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ABSTRACT

Credit portfolio management is one of the fundamental aspects of banking that can lead to the loss of bank revenue if not properly 
managed. The expected return and risk in the choice of portfolio cannot be accurately predicted. Considering this impossibility 
and given the limitations faced by the banking system, this article uses the concept of interval numbers in the Fuzzy Set Theory 
to extend the Markowitz mean variance model to a non-linear interval multi-objective model. Three strategies were presented in 
this model, including optimistic, pessimistic, and mixed strategies, and the Genetic algorithm was used to solve the model. This 
model was ultimately examined at Keshavarzi Bank to determine the optimal credit portfolio. The results showed that this bank’s 

risk, thus leading to the proper management of loans.
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INTRODUCTION

for economic activities is one of the most important 

resources obtained from their depositors as bank facilities 
and try to maximize their gains by providing applicants 
with these facilities in order to generate revenue for 
themselves and their depositors (Makian et al., 2010). 
Banks’ inability to properly manage their loan portfolios 
can lead to a credit crisis. Credit crisis is predominantly 
caused by inappropriate lending over a period of time that 
imposes loss on the lending institutions and investors. 
This issue has led to the development of more formal 
and accurate methods of optimization of credit payment 
and the minimization of the risk of loans. As such, the 
optimization of the credit portfolio has become a basic tool 

et al., 2017).

combination of assets with the purpose of minimizing 
risk and increasing return in an investment (Kalayci et 
al., 2019). In 1950, Harry Markowitz presented the basic 
portfolio model that became the foundation for modern 

et 
al., 2016; Kalayci et al., 2019). 

investments in areas with the lowest risk and highest 
return in order to survive in the capital market and also 

needs to determine the optimal credit lending portfolio, 
given its major role in supplying the credit needs of the 

agricultural sector. Considering the limitations of Iran’s 
banking industry and the lack of variety in bank products, 
the main source of income for banks is the income from 
interest on bank facilities(mehrara and sadeghian, 2008). 
One of the ceaseless questions on this subject is the share 
that each economic sector should have, which highlights 
the importance and necessity of examining the credit 
portfolio. Given the limitations faced by the banking 

strategies. Given the crucial nature of such solutions and 
due to the lack of studies on banks based on this approach, 

linear interval multi-objective programing incorporating 
the meta-heuristic Genetic algorithm to solve the proposed 
model. 

The publication of Markowitz’ modern theory in 1952 led to 
a major revolution in portfolio optimization. Mathematical 
models and operational research are among the activities 
that have enabled portfolio optimization change in recent 
years. Many studies have been conducted on this subject. 
The results of some of them are discussed in this section. 
Using a linear programming model, Jao (2001) presented 
a model for the optimal allocation of bank credits in Hong 
Kong using bank credit limitations, legal constraints, 
etc. The results showed that the optimal model obtained 

to various economic sectors. In a study using a linear 
multi-objective programing model, Caplin and Kornbluth 

according to the risk and insecurity of these sectors. Their 
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results showed that, compared to the multi-
objective programing model used for the 

plans determined by the classic linear 

et 
al., (2009) investigated stock portfolio 
optimization using the genetic algorithm. 
Their main objective was to examine the 

the problem of stock portfolio optimization 

showed that a smaller-scale stock portfolio 

(2009) tried to choose an optimal portfolio of 

method under data envelopment analysis. 
Once the model’s inputs and outputs were 
selected and decision-makers’ preferences 
were determined, he used data envelopment 

him to select the optimal portfolio in tune 
with the decision-makers’ preferences. The 
results showed that, in agreement with 
similar studies conducted on this topic, the 
adopted technique could be easily used by 
investors for choosing the optimal portfolio. 

