Values Measurement
name scale
Dependent variables
Customer not receiving banking products. |0 —bad .
Y: . . . Nominal
Receipt of a banking product by a client 1 — good
Independent variables
. . . 0 —not incl. to the register .
X Principal (client) region I —incl. to the register Nominal
Limit of the banking product of the princi- |Strong. Good, Satisfactory, o
2 pal (client) in the given bank Weak Quantitative
X3 Number of applications in this bank %re(;rll(g. Good, Satisfactory, Quantitative
X4 Procurement Law 0- pot incl. to the'reglster Nominal
1 —incl. to the register
S . 0 — not incl. to the register .
Xs Principal's form of ownership I —incl. to the register Nominal
Xj

It should be borne in mind that each bank has individual scoring models [19], in this case we have
39 different models that are built according to these variables. Thus, passing to the new designations of
the input variables x;: [ =1, j =1, ¢ = 39 where ¢ is the number of fuzzy forecast models by formula (4),
we obtain y;:

v =10 );
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RY :if xy (k) is X7, xy (k) is X7, ..., x; (k) is X7, ..., x,, (k) is X

i im>
yle (k) = cl-0 + cl-lx1 (k) +...+ cyx] (k) +...+ szxm (k)
0= l,n, , I= ﬁ,
where X — fuzzy sets described by membership functions: X (x o djj ) depending on the input variables
x; and the parameter vectors

de (d,jladtﬂ" ,d,?(,)

where 0= l,n, j= l,m, i= 1,q; 0, n; —number and number of production rules of a fuzzy model predic-

)

ting the i-th probability indicator y, ; c?- — coefficients of linear equations.

The production rules and the fuzzification operation form a fuzzy model [20], which has the follow-
ing analytical form:

v (=3 () 0 (k.d?),

6=1

T
where (cl-e ) = (cieo, cl.el oo Co ) — vector of coefficients of the linear equation of the 0-th rule;

0=1,n; i) (k)= ([3?, BYx, (k),.... BYx,, (k)) — extended input vector of the Oth rule, containing as

a multiplier a nonlinear fuzzy function of parameters a’ie

0
G (dl-e ) = ZV+,
1 We
where W,” —the truth value of the 8-th rule, equal to the product of the membership functions.

- X%q) X0 (1) Y ().

The vector ¢ is refined by the identification algorithm, we indicate parametric (coefficients of linear
equations ¢ = {cg} , parameters = {dg} , 0= I,_n, j= I,_m, i= E ) and structural elements (the number of
rules n and the number m and the composition of the variables).

Getting the forecasting valuey; (k) , ncheck the accuracy of the forecast and if the value J;;(i) not
lower than the permissible value J5 = 0.8 and satisfies the condition J7; (i) JG , then we accept.

The structure of a multiply connected fuzzy model is shown in Fig. 1.

; X - Y1
: Fuz 1 FI —ﬁl-—hll Def |—
: X —— 3
) Fuz R —B'*—-'[ Def -7
X . . .

. X — Yq

Fig. 1. Structure of a multiply connected fuzzy model

The model is focused on the simultaneous processing of incoming data from many clients and for
different banks and different scoring models, so the entire space of incoming data is divided into sub-
spaces using the FCM clustering method. The calculation was performed in the MATLAB system.
Fig. 2 shows a fragment of the result of the proposed methodology in a multi-banking system.
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========= RESTART: D:\All_material\WorkPrograms\Python27\module5.py =========
leHepupyem cayyaiHbiin ckopuHr (True, False) c sepoaTHocTbio = 0.8

========= RESTART: D:\All_material\WorkPrograms\Python27\module5.py =========
l'eHepupyem cny4aiiHbIin ckopuHr (True, False) c sepoaTHocTbiO = 0.8

CymmapHoe vonmyectso 3aasok = 2000.0

Fig. 2. A fragment of the result of the algorithm

Conclusion

To predict the customer's reliability rating, three types of fuzzy models were taken, for certain
groups of customer financial indicators and the requirements of banks. For each model, production rules
are proposed, membership functions are defined.

The developed mathematical model for assessing the client's rating and predicting the decision to
receive a banking product based on the fuzzy inference rule made it possible to find the most acceptable
conclusion. The results obtained were proposed to be used in a multi-banking web-oriented system of
providing banking products to corporate clients.
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NMPUMEHEHME HEYETKOMN NOIMKU
ansA OUEHKU KPEOUTHOIO PUCKA BAHKOB

M.U. O3epoea, U.E. XKuzanoe

Bnadumupckuti 2ocydapcmeeHHbili yHugepcumem umeHuU AnekcaHopa pueopbesuyda
u Hukonas puzopbesuda Cmonemossix, 2. Bnadumup, Poccusi

