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country. Financial systems can make an economy more productive by concentrating limited
resources and funds on large investments. Examining bank financial performance and
creating an appropriate clustering system based on indicators affecting banks' financial
performance is of great importance to banking supervisors, depositors and shareholders of
banks, and banking policymakers. In the present study, the clustering of banks in the Iranian
capital market based on credit risk and indicators affecting financial performance was
carried out using data from 2008 to 2021 related to eleven selected banks in the Iranian
capital market and the support vector regression (SVR) model. Two criteria, return on
assets (ROA) and return on equity (ROE), have been implemented and examined as
indicators of bank financial performance. For this purpose, first, the coefficients of the
banks were extracted using the support vector regression model and then they were
clustered using the neighborhood average method. The results indicate that the clustering
of banks using both financial performance criteria is similar. Accordingly, in the clustering
with three clusters, Saderat, Mellat, Parsian, Postbank, Pasargad, Sina, Saman,
EghtesadNovin, and Karafarin banks are placed in one cluster and Tejarat and Sarmaye
banks are placed in other clusters. In the clustering with four clusters, Saderat, Mellat,
Parsian, Pasargad, Sina, Saman, Eghtesad Novin, and Karafarin banks are placed in one
cluster, and Postbank, Tejarat, and Sarmaye banks are placed in other clusters. In a
clustering with five clusters, according to the data of the banks studied, Saderat, Mellat,
Parsian, Sina, Saman, and EghtesadNovin banks are in one cluster (category), Pasargad and
Karafarin banks are in the second cluster, and Postbank, Sarmaye, and Tejarat banks are in
other clusters.
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Extended Abstract

1. Introduction

Banks face many risks due to the dynamic
structure and the complex nature of the
economic environment in which they
operate (Ekinci & Poyraz, 2019). Credit risk
management affects the profitability of
banks. Through effective credit risk
management, banks not only support the
stability and profitability of their
operations but also contribute to
economic stability and efficient allocation
of capital in the country's economy
(Psillaki et al, 2010). Examining the
performance of banks from a financial
point of view can be effective for banking
researchers in solving the problems of the
banking system and making decisions in
this case. Clustering of banks is one of the
methods that works in this field. By using
clustering, banks that are similar in terms
of performance can be placed in the same
group (Pour Akbari et al., 2013).

2. Methods

Support vector regression (SVR) uses
support vector machines to estimate a

function for linear and non-linear
regression analysis. (Chuang, 2007)
presented weighted support vector

regression with accurate data. In research
(Wieszczy & Grzegorzewski, 2016) they
extended the method (Hong & Hwan,
2003) for classical variables and also
introduced the regression method using
support vector machine learning with
squared error loss function.

The variables(xi’yi) I=12,..,n

¢ 1
which are Yiassumed to be output

(dependent) random variables and Xi input
(independent) random variables, the
regression model is in the form of equation

(1):

’
X; :(Xilfxizf“"xip)
W’=(w1,W2,---,Wp)

(1)

Now we are looking to estimate the
parameters of the vector using the support
vector machine method. The target
equation is defined as equation (2),
(Suykens et al, 2002), (Izenman, 2008):

W= mvjnWTWHZn:(fi +&) st {
(2)

To solve the above-constrained
optimization problem, there are two
methods:

!
Vi =W, + WX

!
YW, —WX, <e+¢

W, +WX —y, <e+&

1. Programming using software

2. Use of Lagrange function and
Lagrange double, derivation, and
use of repetition algorithm.

According to what happened, the
Kernel function used in binary equations
and errors & « & using the SVM method,
a new method for parameter estimation
according to equation (3) is described:

!
X; :(Xil’xi21""xip)

Yi :Wo"'inKh(Xi’Xi) '
=1 X; =(X11’X12'""ij)
3)

(

in which the Kh(xj 'X‘) Gaussian kernel

function and h is the smoothing constant,
which is calculated using the mutual
evaluation method. To obtain the
parameters, we use the optimization
problem using equation (4):

2 n n
min @+cz,ow(yj ~ S wK, (X )j
w j i=1

j=11

4)

i=12,..,n

i=12,..,n

i=12,...n
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in which Huber's loss function is
generalized in the form of equation (5):

0 O<le|<e
e<ll<e+y

7(2(le[-£)-7)
()
And instead of &, errors, &/ is placed.