et al., (2014) used 
the genetic algorithm to optimize the stock 
portfolio of investment funds. Their results 
showed that the genetic algorithm performs 
better than traditional methods. Moreover, 
the greater and bigger is the diversity of 

the performance of the genetic algorithm 
over the linear method. In an applied 
study, Agarana et al., (2014) examined the 
optimization of loan portfolio management 
in Nigeria using goal programing. Given 
that the optimal portfolio they obtained is 

into account the bank’s objectives and the 
results obtained from the research, they 
suggested that using the optimal model can 
lead to the proper management of loans. 
In another study, Qin (2015) attempted 
to solve the problem of choosing a mixed 
stock portfolio by considering uncertain 
and random returns concurrently. The stock 
portfolio return variance in this study was 

mean-variance models were introduced and 
analytical solutions were obtained for two 
samples of assets. The calculations showed 

the possibility of its use for choosing the 
optimal stock portfolio. In one study, Chao 
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Economic sector Return
lower limit of returns upper limit of returns  

natural resources 865/0 906/0
Gardening 924/0 967/0

921/0 944/0
921/0 939/0

Hospitality 864/0 896/0
Agriculture 910/0 914/0
Aviculture 960/0 969/0
agricultural machinery 975/0 981/0
agriculture related industries 913/0 923/0
activities unrelated to agriculture 878/0 906/0
water and soil 899/0 925/0
Greenhouse 0/946 948/0
beekeeping and silkworm 941/0 949/0
Business Services 899/0 923/0
Animal husbandry 898/0 908/0
Agricultural Services 948/0 955/0
Agricultural Commerce 925/0 959/0

Table 2. Upper and lower limit of returns (%)

et al.,(2019) examined the use of the Markowitz portfolio 

results showed that investors cannot entirely trust this theory 
for investing and should instead modify the Markowitz 
model based on the real conditions and their experiences 
in order to reduce investment risks. In an article entitled 
“A comprehensive review of deterministic models and 
applications for mean-variance portfolio optimization” 
Kalayci et al., (2019) reviewed 175 articles on portfolio 
optimization published in the past two decades and carried 
out a comprehensive examination of the models and actual 
limitations. Their results showed that most researchers use 
weighted sum methods for portfolio optimization due to 
the limitations of Markowitz’ mean-variance model and 
the conditions of the real world. In a study to optimize 
the facilities portfolio of the micro clients of an Iranian 
bank, Gharib and Koosha (2019) used three non-linear 
programing models (two-objective functions and one-
objective function) plus goal programing. Considering 
the number of constraints, variables and the nature of the 
models, an meta-heuristic genetic algorithm was used to 
solve the problem. Their results showed that the optimal 
solutions presented with the actual amounts of facilities 
allocated by the bank to the micro-banking group produced 

MATERIALS AND METHODS

The present research is an applied study because it aims 

of collection of credit for facilities given out, the ratio of 
collection of credits awarded to each economic activity to 
what should be collected was taken as the return criterion 
and its variance as the risk.

The mean historical return is usually taken as the expected 

asset; however, using it as the expected return has two 
major defects. First, when historical data are considered 
for a long period, the return from recent years is closer to 
the current return on the asset. In other words, the asset’s 

the lack of information, the estimation of the statistical 
parameters will not be accurate. Given these reasons and 
the uncertainty about the estimate, it would be better to 
take the expected return on an asset as an interval amount 
instead of the mean of historical data (Fang and Wang, 
2006). 

were used to determine the interval range of the expected 
return. The minimum expected return from the arithmetic 
mean of historical returns and arithmetic mean of recent 
returns is taken as the lower bound while the maximum 
amount of these two factors is taken as the upper bound of 
the expected return.

Formulation of the objective function

There is no expectation of the precise prediction of return 
and risk in a fuzzy environment. The investor therefore 
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and intuition. Accordingly, 
assuming that the expected return 
and risk are interval numbers, 
objective functions can be shown 
as follows (Nahvi, et al., 2020):

Where xi the proportion invested 
in the asset i,  i  =1  ,···,n   ,σ2 

ijl
  si 

the lower limit of covariance 
between the i-th and j-th asset, 
and σ2 iju isthe upper limit of 
covariance between the i-th and 
j-th asset.

Model (1) is a multi-objective 
interval nonlinear programing 
model in which the weighted 
sum method is used to 
convert the multi-objective 
model into a single-objective 
optimization problem. In this 

function makes the Markowitz 
mean-variance model more 
applicable, as shown below:

Therefore,

 

the

 

objective

 

function 
of

 

model

 

(2)

 

is

 

converted

 

into 
interval

 

equations

 

(3),

 

(4),

 

and 
(5).

pessimistic index on a scale of 
0 to 1, and the model is solved 

(between 0 and 1) to them, and 

estimates of return and risk.

