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Abouzar Nahvi (Iran), Mohammad Ghorbani (Iran),
Mahmoud Sabouhi Sabouni (Iran), Arash Dourandish (Iran)

PORTFOLIO OPTIMIZATION
OF BANK CREDITS WITH
INTERVAL RETURNS: EMPIRICAL
EVIDENCE FROM IRAN

Abstract

Bank credit is one of the main sources of spending on productivity and economic ser-
vices. However, because of the limitations in its amount, accurate planning is essential

to optimize its allocation to applicants. Despite the total volume of credits allocated

to the agricultural sector, as well as the large number of applicants and sub-sectors

applying for these facilities, there is still no clear pattern for the optimal allocation of
agricultural bank credits in Iran. It is bank managers who must decide on the distribu-
tion of financial capital in a competitive environment. Based on this fact, the paper
investigates the optimum portfolio composition of the Agricultural Bank credits in ac-
cordance with optimistic, pessimistic, and collaborative strategies by using an interval

non-linear multi-objective programming model and considering three different states

in determining the rate of return using a genetic algorithm. The results showed that
the current pattern of the distribution of bank credits is estimated as different from the

optimal one. In the optimum patterns estimated in all states, the agriculture, agricul-
tural services, animal husbandry, aviculture and greenhouses sections were assigned

the largest shares in their optimum portfolio combination. Managers can choose their
desired model according to three studied strategies and depending on the importance,
different estimates of return, and risk of each of them.

Keywords agricultural sector, interval numbers, genetic algorithm,

portfolio selection, risk

JEL Classification

INTRODUCTION

C02, G11, G15

Granting credits is one of the most common methods for providing
capital to productive sectors, such as agriculture businesses. In most
countries, governments or financing institutions have a duty to pro-
vide credit to agricultural activists. In Iran, the Agricultural Bank is
the only specialized bank for the agricultural sector and, thus, plays
a major role in meeting the credit needs of agricultural and food pro-
ducers (Monsef & Tabatabay, 2013). It should be considered that recip-
ients of credits in the agricultural sector are likely to face more risk
and uncertainty than businesses in other sectors, such as industry and
social services, due to natural factors and fluctuations in the price of
agricultural products. Therefore, they often encounter problems with
repaying their installments on time. For this reason, the Agricultural
Bank, as the main provider of agricultural credits, is not able to
complete payments of its instalments every year (Mohagheghnia &
Shirgholami, 2013).

Attention must be given to the issue of risk and uncertainty in the dis-

tribution of bank credits. Risk is a part of banking due to the variety
of banking operations, the status of bank capital, and limitations of its
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amount, the status of depositors’ resources, and different financial status of each borrower. Risk man-
agement in banks is more sensitive and complex than risk management in other sectors of the economy.
Risk recognition for each economic sector is of particular importance in the investment process of
banks and financial institutions. By realizing the risks of each economic sector, banks can choose a set
of economic sections, which ultimately decreases a portfolio’s credit risk (Kuwornu et al., 2012; Wu &
Liu, 2012). Nevertheless, changing the structure of a bank’s assets seems necessary. Banks must make
arrangements by using appropriate portfolios to create conditions that allocate their credits in the best
way possible by increasing the demand for loans (Eletter et al., 2010). Different methods can be used
to determine optimum portfolios with a minimum risk and maximum returns. Markowitz portfolio
theory has created a lot of changes in investor attitudes towards investing and is used as a powerful tool
for optimizing portfolio combinations (Lai et al., 2006; Tlig & Dakhli, 2014). Previous studies have re-
ported the definitive modeling, and the next stage requires risk modeling without considering different
economic conditions. Therefore, this study aims to provide a suitable model to help managers and bank
officials achieve the best allocation of credits to applicants in different sections by considering economic
conditions according to the limitations of the banking system. For this purpose, an interval non-linear

multi-objective programming model has been used alongside a genetic meta-heuristic algorithm.

1. LITERATURE REVIEW

Given the importance of the selection and optimi-
zation of a portfolio, many studies have been per-
formed in this field. For example, Jao (1971) used a
linear programming model in an attempt to pro-
vide a model for the allocation of credit to Hong
Kong’s banks. In his study, the objective was to
achieve the highest return on investment for Hong
Kong’s banks by considering constraints and limi-
tations such as limitations of bank credits and legal
restrictions. The results indicated that the obtained
optimal model was different from the current pat-
tern of banking credit distribution in different
parts of the economy of Hong Kong. Chang et al.
(2009) investigated portfolio optimization based on
different scales for risk measurement and by using
a genetic algorithm. Their main goal was to study
the efficiency of the genetic algorithm for solving
optimizing portfolio with different risk models
.Their results indicate that smaller portfolios have
better performance than large ones. Hao and Liu
(2009) used a genetic algorithm for running mod-
els they developed based on Markowitz theory.
Their results indicated that this model was use-
ful for estimating returns and risks. Aryanezhad
et al. (2011) presented a fuzzy randomized mul-
ti-objective method for issues related to portfolio
selection. The advantage of their model was that
the proposed algorithm could be modified to en-
hance the criteria of other multi-objective decision
models. The results of their study showed that the
proposed model was comprehensive and practical
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and could easily be carried out based on the infor-
mation obtained by the researchers. Agrana et al.
(2014) used goal programming to optimize loan
portfolio management of a bank in Nigeria. Their
results showed that the optimal portfolio differed
from the portfolio created using the current model.
Khalifa and ZeinFEldin (2014) studied the selection
of portfolios in the stock market using a fuzzy pro-
gramming method and investigated issues related
to portfolio selection in the stock market. The aim
of their research was to find an optimal set of as-
sets for investing in stocks. Therefore, a portfolio
selection problem with fuzzy objective function
coefficients was investigated. Their study showed
that the model had the required performance in
model estimation. Roodposhti et al. (2014) aimed
to optimize portfolios consisting of stock invest-
ment funds by using the genetic algorithm. Their
results showed that the genetic algorithm can be
used to select a portfolio consisting of the stocks of
shared funds and that such portfolios can achieve
better performance than those designed using
traditional methods. Also, as a portfolio becomes
more diverse, the superiority of the performance
of the genetic algorithm becomes more significant
when using the linear method. Dubinskas and
Urbsiené (2017), using a genetic algorithm-based
approach and MatLab software, examined the op-
timal investment portfolio for four selected com-
panies in Lithuania. The results showed that the
genetic algorithm-based portfolio reached a better
risk-return ratio than the portfolio optimized us-
ing the deterministic and stochastic programming

