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Abstract: Asset-Liability Management (ALM) of banks is defined as simultaneous planning of all
bank assets and liabilities under different conditions and its purpose is to maximize profits and
minimize the risks in banks by optimizing the parameters in the balance sheet. Most of the studies
‘and proposed models in the ALM field are based on an objective function that maximizes bank
profit. It is not easy to apply changes in these models in order to reach the optimal values of the
parameters in the balance sheet. In this article, an attempt has been made to propose a linear model
using constraints to achieve optimal values of balance sheet parameters using ALM objectives and
considering balance sheet, system and regulatory constraints. It has also been tried to design the
model according to the most possible mode and with the least changes and to minimize the size
of the balance sheet. The analysis of the model presented in this article has been conducted using
the parameters of the balance sheet and income statement of one of the famous Iranian banks. The
results obtained from the proposed model show that the values of cash and receivables from banks
and other credit institutions have decreased by 30% and increased by 200%, respectively, compared
to the actual values of these parameters. Also, Total Income, Operating Income and Non-Operating
Income have grown by 30% compared to the actual values of these parameters. Also, the values of
a number of parameters are estimated to be zero after optimization. According to the results, it is
obvious that the performance of bank managers, especially in the management of bank assets, is
significantly different from the optimal values of the balance sheet, and the results obtained from the
proposed model can help the management of banks as much as possible.

Keywords: Asset-Liability Management; banking industry; mathematical optimization; financial
statements; balance sheet; revenue and cost

MSC: 90-10; 90B90; 90C05; 90C90; 91-05; 91-10

1. Introduction

The banking system is one of the most important economic sectors that play a very
important role in the overall performance of economic systems in different countries [1–11].
The economic stability of a country is directly related to the stability and operational
efficiency of a country’s banking system, and the result of proper economic management is
sustainable economic growth [12–20]. So, banks are not just looking to assess potential risks,
but are always trying to find ways to deal with the effects of the risks in the banking system
or even the shocks that occur [21–43]. Investigating the financial risks in the banking system
is very complex due to the existence of many different variables in the financial statements
of banks and should use advanced mathematical methods and numerical methods [44–67].
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Managers and policy makers of banks are desperately looking for the best or optimal
way to manage the assets and liabilities of banks because the banking industry has a very
important role in the economic system of different countries and also the need to pay
constant attention to this sector has increased with major financial crises in the last few
years and its impact on the banking system [68–86].

Asset-Liability Management (ALM) is a field that maximizes the wealth of sharehold-
ers and tries to increase the efficiency of banks and reduce the risks in banks. In fact, risk
and return are two important and influential factors in maximizing shareholders’ wealth.
It should be said that today banks try to invest their assets in safe places so that they can
protect themselves from major economic crises and uncertainties and earn a reasonable
profit and the field that can answer the question is ALM. ALM includes a set of tools and
technical methods that seek to guarantee the profits of shareholders and reduce the risks in
banks [87–91].

Financial indicators, items in the financial statements and the relationships between
them are factors that can analyze the performance of a bank. Therefore, the performance of
banks and the current situation of their assets and liabilities are examined using different
models. Numerous studies have been conducted to optimize the basic items of banks’
balance sheets, all of which have been able to achieve reasonable results by considering the
same objective function, i.e., maximizing the bank’s profit or maximizing the difference
between the bank’s revenue and cost [92–100].

As mentioned, the most important goals of ALM are maximizing profit and minimiz-
ing risk in banks by optimizing the parameters in the balance sheet and finally increasing
the efficiency of the bank. Therefore, many studies have been conducted to manage the
assets and liabilities of banks. One of the conventional objective functions in the field
of ALM is the objective function based on the maximization of bank profit, and in the
proposed models based on this objective function, it is difficult to apply changes in the
existing parameters to reach the optimal values of the balance sheet and income statement
parameters. Also, in the conducted studies, no special effort has been made to reduce the
size of the balance sheet [101–112]. But, this article has tried to eliminate this gap in the
studies conducted in the past. The aim of this article is to achieve the optimal values of
balance sheet and income statement parameters according to balance sheet constraints,
system constraints and regulatory constraints according to the most feasible state and the
least changes using a proposed model and various constraints. It has also been tried to
minimize the size of the balance sheet of the bank under review, which is one of the largest
banks in Iran.

In the rest of the article, the studies carried out related to the raised topic, the equations
related to the proposed model and the considered limitations, the results obtained from the
model and the conclusions, limitations and suggestions are stated in Sections 2–5, respectively.

2. Literature Review

In this section, a review of applied research is presented about ALM of banks using
different models.

The development of simple and usable models to optimize asset and liability man-
agement of banks ensures stable profitability and minimizes the risks in this financial
institution. Also, this issue makes the bank resources to be balanced and the manage-
ment of liquidity and resources is carried out accurately. In research, Oguzsoy and Guven
et al. [113] have tried to optimize the portfolio of assets and liabilities of Turkish banks
using a multi-period stochastic linear model. In order to achieve this goal, the parameters
available in the balance sheet such as investment returns, loan costs, liquidity and reserves
and financial information of Turkish banks during the years 1987 to 1990 have been used.
Using this information, the authors have sought to find out what effect banking policies
and regulations, environmental factors, risks and restrictions have on the elements of the
balance sheet and sensitivity analysis has also been performed. The obtained results show
that the proposed model is more realistic than the deterministic model.
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Kosmidou and Zopounidis [114] have sought to manage assets and liabilities using a
goal programming model and by imposing constraints on liquidity, solvency and average
returns on assets and liabilities. By examining the sensitivity of balance sheet variables,
this model tries to provide an optimal strategy for managing the assets and liabilities of a
Greek bank. This model has been developed with important conditional applications, and
that condition is that the model is evaluated in a stochastic interest-rate environment. This
article states that organizations need the proposed models for ALM due to the instability in
market rates and the difficulty of analyzing balance sheet data. The results show that the
obtained strategy from the model is much more efficient than the present strategy of the
bank in terms of risk and present value.

Papi and Sbaraglia [115] have proposed a dynamic programming model for ALM
where constraints are imposed, and transaction costs are taken into account. In addition,
this study has stated that stochastic optimization is very useful in research that aims at
multiple subject periods. This model optimizes the portfolio and balance sheet of financial
institutions according to the constraints and the objective function. One of the goals of
this model is to find a way to reduce overhead, while one of the positive features of this
model is not considering artificial boundary conditions. Finally, by presenting numerical
examples, the performance of the model is evaluated and it is concluded that it can be
generalized to a higher level.

Yan [116] has proposed a mean-variance model used for ALM and works based on
a process that is continuously monitored in time. One of the problems with ALM is that
financial institutions are trying to achieve a dynamic portfolio. This article has tried to
provide a suitable and optimal strategy by solving a HJB stochastic equation. One of the
features of this model is the optimal strategy, which can be achieved using the stochastic
quadratic linear control technique. There are also limitations to the model presented in this
paper including VaR (value at risk).

Chiu and Li [117] presented a model based on an important principle called the
first principle of safety, which represents the amount of portfolio risk and measures the
difference between the marginal risk limit and the value applied to the objective function
for ALM. This model seeks to investigate the relationship between ALM in the framework
of the safety-first principle and ALM in the context of mean variance and provides graphs
in this context. Finally, this study differentiates between high-risk investors who seek
high returns and low-risk investors who are cautious and provides an optimal strategy for
risk investors.

Ferstl and Weissensteiner [118] sought to understand how much the value of assets in
the market now differs from the value of future liabilities. This article sought to manage
the assets and liabilities of a pension fund using a stochastic linear programming model
and applying time-varying investment conditions. This model is intended to provide a
suitable strategy for efficient investment and increase the return on assets and liabilities by
calibrating the basic items of the fund’s balance sheet. The results show that the applied
assumptions are reasonable and results are consistent with economic logic, and one of the
reasons for presenting the model in this article is the predictability of the calculated and
evaluated returns.

Wen-ze et al. [119] have sought to present a segmented and dynamic optimization
model for the liquidity management of commercial banks in China, considering its regu-
latory aspect. The proposed model is designed in such a way that by applying favorable
conditions in the future, optimization operations can be performed to manage the assets
and liabilities of commercial banks. In the rest of this article, it is pointed out that in order
to achieve the goals of commercial banks, their activities should be considered for a long
time, and the presented model should be responsive for a long time because it cannot be
considered only in the short term, and it may be in A long period of time when the proposed
model has this feature will threaten different shocks and crises of commercial banks.

Halaj [120] has examined the various liquidity and solvency shocks in banks and their
strategies for responding to these shocks. The proposed model is dynamic stochastic and
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some of its key parameters are calibrated. This model has been evaluated in several periods
using the liquidity and solvency constraints in a bank’s balance sheet. In this study, it is
stated that the proposed model is a general model of the bank’s optimal balance sheet and
that this model can help in how to respond to shocks, return management in which the
risk is considered and the regulatory aspects of the bank. To make the model easier to
solve, the Monte-Carlo method is used, and Value-at-Risk (VaR) restrictions are facilitated.
The research has evaluated the effects of macroeconomic shocks, the effects of shocks on
the bank’s financial resources and the effects of shocks on the bank’s credit risk on the
amounts of key balance sheet items based on a stochastic dynamics process model in the
form of graphs.

Pan and Xiao [121] have optimized ALM with respect to stochastic interest rates and
inflation risks and for this optimization operation, it is assumed that inflation risk exists
as a random process. This article has tried to sort out the allocations contiguously and
maximize the expected utility. The obtained results present the optimal investment strategy
and the effect of model parameters on it using mathematical tools for managing assets and
liabilities in the bank in the form of quantitative cases.

When it comes time to invest, one of the major concerns of investors is how and with
what structure to choose their portfolio.

Cui et al. [122] in research will help investors choose the right multi-period portfolio
when they encounter this problem and do not know when to exit. In this regard, this article
has presented a model that is based on mean-field and suggests the necessary optimal
strategy for investors. Finally, the sensitivity of the variables has been measured in the form
of quantitative problems. The results show that when investors do not leave the market in
time or the liability variance or correlation coefficient is growing, they try to expand their
higher-risk assets.

