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MATRIX THEORY FOR COMPLEX Q-FUZZY SETS AND THEIR APPLICATIONS IN
ADMINISTRATIVE DECISION-MAKING PROBLEMS

MAMIKA UJIANITA ROMDHINI, FAISAL AL-SHARQI, ZAHARI MD. RODZI, SARAH JAWAD SHOJA,
AND RAAD ABDULKAREEM

ABSTRACT. The complex Q-fuzzy set (CQFS) is a novel method for solving the multiple-attribute decision-
making problem, proposed as the Cartesian product of the universal set X and the set Q. The goal of this work is
to investigate this idea in a matrix setting by introducing the concept of complex Q-fuzzy matrices (CQFM). We
discuss some new elementary operations, including the complement of CQFM, the union, and the intersection
between two CQFMs. Moreover, we will show important algebraic properties that link these processes within a
theoretical framework and provide numerical examples based on CQFM. Then, we promote techniques for deter-
mining and adjoining as well as develop methods for computing composition functions to determine the greatest
and least eigenvalues of CQFMs. Finally, we will present a scenario for an administrative problem related to eval-
uating a chain of restaurants according to our proposed concept, in which the importance of the mathematical
tools provided in this work will be demonstrated in addressing this scenario.

1. INTRODUCTION

Fuzzy set theory [1], introduced by Lotfizadeh in 1965, marked a significant shift in mathematics and de-
cision science. By allowing elements to have degrees of belonging rather than binary containment, fuzzy set
theory provided a powerful framework for modeling the uncertainty and ambiguity inherent in real-world
problems. Over the decades, this fundamental concept has been widely generalized to address more com-
plex forms of uncertainty. Uncertainty models have since undergone significant development to address
highly complex real-world problems. Numerous extensions, including interval fuzzy sets [2], Pythagorean
fuzzy sets [3], complex fuzzy sets [4], and Q-type fuzzy sets [5], have greatly enhanced fuzzy mathematics’
ability to handle uncertain, imprecise, and multidimensional information. Each extension was developed to
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overcome specific limitations of earlier versions and to provide a richer mathematical framework for deal-
ing with uncertainty in diverse scientific and engineering applications.These concepts formed an effective
integration with other mathematical tools such as algebra [6, 7], topology [8, 9], statistics [10, 11], complex
analysis [12], and others [13]- [16], which provided flexibility in dealing with everyday life problems in a
more comprehensive way.

Among these developments, Q-fuzzy sets introduce an additional set of parameters (Q), enabling the
evaluation of belonging values according to diverse criteria or contexts. These parameters greatly enhance
the flexibility of fuzzy modeling in multi-attribute environments, making Q-fuzzy sets particularly useful
for decision-making and addressing real-world problems. Simultaneously, complex fuzzy sets (CFSs) [4]
expand the scope of traditional fuzzy sets by assigning belonging scores with complex values, where the
amplitude describes the degree of belonging, while the periodic phase boundaries, temporal behavior,
or hidden structural information are encoded. Consequently, complex fuzzy models have demonstrated
superior performance in applications involving periodic phenomena, signal analysis, communication
systems, image processing, and intelligent computing.
Matrix theory plays an essential role in mathematical design as an efficient representation of relationships
among variables and system properties. Consequently, a great many fuzzy matrix models have been
developed, including fuzzy matrices, intuitive fuzzy, complex fuzzy, and their various generalizations,
where these matrix constructs have become indispensable tools in graph theory, optimization, artificial
intelligence, pattern recognition, network analysis, and decision support systems due to their ability to
represent uncertain relational data in a concise algebraic form. Figure 1 illustrates the cognitive tracing
of the mathematical tools presented in this work, showing that these tools are an extension of previous
algebraic concepts. Pal [17] explain the mechanism of employing fuzzy matrices in a number of areas of
daily life. Prathab et al. [18] discussed the relationships between different types of fuzzy matrices. Fatma
and Hassan [19] introduced a method of the Q-fuzzy matrix. Khan et al. [20] introduced the complex
neutrosophic models in matrix form as an extension of complex fuzzy matrix. Al-Sharqi et al. [21, 22]
stretch out the Q-F matrix to a new form called Q-neutrosophic matrix and check its applications.This
matrix has gained approval and satisfaction from many researchers, prompting them to adopt it across
many fields [23]- [29] and employ both established and innovative approaches.

Building on this research, we introduce a new algebraic concept, the CQ-F-matrix (CQ-FM), an exten-
sion of the previous work mentioned above that leverages matrix properties. These tools are powerful
instruments for handling uncertain data by leveraging matrix properties, and we will apply them to solve
some administrative problems related to the philosophy of administrative decision-making with clear
characteristics.