http://dx.doi.org/10.21511/bbs.15(4).2020.05



methods. Metawaa et al. (2017) used a genetic algo-
rithm called Genetic Algorithm Multipopulation
Competitive Coevolution (GAMCC) to optimize a
bank’s financial goals in order to reduce risk and
increase facility interest. Their results showed that
the proposed model was effective and that its use
reduced the facility monitoring time. Gouveia et al.
(2018) examined the performance of mutual fund
portfolios in Portugal using a value-based DEA
method. Their results showed that their proposed
method helped investors identify the best ways to
make decisions based on their judgments. Lester
(2019) investigated a portfolio based on investment
theory by comparing a set of single-factor invest-
ment portfolios and an integrated portfolio. The
results showed that integrated portfolios more ac-
curately predict profits and risk in subsequent in-
vestment periods when compared to single-factor
investment. Lv et al. (2020) studied the distribution
function of the optimal portfolio return based on
uncertainty theory. Two types of new uncertain
programming models, namely, the chance-mean
model and the measure-mean model, are proposed
to make an optimal portfolio selection decision in
an uncertain environment. It is proved that there
is an equivalent relationship between the chance-
mean model and a deterministic linear program-
ming model, which leads to an approach to obtain-
ing the optimal solutions for the proposed mod-
els. Orlova (2020) examined the development of
new technologies and models for managing bank
lending. The research material was the statistical
data from the Bank of Russia. The methods of sys-
tem analysis, methods of statistics and optimiza-
tion methods were used. The results showed that
the model for optimizing the structure of the loan
portfolio was developed, providing a maximum re-
turn on the loan portfolio.

2. METHODOLOGY

In this study, each of the activities of various re-
cipients of credits was considered as an asset or
investment project to determine the optimal port-
folio of the studied bank. The data is derived from
the Iranian Agricultural Bank Statistics Center
from spring 2009 to late March 2014.

Since the main source of expected fluctuations in
the banks’ revenue is fluctuations in the ratio of

http://dx.doi.org/10.21511/bbs.15(4).2020.05
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collections of granted credits, the amount of col-
lections of credits granted to each of the economic
sections was considered as the risk of return and
its variance. Typically, the average historical re-
turn is considered as the expected return of an as-
set, which creates a definitive return for each asset.
However, its use as a proxy for expected returns
has two major weaknesses. First, if historical data
is considered over along time, the returns of recent
years are closer to the returns on assets currently.
In other words, recent asset data will be more ef-
fective than older asset data. Secondly, when the
historical data of an asset is not sufficient due to a
lack of information, the statistical parameters will
not be precise. For these reasons and due to the
uncertainty related to the estimates, the expected
return on an asset is better considered as an in-
terval value instead of an average value based on
historical data. In this study, the expected return
range of the asset was determined using financial
reports, historical asset information, and expert
opinions. At first, the average of the historical re-
turn (Ri) for each asset was calculated. Then, the
following three states were considered:

1. All rates of return intervals of risky assets are
located to the left of the historical mean values
of asset returns, which are used as reference
points, so that Riu < Ri for all i. These condi-
tions are shown in Figure 1(a) and represent
poor economic conditions (due to pest prev-
alence, drought, etc.), in which the expected
returns of asset types are reduced.

2. All rates of the return intervals of risky assets
are selected in such a way that average histori-
cal returns of each asset considered as a refer-
ence point are placed between them such that
Ri € RAi = [Ril, Riu] for all i. These conditions
are shown in Figure 1(b) and reflect stable
economic conditions in which those intervals
and the expected returns of all types of assets
are included as the average of their historical
returns.

3. All rates of the return intervals of risky assets
are selected in such a way that average histor-
ical returns of each asset (which are consid-
ered as reference points) are placed as Ril > Ri
for all i. These conditions are shown in Figure
1(c) and represent favorable economic condi-
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(a)

Ril Riu  Ri Ril

Ri

Riu Ri Ril Riu

Note: Ril = lower limit of expected returns, Riu = upper limit of expected returns, and Ri = mean of historical returns.

Figure 1. Relationship between historical average returns and expected interim
returns according to economic conditions

tions. Under these conditions, it is expected
that the expected returns for all asset types
will increase.

Therefore, the objectives of the optimal portfolio
selection are as follows:

&*(x)
R(x),

The above issue is the interval non-linear mul-
ti-objective programming model. A weighted sum
method, used to solve multi-objective optimiza-
tion problems, has been used here to convert the
multi-objective model to a one-goal optimization
issue as shown below:

Minimize

©)

Maximize

Min[a-6*(x) = - R(x)], ®)
where a and f are the risk and return weights (which
can range between 0 and 1). The model can be solved
by providing different values to them (between 0
and 1), and the investor can choose a different model
based on various estimates of returns and risk.

2.1. Model limitations

The most important constraints and limitations of
the studied bank regarding its ability to provide
credits to customers in the economic sections are
as follows: The first limitation is the budget limi-
tations. The bank’s budget limitations include the
total Rial' volume of facility types that bank allo-
cates to its various economic sections.
N o

Z,-ZIX’ <B, 3)
where B is the volume of the Rial of the credits, which
is considered by the bank as being equal to B Rials.

