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il Summary: This study aims to implement a hybrid model that integrates the Analytic Hierarchy Process |
il (AHP) with Fuzzy Goal Programming in managing the assets and liabilities of Algerian banks, with the |
| objective of achieving targeted goals within an environment marked by uncertainty. The research was applied |
to the Banque de Crélit Populaire Algé&ien, where six primary objectives of the bank were identified. The
i| Analytic Hierarchy Process was used to determine the relative weights of these objectives, after which a |
i| Fuzzy Goal Programming model was applied in accordance with Yaghoobi’s methodology (2008). The |
| findings indicated that this model constitutes a modern and effective mathematical tool for addressing |
i| complex problems and supporting the selection of optimal alternatives. E
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Introduction
The management of a bank’s assets and liabilities represents one of its most critical strategic
functions, as it ensures the financial stability of banking institutions by maintaining balance between
the different components of assets and liabilities. This balance enables the achievement of key
objectives, including sustaining adequate liquidity, improving profitability, and reducing risks
associated with interest rate fluctuations and broader market conditions.

Nevertheless, the complexity of the banking environment—driven by market volatility, fluctuations
in interest rates, and the increasing uncertainty surrounding available information and data—has made
financial decision-making particularly challenging. This situation necessitates the use of advanced
analytical tools capable of addressing the ambiguous nature of data and the uncertainty that constrains
decision-making processes.

Within this context, the Analytic Hierarchy Process (AHP) has gained recognition as an effective
method for ranking objectives and identifying their relative priorities based on expert assessments. In
parallel, Fuzzy Goal Programming offers a flexible framework for planning in uncertain and complex
environments by combining mathematical programming techniques with fuzzy logic. This integration
enables the formulation of optimal solutions while accounting for varying estimations and constraints.

In line with these considerations, the present study develops a hybrid model that combines the
Analytic Hierarchy Process and Fuzzy Goal Programming to support decision-making in asset and
liability management within banks. The Banque de Crédit Populaire Algérien was selected as the case
study for the application of this model, through the identification of a set of key objectives for the
bank and the use of appropriate methodologies to achieve them in a balanced and effective manner.

Based on these foundations, the study addresses the following research question:

"How can a hybrid model combining the Analytic Hierarchy Process (AHP) and Fuzzy Goal
Programming be applied to support decision-making in managing bank assets and liabilities within
an environment characterized by ambiguity and uncertainty?"

Research Hypotheses

The application of hybrid models such as the Analytic Hierarchy Process (AHP) and Fuzzy
Goal Programming enhances the quality of decision-making within the bank, particularly in
environments characterized by ambiguity.

Fuzzy Goal Programming contributes to achieving an optimal balance between the
components of the bank’s budget under prevailing risks.

Study Objectives

This study seeks to accomplish the following:

To develop a hybrid mathematical model that integrates the Analytic Hierarchy Process (AHP)
and Fuzzy Goal Programming for managing banks’ assets and liabilities.

To evaluate the effectiveness of the proposed model through its application to the Banque de
Crédit Populaire Algérien.

To provide practical recommendations that may contribute to improving decisions in asset and
liability management.

Research Methodology

This research employs a quantitative analytical approach by designing a mathematical model that
combines the AHP technique with Fuzzy Goal Programming. The methodological steps consist of:
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Collecting qualitative and quantitative data related to the bank’s objectives and operational
criteria.

Applying the Analytic Hierarchy Process (AHP) to determine the relative weights of the six
principal objectives of the bank, based on expert judgments.

Constructing a Fuzzy Goal Programming model using the approach of Yaghoobi (2008), while
incorporating the weights obtained into the model.

Applying the constructed model to real data from the Banque de Crédit Populaire Algérien.
Analyzing the results and assessing the extent to which the model provides realistic and
effective solutions.