Model limitations: The most 
important constraints of the bank 
under study in providing credit 

Where

Then

(Eq.(1)

(Eq. 3)

(Eq. 4)

(Eq. 5)

(Eq. 2)
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to clients involved in economic 
activities include: 

Budget constraints: The sum 

allocated by the bank to its 

In which B is the sum of credits 

Credit policy constraints: These 
constraints are determined by the 
boards of directors of Keshavarzi 
Bank and Central Bank.

The facilities to deposits ratio 
constraint: This limitation is 
determined by the bank’s board of 
directors. It evaluates the extent 
to which the bank can facilitate 
loans from these deposits.

In which C is the sum of the 
deposits.

Central Bank’s legal constraints: 
Central Bank’s guidelines require 
specialized banks to allocate a 
maximum of 10% of their total 
facilities to those activities of 
applicants that fall outside their 
specialization. This constraint is 
formulated as follows: 

The Capital Adequacy Ratio 
constraint: The Capital 

of the performance evaluation 

and credit institutions that is 
determined by the Monetary and 
Credit Council for the purpose of 
evaluation of banks’ and credit 
institutions’ risk management, 
and is calculated as follows:

In which H is the owners’ equity 
(basic capital) and G is other 

(Eq. 7)
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risk-weighted assets. 

The constraint on the maximum 
and minimum shares of each 
activity: This constraint includes 
the maximum and minimum 
shares of each activity from the 
awarded facilities.

share of each activity and F the 
minimum share.

Since budget constraints and 
the ratio of facilities to deposits 
constraint had been allocated 
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contrast

 

to

 

the

 

previous 
model,

 

in

 

this

 

strategy,

 

the

 

upper 
bound

 

of

 

risk

 

minus

 

the

 

lower 
bound

 

of

 

return

 

is

 

minimized. 
In

 

other

 

words,

 

the

 

investor 
calculates

 

the

 

pessimistic

 

risk 
and return on assets.

Xi≤D  (Eq. 10)
Xi≥F  (Eq. 11)

(Eq.

 

13)

subject

 

to

(Eq.

 

12)

subject

 

to

Optimal  portfolio  selection 
model :  Given  the 
aforementioned points, portfolio 
selection  optimization  models 
are  examined  from  three 
perspectives, namely optimistic, 
pessimistic  and  mixed 
investment strategy perspectives 
(Nahvi, et. al., 2020).

Model  1: optimistic  strategy : 
The lower bound of risk minus 
the  upper  bound  of  return  is 
minimized  with  this  strategy . 
In  other  words , the  investor 
calculates the optimistic return 
and risk.
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Strategy *Risk *Return

Optimistic
Portfolio1 5/0 5/0 - 246858628974907 89010
Portfolio2 25/0 75/0 - 116998111661157 133466
Portfolio3 75/0 25/0 - 364383152868117 44521

Pessimistic
Portfolio1 5/0 5/0 - 517007367135256 87981
Portfolio2 25/0 75/0 - 231028857792110 131928
Portfolio3 75/0 25/0 - 687000428890779 44020

Mixed
Portfolio1 5/0 5/0 1/0 [262697520418072, 685694102098760] [88149, 88923]
Portfolio2 5/0 5/0 5/0 [272897244417013,476377154219263] [88103, 88842]
Portfolio3 5/0 5/0 9/0 [291690585422862, 420172043090129] [87855,88588]

Table 6. Summary of optimal portfolio results

Model 3. Mixed strategy: This model is a mixture of the 
optimistic and pessimistic strategies in which the investor 
seeks to balance the asset’s return and risk performance. 

RESULTS AND DISCUSSION

In the present study, the optimal credit portfolio was 
determined using multi-objective interval nonlinear 
programing and the Genetic algorithm. Using meta-
heuristic algorithms requires the proper adjustment of the 
related parameters. Since the inappropriate adjustment of 
these parameters leads to poorer results in relation to the 

to adjust these parameters is essential. The Taguchi test 
method was used in the present study for this purpose. 