1 1 USD = 218,000 Rials (August 2020).

52

The second limitation is the ratio of facilities to de-
posits, one of the limitations that can be imposed
by the bank’s board of directors. A higher ratio is
traditionally associated with higher risk since a
high ratio indicates lower liquidity, undesirable
economic processes, or withdrawal of deposits.

2 Xi <80%,
C

)
where C is total deposits.

The third group of limitations is represented by
the legal limitations from the Central Bank. Based
on the instructions of the Central Bank, special-
ized banks were obligated to grant at least 90% of
their facilities for their main mission. As a result,
a maximum of 10% of their total facilities can be
offered to firms from areas outside of their exper-
tise to the applicant’s departments with the re-
striction that would be formulated as follows:

x10

Z—<%]10. 5
>.B ©)

The other group shows the existing limitation for
the capital adequacy ratio.

Equity (Base capital) oy
= 0.

(6)
Total risk — adjusted assets

The fifth limitation is represented by the mini-

mum and maximum share of each section, which

includes minimum and maximum shares of facil-

ities granted to each section.

Xi <D, (7)

Xi>F, ®)

where D is the maximum share of each section,
and fis the minimum share of each section.

http://dx.doi.org/10.21511/bbs.15(4).2020.05



2.2. Optimal portfolio
selection model

This section presents the portfolio selection mod-
el using a numerical example and the data set ob-
tained from Keshavarzi Bank in Iran. The value of
the constraints was obtained by placing the data
in the formulas of the previous section. Therefore,
the multi-objective optimization issue was solved
using the weighted method for the following three
models.

Model 1. Optimistic strategy

In this state, the lower limit of risk was minimized
minus the upper limit of returns so that the objec-
tive function of the model showed that the inves-
tor was optimistic about returns and the asset risk.

MinFl = azz 02111] ,BZ Rzu

i=1 j=1

©)
subject to

17
ZXZ‘ <189,336,089,818,750;

i=1

X10<18,933,608,981,875;
Xi<0.21, Xi=0.001.

Model 2. Pessimistic strategy

In this state, unlike Model 1, the upper limit of
risk was minimized minus the lower limit of re-
turn so that the investor pessimistically estimates
returns and the asset risk.

Min Fr = aiﬁ[oﬂiju]

i=l j=I

(10)

N
3R],

=
subject to

17
ZXi <189,336,089,818,750;

i=1

X10<18,933,608,981,875;

Xi<0.21, Xi=0.001.

Model 3. Combined strategy

This model represents a scenario in which the in-

vestor chooses his portfolio neither too optimisti-
cally nor too pessimistically. The investor tries to

http://dx.doi.org/10.21511/bbs.15(4).2020.05
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balance returns and asset risk. In other words, s/
he is concerned about reducing risk and increas-
ing asset returns.

Min F (x)=AFr(x)+(1-A)FI(x), @1
where
MmF /1[0‘22 0'2z]u
i=l j=1
N N N
ﬂz [Ril]+(1-2)[a) > [o2ijl]- 12)

i=l j=1

N
ﬂz Rlu
j=1

subject to

17
ZXZ' <189,336,089,818,750;
i=1

X10<18,933,608,981,875;
Xi<0.21, Xi=0.001.

where xi is the proportion invested in the asset i,
i =1, -, n; 02ijl is the lower limit of covariance
between the i-th and j-th assets, and 02 iju isthe
upper limit of covariance between the i-th and j-th
assets; « and f are the risk and return weights, and
A is a pessimism index, which can range from 0 to
1. The model can be solved by giving different val-
ues (between 0 and 1) to these variables. The inves-
tor can choose a different model based on various
estimates of returns and risk.

There are no effective algorithms in math pro-
gramming that can be utilized to solve these types
of issues. Therefore, this study uses a genetic algo-
rithm to solve the models and determine the opti-
mal portfolio.

2.3. Genetic algorithm

The genetic algorithm is a non-linear method that
is randomly directed and can find the answer
to the problem at hand in this study. It was first
presented by John Holland, whose process is as
follows:

1. Primary population: In this technique, chro-
mosomes improve frequently during each pe-
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riod, the population changes, and a new gen-
eration is created that is stronger than the pre-
vious response in terms of its proximity to the
optimal answer.

2. Fitness function: At this stage, the proximity of
answers to the optimal answer is determined
by calculating and assessing the value of the
target function for each of the chromosomes.

3. Choice: At this stage, two parents would be se-
lected to mate and produce new chromosomes.
In each generation, superior chromosomes
should be given a better chance of birth.

4. Performance of the genetic algorithm func-
tion: The process of breeding and creating a
new generation of answers is done using ge-
netic operators of intersection and mutation.

5. Selection of new generation elements: At this
stage, newly created chromosomes are added
to the previous population collection. In the
following, from the current collection, the
best choice will be determined according to
the initial population based on fitting func-
tion values.

6. Steps 2 to 5 are repeated so that the algorithm
gradually achieves optimal response after sev-
eral generations. Bet on stopping of the issue
is also doing a certain number of repetitions,
which is determined before the algorithm is
applied.

In this work, a solution X = (xl, Xyeens xn) is encoded
by chromosome C = (Cp Cprens cn). The search space
of X, X,..., X_are [0,1]. The chromosome that satis-
fies the constraints of the model is feasible.

A most important reason for using meta-heuris-
tic algorithms is to correctly regulate parameters
related to them. Inappropriate regulation of these
parameters causes the related algorithm to pres-
ent more biased results than their potential abil-
ity. For this reason, it seems necessary to use ef-
ficient methods for parameter regulation. In this
study, Taguchi’s experimental design method was
used to regulate the parameters, and the following
parameters of genetic algorithms are considered:
population size = 50, cross over probability = 0.6,

o4

mutation probability = 0.4, and maximum itera-
tion = 500.