Il — Theoretical Framework

The theoretical framework of this research addresses the fundamental concepts on which the proposed
hybrid model is based, namely:

1-Asset and Liability Management (ALM)

Asset and Liability Management refers to the process of planning and monitoring the balance of a
bank’s balance sheet structure, with the objective of ensuring financial stability and maintaining both
liquidity and profitability. This process involves monitoring the gap between assets and liabilities in
terms of maturities, interest rates, and associated risks, while making decisions that secure efficient
resource allocation and the achievement of strategic objectives.

Several definitions of Asset and Liability Management in the banking sector can be highlighted:
According to Yuliya (2010), Asset and Liability Management (ALM) is the process of formulating,
implementing, monitoring, and continuously reviewing strategies related to assets and liabilities in
order to accomplish the financial objectives of the institution, while subjecting it to a set of constraints
and risks.

Asset and Liability Management (ALM) is also regarded as one of the most important tools in banking
risk management, since the banking sector is exposed to various risks, including market risk, financial
risk, and interest rate risk. ALM involves overseeing the balance sheet to mitigate risks arising from
changes in interest rates, exchange rates, and liquidity levels within the bank. The significance of this
management function has grown as a result of major changes affecting banks’ assets and liabilities in
recent years, making the balance between profitability, liquidity, and risk management a matter of
critical importance (Rabat, 2016, p.23).

1-1 Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP), developed by Thomas Saaty, is a quantitative method
designed for prioritizing complex multi-criteria decisions. It is based on the construction and analysis
of pairwise comparison matrices in order to determine the relative weights of each criterion or
objective. The strength of this method lies in its capacity to translate subjective preferences into
quantitative measures that systematically support decision-making.

1-2 Fuzzy Goal Programming (FGP)

Fuzzy Goal Programming extends classical Goal Programming by incorporating concepts from fuzzy
set theory to address ambiguity in goals or constraints. Membership functions are employed to
represent decision-makers’ preferences with a degree of flexibility, thereby allowing adaptation to
uncertain or imprecise environments.

1-3 The Hybrid AHP-FGP Model
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This model is built upon the use of the Analytic Hierarchy Process (AHP) to determine the relative
weights of objectives or criteria, followed by the integration of these weights into a Fuzzy Goal
Programming (FGP) model to achieve an optimal solution that accounts for uncertainty in the bank’s
operating environment. It represents a contemporary approach that has proven effective in solving
multi-objective problems within a fuzzy environment.

2. Previous Studies

A. Yaghoobi & Razmi (2008)
Proposed a hybrid model to address multi-objective decision-making problems under uncertain
conditions by integrating AHP and FGP. The model was applied in the field of industrial resource
allocation, and the findings demonstrated its capacity to provide more effective solutions compared
to traditional models.

B. Sadeghi & Shavandi (2012)
Applied the AHP-FGP model in the insurance sector to determine investment priorities and select
optimal strategies. The model proved effective in managing data ambiguity and accommodating the
diverse preferences of decision-makers.

C. Al-Arabi, Mohamed (2016)

Examined the application of Goal Programming in commercial banks operating in unstable
environments, highlighting the inadequacy of traditional models and advocating for the adoption of
more flexible fuzzy models in contexts where accurate data are lacking.

D. Bouhouch, Samir (2020)

Conducted an applied study on an Algerian bank to assess the use of mathematical programming
models for resource allocation between assets and liabilities. The study recommended adopting more
integrated models, such as AHP-FGP, to enhance the quality of decision-making.

11l -Case Study :

Decision-makers within banks aim to maintain balance in their balance sheets through the optimal
management of assets and liabilities, while adhering to a set of constraints and obligations throughout
the management process.

To this end, the hybrid model was applied to the balance sheet of the Banque de Crédit Populaire
Algérien for the fiscal years 2021/2022 (Appendix No. 1). The Analytic Hierarchy Process and the
Fuzzy Goal Programming model were adopted according to the method developed by Yaghoobi
(2008).

A total of 10 questionnaires (Appendix No. 2) were distributed to a group of decision-makers
(experts) at the Beni Saf and Tlemcen branches in order to determine the relative importance of the
objectives pursued by the bank.