The Kolmogorov-Smirnov test was also used to ensure 
the normal distribution of return, which is essential when 
applying variance as a measure of risk. The results showed 

distribution of the returns.

Considering the study’s main objective, attempts were made 
to determine the optimal credit portfolio of Keshavarzi 
Bank in various economic activities and examine the 
bank’s current performance in terms of the share of each 
activity from the credits. Table 1 thus presents a study of 
the current portfolio and optimal portfolio resulting from 
the purposed model, the amount of facilities given and 
the share of each economic activity from them over the 
studied years. As shown, the facilities paid have increased 

Table 2 presents the upper and lower bounds of return on 

reports and historical data that comprise the study’s input 

data. 

The results of implementing the Genetic optimization 
algorithm: The proposed algorithm was implemented 

using the Genetic algorithm in optimistic, pessimistic, and 
mixed scenarios are presented in Tables 3 to 6. According 
to the optimistic strategy shown in Table 3, activities 
Greenhouse, Agricultural Services, Agriculture, Animal 
husbandry and, beekeeping and silkworm have the highest 
share of the credits awarded and activities Carpet weaving 
and handicrafts, Hospitality, Gardening and Agricultural 
Commerce have the lowest share. Moreover, according 
to the pessimistic strategy shown in Table 4, activities 
Greenhouse, Agricultural Services, Animal husbandry, 
Agriculture and agricultural machinery have the highest 
share of the credits awarded and activities natural resources, 
Hospitality, Gardening and Agricultural Commerce have 
the lowest share. Finally, according to the mixed strategy 
shown in Table 5, activities Greenhouse, Agricultural 
Services, Animal husbandry, Agriculture and beekeeping 
and silkworm have the highest share of the credits awarded 
and activities natural resources, Gardening, Hospitality 
and Agricultural Commerce the lowest. Table 6 presents 
the level of risk and return with these three strategies. 
Considering that the main objective of bank managers is 
the minimization of risks and the maximization of return, 
a model will be chosen that can produce the lowest risk 
and highest return. Based on the results in these tables, 
portfolio 1 is recommended to be chosen in the mixed 
strategy and portfolio 2 in the optimistic and pessimistic 
strategies, since they have lower risks and higher returns. 

CONCLUSION AND RECOMMENDATIONS

The main objective of the present article was to develop 
a model and solve the problem of optimal credit portfolio 
in Keshavarzi Bank. Multi-objective interval nonlinear 
programingwas therefore used to present a model for 
portfolio optimization. This model contains all three 
strategies: Optimistic, pessimistic, and mixed. The results 
showed that, in the estimated optimal model, the share of 

current credit distribution model, which is caused by the 
inclusion of risk in the proposed model. In the optimal 

Min F(x) = λFr(x) + (1 – λ) Fl(x)

subject to

 (Eq. 14)
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model obtained, activities Agriculture, Agricultural 
Services, Animal husbandry and Greenhousehave the 
highest share in the optimal portfolio composition in 
almost all the cases. Meanwhile, in the bank’s current 
credit distribution model, greenhouse activity has a small 
share. Given the growth in the greenhouse industry and 
its role in increased productions, employment in the 
agriculture sector and the management of water resources, 
the Ministry of Agriculture’s main policy is to expand 
greenhouses, for which it awards appropriate facilities to 
applicants. Increasing the share of this activity from the 
facilities given by the bank thus seems reasonable. The 

distribution model(Jao, 2001; Agarana et al., 2014; Gharib 
and Koosha, 2019).

The results can provide bank managers with a roadmap, 

based on the three noted strategies and choose their own 
model according to the importance of each strategy and 

be argued that the portfolio selection models discussed 
above can include the managers’ attitude toward a variety 
of investments, but can also take the bank’s preferences 

proper loan management. 

proposed approaches practical, concentrating loans in 
certain economic activities should be avoided so as to 
reduce credit risks, and periodical (annual) assessments 
of the concentration of activities is recommended in order 
for the credits to be awarded according to the proposed 

show the actual change in the total return on investment 
and the entailed risk, the interval model presented in this 
study should be used to resolve this issue, as it has greater 
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