3. EMPIRICAL
RESULTS
AND DISCUSSION

According to the main purpose of the paper, which
is to investigate the optimal portfolio of credits,
the amount of facilities paid to each economic sec-
tor during the study period, as well as the data and
the return values of the three examined states are
shown in Tables 1 to 3 in the appendix.

3.1. Return test normality

The main assumption for using variance as risk
criteria (per the Markowitz method) is based on
the normal distribution of returns. The normal-
ity of intervals was investigated based on the
Kolmogorov-Smirnov test using SPSS.

Table 4. Normality test

Source: Research findings.

Statel | 902 36 : 495
SRR e T -
State3 | 937 26 518

The results showed that for all studied cases, all
obtained p-values were greater than 0.05, which
indicates that the distribution of returns is normal
in all states.

3.2. Genetic optimization algorithm
performance

The optimum values that were obtained from the
performance of the genetic algorithm are shown
in Tables 5 to 22. The proposed algorithm was run
using MATLAB 2016. The computational results
presented in objective functions 1 and 2 are based
on three different sets of values for a and B, which
represent the investor’s priority in terms of risk
and returns. However, in objective function 3, a
and P were equal to 0.5 for all states, and \ was
allocated as 0.9, 0.5, and 0.1.

http://dx.doi.org/10.21511/bbs.15(4).2020.05
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Table 5. The contribution of each sector to the objective function 1 of the genetic algorithm in Mode 1

Source: Research findings.

X8 © X9

Portfolio a 8 Share of each sector X1 X2 X3 X4 X5 X6 X7
Rial 3,333.968 | 1,308.664 @ 2,429.248  10,332.923 . 952726 | 35143.639 | 16,744.354 | 12,834.382 | 6,085.739
; ; Share of each sector (%) 1.76 0.69 1.:28 5.%16 0.50 18:.:56 8.::84 6.::78 3.21
Portfoliol 0.5 | 05 X10 X11 X12 X13 X14 X15 X16 X17
: P Rial 1710827 | 2,734.123  36445.622 = 9,549.509  3,005293 | 12,975.478 . 32,487.004 | 1262590 | = -
Share of each sector (%)  0%0 144 19.25 504 159 6.85 17.16 067
: oox X2 X3 X4 X X6 X7 X8 X
Rial 2034527 | 867.569 . 3,444.935 7,312493 | 2,157.456 | 32,795.627 & 23,576.432 6514704 5451393
portiolio 2 %0.25 %o.75 Share of each sector (%) C107 0.46 1.}32 3.}36 114 17:.:32 12:.:45 3.}14 2.88
: T . x10 X11 X12 X13 X14 X15 X16 X17 :
Rial | 2474889 | 5144191 = 33963029 = 9,628.635 901.008 14592435 = 37,196.803 = 10279.963 = -
Share of each sector (%) Co131 2.72 17:.:94 5.:(:)9 0.48 771 19:.:65 o.:ss :
X1 X2 X3 X4 X5 X6 X7 X8 C X9
, Rial 2025641 | 1674373 | 1,052.640 7,027.706 559.587 . 36,296.379 | 26,152.761 . 9,409.912  5872.742
bortfolio 3 %0.75 %0.25 Share of each sector (%) . 1.07 0.88 0.:.:56 371 0.30 19:.:17 13:.:81 4.:97 3.10
: o . x10 X11 x12 X13 . xa X15 X16 X17 :
Rial 4279604 = 1511178 | 36091749 = 8054621 . 2964723 . 11,964.680 | 32,719.492 . 1678211 = -
Share of each sector (%) 2.26 0.80 19'.‘06 4."25 1.57 6.'32 17'.‘28 0.'89

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 6. Summary of optimal results in objective function 1 of the genetic algorithm in Mode 1

Return

Objective function

Portfolio a B : Risk
Portfolio 1 : : 05 ¢ 4,189,589,070,199,920
Portfolio2 025 | 075 | 2,084,228,326,228,330
Portfolio3 075 025 | 6123,074,651,070,900

88,115
132,151
44,103

4,189,589,070,111,800
2,084,228,326,096,180
6,123,074,651,026,790

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 7. The contribution of each sector to the objective function 2 of the genetic algorithm in Mode 1

Source: Research findings.

Portfolio | o | B Share of each sector : X2 : X3 : X4 : X6 : X7 X9
f f Rial . 2,049.221 1,441.054 8,783.402 31,375.185 5,659.318 6,378.352
....... Share Hc')‘f each seé"[or (%) 3:‘37
Portfolio 1 )
Rial -
Share Hc')‘f each se&or (%)
.............................................................. )(9
) Rial 10,0?8286
) Share of each sector (%) 5.33
Portfolio 2 - -
Rial -
Share of each sector (%)
) Rl 5 30,257.284 4,782.478 9,36:5:34098
) Share'g‘f each sector (%) : : 4.95

Portfolio 3

10751 0.25

Rial . : : 5 . 36,344.877 | 35,346.311

Share of each sector (%)

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 8. Summary of optimal portfolio results in objective function 2 of the genetic algorithm in Mode 1

Portfolio a : B : Risk : Return Objective function
Portfolio 1 0.5 0.5 329,904,516,344,610 86,478 329,904,516,258,132
Portfohoz """"" 5.25 """ 6.75 """ lu72,558,'é‘389,929',‘985 12"9,580
Wﬁortfoho 3 6.75 """ 6.25 """ 499,371,"233,742;502 45,186 499,371,233,699,716 '

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 9. The contribution of each sector to the objective function 3 of the genetic algorithm in Mode 1

Source: Research findings.