Table No. (1): Table Representing the Balance Sheet Elements of the Banque de Crédit Populaire Algérien
(2021/2022)

Assets Liabilities

X1 Cash, Central Bank, Public Treasury, Postal Checking Account | Y1 Central Bank

X2 Financial assets held for trading Y2 Debts to financial institutions
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X3 Financial assets available for sale

Y3 Debts to customers

X4 Loans and receivables from financial institutions

Y4 Debts represented by financial instruments

X5 Loans and receivables from customers

Y5 Current taxes — Liabilities

X6 Financial assets held to maturity

Y6 Deferred taxes — Liabilities

X7 Current taxes — Assets

Y7 Other liabilities

X8 Deferred taxes — Assets

Y8 Adjustment accounts

X9 Other assets

Y9 Provisions for covering risks and charges

X10 Adjustment accounts

Y10 Equipment subsidies — Other subsidies

X11 Investments in subsidiaries, joint ventures, or associates

Y11 Funds to cover general banking risks

X12 Investment property

Y12 Subordinated debts

X13 Tangible fixed assets

Y13 Bank’s capital

X14 Intangible fixed assets

Y14 Premiums linked to capital

X15 Goodwill

Y15 Reserves

Y16 Valuation differences

Y17 Revaluation differences

Y 18 Retained earnings (—/+)

Y 19 Net result of the financial year (—/+)

Source: Prepared by the researchers based on the financial statements (2021/2022) of the Banque de Crédit Populaire

Algérien

Through interviews conducted with a group of experts within the bank’s branches, six objectives
pursued by the bank were identified and summarized in the following table:

Table No. (3): Bank Objectives

Objective Liquidity | Capital Market Share of | Market Share of | Return on | Return on

Adequacy Credit Deposits Assets Equity
Ratio or | 2100% >12.5% 2,313,880 1,306,821 >1.5% >15%
Amount

Source: Prepared by the researchers based on the bank's financial statements, according to Basel III Agreement

2-1 Application of the Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is considered one of the most widely used methods in
evaluation, as it relies on ranking alternatives and selecting the optimal one when multiple objectives
and criteria underpin the decision. The AHP method is based on analyzing and structuring the problem
into a hierarchy consisting of a main goal and a set of criteria, which may sometimes branch into sub-
criteria, as illustrated in the following figure:
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CRITERILA

(

Source: (E & M, 2013, p.191)

It can be said that the Analytic Hierarchy Process relies on converting subjective assessments of
relative importance into weights, based on the pairwise comparison matrix, expressed in the general
form as follows:

a1 A1 dp3 aln'l

| a1 Az dzz arn |

A= (aif)n*n = | a3:1 a:32 a:33 a§n|
lanl An2 Aaps annJ

Source: (Mostafa & Al-Tayeb, 2022, p.73)
Where:
e :a;; : degree of importance of the criterion, greater than zero.
e j=123,...n
e n:number of criteria.
2-1-1 Constructing the Pairwise Comparison Matrix

The construction of the pairwise comparison matrix was based on calculating the geometric mean of
responses concerning each pairwise comparison between criteria and determining the degree of
importance of each criterion according to Saaty’s scale, as shown in the following table:

Table No. (4): Saaty’s Scale for Pairwise Comparisons

Degree of | Equal Moderate Strong Preference of | Very Strong | Absolute Intermediate
Importance Preference Preference  of | One Criterion over | Preference of | Preference of | Values

One Criterion | Another One Criterion | One Criterion

over Another over Another over Another
Value 1 3 5 7 9 2,4,6,8

Source: (Tomas L, 2008, p.86)

Table No. (5): Pairwise Comparison Matrix Between Criteria
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Criteria Liquidity | Capital Market Share | Market Share of | Return on | Return on
Adequacy of Credit Deposits Assets Equity