The design of this article is presented as follows: to assist our discussion, we provide some background
definitions of CQ-FSM in Part 2. In Part 3, we will provide a formal definition of a matrix system based
on CQ-FM. Following this, we will present the algebraic operations and mathematical properties of this
system and provide several examples illustrating how these tools work. Ultimately, we will use these
tools to build a multi-step algorithm to solve an everyday decision-making problem. With Part 4. we will
present a scenario for an administrative problem related to evaluating a chain of restaurants according to
our proposed concept, in which the importance of the mathematical tools provided in this work will be
demonstrated in addressing this scenario.Finally, we will provide a comprehensive comparison between
the tools presented and the previous algebraic tools.
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FIGURE 1. The historical sequence of previous studies is explained

2. PRELIMINARIES

In this part, we will reintroduce the formal definition of the concept of CQFS, which we will rely on to
build the tools presented in this work.

Definition 2.1. [26] A CQ–FS RQ on a reference set X and a Q-set (X,Q) is given in the following form:

PQ =
{︁
⟨x, µ̈PQ

(x, q)⟩ : x ∈ X, q ∈ Q
}︁
,

where

µ̈PQ
: (X ×Q) −→

{︁
ä : ä ∈ C, |ä| ≤ 1

}︁
is a complex TM value represented in polar form by

µ̈PQ
(x, q) = ρPQ

(x, q) e i2πφPQ
(x,q),

such that

ρPQ
(x, q) ∈ [0, 1] and φPQ

(x, q) ∈ [0, 1],

so that the argument 2πφPQ
(x, q) lies in [0, 2π].

3. MATRIX THEORY FOR COMPLEX Q-FUZZY SETS

Definition 3.1. Consider a reference set X = {x1, x2, x3, . . . , xn} and a set Q = {q1, q2, q3, . . . , qm} such that
X × Q is the product between both of them and AQ be CQ-FS over X × Q. Then, the CQ-FS YQ given in matrix
form as following:

AQn×m = [aQi×j ]n×m =

⎧⎨⎩|µ̈PQ
(x, q)|, if (x, q) ∈ X ×Q,

(0), if (x, q) /∈ X ×Q.

Where µ̈PQ
(x, q) = ρPQ

(x, q) · ei2π(φPQ
(x,q)) represents degrees of complex membership of truth on (x, q). Through-

out this paper, we will utilize the abbreviation CQ-FSMn×m for complex Q-fuzzy matrix over X ×Q.
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Example 3.2. Assume that X = {x1, x2} represent two cars under consideration according to the following criteria,
represented by Q = {q1, q2, q3} where q1 = Engine power, q2 = Color and q3 = Price. Then the following YQ

describes the “attractiveness of cars” that is considered for purchase:

AQ = {⟨0.2e
2πi(0,4)

(x1, q1)
,
0.5e2πi(0,7)

(x1, q2)
,
0.1e2πi(0,2)

(x1, q3)
,

0.6e2πi(0,8)

(x2, q1)
,
0.3e2πi(0,9)

(x2, q2)
,
0.6e2πi(0,6)

(x2, q3)
⟩}

Where,

0.2e2πi(0,4) = 0.2(cos(0.8π) + i sin(0.8π)) = 0.2(−0.80 + i0.58) = (−0.16 + i0.116)

| − 0.16 + i0.116| =
√
0.0256 + 0.0134 = 0.1974

0.5e2πi(0,7) = 0.5(cos(1.4π) + i sin(1.4π)) = 0.5(−0.30− i0.95) = (−0.154− i0.475)

| − 0.154− i0.475| =
√
0.0237 + 0.2256 = 0.4993

0.1e2πi(0,2) = 0.1(cos(0.4π) + i sin(0.4π)) = 0.1(0.309 + i0.951) = (0.0309 + i0.0951)

|0.0309 + i0.0951| =
√
0.00095 + 0.00904 = 0.0999

0.6e2πi(0,8) = 0.6(cos(1.6π) + i sin(1.6π)) = 0.6(0.309− i0.951) = (0.1854− i0.5706)

|0.1854− i0.5706| =
√
0.0343 + 0.3255 = 0.5999

0.3e2πi(0,9) = 0.3(cos(1.8π) + i sin(1.8π)) = 0.3(0.8090− i0.5877) = (0.2427− i0.1763)

|0.2427− i0.1763| =
√
0.0589 + 0.0310 = 0.2998

0.6e2πi(0,6) = 0.6(cos(1.2π) + i sin(1.2π)) = 0.6(−0.8090− i0.5877) = (−0.4854− i0.3526)

| − 0.4854− i0.3526| =
√
0.2356 + 0.1243 = 0.5999

Now, based on the above-mentioned CQFS values, the CQFS is given in matrix form as follows:

AQ3×2 =

⎡⎢⎣ q1 q2 q3

x1 0.1974 0.4993 0.0999

x2 0.5999 0.2998 0.5999

⎤⎥⎦
Definition 3.3. Assume that AQn×m is CQFM. Then this matrix is called zero CQFM if [aQi×j ]n×m = [0] for all
i and j and this matrix is denoted by 0Qi×j .