Portfolio: a | B Share of each sector
Portfolio1 05 0.5 XIS Xs KT
9337176 | 34662185 | 1283851 -
4.93 18.31
X7
Portfolio2 | 0.5 : 0.5
xS Xis X7
19964999 34507617 1,280451 -
10.54
Portfolio3 ¢ 0.5 i 0.5
3,3691.33/ 243357 -
Share of each sector (%) 17.79 0.50

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 10. Summary of optimal portfolio results in objective function 3 of the genetic algorithm in Mode 1

Portfolio a ipi A Risk Return Objective function
Portfolio 1 0.5:05: 01 [3,993,902,282,746,190 ;737,139,973,640,715] [87,280; 88,269] 3,646,216,692,376,570
..‘F."'c;‘r"‘tfolio 2 05 0.5 05 [413,694,481,838,116; 4,017,814,802,003,130] [87,135;5;8,155 ] 089,23';,146,457,512,; ‘‘‘‘‘‘‘
ml;c;‘r't"folio 3 05 0.5 09 [422,339,892,073,433 ,362,927,021,337,243] [86,612',"“87,703] 730,7;‘_‘9,700,651,818' ‘‘‘‘‘‘‘‘

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 11. The contribution of each sector to the objective function 1 of the genetic algorithm in Mode 2

Source: Research findings.

Portfolio

B

Share of each sector

X1

X2

X3

X4

X5

X6

X7

X8

X9

Portfoliol

Portfolio2

Portfolio3

Share of each sector (%)

3,205.325

1,648.734

1,439.798

13,162.943

1,137.743

34,792.124

6,458.196

8,644.964

5,908.145

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 12. Summary of optimal portfolio results in objective function 1 of the genetic algorithm in Mode 2

Portfolio a B Risk Return Objective function
Portfolio 1 0.5 0.5 2,143,245,632,778,060 88,700 2,143,245,632,689,360
Portfol|02 ........... 025 O'.;S 1,055;‘730,563,764,;‘30 133",“183 ......... 1 ,058,7"30,563',‘631,25“0
m}.’ortfél.lo 3 O'.;S 025 3,13#3‘;‘913,168,729&};0 44',‘4'1‘00 . .'."5,138,9“13,168',‘684,7?;0

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 13. The contribution of each sector to the objective function 2 of the genetic algorithm in Mode 2

Source: Research findings.

Portfolio | o | B Share of each sector Coox1 ' X3 X4 X6 X7 X8 X9
: A Ria © 1,448741 © 2137747 2957142 | 5394458 2579.934 6,548.985 7,457.013 28,295.103 2,023.233
.| shareofeachsector(%) i 077 . 113 156 . 2.85 136 346 394 14.94 1.07
Portfoliol | 0.5 | 0.5 X13 X14 X15 X16 X17
% % ::1::2,690.352 199593639760578 :32,897.385 :::2;163.651 -
6.70 1.05 21 17.38 1.14
""" Xa X7 X8 X9
::3%;084.831 ::i§,993.971 :éjan.soa 4373.431
Portfolio2 1 025  0.75 et LA ERCION R, DR B 163 S IS N S 2L 1971 231
10 X1 X2 X13 x4 xis X6 X17
13,168.751 34,282,496 | 32,969.187 : 1,300.789 -
6.96 18.11 17.41 0.69
o B T B xs
13,704.171 7,637.997 10,466.899 - 32,805.351 . 4408.077
bortfolios §0.75 05 ....Shareofeachsector(%)  \ 052 . 123 . 177 .. 19% 121 403 553 17.33 2.33
s 10 X1 X122 X13 x4 x5 X X17
12,094.507 © 1,783.883 : 34421739 : 33,309.922 : 1,789.983 -
Share of each sector (%) 18.75 : 6.39 18.18 17.59 0.95

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 14. Summary of optimal results in objective function 2 of the genetic algorithm in Mode 2

Portfolio a B Risk Return Objective function
Portfolio 1 543,624,312,718,251 87,631 : 543,624,312,630,619
Portfolio 2 075 246135362,907107 131,934 | 246/135362,775,172
Portfolio3 075 025 767,852,601070383 | 43943 | 767,852,601,026440

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 15. The contribution of each sector to the objective function 3 of the genetic algorithm in Mode 2

Source: Research findings.

Portfolio i a : B | A Share of each sector X1 X2 X3 X4 X5 X6 X7 X8 X9
..... ) Riaﬂl ) 1,82'“2..”948 2,74"4.."318 ) .‘4.,312.077 9,274.044 2,515.326 ) .3'.7{817.%'04 ”.}'1,.‘6”95,564 .‘('5.,.914.302 .”.4‘,913.004
..... Sharg of each‘ sector '(‘%) 096
Portfolio 1 0.5:05:01 X10
..... H Riaul H 2,6&;3..'426
..... Sharé of eacH‘ sector '(‘%) 142
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ N . N : x1 - s o : - : o x9
""" Ral 1,606.483 7427 2,001.025 36883793 | 10,966.593 = 11757901 . 7,325.224
rortolios |05 05 05 . SEreofeachsector(®) 085 46 106 o8 578 38
I . . X10
Rial 1,525.018
..... Sharé of eacH‘ sector (%) 081
B N -
Rial 2,032.581
L Sharé of eacl'; sector z%) 107
Portfolio3 {0.5:0.5: 0.9 i . : : e
I . . x10
..... Riaﬂl ) 3,09"3.."109

Share of each sector (%) : 1.63

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table1l6. Summary of optimal portfolio results in objective function 3 of the genetic algorithm in Mode 2

Source: Research findings.

Portfolio i o« 0 B | A Risk Return :  Objective function
Portfoliol 05 0.5 : 01  [806,316,890,611,963;2,231,742,082,491,150] : [87,156;88,728] . 2,089,199,563,214,660

[702,766,441,401,162; 2,092,772,920,414,530] | [87,368; 88,887]

Portfolio2 0.5 0.5 = 0.5

Portfolio3 05 05 : 09 [559,359,954,521,887; 251,557,690,599,799] [87,666;89,242] i  754,981,649,590,597

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).
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Table 17. The contribution of each sector to the objective function 1 of the genetic algorithm in Mode 3

Source: Research findings.