Liquidity and risk are key components of ALM. Ahmadian and Shahchera [123] have
tried to reduce the liquidity risk of the Iranian banking system during the years 2006 to
2018 by using a proposed model and information extracted from the financial statements of
the Iranian banking system. Another goal of this study is to answer the question of whether
liquidity risk is reduced if banks move towards ALM. The results show that the ALM and
moving towards it has a positive effect on liquidity risk and reduces the risk in the banking
system and one of the solutions to reduce liquidity risk is to increase the capital adequacy
ratio in banks. Another result of this study is that liquidity risk and profitability are directly
related. This means that with decreasing profitability, liquidity risk decreases and with
increasing profitability, liquidity risk increases.

Oliveira et al. [124] have used Multistage Stochastic Planning for ALM and presented
two different approaches. In the following, this paper has evaluated the impact of these ap-
proaches on the goal function using classical Monte Carlo Sampling and Moment Matching
methods. The model is presented in such a way that it shows a realistic environment consid-
ering the technological restrictions. The results show that the goal function using Moment
Matching and the Resampled Average Approximation method is much more stable than
the goal function using the Monte Carlo Sampling and Monte Carlo method with naive
allocation. Based on all the results, it is inferred that the best methods for the scenarios
proposed for ALM are Moment Matching and the Resampled Average Approximation.

Pan et al. [125] have used ALM models to obtain the optimal investment strategy and
minimize its risk. This research has tried to use the optimal strategy for investors to invest
in different assets with different risks using the price process by the Heston model. The
model presented in this paper is based on the Hamilton–Jacobi–Bellmann equation. The
results show that the optimal strategy for optimal investment (lowest available risk) and
the corresponding value function are obtained using quantitative problems and what effect
do the different variables in the model have on the strategy. In the end, this proves whether
the strategy derived from the model is really optimal. The results confirm that the various
variables in the model have a significant impact on the optimal strategy.
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Li et al. [126] have evaluated the probability of bankruptcy of a financial institution
using a multi-period mean variance model. One of the applications of this issue is that
the investor can continuously analyze the investment risk of his portfolio. Managers can
also use this model to adopt better and more accurate strategies and with less risk in
investments. In the model presented in this paper, the return on assets and liabilities and
the cash flow on the balance sheet are used to manage assets and liabilities. Finally, by
evaluating the sensitivity of each component of the balance sheet, it identifies the degree
of dependence and sensitivity of the financial institution to that component. The results
show that an optimal strategy in the form of complex problems has been extracted using
mean-field formulation that can show us the level of risk and efficiency of an investment.

Evaluating the basic items of the balance sheet and profit and loss statement of banks
using the proposed models for ALM is one of the main ways to assess the amount of risk in
the bank. Abdollahi [127] has presented a model using multi-objective planning method
that suggests strategies for managers and investors to move towards investing with less
risk and higher returns. This model has used the information of an Iranian bank called
Mellat Bank during the period from 2009 to 2016. The results show that the condition of
Mellat Bank’s assets and liabilities is not in good condition, and it must redesign its balance
sheet structure to reach the desired condition. At a glance at the results, we find that one of
the best ways to get the bank out of the current situation is to reduce the amount of cash
and bonds on the right side of the balance sheet.

Chunxiang et al. [128] have shown that investors who seek to invest in a variety of
high or low-risk financial markets may incur contingent liability. This article has tried to
examine this challenge in ALM using the mean of variance. Equations related to ALM
have been evaluated using the Hamilton–Jacobi–Bellmann equation system and assuming
continuity of time and existence of delay. In the following, the paper seeks to extract
the investment strategy and the appropriate value function for ALM and then test these
strategies using sensitivity analysis. Finally, the research results show that the investor’s
historical wealth and debt affect his investment strategy.

In research, Min et al. [129] proposed a hybrid robust portfolio model to solve one
of the biggest problems of portfolio optimization, which is conservatism. To achieve this
goal, two algorithms Long Short-Term Memory (LSTM) and eXtreme Gradient Boosting
(XGBoost) and portfolio information of 12 industries in the United States have been used.
The stated algorithms as well as two concepts of variance and value at risk have been
used to monitor and predict market movements. Also, clustering has been used to reduce
conservatism. The obtained results show that the suggested portfolios based on variance
have higher effectiveness and Sharpe ratios, and the suggested portfolios based on the
value at risk have higher returns.

Alshehri and Tayachi [130] have evaluated the management of banks’ assets and
liabilities using financial ratios (Average Total Assets, Total Equity at Average, Return on
Assets and Return on Equity) extracted from the banking system in Saudi Arabia and
Kuwait during the period 2012 to 2015. The reason for examining this issue using banking
system information is to compare the ALM of the banking system assets between these
two countries. The results show that the Saudi banking system performed better than the
Kuwaiti banking system in terms of financial ratios. Finally, the research examines the gap
ratio in the banking system of these two countries and compares them with each other, and
the results show that both banks have a negative value, which means that both banks are
more sensitive to liabilities.

In research, Owusu and Alhassan [131] analyzed the Ghanaian banking system and
used a model to assess the relationship between profit and ALM. This model is Statistical
Cost Accounting (SCA) and has examined the data of 27 banks in Ghana during the period
2007 to 2015. This article considers six groups of basic items on the right side of the balance
sheet and seven groups of basic items on the left side of banks’ balance sheets to evaluate
the model and obtain the mentioned relationship and it has categorized this information
based on the amount of profit and the type of banks. The results show that there is a



Mathematics 2023, 11, 2761 6 of 24

relationship between profitability and balance sheet items because the regression of the
composition of the groups obtained to the right and left of the balance sheet is significant
which shows the importance of Asset-Liability Management (ALM) to earn more profit and
implement better strategies. Finally, the study examines the differences between domestic
and foreign banks and how they operate. Based on the results, domestic banks performed
better in terms of return on assets, cash and foreign banks performed better in terms of
return on liabilities and fixed assets.

Today, one of the biggest concerns of bank managers is planning to deal with the
risks in banks that have been caused by various global crises. Lysiak et al. [68] have
proposed a model that analyzes banking risks and responds to these concerns. This model
is an economic-mathematical optimization model and mostly evaluates operational risk,
currency risk and credit risk. To achieve this goal, the financial information of a Polish bank
has been used. The obtained results show how much of the bank’s profit value should be
considered for this bank, and finally, it suggests important strategies to make more accurate
and correct decisions for bank managers.

Braiek et al. [132] have tried to optimize an Islamic portfolio. To achieve this goal,
ARMA-FIAPARCH and ARMA-FIGARCH models have been used. By using these models
and Mean CoVaR and according to VaR limitation, downside and upside risk, market
return and optimized portfolio have been obtained. Also, the Mean CoVaR model and the
mean-variance model have been compared. The obtained results show that systematic risk
affects the optimized portfolio. The comparison between the Mean CoVaR model and the
mean-variance model shows that the performance of the Mean CoVaR model is better than
the performance of the mean-variance model.

Due to the big financial crises that occurred in 2008 and 2019, the importance of
optimizing the portfolio of financial institutions has multiplied. In research, Li et al. [133]
seek to optimize a multi-period portfolio. In order to achieve this goal, a variable called the
securities return rate variable and restrictions such as bankruptcy, liquidity, diversification
and financing have been used. Also, by using normalization, it has been tried to obtain
maximum return and minimum risk. Finally, the modified root system growth model is
analyzed and expanded.

3. Methodology

In this section, the equations and constraints of the proposed model are described
in detail. The present research is applied research in which an attempt has been made to
present the optimal amounts of assets, liabilities and cash in proportion to the structure
of the balance sheet. Given that financial data is very diverse and extensive, it is possible
to provide many other variables in addition to balance sheet data for this study, but it
should be noted that first, the number of balance sheet variables is very large. Second,
incorporating more variables into the proposed model makes data collection difficult and
also complicates modeling. Therefore, it has been tried to use only the balance sheet as a
criterion for calculations, except for a few special cases. Based on this, the internal relations
between balance sheet variables and the relationship between balance sheet items and other
bank data are first evaluated. The methodology of the article is shown in Figure 1.

This research is conducted with a descriptive and analytical approach and will use
mathematical modeling to explain the main variables of the problem and the relationships
between them as well as optimizing the structure of the bank balance sheet. Using the main
factors affecting the structure of the bank’s balance sheet and managing various related
areas such as granting facilities, attracting deposits, profitability, liquidity, risk, etc. are
among the items that will be considered in the model. The methodology of this article has
been followed by important steps. The first step to present the model of this research is to
analyze the data in the financial documents of the bank. The main part of this research is
to understand the structure of assets and liabilities in a bank. For this purpose, past data
related to balance sheet components such as assets, liabilities, profit and loss and other
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items should be examined to formulate the problem to predict the structure of the bank’s
balance sheet using them in next years.
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Recognizing and examining the characteristics of each item of the balance sheet
separately and how it relates to other items can be considered the main step in designing
models related to balance sheet management. Accordingly, the present study follows the
analysis of balance sheet items in various formats such as reviewing the trend of previous
years and reviewing the share of each item in the overall composition of the balance
sheet. The second step is to design a mathematical model of optimization. The goals and
constraints of the first step will be presented in the form of a mathematical optimization
model with the aim of finding the best possible answers. The next steps to present the
model in this article are to solve the model and extract the optimal solutions and check the
validity of the model.

The model presented in this research is a linear optimization model. The objective
function of this model seeks to make the least changes in the assets and liabilities structure
of the balance sheet. One of the most important goals of this model is to obtain the most
feasible solution for managing the bank’s assets and liabilities by using the assets and
liabilities in the bank’s balance sheet, which can reduce the size of the balance sheet as
much as possible and achieve the best possible state.

Many items with different impact rates can be considered in the management of
the bank’s balance sheet structure, so that each of these items alone and in interaction
with each other will affect the bank’s profitability and risk. In this case and taking into
account the changing environmental conditions, it seems possible to provide an optimal
structure. Therefore, this study seeks to provide a model that the least changes in the
structure of assets and liabilities occur using the results of the analysis. In the past, there
have been conventional models that achieve the highest level of profitability of the bank at
an appropriate level of risk and taking into account the existing constraints, which causes
the balance sheet size to be very large. However, the model presented in this paper, with the
objective function based on the least changes, significantly reduces the size of the balance
sheet and examines the optimal possible case.