Definition 3.4. Assume that AQn×m is CQFM. Then this matrix is called universal CQFM if [aQi×j ]n×m = [1]

for all i and j and this matrix is denoted by 1Qi×j .

Example 3.5. Let

0Q3×2 =

⎡⎢⎣ q1 q2 q3

x1 (0) 0 0

x2 0 0 0

⎤⎥⎦
and

1Q3×2 =

⎡⎢⎣ q1 q2 q3

x1 (1) 1 1

x2 1 1 1

⎤⎥⎦
Both matrices above are called the zero CQFM matrix and the universal CQFM matrix, respectively.

Definition 3.6. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then AQn×m is
CQF-submatrix of BQn×m and is denoted by [AQn×m] ⊑ [BQn×m] if aQi×j ≤ bQi×j for all i and j.
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Definition 3.7. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then AQn×m is
CQF-equal matrix of BQn×m and is denoted by [AQn×m] = [BQn×m] if aQi×j = bQi×j for all i and j.

Definition 3.8. Assume that AQn×m is CQFM. Then this matrix is called sequel universal CQFM if the number of
rows (n) equals the number of columns (m) for all i and j.

Definition 3.9. For a CQFM AQn×m defined on the product between X and Q. Then the complement of AQn×m is
denoted by [AC

Qn×m
] if cQi×j = 1− aQi×j for all i and j.

Definition 3.10. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the union
between AQn×m and BQn×m is UQn×m and is denoted by [AQn×m] ⊔ [BQn×m] if uQi×j = [max(aQi×j , bQi×j)]

for all i and j.

Definition 3.11. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the intersec-
tion between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m]⊓[BQn×m] if sQi×j = [min(aQi×j , bQi×j)]

for all i and j.

Example 3.12. Assume that the following CQFMs are defined on the product between X and Q:

AQ2×3 =

[︄
0.36 0.52 0.12

0.48 0.73 0.59

]︄
, BQ2×3 =

[︄
0.11 0.76 0.82

1 0 0.63

]︄
Then,

UQ2×3 =

[︄
0.36 0.76 0.82

1 0.73 0.63

]︄
, SQ2×3 =

[︄
0.11 0.52 0.12

0.48 0 0.59

]︄
and

AC
Q2×3

=

[︄
0.64 0.48 0.18

0.52 0.27 0.41

]︄
Proposition 3.13. Assume that a CQFM AQn×m is defined on the product between X and Q. Then the following
points are verified:

(1) ((AQn×m)c)c = AQn×m.
(2) ((0Qn×m)c)c = 1Qn×m.

Proof. Follows from Definition 3.9. □

Proposition 3.14. For three CQFMs AQn×m, BQn×m and DQn×m defined on the product between X and Q. Then
the following points are verified:

(1) If AQn×m ≤ BQn×m and BQn×m ≤ DQn×m then AQn×m ≤ DQn×m.
(2) If AQn×m = BQn×m and BQn×m = DQn×m then AQn×m = DQn×m.

Proposition 3.15. For three CQFMs AQn×m, BQn×m and DQn×m defined on the product between X and Q. Then
the following points are verified:

(1) AQn×m ⊔BQn×m = BQn×m ⊔AQn×m.
(2) AQn×m ⊓BQn×m = BQn×m ⊓AQn×m.
(3) (AQn×m ⊔BQn×m) ⊔DQn×m = AQn×m ⊔ (BQn×m ⊔DQn×m).
(4) (AQn×m ⊓BQn×m) ⊓DQn×m = AQn×m ⊓ (BQn×m ⊓DQn×m).
(5) AQn×m ⊔ (BQn×m ⊓DQn×m) = (AQn×m ⊔BQn×m) ⊓ (AQn×m ⊔DQn×m).
(6) AQn×m ⊓ (BQn×m ⊔DQn×m) = (AQn×m ⊓BQn×m) ⊔ (AQn×m ⊓DQn×m).
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Proof. (i). Take

AQn×m ⊔BQn×m = max(aQn×m, bQn×m) = max(bQn×m, aQn×m) = BQn×m ⊔AQn×m.