Portfolio | o | B Share of each sector X1 X2 X3 X4 X5 X6 X7 X8 X9
: o Rial 1895283 | 1,944.805 . 2,256.364 4,372.499 2,159.549 | 3,844073 23,390.122 | 28,898.883 . 3,494.482
: : Share of each sector (%) 1 1.03 1.19 2.31 1.14 2.03 12.35 15.26 1.85
Portfolio 1 0.5 0.5 """""""""""""""""""""""""""""" X10 X11 x12 x13 X14 x5 X6 xz
B VT L T
...................................................................... share of each sector (%) 098 071 1885 ...A80 12 1590 1898 0%8
P X1 X2 X3 Xa X5 X6 X7 X8 X9
""""""""""""""""""""""""""""""" 1,640.732 675.934 3,316.759'““‘ 2,962.346'“ 2,859.522 3,828.888'““‘ 21,7004916'“‘“ 23,564.845‘"“ 3,2274559”“”
sector (%) 0.87 0.36 175 156 1.51 200 1146 1245 170
Portfolio 2 £0.25:0.75 S s e T s L s e e s
H H X10 X11 X12 X13 X14 X15 X16 X17
Ria|m 1,401.401 3,178.271 35,469.945‘“ 12,664.102'“ 3,324.279 34,854.582“‘“ 33,320.12é """ 1,3454876” -
I T T e e W A N AT G
""""""""""""""""""""""""""""""" X1 X2 x3 xa X5 X6 o x1  x8 X9
Rial 3,945.597 1,497.928 1,044.791 4,370.451 1,121.608 5,956.378 25,207.057 23,078.864 4,022.178
S Share of each sector (%) 2.08 0.79 055 231 0.59 315 1331 1219 212
POrtfolio 3 & 0.75 i 0.25 fromes o D Do s e e S S S T S SR v S S
X10 X11 X12 X3 X14 X15 X7
3,119.245 780.994 37,920.787 6,856.839 3,543.815 31,749.712 1,148.227 -
Shareofeach‘s“ector(%) 1.65 0.41 2003 362 1.87 1677 17.94 0.61 H

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 18. Summary of optimal results in objective function 1 of the genetic algorithm in Mode 3

Portfolio a B Risk Return Objective function
Portfolio 1 0.5 0.5 935,675,627,828,503 90,509 935,675,627,737,994
“‘F.";)}tfolio 2'“‘ """ 0.25 0.75 478166742067320 135,429 ';1“78,166,741,9;;,891
bortiolos 075 025  1476328672376500 45156  1476,328672331,440

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 19. The contribution of each sector to the objective function 2 of the genetic algorithm in Mode 3

Source: Research findings.

Portfolio | « B Share of each sector X1 X2 X3 X4 X5 X6 X7 X8 X9
: 1,534.983 2,508.:9‘78 2,63'4.413 3,06"2.785 2,607.?71 8,08"2.911 25,5{}6.312 35,730.727 3,464.278
0.81 1.33 1.39 1.62 138 4.27 13.49 18.90 1.83
Portfolio 1 0.5 i 05 quu Xl;u X12 X13 Xlt}u X15 X16 X17
979.716 2,449.341 30,733.258 5,707.728 2,742.388 26,815.882 33,173.782 1,511.936 -
..................... 0.52 129 1623 301 145 1416 17.52 0.80
X1 X2 X3 X4 X5 X6 X7 X8 X9
1,687.689 | 386418 2,495.339 3,517.181 919.246 6,003.195 | 24912236 @ 34,999.425 | 7462623
bortfolio 2 05 075 0.89 0.20 1.32 1.86 049 317 13.16 18.49 3.94
X10 Xt x12 x13 xia xis Xis x17
2,140.912 2,454.759 36,366.157 12,421.907 2,667.596 16,579.281 32,862.327 1,459.798 -
..................... L13 130 1921 6.56 141, 8.76 17.36 0.77
X1 X2 X3 xa X5 X6 X7 X8 X9
945097 : 2,257.153 | 3,632.191 3,521.995 © 1,747.801 : 6,943.211 | 31,321.169 : 31233241 : 2,965.594
Portfolic 3 075 | 0.25 i 0.59‘ 1.1?‘ 1?2 1ﬂ86 0.9% 3t§7 16".54 16".50 1.57
,,,,,,,,,, X10. X X12 X13 X1a X15 X16 x17
Rial 1,032.082 1,199.336 32,435.902 7677371 1,688.221 26,986.174 31,599.754 2,149.797 -
Share of each sector (%) 0.55 0.63 17.13 4.05 0.89 14.25 16.69 1.14

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 20. Summary of optimal portfolio results in objective function 2 of the genetic algorithm in Mode 3

Portfolio o B Risk Return Objective function
0.5 0.5 3,702,141,934,411,100 89,934 21,170
0.25 0.75 1',‘756,681'1‘,750,58”5,290 """" 135,139 .5.‘0,15(.)“
“‘I'Dortfoliz)é 0.75 0.25 5',‘322,782“,579,84”1,480 """" 44,998 5,322,782.,.579,7;36‘,'4‘1%(.) .........

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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Table 21. The contribution of each sector to the objective function 3 of the genetic algorithm in Mode 3

Source: Research findings.