As shown in Figure 2, by entering the inputs into the model, which are the current
values of the bank’s balance sheet items, optimal outputs are obtained based on the con-
straints and according to the risks in the bank, which are the optimal values of the bank’s
balance sheet items.
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We are now examining the non-structural constraints of assets on the balance sheet. 
Cash is considered at least two percent of deposits:  𝐴𝑠𝑡ଵ∗ + (𝐿𝑖𝑏ଵିଶ∗ )(−𝑟ଵ) + (𝐿𝑖𝑏ଶ∗)(−𝑟ଵ)  ≥ 0.  𝑟ଵ = 0.02. (5)

Figure 2. The presentation of inputs and outputs of linear optimization model. * means the optimal
state of primary variables.

In this paper, any parameter that has an asterisk above it means its optimal state such
as Ast∗k which is the optimal state obtained from the model provided for the k-parameter
of assets on the balance sheet.

To find the optimal balance sheet of banks, it has been common for bank profits to be
calculated at a maximum, meaning that the difference between income and expenses is
maximized by the following equation:

Max{Total Revenues∗ − Total Costs∗}. (1)

But, in this article, we are going to introduce a new method that can be used a lot
in the future. In this paper, we have tried to use the following formula to minimize the
changes in the parameters in the bank’s financial statements to optimize it:

Min

(
∑n

k=1

∣∣∣∣ Ast∗k − Astk
Astk

∣∣∣∣ + ∑m
j=1

∣∣∣∣∣ Lib∗j − Libj

Libj

∣∣∣∣∣
)

. (2)

We know that the total assets on the balance sheet must be equal to the total liabilities.

Total Assets∗ − Total Liabilities∗ = 0. (3)

The following constraints on obligations for guarantees and letters of credit and other
obligations are

Ast∗x = Lib∗x.x = 13. . . . .16. (4)

We are now examining the non-structural constraints of assets on the balance sheet.
Cash is considered at least two percent of deposits:

Ast∗1 + (Lib ∗1−2
)
(−r1)+(Lib ∗2

)
(−r1) ≥ 0.r1 = 0.02. (5)

Ast∗1 ≤ 12 Ast1. (6)

Regarding the claims that the bank has from the central bank, it can be conducted in
such a way that the rate of receivables from the central bank is assumed to be 10% (r2 = 0.1).

Ast∗2−x = Ast2−x(1 + r2).x = 1. . . . .4. (7)

In the case of receivables from banks, a reasonable rate should be considered, which
can be assumed to increase the receivables by a maximum of 50% (r3 = 0.5).

Ast2−5(1− r3) ≤ Ast∗2−5 ≤ Ast2−5(1 + r3). (8)
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Regarding claims from the government, we can consider the maximum growth rate of
claims from the government as zero (r4 = 0).

Ast∗3 ≤ Ast3(1 + r4). (9)

In the case of facilities granted and claims from the public sector, the following
is evident:

Ast∗4 = Ast4. (10)

The maximum and minimum ratio of facilities to deposits in the bank should be as
follows (r5 = 0.5, r6= 1):

Ast∗5 + (Lib∗1−2)(r6) + (Lib∗2)(−r6) ≤ 0, (11)

Ast∗5 + (Lib∗1−2)(r5) + (Lib∗2)(−r5) ≥ 0. (12)

In this section, it should be mentioned that Ast5−1−X(x = 1.2. . . . .13) are thirteen types
of current facilities of the non-governmental sector and Ast5−2−X(x = 1.2. . . . .13) are thir-
teen types of non-current facilities of the non-governmental sector in the bank balance sheet,
which can be referred to facilities granted to foreign branches and repurchased participation
bonds. Ast5−2−1, Ast5−2−2, Ast5−2−3, Ast5−2−4, Ast5−2−5, Ast5−2−6, Ast5−2−7, Ast5−2−8,
Ast5−2−9, Ast5−2−10, Ast5−2−11, Ast5−2−12 and Ast5−2−13 parameters are Installment Sale
Contract, Ju’alah Contract, Hire Purchase Contract, Mudarabah Contract, Civil Partnership
Contract, Forward Contract, Debt Buying Contract, Murabahah Contract, Interest-Free
Loan Contract, Facilities Granted in Foreign Currency, Redeemed Musharaka Contract,
Debtors for Letters of Credit and Guarantees and Facilities Granted to Branches Abroad,
respectively. Also, Ast5−1−9 is the interest-free loan in the current facilities section of the
non-governmental sector and Lib1−2−2 is the savings account in the liability section.

(Ast ∗5−1−X
)
(Ast5−1) + (Ast ∗5−1

)
(Ast5−1−X)(−0.9) ≥ 0.x = 1.2. . . . .13, (13)

(Ast ∗5−1−X
)
(Ast5−1) + (Ast ∗5−1

)
(Ast5−1−X)(−1.2) ≤ 0.x = 1.2. . . . .13, (14)

(Ast ∗5−2−X
)
(Ast5−2) + (Ast ∗5−2

)
(Ast5−2−X)(−0.9) ≥ 0.x = 1.2. . . . .11, (15)

Ast∗5−1−9 − Lib∗1−2−2 + 0.0001 ≤ 0, (16)

Lib∗1−2−2 ≤ 1.5Lib1−2−2. (17)

We now evaluate the relationship between customer liabilities for guarantees and
letters of credit and bank liabilities arising from letters of guarantee and letters of credit.
Ast5−1−12 and Ast5−2−12 is the liability of others to the bank for letters of credit and
guarantees in the current and non-current facilities section. Also, Ast5−2−13 is facility
granted to branches abroad.

Ast∗5−1−12(Ast13 + Ast14) + Ast∗5−2−12(Ast13 + Ast14) + Ast∗13(−Ast5−2−12−

Ast5−1−2) + Ast∗14(−Ast5−2−12 − Ast5−1−2) = 0,
(18)

Ast∗5−1−12 + Ast∗5−2−12 − Ast∗13 − Ast∗14 + 0.0001 ≤ 0, (19)

(Ast ∗5−2−13
)
(Ast5−2) +

(
Ast∗5−2

)
(−0.1Ast5−2−13) ≥ 0. (20)
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Then, the minimum and maximum of ratios of non-current non-governmental facilities
to non-governmental facilities are examined (r7 = 0.07, r8= 0.1):

Ast∗5−2 + (Ast∗5)(−r8) ≤ 0, (21)

Ast∗5−2 + (Ast∗5)(−r7) ≥ 0. (22)

In this article, the growth rate of corporate bonds is predicted to be −10% and
the growth rate of investment in stocks and other securities is also predicted to be 10%
(r9 = −0.1, r10 = 0.1):

Ast6− 3 ∗ = Ast6− 3(1 + r9), (23)

Ast∗6 ≤ (Ast6)(1 + r10), (24)

Ast∗6 ≥ (Ast6)(1− r10). (25)

Restrictions on claims from subsidiaries and affiliates and the minimum and maximum
of this parameter as well as other accounts receivable are stated as follows (r11= 0.1, r12 = 0.8,
r13 = 0.1):

Ast∗7 ≥ Ast7(1− r11), (26)

Ast∗7 ≤ Ast7(1 + r12), (27)

Ast∗8 = Ast8(1 + r13). (28)

In the section of tangible and intangible assets and other assets, the relevant constraints
are provided as follows, and the coefficients of increase of tangible and intangible assets
are 0.3 and the coefficient increase of parameter of other assets is one (r14 = 0.3, r15 = 0.3,
r16 = 1):

Ast∗x ≥ Astx.x = 9.10.13.14.15.16, (29)

Ast∗9 ≤ Ast9(1 + r14), (30)

Ast∗10 ≤ Ast10(1 + r15), (31)

Ast∗12 ≤ Ast12(1 + r16). (32)

We now turn to the non-structural liabilities constraints and assess the bank’s liabilities
constraints to banks and other credit institutions, as well as the growth of deposits, which
is assumed to be negligible and then a parameter called OldDeposit is defined (r17 = 0).

In the following equations, Lib1−2−x(x = 1. . . . .5) is the types of customer deposits in
the bank.

0.8Lib1−1 ≤ Lib∗1−1 ≤ 1.2Lib1−1, (33)

OldDeposit = Lib1−2−1 + Lib1−2−2 + Lib1−2−3 + Lib1−2−4 + Lib1−2−5 + Lib2, (34)

Lib∗1−2−1 + Lib∗1−2−2 + Lib∗1−2−3 + Lib∗1−2−4 + Lib∗1−2−5 + Lib∗2 ≥ (OldDeposit)(1 + r17)

Lib∗1−x(−OldDeposit) + Lib∗1−2−1Lib1−x + Lib∗1−2−2Lib1−x + Lib∗1−2−3Lib1−x

+Lib∗1−2−4Lib1−x + Lib∗1−2−5Lib1−x + Lib∗2 Lib1−x = 0.x = 3. . . . .6.

(35)

It should be noted that the parameters under the Investment Deposits Equity parame-
ter change on average and are almost homogeneous.

Lib∗2−xLib2 − 0.95 Lib∗2 Lib2−x ≥ 0.x = 1. . . . .6. (36)
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Equity growth is assumed to be zero, and the constraints on the parameters of Capital,
Legal Reserve, Other Reserves and Retained Earnings are as follows (r18 = 0):

Lib∗3−1 = Lib3−1(1 + r18), (37)

Lib3−2 = Lib∗3−2 − 0.2Rev∗1 + 0.2Cst∗1 , (38)

Lib∗3−3 = Lib3−3, (39)

Lib3−5 = Lib∗3−5 − Rev∗1 + Cst∗1 . (40)

Then, the ratio of other deposits to Letters of credits and Guarantees should be
examined. Lib1−2−3 is Cash Deposit of Guarantees and Lib1−2−4 is Prepayment of Letters
of Credit. Also, it should be remembered here that Lib1−2−1, Lib1−2−2 and Lib1−2−5 are
Current Accounts, Savings Accounts and Other, respectively.