BbankoBcKas cuctema sIBJISieTCs TOCTOSHHO pa3BUBaromielicst cucteMoil. MHpopMaronsas cpe-
Jla 0aHKa pacTeT, yBEJIMUNBAIOTCS 00beMbl 00pabaTeiBaeMOil HHGOPMAIMK U3-3a POCTA MOJIb30BaTe-
Jel 1 OaHKOBCKMX IPOXYKTOB. [l COKpameHust pucKOB OaHKM NMPOU3BOAAT (PHMHAHCOBYIO OLICHKY
TOJIOKEHHST (pU3NYECKUX M ropuaudeckux Jymi. llenbio pa®oTel sBisieTcst pa3paOoTKa HEYETKHX
MHOTOCBSI3HBIX MOJEINEH, MpeIHa3HAuYeHHbIX U1 MPOTHO3UPOBAHUSA IMOTYYEHHS IMOJIOKUTEIBLHOIO
WIN OTPULATENLHOTO PEIICHUS Ha IMOJy4YeHHe OaHKOBCKOTO NMpOAYyKTa. PemieHue mpuHUMaeTcs: Ha
OCHOBe CKOpHHIa. CKOPHHT 3aKJIF04aeTCs B MPUCBOCHUHU 0aJIOB IO 3aMOJHEHHMIO HEKOH aHKETHI,
pa3paboTaHHOI OICHIIMKAMM KPEeIUTHBIX PUCKOB aHaeppaiTepamu. Ilo pesynpraTam HaOpaHHBIX
0aJUIOB CHCTEMOH aBTOMAaTHYECKH NIPHHUMAETCA perieHne 00 0100peHnH M OTKase B BbIIade Kpe-
quta. Mojenu CKOpUHTa y pa3HbIX O0aHkoB pasnuuHble. Lleab mcciaemoBanus. Paccmorpeno mpu-
MEHEHHE HEUeTKMX MoJeNel Ui MPUHATHS pelleHus OaHKOM Ha BbLIAady OaHKOBCKOTO IPOIYKTa,
peanu3yromuX KOHIENINIO «MATKUX BbIUUCIeHU». MeToabl. IIpuMeHeHne METON0B HEYETKOH JI0-
THKH B KPEIUTHOM CKOPHUHIE HE HOBO, HO HE MMEET HIMPOKOr0 IPUMEHEHUS Ha MPAKTUKE MOTOMY,
YTO JOPOTro OOXOIUTCS MHTErpalys B CymiecTByIomue cucteMbl. Kaxaplii 0aHK MpUMEHSET B CKO-
PHHTE CBOM ITOKa3aTeNy (PMHAHCOBOI OJaroHajeKHOCTH KiMEHTa. boibinas gacTe mokasareneil B
0aHKax OJMHAKOBBIE, HO IPH PEIICHUH Ha BBIAAYY PA3HBIX OAHKOBCKUX NPOAYKTOB UMEIOT Pa3iIHd-
HBIC YMCIIOBBIC 3HaUCHMS. B KauecTBe MCXOIHBIX TaHHBIX OBIIM B3STHI JaHHBIE CTAaHJAPTHOW Oalib-
HOW METOJIMKHU peanbHoro 0aHka. /[ MporHo3upoBaHMs peIIeHUs O0aHKa Ha BbIAYy KIHUCHTY OaH-
KOBCKOTO TPOXYKTa OblIa MpHMEHEHa HeyeTKas MOJENb, MPEI0KEeHB MPOTyKIIMOHHbIE MpaBUIIa,
orpejeneHbl QyHKIMY MPUHAAICKHOCTH. MoJienb OpUeHTHpyeMa Ha OJHOBPEMEHHYI0 00paboTKy
BXOJSIIIUX JTAHHBIX OT MHO’KECTBA KIMEHTOB M ISl pa3HBIX OAHKOB U Pa3INYHBIX CKOPUHTOBBIX MO-
neneit. PesynbTarhl. Pazpabotana maTreMaTHuUecKasi MOAETh OICHKH PEHTHHTa KIMEHTa U MPOTHO-
3MPOBAHUS PEIICHUS Ha MOJTy4YeHHEe OAHKOBCKOTO NMPOIYKTa HA OCHOBE MPaBMJIa HEYETKOTO BBHIBOJA.
[MoxyueHHBIE Pe3yNbTaThI MPEUIOKEHO HCIIOIb30BaTh B MYJIbTHOAHKOBCKOI BeO-OpHEHTUPOBAHHOM
CHCTeMe MPEOCTABICHHUS KOPIIOPATUBHBIM KIIMEHTaM OaHKOBCKHX MPOJYKTOB.

Kniouegvie crnosa: mamemamuueckue mooenu, KpeOummblii pelimune, CKopuHe, Heuemkue MHO-
Jicecmea.
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