Portfolio : a : B = A Share of each sector X1 X2 X3 Xa | X5 X6 X7 X8 X9
: : Rial 1,568.018 = 1,358.778 : 3,742.295 3623.621 = 2474543 | 5331219 21,604.282 | 30,468.181 | 3,934.951
: : 072 1.98 1.91 131 2.82 11.41 16.09 208
Portfoliol 0.5 0.5 0.1 X11 X12 X13 X14 X15 X16 X17
: : 1,3?0.411 :é2,129‘693 7,3é2‘044 3,74:1:4‘861 :29,997.902 35,441.738 1,883343 -
0.70 16.97 3.89 1.98 15.84 18.72 0.99
3(2 ...... X3 5(4 5(5 ...... X6 X7 X8
695.455 ."3,167.209 4,638.522 49:4:1.614 .:6,821.779 27,517.706 31,034.158
bortiolicz | 05 | 05 | 05 037 1.67 2.45 026 3.60 14.53 16.39
: )fll ...... X12 ){13 . )fl4 ...... X15 X16 X7
Rial 3,019.032 | 2,518.198 = 33,745.462 ' 6,072.051 ' 1636.305 ' 27,342.483 | 32,238.061 | 1750727 -
e of each sector (%) 1.33 3.21 0.86 14.44 17.03 0.92
. . « w e aa
Ral 798.221 | 1,796.945 | 2,256.561 | 2,470.434 ' 1392117 = 6662983  30,361.845 = 33,557.273 = 5336.569
Portfolio3 05 05 09 .ohareofeachsector (%) i .. ‘Q‘A42 Q‘A95 ...... 1.19 1".30 Q.74 ...... 3.52 16.04 17.72 282 ........
R s 2{10 )fll ...... X12 ){13 . )fl4 ...... X15 X16 LY
""""""""""""""" Rial 2,789.322  1,818.699 | 32,212.381  5996.677 | 3,613.171 | 22167172 | 34831773 . 1274046 . = -
Share of each sector (%) 1.47 0.96 17.01 3.17 1.91 11.71 18.40 0.67

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Table 22. Summary of optimal portfolio results in objective function 3 of the genetic algorithm in Mode 3

Portfolio o B Y Risk Return Objective function
Portfolio 1 0.1 [103,592,690,7134,640; 3,819,187,611,208,800] [89,740; 90,425] 096,154,779,252,413,1
“‘F.";)Hrtfolio 2 0.5 [972,476,068,"666,493'; 058,43"1,395,563,845,3']‘ '''' [88,893; 90,549] '.'.054'1‘:018,038,093,062,2
“‘F.";)'l"tfolio 3 0.5 05 0.9 ..... [978,é79,529;699,725} 3,541,281,833,;193,100j """" ”[‘90,046,' 90,703] 056,369,206,140,582,3 ......

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).

Source: Research findings.
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According to state 1 shown in Tables 5 to 10, the
largest share belongs to the sectors of green-
house, agriculture, agricultural services, avicul-
ture, while gardening, natural resources, agricul-
tural commerce and hospitality have the lowest
share. Also, the results of Tables 11 to 16 show
that in state 2, the largest share belongs to green-
house, animal husbandry, agricultural services,
and agriculture, while the lowest share belongs
to agricultural commerce, natural resources, gar-
dening, carpet weaving, and handicrafts. Finally,
according to state 3 shown in Tables 17 to 22,
the largest share belongs to agricultural servic-
es, greenhouse, agricultural machinery, and avi-
culture, while agricultural commerce, water and
soil, gardening, and hospitality have the lowest
share. Using the amounts of return and risk in
the three states examined, managers’ desired
models are chosen based on their different esti-
mates of return and risk according to the three

In the optimum patterns estimated in all states,
agriculture (X6), agricultural services (X16), ani-
mal husbandry (X15), aviculture (X7), and green-
houses (X12) sectors were assigned the largest
shares in their optimum portfolio combination.
However, the greenhouse section (X12) has only
a small share in the current credit-paying model
of the Agricultural Bank according to the green-
house industry, thus increasing the demand for re-
ceiving credits in this section. Therefore, increas-
ing its share is not far from the expectation.

The results showed that in the estimated optimal
model, the share of the economic activities fluctu-
ated depending on the strategy used. This finding
indicates a difference from Keshavarzi Bank’s cur-
rent credit distribution model, which is caused by
the inclusion of risk in the proposed model. The
present findings also support previous results re-
garding the optimal model obtained, as differenc-

es were seen in relation to the bank’s current credit
distribution model (Jao, 1971; Agarana et al., 2014).

above scenarios (and given the importance of
each of them).

CONCLUSION

The main argument is that in Iran, the high level of deferred receivables of banks indicates a lack of ap-
propriate models for optimal credit allocation. The main objective of this work was to develop a model
and solve the problem of optimal credit portfolios. Therefore, multi-objective interval non-linear pro-
gramming was used to present a portfolio optimization model. This model was finally examined on the
data obtained from the Agricultural Bank in Iran. The results showed that the shares of different parts
of the genetic algorithm present little deviation from each other and that the optimal pattern obtained
from the genetic algorithm is different from the current pattern of distribution of the Agricultural
Bank’s credits. This subject is considered as risk in the model. The innovation of this research compared
to other studies is in considering different economic conditions and risks to intervene the effects of fluc-
tuations and changes in the amount of bank credits.

Therefore, this study tries to provide a suitable model to help managers and bank officials to achieve the
best allocation of credits to applicants in different sectors, by considering economic conditions accord-
ing to limitations of the banking system.

For this purpose, in this research, three different strategies for selecting portfolios (optimistic, pes-
simistic, and hybrid) were used. The optimally designed model is practical, and financial and credit
institutions in other countries can use it to optimally allocate credits by adding and considering their
limitations. Managers’ desired models are chosen based on their different estimates of return and risk
according to the three above scenarios (and given the importance of each of them). The discussed port-
folio selection models are not only able to deal with the attitude of the Agricultural Bank managers to
various investment strategies, but can also consider the bank’s preferences under specific conditions.