Lib∗1−2−3(−Ast14) + Ast∗14Lib1−2−3 = 0, (41)

Lib∗1−2−4(−Ast13) + Ast∗13Lib1−2−4 = 0. (42)

Restrictions on bank income from new facilities based on a distribution factor of 7.2%
are as follows (r19 = 0.072). Rev1−1−1−x(x = 1. . . . .13) are thirteen types of granted facility
income available in the Profit and Loss Statement of the bank.Ast5−1−x(x = 1. . . . .13) are
thirteen types of non-governmental sector current facilities are on the bank’s balance sheet.
Rev1−1−2−1 is the legal deposit bonus (depositors and bank share) and Rev1−1−2−2 is the
interest on time deposits. Rev1−1−3−x(x = 1. . . . .16) are sixteen types of fee income.

Rev∗1−1−1−x + Ast∗5−1−x(−r19) = Rev1−1−1−x − Ast5−1−x(r19).x = 1. . . . .8, (43)

Rev∗1−1−1−9 Ast5−1−8 − Rev1−1−1−8 Ast∗5−1−8 = 0, (44)

−Rev∗1−1−1−10+0.2 Ast∗3 = 0, (45)

−Rev∗1−1−1−11 − Rev∗1−1−1−12+0.0775 Ast∗5−2−12 = 0, (46)

0.9 Rev1−1−1−13 ≤ Rev∗1−1−1−13 ≤0.11 Rev1−1−1−13, (47)

−Rev∗1−1−2−1 +

(
Ast∗11Rev1−1−2−1

Ast11

)
= 0, −Rev∗1−1−2−2 +

(
Ast∗2 Rev1−1−2−2

Ast2

)
= 0, (48)

−Rev∗1−1−3−1 +

(
Ast∗5−1−9Rev1−1−3−1

Ast5−1−9

)
= 0, −Rev∗1−1−3−2 +

(
Ast∗13Rev1−1−3−2

Ast13

)
= 0, (49)

−Rev∗1−1−3−3 +

(
Ast∗14Rev1−1−3−3

Ast14

)
= 0, −Rev∗1−1−3−4 +

(
Lib∗1−2−1Rev1−1−3−4

Lib1−2−1

)
= 0 (50)

−Rev∗1−1−3−5 +

(
Lib∗1−2Rev1−1−3−5

Lib1−2

)
= 0, −Rev∗1−1−3−6 +

(
Lib∗1−2Rev1−1−3−6

Lib1−2

)
= 0, (51)

−Rev∗1−1−3−7 +

(
Lib∗1−2Rev1−1−3−7

Lib1−2

)
= 0, −Rev∗1−1−3−8 +

(
Ast∗5−1Rev1−1−3−8

Ast5−1

)
= 0, (52)
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−Rev∗1−1−3−9 +

(
Ast∗5−1Rev1−1−3−9

Ast5−1

)
= 0, −Rev∗1−1−3−10 +

(
Lib∗1−2Rev1−1−3−10

Lib1−2

)
= 0, (53)

−Rev∗1−1−3−11 +

(
Ast∗5 Rev1−1−3−11

Ast5

)
= 0,−Rev∗1−1−3−12 +

(
Lib∗1−2−1Rev1−1−3−12

Lib1−2−1

)
= 0, (54)

−Rev∗
1− 1− 3− 13

+

(
Ast∗5−1Rev1−1−3−13

Ast5−1

)
= 0,−Rev∗

1− 1− 3− 14
+

(
Ast∗6−3Rev1−1−3−14

Ast6−3

)
= 0, (55)

−Rev∗1−1−3−15 +

(
Lib∗1−2Rev1−1−3−15

Lib1−2

)
= 0,−Rev∗1−1−3−16 +

(
Lib∗1−2Rev1−1−3−16

Lib1−2

)
= 0. (56)

Then, constraints related to net investment profit and loss, other operating income
and other net income and expenses in the bank’s financial statements are evaluated.

−Rev∗
1− 1− 4

+ Ast∗6−3

(
Rev1−1−4

Ast6−3 + Ast6

)
+ Ast∗6

(
Rev1−1−4

Ast6−3 + Ast6

)
= 0, (57)

Rev∗
1− 2− 1

(Ast9 + Ast10) + Ast∗9(−Rev1−2−1) + Ast∗10(−Rev1−2−1) = 0. (58)

One of the costs of a bank is the cost of interest on deposits. It should be noted that part
of the interest on deposits is a continuation of last year’s deposits and the part related to
new deposits which are given the following average interest rates according to the deposit
distribution structure (r20 = 0.05, r21 = 0.075, r22 = 0.05).

Cst∗
1− 1− 1

− r21Lib∗2−1 − r20Lib∗2−2 − r20Lib∗2−3 − r22Lib∗2−4 − r22Lib∗2−5 − r22Lib∗2−6

= Cst1−1−1 − r21Lib2−1 − r20Lib2−2 + Lib2−3 − r22Lib2−4.

(59)

In this section, the constraints related to other parameters related to income and
expenses in the bank’s financial statements are evaluated. Cst1−2−5−1 is the cost of this
year’s tax.

−Cst∗
1− 1− 2

+ Lib∗17

(
Cst1−1−2

Lib17

)
= 0, −Cst∗

1− 2− 1
+ Lib∗17

(
Cst1−2−1

Lib17

)
= 0

−Cst∗
1− 2− 2

+ Ast∗5−2

(
Cst1−2−2

Ast5−2

)
= 0, −Cst∗

1− 2− 3
+ Lib∗1−1

(
Cst1−2−3

Lib1−1

)
= 0

Cst∗
1− 2− 4

(−(Ast9 + Ast10)) + Ast∗9Cst1−2−4 + Ast∗10Cst1−2−4

−Cst∗
1− 2− 5− 1

+
(

Rev∗
1

Cst1−2−5−1
Rev1

)
= 0

(60)

Cst∗
1− 2− 5− 2

= Cst1−2−5, (61)
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Rev∗
1− 1− x

Rev1 + Rev∗
1
(0.8Rev1−1−x) ≥ 0.x = 1. . . . .6, (62)

Rev∗
1− 1− 3

≥ 1.1Rev1−1−3. (63)

In 2017, the legal deposit rate notified to Bank Mellat was equal to 12.2 and 10 percent.
A maximum of 2% of the deposit can be kept in cash instead of the legal deposit (r23 = 0.122,
r24 = 0.1). The amount of cash in the bank fund is displayed with F and the amount of legal
deposit with the central bank is displayed with D. Lib1−2−x(x = 1. . . . .5) are five types of
customer deposits.

(1.06)(r23)Lib∗1−2−1 + (1.06)(r24)Lib∗1−2−2 + (1.06)(r23)Lib∗1−2−3

+(1.06)(r23)Lib∗1−2−4 + (1.06)(r23)Lib∗1−2−5 + (1.06)(r23)Lib∗2−1

+(1.06)(r23)Lib∗2−2 + (1.06)(r23)Lib∗2−3 + (1.06)(r23)Lib∗2−4

+(1.06)(r23)Lib∗2−5 + (1.06)(r23)Lib∗2−6−Ast∗11 = F + D,

(64)

−0.9 Ast∗17 + Ast∗2 + Ast∗3 + Ast∗4 + Ast∗5 + Ast∗6 + Ast∗7 + Ast∗8 ≤ 0, (65)

−0.8 Ast∗17 + Ast∗2 + Ast∗3 + Ast∗4 + Ast∗5 + Ast∗6 + Ast∗7 + Ast∗8 ≥ 0. (66)

The objective function is as follows:

Min

(
∑n

k=1

∣∣∣∣ Ast∗k − Astk
Astk

∣∣∣∣ + ∑m
j=1

∣∣∣∣∣ Lib∗j − Libj

Libj

∣∣∣∣∣
)

. (67)

The various variables in the balance sheet and profit and loss statement of the bank as
well as the model are fully defined in Table 1.

Table 1. Description of Model Variables.

Variable Description

Assets

Ast1 Cash

Ast2
Receivables from banks and other

credit institutions

Ast2−1 Central Bank—Past Currency Liabilities
Ast2−2 Central Bank—Overnight withdrawals from accounts
Ast2−3 Central Bank of Shaparak Transactions
Ast2−4 Central Bank—Government Deposits

Ast2−5
Facilities Granted to Other Banks and Credit

Institutions (Overnight Interbank)
Ast2−6 Other

Ast3 Claims from the Government

Ast4 Facilities Granted and Claims from the Public Sector

Ast5
Facilities Granted and Claims from

the Non-Governmental Sector
Ast5−1 Current Facilities of the Non-Governmental Sector
Ast5−2 Non-Current Facilities of the Non-Governmental Sector

Ast6
Investing in stocks and

other securities

Ast6−1 Stocks
Ast6−2 Other Non-Government Securities
Ast6−3 Other Government Securities

Ast7 Claims on Subsidiaries and Affiliates

Ast8 Other Accounts Receivable
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Table 1. Cont.