Liquidity 1.0000 2.7663 29113 2.0345 1.7826 3.1687

Capital 0.3615 1.0000 0.7201 0.6915 0.8027 0.7708

Adequacy

Market Share of | 0.3435 1.3887 1.0000 0.9603 0.8604 0.8360

Credit

Market Share of | 0.4915 1.4461 0.8360 1.0000 0.8360 1.0414

Deposits

Return on Assets | 0.5610 1.1367 0.9330 0.9603 1.0000 0.9330

Return on Equity | 0.3156 1.2104 0.9603 0.7708 0.8604 1.0000

2-1-2 Consistency Ratio Calculation

Source: Prepared by the researchers based on Excel program

The Matlab program was used to calculate the Consistency Ratio (CR) in order to determine the
stability of judgments, as proposed by Saaty. This ratio should not exceed 1%. The calculated CR
value was 0.0310, which is less than 1%, indicating that the matrix is consistent.

Table No. (6): Relative Weights of the Criteria

Criteria Weights
Liquidity (Criterion 1) 0.3410
Capital Adequacy (Criterion 2) 0.1109
Market Share of Credit (Criterion 3) 0.1334
Market Share of Deposits (Criterion 4) | 0.1436
Return on Assets (Criterion 5) 0.1449
Return on Equity (Criterion 6) 0.1263

Source: Prepared by the researchers based on Matlab program

Figure No. (1): Relative Weights of the Criteria

0.1

0.05

o
PR > et 3 et P 5 et 6 bl

Source: Prepared by the researchers based on Matlab program

Economic Development Review, University of Eloued Eloued, Algeria, Volume 10(Issue 02), 2025

I catal

0.9

o8

0.7

0.6

0.5

o0.a

0.3

0.2




Application of Hybrid Models AHP and Fuzzy Goal Programming in Managing the Budgets of
Commercial Banks (An Applied Study on the Banque de Cré&lit Populaire Algérien) (PP. 253-265)

2-2 The Mathematical Formulation of the Fuzzy Goal Programming Model According to
Yaghoobi (2008)

2-2-1 Constructing Membership Functions for the Fuzzy Goals
In this case, a membership function is constructed for each goal, as follows:
2-2-1-1 The Goal of Meeting Liquidity Requirements

The liquidity ratio is compared with the total deposits of the bank, that is, the bank’s ability to meet
obligations, specifically its ability to repay short-term deposits (Qrouche, Fdili, & Ezzedine, 2021, p.
35).

Liquidity is calculated using the following equation:

Cash balances deposited at the central bank

Total deposits = Liquidity Ratio
filx) =x1 +x,
Where:
X1+ x; 2 100%(y, + y3+ys)
2732837 < f1(x) < 2953207
( 1 iffi(x) = 2732837
mlfi(o] = i fl(x)2;02377302837 if 2732837 < f,(x) £ 2953207

0 if filx) < 2953207
2-2-1-2 The Goal of Capital Adequacy

This is also referred to as banking solvency or capital solvency, expressing the soundness and strength
of the bank’s financial position. It is defined as the bank’s ability to absorb losses arising from credit
and investment operations through equity without being exposed to obligations resulting from
deposits (Samir Abdul Razzaq, 2008, p. 140).

The capital adequacy ratio, as defined by Basel 11, is calculated as follows:

Capital
Operational Risk + Market Risk + Credit Risk

= Capital Adequacy Ratio

However, it is difficult for banks to apply this due to the pressures and constraints imposed on them.