(Asadollahi et al, 2021) has compared
the good performance of this model in
relation to other non-parametric, semi-
parametric, and support vector models
based on several goodness of fit criteria,
the above model is based on outliers,
under the influence The collinearity of the
independent variables is not assumed and
it is also effective for small data.

le|>e+y

The main purpose of the research is to
model the data related to eleven member
banks of the capital market in Iran from
1388 to 1400 and analyze the results using
the support vector regression method.
According to the theoretical foundations
stated in the second part, the proposed
regression model, which includes the
variables affecting the bank's financial
performance, is expressed in the form of
equation (6):

() ()

y, =wo +
no ® (k) () i=12,...,13
2isiwj Kl xi ) {k:1,2,“”11
(6)

The research variables include financial
performance indicators ROA and ROE as
dependent variables and credit risk
variable as the main independent variable
and other variables respectively include
investment, asset quality, bank size, virtual
variables related to the role of the
government in the bank, economic growth

rate, and inflation. , the dummy variable
related to the effect of the JCPOA and the
dummy variable related to the jump effect
of the capital market index for 11 banks
Saderat, Mellat, Parsian, Pasargad, Sina,
Saman, Ekhtetannovin, Karafarin,
Postbank, Tejarat and Capital from 2009 to
the end of 2021. Regression coefficients

W have been calculated for different
banks; Then, using these coefficients that
determine the regression model of each
bank, the clustering of these models has
been done based on its coefficients. In this
study, the average neighborhood
clustering method between variables was
used (Johnson & Wichern, 2007).

3. Results

3-1- Clustering of banks based on
return on equity (ROE)

In the clustering with three clusters
according to the data of the examined
banks, Saderat Bank, Mellat Bank, Parsian
Bank, Post Bank, Pasargad Bank, Sina Bank,
Saman Bank, EghtesadNavin Bank, and
Karafarin Bank are in one cluster, and
Tejarat and Sarmaye Banks are in other
clusters.

In the clustering with four clusters
according to the data of the investigated
banks, Saderat Bank, Mellat Bank, Parsian
Bank, Pasargad Bank, Sina Bank, Saman
Bank, Eghtesad Novin Bank, and Karafarin
Bank Bank are in one cluster and Post Bank
Bank, Tejarat Bank Bank, and Sarmaye
Bank Bank are in other clusters.

In the clustering with five clusters,
according to the data of the examined
banks, Saderat, Mellat, Parsian, Sina,
Saman, and Eghtesadnovin banks are in
one cluster (group), Pasargad and
Karafarin banks are in the second cluster,
and Postbank, Sarmaye, and Tejarat banks
are in other clusters.
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3-2- Clustering of banks based on
return on equity (ROA)

In the clustering with three -clusters
according to the data of the examined
banks, Saderat Bank, Mellat Bank, Parsian
Bank, Post Bank, Pasargad Bank, Sina Bank,
Saman Bank, EghtesadNavin Bank, and
Karafarin Bank are in one cluster, and
Tejarat and Sarmaye Banks are in other
clusters.

In the clustering with four clusters
according to the data of the investigated
banks, Saderat Bank, Mellat Bank, Parsian
Bank, Pasargad Bank, Sina Bank, Saman
Bank, EghtesadNovin Bank, and Karafarin
Bank Bank are in one cluster and Post Bank
Bank, Tejarat Bank Bank, and Sarmaye
Bank Bank are in other clusters.

In the clustering with five clusters,
according to the data of the examined
banks, Saderat, Mellat, Parsian, Sina,
Saman, and Eghtesadnovin banks are in
one cluster (group), Pasargad and
Karafarin banks are in the second cluster,
and Postbank, Sarmaye, and Tejarat banks
are in other clusters.

4. Conclusion

Clustering with both financial
performance measures yielded similar
results. In the -clustering with three
clusters, Saderat, Mellat, Parsian,

Postbank, Pasargad, Sina, Saman,
Eghtesadnovin and Karabhan banks are in
one cluster, and trade and capital banks
are in other clusters. In the clustering with
four clusters, Saderat, Mellat, Parsian,
Pasargad, Sina, Saman, Eghtesadnovin and
Karabhan banks are in one cluster, and
Postbank, Tejarat, and Sarmaye banks are
in other clusters. Also, in the clustering
with five clusters, Saderat, Mellat, Parsian,
Sina, Saman, and Eghtesadnovin banks are
in one cluster (category) , Pasargad, and
Karabhan banks are in the second cluster,
and Postbank, Sarmaye, and Tejarat banks
are in other clusters.
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SVM With kernel Cetetr egh

{0.000, {w0 - 0.002,w1 - 0.000,w2 — 0.001,w3 - 0.001, w4 — 0.000,w5 — 0.001, w6
- 0.001,w7 - 0.001,w8 —» —0.002, w9 - —0.003,w10 —» —0.002, w1l
- 0.000,w12 - 0.007,w13 - —0.000}}

SVM With kernel Cetetr kar

{0.000, {w0 - 0.006,w1 — 0.000, w2 — 0.000,w3 - 0.000,w4 — 0.001, w5 — 0.001, w6
- 0.001,w7 - 0.000,w8 —» —0.001, w9 —» —0.000, w10 — 0.006, w11l
— —5.821,w12 - 0.004,w13 - 0.005}}