Variable Description

Assets

Ast9 Tangible Fixed Assets

Ast10 Intangible Assets

Ast11 Legal Deposit
Ast11−1 Savings Deposits
Ast11−2 Free Zone Branch Deposits
Ast11−3 Other

Ast12 Other Assets

Ast12−1 Customer Liability for Long-term Letters of Credit
Ast12−2 Proprietary Documents
Ast12−3 Assets Ready for Sale
Ast12−4 Other

Ast13 Customer Liabilities for Letters of Credit

Ast14 Customer Obligations for Guarantees

Ast15 Other Obligations

Ast16 Managed Funds and Similar Items

Ast17 Total Assets

Liabilities

Lib1 Total Liability Before Equity

Lib1−1 Liability to Banks and Other Credit Institutions
Lib1−2 Customer Deposits
Lib1−3 Dividends Payout
Lib1−4 Performance Tax Reserve
Lib1−5 Reserves and Other Liabilities

Lib1−6
Allocation of Rial Sector Resources to Foreign

Exchange Sector
Lib1−7 Provision for Staff Termination Benefits

Lib2 Investment Deposits Equity

Lib2−1 Long-term Investment Deposits
Lib2−2 Short-term Investment Deposits
Lib2−3 Special Short-term Investment Deposits
Lib2−4 Investment Deposits Received from Banks
Lib2−5 Interest Payable on Short-term Deposits
Lib2−6 Interest Payable on Long-term Deposits

Lib3 Equity

Lib3−1 Capital
Lib3−2 Legal Reserve
Lib3−3 Other Reserves
Lib3−4 Foreign Exchange Differences
Lib3−5 Retained Earnings
Lib3−6 Asset Revaluation Surplus

Lib13 Bank Liabilities for Letters of Credit

Lib14 Bank Obligations for Guarantees

Lib15 Other Obligations

Lib16 Managed Funds and Similar Items

Lib17 Total Liabilities

Revenues

Rev1−1 Operating Income

Rev1−1−1 Granted Facilities Income
Rev1−1−2 Deposit Income and Bonds
Rev1−1−3 Fee Income
Rev1−1−4 Net Investment Profit and Loss
Rev1−1−5 Net Foreign Exchange Profit and Loss
Rev1−1−6 Other Operating Income

Rev1−2 Non-Operating Income Rev1−2−1 Net Other Income and Expenses
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Table 1. Cont.

Variable Description

Costs

Cst1−1 Operational Cost Cst1−1−1 Deposit Interest Cost
Cst1−1−2 Fee Cost

Cst1−2 Non-Operating Costs

Cst1−2−1 Administrative and General Expenses
Cst1−2−2 Cost of Bad Debts
Cst1−2−3 Financial Expenses
Cst1−2−4 Depreciation Cost
Cst1−2−5 Tax Cost
Cst1−2−6 Other Costs

4. Results

In this section, the results obtained from the proposed model are displayed based on
the financial information of one of the largest Iranian banks.

The proposed and optimized amounts of each of the bank’s balance sheet items,
revenues and expenses are shown in Tables 2 and 3 based on the new model presented in
this article and using the information of a famous bank in Iran in 2019. Table 2 shows the
proposed balance sheet of the bank that model is presented. Based on this balance sheet,
bank managers can pay more attention to the management of bank assets and liabilities,
which by its nature is the management of the balance sheet.

Table 2. Actual and Optimal Values of Balance Sheet Items in Dollars.

Assets Liabilities

Asset Variables Optimal Values Actual Values Liability Variables Optimal Values Actual Values

Ast1 214,521,652 310,229,372 Lib1 9,825,662,400 3,624,873,156
Ast2 1,277,251,120 474,827,460 Lib1−1 1,523,196,200 130,097,592

Ast2−1 159,046,252 0 Lib1−1−1 0 0
Ast2−2 11,163,266 10,148,424 Lib1−1−2 0 16,723,760
Ast2−3 281,701 256,092 Lib1−1−3 0 78,127,308
Ast2−4 17,065,673 15,514,248 Lib1−1−4 0 25,412,684
Ast2−5 671,967,000 447,978,000 Lib1−1−5 0 9,767,496
Ast2−6 417,727,240 930,696 Lib1−1−6 1,523,196,200 66,344

Ast3 638,046,720 638,046,712 Lib1−2 4,826,737,200 3,146,697,924
Ast4 6,403,239,200 23,338,672 Lib1−2−1 0 1,918,006,484
Ast5 5,544,497,200 4,531,427,724 Lib1−2−2 1,097,930,800 588,519,528

Ast5−1 5,156,382,400 4,334,705,352 Lib1−2−3 98,715,844 61,378,536
Ast5−2 388,114,816 196,722,372 Lib1−2−4 244,550,368 9,069,424

Ast6 317,767,000 256,771,028 Lib1−2−5 3,385,540,160 569,723,952
Ast6−1 0 88,013,264 Lib1−3 146,056 146,056
Ast6−2 172,728,608 7,603,992 Lib1−4 93,996,416 93,996,416
Ast6−3 145,038,396 161,153,772 Lib1−5 3,381,586,360 107,123,372

Ast7 203,070,304 111,670,728 Lib1−6 0 −1,995,141,349
Ast8 194,836,108 165,794,888 Lib1−7 0 146,811,796
Ast9 982,591,440 755,839,560 Lib2 5,899,345,600 5,310,967,584
Ast10 87,738,076 67,490,828 Lib2−1 2,711,129,440 2,490,780,188
Ast11 1,108,973,240 1,008,837,668 Lib2−2 2,702,175,480 2,784,167,288

Ast11−1 0 996,610,412 Lib2−3 150 −51,368,756
Ast11−2 0 12,227,256 Lib2−4 119,109,664 21,281,912
Ast11−3 1,108,973,240 0 Lib2−5 18,695,200 17,504,168

Ast12 241,701,736 −12,596,952 Lib2−6 348,235,468 48,602,784
Ast12−1 0 33,468,860 Lib3 1,489,226,400 1,390,978,289
Ast12−2 0 51,881,480 Lib3−1 200,000,000 200,000,000
Ast12−3 0 12,538,896 Lib3−2 277,311,904 157,311,904
Ast12−4 241,701,736 −110,486,188 Lib3−3 320,351,400 320,351,400
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Table 2. Cont.

Assets Liabilities

Asset Variables Optimal Values Actual Values Liability Variables Optimal Values Actual Values

Ast13 1,393,507,880 208,838,912 Lib3−4 0 0
Ast14 1,452,764,480 756,409,460 Lib3−5 691,563,120 85,143,533
Ast15 1,485,988,280 759,366,252 Lib3−6 0 628,171,452
Ast16 1,318,836,720 8,492,500 Lib13 1,393,507,880 208,838,912
Ast17 17,214,234,000 8,331,677,688 Lib14 1,452,764,480 756,409,460

Lib15 1,485,988,280 759,366,252
Lib16 1,318,836,720 8,492,500

Table 3. Actual and optimal values of revenue and cost items in dollars.

Revenues Costs

Revenue Variables Optimal Values Actual Values Cost Variables Optimal Values Actual Values

Rev1 2,076,628,360 1,616,378,376 Cst1 1,476,628,360 1,515,936,972
Rev1−1 1,967,804,360 1,532,667,608 Cst1−1 668,823,120 675,106,200

Rev1−1−1 792,082,520 805,051,156 Cst1−1−1 615,069,600 619,853,088
Rev1−1−2 1,002,935,520 197,988,452 Cst1−1−2 53,753,496 55,253,112
Rev1−1−3 83,625,080 76,022,800 Cst1−2 807,805,240 840,830,772
Rev1−1−4 13,744,786 13,365,456 Cst1−2−1 342,885,944 352,451,792
Rev1−1−5 62,215,456 427,038,752 Cst1−2−2 212,653,944 279,727,912
Rev1−1−6 13,200,992 13,200,992 Cst1−2−3 18,201,837 22,752,296

Rev1−2 108,824,000 83,710,768 Cst1−2−4 14,261,920 10,970,708
Rev1−2−1 108,824,000 83,710,768 Cst1−2−5 219,801,596 174,928,064

Cst1−2−6 0 0

Given that one of the most important goals of assets and liabilities management is
liquidity risk management, the optimal amount of Cash shown in Table 2 is the proposed
amount of USD 214,521,652, which is about 30% less than the actual amount in the year
under review. Reducing the amount of liquidity to this amount, in addition to showing the
impact of the objectives of controlling the risks in the bank on the proposed model, also
reminds the realities of the money market. Also, due to the special economic conditions
of Iran, bank deposits have undergone structural changes and the status of deposits has
become weaker. The Receivables from Banks and Other Credit Institutions parameter on
the proposed balance sheet is USD 1,277,251,120 and has grown about three times the
actual amount. The Claims from the Government parameter has not changed much in the
proposed balance sheet and the actual value of this parameter is very close to the optimal
value. The Facilities Granted and Claims from the Public Sector parameter and the Granted
and Claims Facilities from the Non-Governmental Sector parameter in the proposed balance
sheet are USD 6,403,239,200 and USD 5,544,497,200, respectively. Interestingly, the Facilities
Granted and Claims from the Public Sector parameter has grown about thirty times its
actual value. Another parameter that is growing much larger than its real value is the
Non-Government Securities parameter, which is USD 172,728,608 in Table 2, which is about
23 times, and suggests that the bank’s assets in the area of investment in non-government
securities should increase 23 times next year.

In terms of liabilities, it should be noted that the Total Liability before Equity pa-
rameter should be about tripled and the Bank Liabilities for Letters of Credit parameter
should be seven times the current amount to experience the best for managing the bank’s
assets and Liabilities. Another point that can be seen in Table 2 is that the parameters
of Allocation of Rial Sector Resources to the Foreign Exchange Sector, Provision for Staff
Termination Benefits, Foreign Exchange Differences and Asset Revaluation Surplus are
optimally suggested to have zero values.
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Table 3 shows the actual and optimal values of the bank’s revenues and costs, and
the value of the total revenue parameter of the bank is proposed at USD 2,076,628,360,
which is a growth of about 25% compared to the actual amount. The Operating Income
and Non-Operating Income parameters are at USD 1,967,804,360 and USD 108,824,000 in
Table 3, respectively, and both show growth of around 30%. It is noteworthy that important
parameters such as Operational Cost and Non-Operating Costs in the cost section have not
changed much and have remained almost constant.