Where:
265769.875 < f,(x) < 275251.375
1 if f,(x) > 265769.875
wlf@] =1 29 ;jgf?gm‘r’ if 265769.875 < f,(x) < 275251.375
0 if f,(x) < 275251.375
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2-2-1-3 The Goal of Increasing Market Share of Deposits

Banks strive to implement effective strategies to attract a greater volume of deposits. The bank
commits to returning the deposited amount upon maturity in addition to paying interest on the

deposited amounts.
f3(x) =y, +y3ty,
2732837 < f3(x) < 29530207

1 iffs(x) = 2732837
f2(x) — 2732837 _
X)| = < <
pslfz(x)] 550370 if 2732837 < fy(x) < 2953207

0 if f2(x) < 2953207

2-2-1-4 The Goal of Increasing Market Share of Credit

The income generated from granting bank loans is a primary source of financing for banks. Therefore,
careful management of these loans is essential, as they represent the largest share of the bank’s assets.

fa(x) = x5, + x3 + x4 + x5
1376701 < f,(x) < 2096389

1 if fu(x)= 1376701

fo(x) — 1376701 _
X)| = < <
talfa ()] 19688 if 1376701 < f,(x) < 2096389

0 if f(x) < 2096389

2-2-1-5 The Goal of Maximizing Return on Assets

Return on assets, along with return on equity, is one of the indicators reflecting bank profitability. It
is defined as the rate of return on each monetary unit invested in assets (Slimani, 2021-2022, p. 28),

and 1s expressed as follows:

Net Profit After Tax
= Return on Assets
Total Assets
15
£00) = 1. 5%2 %,
i=1

30441 < f;(x) < 37500
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1 if fs(x) = 30441
puslfs(x)] = fS(x)7555;0441 if 30441 < f5(x) < 37500
0 if fs(x) < 37500

2-2-1-6 The Goal of Maximizing Return on Equity

Return on equity measures the financial leverage on profitability, that is, the accounting return to
shareholders on their investments in the company (Salman, 2017, p. 192).

It is also expressed as:

Net Profit After Tax

= Ret Equit
TaxBook Value of Equity eturn on Lquity

16
fo0) = 15% ),

30441 < f,(x) < 37500
1 iffs(x) = 30441
telfe(x)] = fﬁ(x)7;53;0441 if 30441 < f,(x) < 37500
0 if fs(x) < 37500

2-3 Constructing the Model
2-3-1 General Formulation of the Model:

jo

ip
Man_ZW z -—l+ Z(w )
' A1R A ' A1R " A1l

izjp+1 i=jo+1
st
fi(X) - 6:_ S gi irl 10 fi(X) - 81_ 2 gi i: iO + 1 ]0
+
f(x)— 8" —8F =g itjo +1..k ulf =1 1.1
p— + p—
uli 1 itig + 1 .o ulAS‘ +uli 1 i+ 1.k

Xi,ui,81+,81_ =0

Based on the above, the mathematical formulation of the fuzzy goal programming model (Yaghoobi,

2008), using membership functions, is as follows:
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2-4 Analysis and Discussion of Results

After entering the model into the statistical software (Lingo 18), we obtained the results presented in

Table (6) and Appendix (1).

2-4-1 Decision Variables and the Objective Function

From the results obtained, it is observed that all the goals set at the specified level of importance were
achieved in the model, as the value of the objective function according to the applied model was zero.

Table (6) illustrates the achievement of goals and the satisfaction level of the decision-maker.

Goal Deviations Result Satisfaction Level Outcome
T — — -
5] &1 Type of Deviation Goal Achievement 1 Fully satisfied
First Goal / 0 No Deviation Goal Achieved 1 Fully satisfied
Second Goal / 0 No Deviation Goal Achieved 1
Fully satisfied
Third Goal / 0 No Deviation Goal Achieved 1 Fully satisfied
Fourth Goal / 0 No Deviation Goal Achieved 1
Fully satisfied
Fifth Goal / 0 No Deviation Goal Achieved 1 Fully satisfied
Sixth Goal / 0 No Deviation Goal Achieved 1 Fully satisfied

Source: Prepared by the researchers based on Lingo 18 outputs.

From the table, the following observations can be made:

Liquidity goal: The undesirable deviation equals zero, indicating that the first goal was
achieved in full (100%). This outcome reflects the decision-maker’s satisfaction with the
application of the proposed plan using the fuzzy goal programming model, which results in a
liquidity ratio of 2,953,207.