SVM With kernel Cetetr mel

0.000, {w0 — 0.003,w1 - 0.002,w2 - 0.003,w3 — 0.003,w4 — 0.004, w5 — 0.003, w6
- —0.000,w7 - 0.000,w8 —» —0.001, w9 —» —0.000,w10 — —0.000, w11
- 0.001,w12 - —0.001,w13 - —0.000}}

SVM With kernel Cetetr par
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SVM With kernel Cetetr egh

{0.024, {w0 — 0.02, w1 - 0.01, w2 — 0.025, w3 — 0.013, w4 — 0.020, w5 — 0.007, w6 — 0.008, w7
—0.011, w8 - —0.068, w9 — —0.143, w10 —» —0.035, w11 — 0.019, w12
—0.139, w13 > —0.00}}

SVM With kernel Cetetr kar

{0.020, {w0 — 0.111, w1 - 0.011, w2 — 0.020, w3 — 0.007, w4 — 0.032, w5 — 0.028, w6
- 0.022, w7 - 0.008, w8 - —0.009, w9 — 0.002, w10 — 0.117, w11 - —0.010, w12
- 0.0536, w13 — 0.085}}

k4
=
£
=

SVM With kernel Cetetr mel.nb

{0.032,{w0 — 0.070,w1 - 0.029,w2 — 0.032,w3 — 0.038, w4 — 0.045,w5 — 0.038, w6
- —0.004,w7 - 0.000,w8 - —0.0157,w9 — 0.029,w10 — 0.223,w11
- 0.013,w12 - —0.020,w13 - —0.010}}

SVM With kernel Cetetr par

{2.596,{w0 - —0.362,w1 — 0.08, w2 = 0.096, w3 — 0.074,w4 — 0.091, w5 - 0.076, w6
— 0.003,w7 — 0.063,w8 — 0.074,w9 — 0.062,w10 — 0.181,w11l - —0.256,w12
- —2.151,w13 = 0.476}}
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SVM With kernel Cetetr pas

{0.034,{w0 — 0.156,w1 - 0.018,w2 — 0.006, w3 — 0.014, w4 — 0.024, w5 — 0.029, w6
- 0.005,w7 - —0.000,w8 —» —0.012,w9 —» —0.019,w10 — 0.016, w11
- 0.020,w12 - 0.11,w13 - 0.166}}

SVM With kernel Cetetr pos
{1.310,{w0 - —0.059,w1 - 0.033,w2 — 0.038,w3 — 0.01,w4 - 0.07, w5 — 0.054, w6

- 0.010,w7 - 0.21, w8 — —1.582, w9 — 0.093, w10 — 0.092, w11 — 0.088, w12
— 0.084,w13 - 0.133}}

SVM With kernel Cetetr sad

{0.010, {w0 - 0.082, w1 — 0.03, w2 — 0.028, w3 — 0.020, w4 — 0.04, w5 > 0.067, w6 — 0.01, w7
- 0.013, w8 - 0.002, w9 — —0.005, w10 > 0.002, w11 — 0.009, w12 — 0.019, w13
- 0.057}}

SVM With kernel Cetetr sam

{0.015,{w0 - 0.10,w1 - 0.03,w2 — 0.028,w3 - 0.001, w4 — 0.009, w5 — 0.0198,w6
- —0.001,w7 - —0.009,w8 —» —0.017, w9 —» —0.01,w10 — 0.046,wll
- —0.01,w12 - 0.068,w13 — 0.106}}

SVM With kernel Cetetr sar
{0.029,{w0 - 0.121,w1 - 0.027,w2 - 0.029,w3 — 0.036,w4 — 0.027,w5 — 0.032, w6

- 0.011,w7 - 0.0011,w8 - —0.022,w9 —» —0.040,w10 —» —0.057, w11l
- —0.026,w12 - 0.09,w13 - 0.153}}

SVM With kernel Cetetr sin

{0.078,{w0 — 0.125,w1 - 0.004,w2 — 0.008,w3 — 0.01, w4 — 0.008, w5 — 0.000, w6
- 0.209,w7 = 0.155,w8 —» —0.051,w9 - 0.214,w10 - —0.018, w11l
— —0.055,w12 - 0.142,w13 - 0.011}}

SVM With kernel Cetetr tej
{0.0112,{w0 — 0.092, w1 - 0.047,w2 — 0.034,w3 - 0.025,w4 — 0.029, w5 — 0.031,w6

- 0.023,w7 - 0.013,w8 —» —0.003, w9 - —0.013, w10 —» —0.001, w1l
- 0.021,w12 - 0.043,w13 - 0.068}}
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