5. Conclusions and Future Research Directions

Today, banks are looking for a way to invest their assets over time to gain a satisfactory
level of profit by taking into account uncertainties, various bottlenecks and committed
liabilities. Assets and liabilities management is the area that answers the above question.
Assets and liabilities management includes a set of technical tools and methods that control
risks according to value to shareholders and being in control. One of the most important
tasks of banks is to manage assets and liabilities with the aim of maximizing returns and
minimizing risk. Therefore, it is very important for banks to pay attention to domestic and
foreign laws and regulations. One of the challenges facing banks in assets and liabilities
management is managing liquidity and default risks. In this regard, this article seeks
a new model that best defines and optimizes balance sheet items with respect to the
subject of assets and liabilities management. A large number of constraints have been used
to achieve the desired model, and according to these constraints and the new objective
function defined in the model, the proposed balance sheet and the proposed profit and
loss statement have been obtained where specific values are suggested for all variables.
Today, the growing trend of change in world banking from the expansion of balance sheet
items to a focus on return on capital and risk control has made the knowledge of assets
and liabilities management a necessity for bank managers to respond to profit results. The
importance of assets and liabilities management can be summarized in the fact that banks
are financial institutions that must create a balance between resources and expenses or costs
and income from their activities that can continue their financial life in the market while
maintaining Asset value, increase efficiency and effectiveness of revenues and expenses. In
this article, we have tried to evaluate the important items of the balance sheet and profit
and loss statement of a reputable bank in Iran by presenting a new model, and we have
sought to determine the optimal amounts of important items of the balance sheet and profit
and loss statement of the bank and to achieve this goal, we have used Python software
to analyze the model and financial information of the bank. In the results section, the
actual values and the optimal values of the items are shown in Tables 2 and 3. According
to the results, it is obvious that the performance of the bank managers is significantly
different from the optimal balance sheet values, especially in the management of bank
assets. The obtained results show that after optimizing the elements of the balance sheet,
the amounts of cash, Receivables from Banks and Other Credit Institutions, Facilities
Granted and Claims from the Public Sector, Granted and Claims Facilities from the Non-
Governmental Sector and Non-Government Securities. It reached USD 214,521,652, USD
1,277,251,120, USD 6,403,239,200, USD 5,544,497,200 and USD 172,728,608, respectively. It is
worth mentioning that the amounts of cash and Receivables from Banks and Other Credit
Institutions have decreased by 30% and increased by 200% compared to the actual amount.
Another thing that should be mentioned is that The Claims from the Government parameter
have not changed significantly compared to the actual value. Also, the values of parameters
of Allocation of Rial Sector Resources to Foreign Exchange Sector, Provision for Staff
Termination Benefits, Foreign Exchange Differences and Asset Revaluation Surplus have
reached zero after optimization. The results obtained from the profit and loss statement,
Nissan says that after optimization, the amounts of total income, Operating Income and
Non-Operating Income have reached USD 2,076,628,360, USD 1,967,804,360 and USD
108,824,000, respectively, which compared to the actual values, all three. The parameter
has grown by about thirty percent. Although the coefficients used in the proposed model
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are based on the monetary policies of one of the largest Iranian banks. But, one of the
limitations of optimizing the parameters of this article for asset and liability management is
that the range of changes of some parameters are considered less and more reasonable. For
future research directions, it is suggested that balance sheet items be optimized for each
of the banks in the banking system or the entire banking system. At the end, for future
research, the effects of data ambiguity and uncertainty in asset-liability management can be
considered [134–142]. For this purpose, the popular and applicable uncertain programming
approaches such as fuzzy optimization [143–164] and robust optimization [165–181] can be
used to deal with uncertainty of data.
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42. Zabala Aguayo, F.; Ślusarczyk, B. Risks of Banking Services’ Digitalization: The Practice of Diversification and Sustainable

Development Goals. Sustainability 2020, 12, 4040. [CrossRef]
43. Tran, S.H.; Nguyen, L. Financial Development, Business Cycle and Bank Risk in Southeast Asian Countries. J. Asian Financ. Econ.

Bus. 2020, 7, 127–135. [CrossRef]
44. Nicola, G.; Cerchiello, P.; Aste, T. Information Network Modeling for U.S. Banking Systemic Risk. Entropy 2020, 22, 1331.

[CrossRef]

https://doi.org/10.1016/j.jeconbus.2017.12.004
https://doi.org/10.1016/j.jfs.2016.01.005
https://doi.org/10.3390/su15054409
https://doi.org/10.3390/su14084797
https://doi.org/10.3390/su142215318
https://doi.org/10.3390/math10193660
https://doi.org/10.1016/j.jbankfin.2013.04.031
https://doi.org/10.3390/jrfm15050224
https://doi.org/10.3390/su14063512
https://doi.org/10.3390/risks9100180
https://doi.org/10.3390/jrfm14010027
https://doi.org/10.3390/jrfm14030110
https://doi.org/10.3390/su13147954
https://doi.org/10.1016/j.econmod.2020.02.005
https://doi.org/10.3390/su13179871
https://doi.org/10.3390/jrfm14030111
https://doi.org/10.3390/math9192423
https://doi.org/10.3390/jrfm14030138
https://doi.org/10.3390/su12156107
https://doi.org/10.3390/risks8030094
https://doi.org/10.1016/j.ribaf.2019.101177
https://doi.org/10.3390/economies8030075
https://doi.org/10.1016/j.frl.2019.101328
https://doi.org/10.3390/su12135325
https://doi.org/10.3390/risks8010005
https://doi.org/10.1016/j.intfin.2020.101242
https://doi.org/10.3390/su12104040
https://doi.org/10.13106/jafeb.2020.vol7.no3.127
https://doi.org/10.3390/e22111331


Mathematics 2023, 11, 2761 20 of 24

45. Nguyen, K.H.N. Revenue Diversification, Risk and Bank Performance of Vietnamese Commercial Banks. J. Risk Financ. Manag.
2019, 12, 138. [CrossRef]

46. Elamer, A.A.; Ntim, C.G.; Abdou, H.A. The Impact of Multi-Layer Governance on Bank Risk Disclosure in Emerging Markets:
The Case of Middle East and North Africa. In Accounting Forum; Routledge: Abingdon-on-Thames, UK, 2019; Volume 43,
pp. 246–281. [CrossRef]

47. Galletta, S.; Mazzù, S. Liquidity Risk Drivers and Bank Business Models. Risks 2019, 7, 89. [CrossRef]
48. Munkhdalai, L.; Munkhdalai, T.; Namsrai, O.E.; Lee, J.Y.; Ryu, K.H. An Empirical Comparison of Machine-Learning Methods on

Bank Client Credit Assessments. Sustainability 2019, 11, 699. [CrossRef]
49. Leo, M.; Sharma, S.; Maddulety, K. Machine Learning in Banking Risk Management: A Literature Review. Risks 2019, 7, 29.

[CrossRef]
50. Siddika, A.; Haron, R. Capital regulation and ownership structure on bank risk. J. Financ. Regul. Compliance 2019, 28, 39–56.

[CrossRef]
51. Angori, G.H.; Aristei, D.; Gallo, M. Determinants of Banks’ Net Interest Margin: Evidence from the Euro Area during the Crisis

and Post-Crisis Period. Sustainability 2019, 11, 3785. [CrossRef]
52. Dan Dang, V. Should Vietnamese Banks Need More Equity? Evidence on Risk-Return Trade-Off in Dynamic Models of Banking.

J. Risk Financ. Manag. 2019, 12, 84. [CrossRef]
53. Chen, S.; Nazir, M.I.; Hashmi, S.H.; Shaikh, R. Bank Competition, Foreign Bank Entry, and Risk-Taking Behavior: Cross Country

Evidence. J. Risk Financ. Manag. 2019, 12, 106. [CrossRef]
54. Al Rahahleh, N.; Bhatti, M.I.; Misman, F.N. Developments in Risk Management in Islamic Finance: A Review. J. Risk Financ.

Manag. 2019, 12, 37. [CrossRef]
55. Jumreornvong, S.; Chakreyavanich, C.H.; Treepongkaruna, S.; Jiraporn, P. Capital Adequacy, Deposit Insurance, and the Effect of

Their Interaction on Bank Risk. J. Risk Financ. Manag. 2018, 11, 79. [CrossRef]
56. Zhang, X.; Li, F.; Li, Z.H.; Xu, Y. Macroprudential Policy, Credit Cycle, and Bank Risk-Taking. Sustainability 2018, 10, 3620.

[CrossRef]
57. Yüksel, S.; Mukhtarov, S.H.; Mammadov, E.; Özsarı, M. Determinants of Profitability in the Banking Sector: An Analysis of

Post-Soviet Countries. Economies 2018, 6, 41. [CrossRef]
58. Cui, Y.; Geobey, S.; Weber, O.; Lin, H. The Impact of Green Lending on Credit Risk in China. Sustainability 2018, 10, 2008.

[CrossRef]
59. Ashraf, B.N.; Arshad, S.; Yan, L. Trade Openness and Bank Risk-Taking Behavior: Evidence from Emerging Economies. J. Risk

Financ. Manag. 2017, 10, 15. [CrossRef]
60. Giordana, G.A.; Schumacher, I. An Empirical Study on the Impact of Basel III Standards on Banks’ Default Risk: The Case of

Luxembourg. J. Risk Financ. Manag. 2017, 10, 8. [CrossRef]
61. Ashraf, B.N.; Arshad, S.; Hu, Y. Capital Regulation and Bank Risk-Taking Behavior: Evidence from Pakistan. Int. J. Financ. Stud.

2016, 4, 16. [CrossRef]
62. Härle, P.H.; Havas, A.; Samandari, H. The Future of Bank Risk Management; McKinsey Company: New York, NY, USA, 2016.
63. Pakhchanyan, S. Operational Risk Management in Financial Institutions: A Literature Review. Int. J. Financ. Stud. 2016, 4, 20.

[CrossRef]
64. Gavalas, D.; Syriopoulos, T.H. Bank Credit Risk Management and Rating Migration Analysis on the Business Cycle. Int. J. Financ.

Stud. 2014, 2, 122–143. [CrossRef]
65. Li, J.; Liang, C.H.; Zhu, X.; Sun, X.; Wu, D. Risk Contagion in Chinese Banking Industry: A Transfer Entropy-Based Analysis.