Capital adequacy goal: The undesirable deviation is zero, demonstrating that the second goal
was also fully achieved (100%). This confirms the decision-maker’s satisfaction with the
proposed plan, which ensures a banking solvency level of 275,251.375.

Increasing the market share of deposits: The undesirable deviation is zero, confirming that
this goal was fully achieved. Consequently, the decision-maker expressed complete
satisfaction with the proposed plan.

Increasing the market share of credit: The decision-maker expressed complete satisfaction
with the proposed plan, as the market share of credit reached 2,096,389.

Maximizing return on assets and maximizing return on equity: Both goals recorded zero
deviations, further confirming the decision-maker’s complete satisfaction with the proposed
plan, which was constructed using the fuzzy goal programming model developed by Yaghoobi
(2008).

1VV- Conclusion:
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The fuzzy goal programming model constitutes one of the modern and advanced mathematical
approaches for solving complex problems that obstruct decision-making, particularly by identifying
the most appropriate solution under complex environments.

In this research, a modern mathematical model was formulated to support the achievement of the
objectives of the Banque de Crédit Populaire Algérien. Six primary goals were defined for the bank,
and the weights of the criteria were determined using Matlab software. With the support of Lingo 18,
a plan was generated that enables decision-makers within the bank to select the most appropriate and
effective decisions.
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Appendix(1) : LINGO 18 Program Output
Total variables: 35 Global optimal solution found.
Nonlinear variables: 0 Objective value: 0.000000
Integer variables: 0 Infeasibilities: 0.000000
Total constraints: 38 Total solver iterations: 0
Nonlinear constraints: 0 Elapsed runtime seconds: 25.03
Total nonzeros: 82
Nonlinear nonzeros: 0 Model Class: LP
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Variable Value Reduced Cost Variable Value Reduced Cost
X8 3901.000 0.000000 N1 0.000000 0.1547398E-05
X10 33.00000 0.000000 N2 0.000000 0.1169646E-04
X11 15046.00 0.000000 N3 0.000000 0.6053456E-06
X15 0.000000 0.000000 N4 0.000000 0.1995309E-06
Y11 36111.00 0.000000 N5 0.000000 0.2052699E-04
Y12 0.000000 0.000000 N6 0.000000 0.1789205E-04
Y16 1370.000 0.000000 X1 456152.0 0.000000
Ul 1.000000 0.000000 X2 2276685. 0.000000
u2 1.000000 0.000000 X3 203126.0 0.000000
u3 1.000000 0.000000 X4 588440.0 0.000000
U4 1.000000 0.000000 X5 2313880. 0.000000
us 1.000000 0.000000 X9 12188.00 0.000000
u6 1.000000 0.000000 X12 0.000000 0.000000
Y7 17344.00 0.000000 X13 17153.00 0.000000
Y13 48000.00 0.000000 X14 420.0000 0.000000
Y15 158060.0 0.000000 Y2 862637.0 0.000000
Y17 15921.00 0.000000 Y3 1812898. 0.000000
Y18 0.000000 0.000000 Y4 57302.00 0.000000
Y19 30441.00 0.000000 X6 435694.0 0.000000
U 1.000000 0.000000 X7 2964.000 0.000000
Variable Value Reduced Cost
Appendix(2) :Budget of the Credit Populaire Bank of Algeria 2021/2022
BTl il ) ity ] ~gadE B oo e - Sl gt iyl s ] g 5 555 _:I?‘ Nlcﬁ‘.f“?i’f‘.a:f”
Gl Soldans Blazs Lasd Lorad) clgblinis Aloall 13 Sldas el (5305201 (mtdl (2l S gl &
lelaazg sy lems W@Slbs Lelast c(Jle zaiie S5 Asaiall eudll Caudbss 23 Ogale Byl
B e e 278 2022 2021 2020 2019 2018 = Lﬁl
T2 Osete Bamsl Ised 907 389 862637 743 997 644726 369012 LI g o] 50
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