Future research is this area includes using other meta-heuristic methods such as particle motion opti-
mization algorithm, colonial competition, etc. Since the definitive model cannot show the actual change
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in overall investment returns and risks arising from changes in expectations of future economic condi-
tions, this can lead to inappropriate investment decisions. Therefore, the use of another model is essen-
tial. An interval model can solve this problem. This model, in addition to using historical information
on asset returns, indirectly shows the influence of various economic conditions on investment decisions,
changing forecasts of future asset returns. Thus, the interval model indicates the importance of inves-
tors” experience and knowledge and is therefore more flexible than the definitive model.
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APPENDIX A
Table Al. The amount of facilities paid to different sectors

Source: Agricultural Bank.

Row . Economicsector : 2009 §Percentage§ 2010 §Percentage§ 2011 §Percentage§ 2012 §Percentage§ 2013 §Percentage§ 2014 §Percentage
X1 iNatural resources fo140 0.2 f192 ¢ 02 io143 0.1 fo175 0.1 : : : ‘

X2 Gardening 843,4 6.4 390,6 6.5 669,7 5.5 281,11 7

 Carpet weaving and 441 0.7 © 689 1 07 3811 ¢ 0.8 VIR 1
i handicrafts ; : : : : : :

X4 ;Z';S;C“uel:uarzd 17 L9951 17 4672 19 . 5153 2
XS Hospitalty 1 391 06 . 68 07 . s 04 238 01
X6  Agriculture 511,41 20.8 171,22 23.5 709,72 19.4 563,92 18
64 0995 . 64 30601 74 52041 9
04 170,4 177,5

97 i 7592 ¢ 31 | 8611 81 . 04431 | 8
§§;2‘C’Lt?fusr:an|atEdt° 2.8 4342 0 26 2714 2.9 4553 2
Waterandsol 1071 25 5313 33 9074 33 885 4
Greenhouse 929 14 6702 .22 .. 3624 3 902,5 i 3
X13 é‘f;ﬁiffﬂ'”gand % 0.1 o258 0 03 332 0.2 9031 1
11 91so1 133 658,3 27 76411 7
134 14431 143 10222 . 154 7862 16
202 03331 835,43 2% 586,92 18
1.8 666,2 342,1 0.9 4371 1

100 83249 100 268341 100 655561 100 | 032012 | 100 1563%2 001

Note: The numbers are in billion Rials (1 USD = 218,000 Rials (August 2020)).
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Table A2. The returns of different sectors during a six-year period (%) g
Source: Agricultural Bank. 5
3
Period X1 X8 X9 X10 | X11 © x12 : X13 | X14 @ X15 | X16 @ X17 >
First half of 2009 ) 0.825 0.960 : 0.890 : 0.845 : 0.870 : 0945 : 0945 : 0.860 : 0910 : 0.965 : 0.870 E]
Second half of 2009 ) 0.840 0975 | 0.895 i 0850 : 0.890 : 0950 : 0.940 : 0.875 : 0915 @ 0960 : 0.885 <
First half of 2010 ) 0.820 0970 = 0.905 : 0.860 = 0.880 = 0.960 : 0.935 ' 0.870 : 0.920 : 0950 . 0.895 g
“Second half of 2010 ) 0.830 0980 . 0915 . 0865 = 0885 & 0955 = 0925 . 0880 = 0925 . 0955 = 0890 &
First half of 2011 ) 0.845 0975 : 0920 : 0.860 . 0.890 = 0955 : 0930 : 0.890 . 0915 = 0945 : 0910 S
“Second half of 2011 ) 0.860 0.980 | 0915 : 0.870 : 0.900 : 0945 @ 0935 : 0900 @ 0920 : 0.960 : 0.920 3
First half of 2012 ) 0.870 0970 | 0910 i 0875 @ 0.885 : 0935 : 0945 : 0915 : 0905 : 0965 : 0.935 &
“Second half of 201 ) 0.875 0970 i 0910 : 0.885 : 0.890 : 0940 : 0940 : 0910 : 0.895 : 0965 : 0.955 2
First half of 2013 ) 0.895 0975 | 0915 i 0895 @ 0905 : 0940 : 0950 : 0915 : 0905 @ 0950 : 0.950 I
“Second half of 2013 ) 0.915 0.980 | 0920 : 0900 : 0920 i 0945 @ 00955 : 0925 : 0900 : 0955 i 0.955 N
First half of 2014 ) 0.905 0.985 | 0925 | 0910 : 0935 : 0955 @ 0950 : 0920 : 0.890 : 0.945 : 0.960 o
Second half of 2014 © 0910 0.980 : 0.930 : 0.920 : 0.940 : 0.950 : 0.940 : 0.930 : 0.895 : 0.940 : 0.970

Table A3. Upper and lower limit of returns in different states (%)

Source: Research findings.

State 1 State 2 State 3
Economic sector Lower limit of returns Upper limit of Lower limit of returns Upper limit of Lower limit of returns Upper limit of returns
: returns : : returns : :

Natural resources 0383 088 0875 i 0.885
Gardening . 0.875 0.89 0.94 0.955
Carpet weaving and handicrafts 0.895 059 0.935
Fisheries and aquaculture 0.905 0912 0.932
Hospitality 0.82 10.83 0.88
Agriculture 0.9 0.905 092
Aviculture 0.947 095 0.965
Agricultural machinery 0.96 0.962 0.98
Agriculture related industries 0.892 09 0.925
Activities unrelated to agriculture 0.85 0.86 09

Water and soll 0.875 0.88 0.92
Greenhouse . 0.937 094 0.953
Beekeeping and silkworm | 0.925 093 0.947
Business services 0.87 0.875 091
Animal husbandry 0.89 0.895 0915
Agricultural services . 0.942 0.945 0.96
Agricultural commerce : 0.88 0.89 0.95
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