Entropy 2013, 15, 5549–5564. [CrossRef]
66. Manganelli, S.; Altunbas, Y.; Marqués-Ibáñez, D. Bank Risk during the Financial Crisis: Do Business Models Matter? Working Paper

Series 1394; European Central Bank: Frankfurt, Germany, 2011. [CrossRef]
67. Inanoglu, H.; Jacobs, M. Models for Risk Aggregation and Sensitivity Analysis: An Application to Bank Economic Capital. J. Risk

Financ. Manag. 2009, 2, 118–189. [CrossRef]
68. Lysiak, L.; Masiuk, I.; Chynchyk, A.; Yudina, O.; Olshanskiy, O.; Shevchenko, V. Banking Risks in the Asset and Liability

Management System. J. Risk Financ. Manag. 2022, 15, 265. [CrossRef]
69. Li, X.; Lu, T.; Lin, J.H. Bank Interest Margin and Green Lending Policy under Sunflower Management. Sustainability 2022,

14, 8643. [CrossRef]
70. Chen, S.H.; Huang, F.W.; Lin, J.H. Borrowing-Firm Emission Trading, Bank Rate-Setting Behavior, and Carbon-Linked Lending

under Capital Regulation. Sustainability 2022, 14, 6633. [CrossRef]
71. Jiang, B.; Tzavellas, H.; Yang, X. Deposit Competition, Interbank Market, and Bank Profit. J. Risk Financ. Manag. 2022, 15, 194.

[CrossRef]
72. Batrancea, L.M. An Econometric Approach on Performance, Assets, and Liabilities in a Sample of Banks from Europe, Israel,

United States of America, and Canada. Mathematics 2021, 9, 3178. [CrossRef]
73. Simões, C.; Oliveira, L.; Bravo, J.M. Immunization Strategies for Funding Multiple Inflation-Linked Retirement Income Benefits.

Risks 2021, 9, 60. [CrossRef]
74. Orlando, G.; Bace, E. Challenging Times for Insurance, Banking and Financial Supervision in Saudi Arabia (KSA). Adm. Sci. 2021,

11, 62. [CrossRef]

https://doi.org/10.3390/jrfm12030138
https://doi.org/10.1080/01559982.2019.1576577
https://doi.org/10.3390/risks7030089
https://doi.org/10.3390/su11030699
https://doi.org/10.3390/risks7010029
https://doi.org/10.1108/JFRC-02-2019-0015
https://doi.org/10.3390/su11143785
https://doi.org/10.3390/jrfm12020084
https://doi.org/10.3390/jrfm12030106
https://doi.org/10.3390/jrfm12010037
https://doi.org/10.3390/jrfm11040079
https://doi.org/10.3390/su10103620
https://doi.org/10.3390/economies6030041
https://doi.org/10.3390/su10062008
https://doi.org/10.3390/jrfm10030015
https://doi.org/10.3390/jrfm10020008
https://doi.org/10.3390/ijfs4030016
https://doi.org/10.3390/ijfs4040020
https://doi.org/10.3390/ijfs2010122
https://doi.org/10.3390/e15125549
https://doi.org/10.2139/ssrn.1945143
https://doi.org/10.3390/jrfm2010118
https://doi.org/10.3390/jrfm15060265
https://doi.org/10.3390/su14148643
https://doi.org/10.3390/su14116633
https://doi.org/10.3390/jrfm15050194
https://doi.org/10.3390/math9243178
https://doi.org/10.3390/risks9040060
https://doi.org/10.3390/admsci11030062


Mathematics 2023, 11, 2761 21 of 24

75. Bayliss, C.H.; Serra, M.; Nieto, A.; Juan, A.A. Combining a Matheuristic with Simulation for Risk Management of Stochastic
Assets and Liabilities. Risks 2020, 8, 131. [CrossRef]

76. Bidabad, B.; Allahyarifard, M. Assets and Liabilities Management in Islamic Banking. Int. J. Islam. Bank. Financ. Res. 2019,
3, 32–43. [CrossRef]

77. Dutta, G.; Rao, H.V.; Basu, S.; Tiwari, M.K. Asset liability management model with decision support system for life insurance
companies: Computational results. Comput. Ind. Eng. 2019, 128, 985–998. [CrossRef]

78. Sgambati, S. The art of leverage: A study of bank power, money-making and debt finance. Rev. Int. Political Econ. 2019, 26,
287–312. [CrossRef]

79. Erwin, K.; Abubakar, E.; Muda, I. The relationship of lending, funding, capital, human resource, asset liability management to
non-financial sustainability of rural banks (BPRs) in Indonesia. J. Appl. Econ. Sci. 2018, 13, 520–542.

80. Boateng, K. Credit Risk Management and Performance of Banks in Ghana: The ‘Camels’ Rating Model Approach. Int. J. Bus.
Manag. Invent. 2018, 8, 41–48.

81. Anagnostopoulos, T.H.; Skouloudis, A.; Han, N.; Evangelinos, K. Incorporating Sustainability Considerations into Lending
Decisions and the Management of Bad Loans: Evidence from Greece. Sustainability 2018, 10, 4728. [CrossRef]

82. Riet, A.V. The ECB’s Fight against Low Inflation: On the Effects of Ultra-Low Interest Rates. Int. J. Financ. Stud. 2017, 5, 12.
[CrossRef]

83. Badeeb, R.A.; Lean, H.H. Natural Resources and Productivity: Can Banking Development Mitigate the Curse? Economies 2017,
5, 11. [CrossRef]

84. Anderson-Parson, J.A.; Keasler, T.R.; Byerly, R.T. Bond Indenture Consent Solicitations as a Debt Management Tool. Int. J. Financ.
Stud. 2015, 3, 230–243. [CrossRef]

85. Dragoe, S.; Oprean-Stan, C. A New International Monetary System on the Horizon? Econ. Comput. Econ. Cybern. Stud. Res. 2018,
52, 89–105. [CrossRef]

86. Bucur, A.; Dobrotă, G.; Oprean-Stan, G.; Tănăsescu, C. Economic and Qualitative Determinants of the World Steel Production.
Metals 2017, 7, 163. [CrossRef]

87. Dsouza, S.; Rabbani, M.R.; Hawaldar, I.T.; Jain, A.K. Impact of Bank Efficiency on the Profitability of the Banks in India: An
Empirical Analysis Using Panel Data Approach. Int. J. Financ. Stud. 2022, 10, 93. [CrossRef]

88. Neves, M.E.D.; Gouveia, M.D.C.; Proenca, C.A.N. European Bank’s Performance and Efficiency. J. Risk Financ. Manag. 2020,
13, 67. [CrossRef]

89. Dewasurendra, S.; Judice, P.; Zhu, Q. The Optimum Leverage Level of the Banking Sector. Risks 2019, 7, 51. [CrossRef]
90. Barmuta, K.; Ponkratov, V.; Maramygin, M.; Kuznetsov, N.; Ivlev, V.; Ivleva, M. Mathematical Model of Optimizing the Balance

Sheet Structure of the Russian Banking System with Allowance for The Foreign Exchange Risk Levels. Entrep. Sustain. Issues
2019, 7, 1. [CrossRef]

91. Almaqtari, F.A.; Al-Homaidi, E.A.; Tabash, M.I.; Farhan, N.H. The determinants of profitability of Indian commercial banks: A
panel data approach. Int. J. Financ. Econ. 2019, 24, 168–185. [CrossRef]

92. Barik, D.N.; Chakrabarty, S.P. Does Limited Liability Reduce Leveraged Risk? The Case of Loan Portfolio Management. J. Risk
Financ. Manag. 2022, 15, 519. [CrossRef]

93. Murtza, I.; Saadia, A.; Basri, R.; Imran, A.; Almuhaimeed, A.; Alzahrani, A. Forex Investment Optimization Using Instantaneous
Stochastic Gradient Ascent—Formulation of an Adaptive Machine Learning Approach. Sustainability 2022, 14, 15328. [CrossRef]

94. Tran, K.L.; Le, H.A.; Nguyen, T.H.H.; Nguyen, D.T. Explainable Machine Learning for Financial Distress Prediction: Evidence
from Vietnam. Data 2022, 7, 160. [CrossRef]

95. Yang, C.H.; Shen, W. Non-Financial Enterprises’ Shadow Banking Business and Total Factor Productivity of Enterprises. Sustain-
ability 2022, 14, 8150. [CrossRef]

96. Reis, P.M.N.; Pinto, A.P.S. How Do Banking Characteristics Influence Companies’ Debt Features and Performance during
COVID-19? A Study of Portuguese Firms. Int. J. Financ. Stud. 2022, 10, 98. [CrossRef]

97. Munir, W.; Gallagher, K.P. Scaling Up for Sustainable Development: Benefits and Costs of Expanding and Optimizing Balance
Sheet in the Multilateral Development Banks. J. Int. Dev. 2020, 32, 222–243. [CrossRef]

98. Montesi, G.; Papiro, G.; Fazzini, M.; Ronga, A. Stochastic Optimization System for Bank Reverse Stress Testing. J. Risk Financ.
Manag. 2020, 13, 174. [CrossRef]

99. De Haan, J.; Fang, Y.; Jing, Z.H. Does the risk on banks’ balance sheets predict banking crises? New evidence for developing
countries. Int. Rev. Econ. Financ. 2020, 68, 254–268. [CrossRef]

100. Gorskiy, M.A.; Reshulskaya, E.M. Parametric models for optimizing the credit and investment activity of a commercial bank.
J. Appl. Econ. Sci. 2018, 13, 105–113.

101. Liu, H.; Huang, W. Sustainable Financing and Financial Risk Management of Financial Institutions—Case Study on Chinese
Banks. Sustainability 2022, 14, 9786. [CrossRef]

102. El-Chaarani, H.; Abraham, R. The Impact of Corporate Governance and Political Connectedness on the Financial Performance of
Lebanese Banks during the Financial Crisis of 2019–2021. J. Risk Financ. Manag. 2022, 15, 203. [CrossRef]

103. Van den Heuvel, S. The Welfare Effects of Bank Liquidity and Capital Requirements. In Finance and Economics Discussion Series
2022; No. 2022-72; Federal Reserve System: Washington, DC, USA, 2022.

https://doi.org/10.3390/risks8040131
https://doi.org/10.46281/ijibfr.v3i2.272
https://doi.org/10.1016/j.cie.2018.06.033
https://doi.org/10.1080/09692290.2018.1512514
https://doi.org/10.3390/su10124728
https://doi.org/10.3390/ijfs5020012
https://doi.org/10.3390/economies5020011
https://doi.org/10.3390/ijfs3030230
https://doi.org/10.24818/18423264/52.1.18.06
https://doi.org/10.3390/met7050163
https://doi.org/10.3390/ijfs10040093
https://doi.org/10.3390/jrfm13040067
https://doi.org/10.3390/risks7020051
https://doi.org/10.9770/jesi.2019.7.1(34)
https://doi.org/10.1002/ijfe.1655
https://doi.org/10.3390/jrfm15110519
https://doi.org/10.3390/su142215328
https://doi.org/10.3390/data7110160
https://doi.org/10.3390/su14138150
https://doi.org/10.3390/ijfs10040098
https://doi.org/10.1002/jid.3453
https://doi.org/10.3390/jrfm13080174
https://doi.org/10.1016/j.iref.2020.03.013
https://doi.org/10.3390/su14159786
https://doi.org/10.3390/jrfm15050203


Mathematics 2023, 11, 2761 22 of 24

104. Xiong, L.; Fang, J. An Economic Evaluation of Targeted Reserve Requirement Ratio Reduction on Bank Ecosystem Development.
Systems 2022, 10, 66. [CrossRef]

105. Katusiime, L. COVID 19 and Bank Profitability in Low Income Countries: The Case of Uganda. J. Risk Financ. Manag. 2021,
14, 588. [CrossRef]

106. Pham, H.L.; Daly, K.J. The Impact of BASEL Accords on the Management of Vietnamese Commercial Banks. J. Risk Financ. Manag.
2020, 13, 228. [CrossRef]

107. Rahman, H.; Yousaf, M.W.; Tabassum, N. Bank-Specific and Macroeconomic Determinants of Profitability: A Revisit of Pakistani
Banking Sector under Dynamic Panel Data Approach. Int. J. Financ. Stud. 2020, 8, 42. [CrossRef]

108. Abbas, F.; Iqbal, S.H.; Aziz, B. The Role of Bank Liquidity and Bank Risk in Determining Bank Capital: Empirical Analysis of
Asian Banking Industry. Rev. Pac. Basin Financ. Mark. Policies 2020, 23, 2050020. [CrossRef]

109. Igan, D.; Mirzaei, A. Does going tough on banks make the going get tough? Bank liquidity regulations, capital requirements, and
sectoral activity. J. Econ. Behav. Organ. 2020, 177, 688–726. [CrossRef]

110. Huang, K.; Yao, Q.; Li, C.H. Impacts of Financial Market Shock on Bank Asset Allocation from the Perspective of Financial
Characteristics of Banks. Int. J. Financ. Stud. 2019, 7, 29. [CrossRef]

111. Gemar, P.; Gemar, G.; Guzman-Parra, V. Modeling the Sustainability of Bank Profitability Using Partial Least Squares. Sustainability
2019, 11, 4950. [CrossRef]

112. Atta Mills, E.; Yu, B.; Zeng, K. Satisfying Bank Capital Requirements: A Robustness Approach in a Modified Roy Safety-First
Framework. Mathematics 2019, 7, 593. [CrossRef]

113. Oguzsoy, C.B.; Guven, S. Bank asset and liability management under uncertainty. Eur. J. Oper. Res. 1997, 102, 575–600. [CrossRef]
114. Kosmidou, K.; Zopounidis, C. An Optimization Scenario Methodology for Bank Asset Liability Management. Oper. Res. Int. J.

2002, 2, 279–287. [CrossRef]
115. Papi, M.; Sbaraglia, S. Optimal Asset–Liability Management with Constraints: A Dynamic Programming Approach. Appl. Math.

Comput. 2006, 173, 306–349. [CrossRef]
116. Yan, W.Y. A class of continuous-time portfolio selection with liability under jump-diffusion processes. Int. J. Control 2009, 82,

2277–2283. [CrossRef]
117. Chiu, M.C.; Li, D. Asset-Liability Management under the Safety-First Principle. J. Optim. Theory Appl. 2009, 143, 455–478.

[CrossRef]
118. Ferstl, R.; Weissensteiner, A. Asset-Liability Management under Time-Varying Investment Opportunities. J. Bank. Financ. 2011,

35, 182–192. [CrossRef]
119. Yang, W.; Xu, X.; Cai, Y. Segmented Dynamic Optimization Model for Asset-Liability Management of Commercial Banks and Its

Applications. J. Shanghai Jiaotong Univ. (Sci.) 2012, 17, 114–120. [CrossRef]
120. Halaj, G. Dynamic Balance Sheet Model with Liquidity Risk. Int. J. Theor. Appl. Financ. 2016, 19, 1650052. [CrossRef]
121. Pan, J.; Xiao, Q. Optimal Dynamic Asset-Liability Management with Stochastic Interest Rates and Inflation Risks. Chaos Solitons

Fractals 2017, 103, 460–469. [CrossRef]
122. Cui, X.; Li, X.; Wu, X.; Yi, L. A mean-field formulation for multi-period asset–liability mean–variance portfolio selection with an

uncertain exit time. J. Oper. Res. Soc. 2017, 69, 487–499. [CrossRef]
123. Ahmadian, A.; Shahchera, M. Effect of Asset and Liability Management on Liquidity Risk of Iranian Banks. J. Money Econ. 2018,

13, 107–123.
124. Oliveira, A.D.; Filomena, T.P.; Righi, M.B. Performance Comparison of Scenario-Generation Methods Applied to a Stochastic

Optimization Asset and Liability Management Model. Pesqui. Oper. 2018, 38, 53–72. [CrossRef]
125. Pan, J.; Hu, S.H.; Zhou, X. Optimal investment strategy for asset-liability management under the Heston model. Optimization

2019, 68, 895–920. [CrossRef]
126. Li, X.; Wu, X.; Yao, H. Multi-Period Asset-Liability Management with Cash Flows and Probability Constraints: A Mean-Field

Formulation Approach. J. Oper. Res. Soc. 2019, 71, 1563–1580. [CrossRef]
127. Abdollahi, H. Multi-Objective Programming for Asset-Liability Management: The Case of Iranian Banking Industry. Int. J. Ind.

Eng. Prod. Res. 2020, 31, 75–85. [CrossRef]
128. Chunxiang, A.; Shen, Y.; Zeng, Y. Dynamic Asset-Liability Management Problem in a Continuous-Time Model with Delay. Int. J.

Control 2020, 95, 1315–1336. [CrossRef]
129. Min, L.; Dong, J.; Liu, J.; Gong, X. Robust mean-risk portfolio optimization using machine learning-based trade-off parameter.

Appl. Soft Comput. 2021, 113, 107948. [CrossRef]
130. Alshehri, D.A.; Tayachi, T. Assets-Liability Management: A Comparative Study of National Commercial Bank and National Bank

of Kuwait. PJAEE 2021, 18, 383–391.
131. Owusu, F.B.; Alhassan, A.L. Asset-Liability Management and bank profitability: Statistical cost accounting analysis from an

emerging market. Int. J. Financ. Econ. 2021, 26, 1488–1502. [CrossRef]
132. Braiek, S.; Bedoui, R.; Belkacem, L. Islamic portfolio optimization under systemic risk: Vine Copula-CoVaR based model. Int. J.

Financ. Econ. 2022, 27, 1321–1339. [CrossRef]
133. Li, B.; Zhang, R.; Sun, Y. Multi-period portfolio selection based on uncertainty theory with bankruptcy control and liquidity.

Automatica 2023, 147, 110751. [CrossRef]

https://doi.org/10.3390/systems10030066
https://doi.org/10.3390/jrfm14120588
https://doi.org/10.3390/jrfm13100228
https://doi.org/10.3390/ijfs8030042
https://doi.org/10.1142/S0219091520500204
https://doi.org/10.1016/j.jebo.2020.04.025
https://doi.org/10.3390/ijfs7020029
https://doi.org/10.3390/su11184950
https://doi.org/10.3390/math7070593
https://doi.org/10.1016/S0377-2217(96)00241-X
https://doi.org/10.1007/BF02936331
https://doi.org/10.1016/j.amc.2005.04.078
https://doi.org/10.1080/00207170903015172
https://doi.org/10.1007/s10957-009-9576-6
https://doi.org/10.1016/j.jbankfin.2010.07.028
https://doi.org/10.1007/s12204-012-1237-5
https://doi.org/10.1142/S0219024916500527
https://doi.org/10.1016/j.chaos.2017.07.001
https://doi.org/10.1057/s41274-017-0232-5
https://doi.org/10.1590/0101-7438.2018.038.01.0053
https://doi.org/10.1080/02331934.2018.1561691
https://doi.org/10.1080/01605682.2019.1610207
https://doi.org/10.22068/ijiepr.31.1.75
https://doi.org/10.1080/00207179.2020.1849807
https://doi.org/10.1016/j.asoc.2021.107948
https://doi.org/10.1002/ijfe.1860
https://doi.org/10.1002/ijfe.2217
https://doi.org/10.1016/j.automatica.2022.110751


Mathematics 2023, 11, 2761 23 of 24

134. De Andrés, J.; Angla, J.; Cámara, X.; Molina, M.C.; Sardà, S. Asset liability management in bank portfolios with fuzzy linear
programming. Fuzzy Econ. Rev. 2003, 8, 55. [CrossRef]

135. Escudero, L.F.; Garín, A.; Merino, M.; Pérez, G. On multistage stochastic integer programming for incorporating logical constraints
in asset and liability management under uncertainty. Comput. Manag. Sci. 2009, 6, 307–327. [CrossRef]

136. Gülpinar, N.; Pachamanova, D. A robust optimization approach to asset-liability management under time-varying investment
opportunities. J. Bank. Financ. 2013, 37, 2031–2041. [CrossRef]

137. Gülpınar, N.; Pachamanova, D.; Çanakoğlu, E. A robust asset—liability management framework for investment products with
guarantees. OR Spectr. 2016, 38, 1007–1041. [CrossRef]

138. Jain, M.K.; Dalela, A.K.; Tiwari, S.K. Application of Fuzzy Mathematical Model in Assets-Liabilities. Int. J. Trade Econ. Financ.
2010, 1, 247. [CrossRef]
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