(ii). Take

AQn×m ⊓BQn×m = min(aQn×m, bQn×m) = min(bQn×m, aQn×m) = BQn×m ⊓AQn×m.

(iii).
(AQn×m ⊔BQn×m) ⊔DQn×m = max(max(AQn×m, BQn×m), DQn×m)

= max(AQn×m,max(BQn×m, DQn×m))

= max(AQn×m, (BQn×m ⊔DQn×m))

= AQn×m ⊔ (BQn×m ⊔DQn×m).

(iv).
(AQn×m ⊓BQn×m) ⊓DQn×m = min(min(AQn×m, BQn×m), DQn×m)

= min(AQn×m,min(BQn×m, DQn×m))

= min(AQn×m, (BQn×m ⊓DQn×m))

= AQn×m ⊓ (BQn×m ⊓DQn×m).

□

Definition 3.16. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the addition
(+) between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m] + [BQn×m] for all i and j and is given as
following:

[AQn×m] + [BQn×m] =

[︃
aQn×m + bQn×m

2

]︃
Definition 3.17. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the subtrac-
tion (−) between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m]− [BQn×m] for all i and j and is given
as following:

[AQn×m]− [BQn×m] = [|aQn×m − bQn×m|]

Definition 3.18. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the multi-
plication (×) between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m]× [BQn×m] for all i and j and is
given as following:

[AQn×m]× [BQn×m] = [|aQn×m × bQn×m|]

Definition 3.19. For CQFM AQn×m defined on the product between X and Q. Then the scalar multiplication
k ∈ [0, 1] of AQn×m is SQn×m and is denoted by (k[AQn×m]) for all i and j and is given as following:

k[AQn×m] = [|kaQn×m|]

Definition 3.20. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the maxi-
mum operation between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m] ∨ [BQn×m] for all i and j and
is given as following:

SQn×m = [AQn×m] ∨ [BQn×m] = [max(aQn×m × bQn×m)]

Definition 3.21. For two CQFMs AQn×m and BQn×m defined on the product between X and Q. Then the minimum
operation between AQn×m and BQn×m is SQn×m and is denoted by [AQn×m]∧ [BQn×m] for all i and j and is given
as following:

SQn×m = [AQn×m] ∧ [BQn×m] = [min(aQn×m × bQn×m)]
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4. EMPLOYMENT COMPLEX Q-FUZZY MATRICES FOR ADMINISTRATIVE DECISION-MAKING

This section of the article will highlight the importance of the tools provided in addressing administra-
tive challenges. Senior management in restaurant associations generally faces increasing pressure to make
diverse strategic decisions regarding restaurant evaluations within the workplace. This is due to the incom-
plete nature of the data, the conflicting opinions of the evaluation committee, and the presence of experts
who may not offer unbiased perspectives. Furthermore, the currently available removable data is largely
too broad, both in reality and in practice, for models to encompass.
In the following scenario, we will assume that a two-member committee (X1,X2) is formed to evalu-
ate the performance of four restaurants operating in a tourist city. These restaurants are sets into set
Y = {y1, y2, y3, y4}, and the criteria the committee uses are also grouped into set Q = {q1, q2, q3}, which
are, respectively: The variety of food, the restaurant’s aesthetics, and the popularity of tourism.
After conducting a comprehensive survey of these restaurants by the residents, we obtain the two matrices
below, which represent the opinions of each of the residents based on the above criteria.

X1 =

⎡⎢⎢⎢⎢⎢⎢⎣

Y /Q

y1

y2

y3

y4

q1

.4

.8

.2

.5

q2

.6

.1

.4

.5

q3

.3

.5

.6

.9

⎤⎥⎥⎥⎥⎥⎥⎦

X2 =

⎡⎢⎢⎢⎢⎢⎢⎣

Y /Q

y1

y2

y3

y4

q1

.5

.9

.3

.4

q2

.8

.6

.2

5

q3

.6

.9

.1

.7

⎤⎥⎥⎥⎥⎥⎥⎦
To deal with this data generated from the opinions of the residents in the two matrices above, we will

resort to generating the following algorithm.

Algorithm:
To implement this performance in accordance with the mathematical structure of our proposed concept, we
will introduce the following algorithm.
Step 1. Merge the two matrices, which represent the residents opinions, into a single matrix using one of
the mathematical operations.
Step 2. Using a comparison matrix means that we will compare the numerical value of each opinion about
one of the restaurants with other restaurants according to the specified standard.
Step 3. Sort the results in descending order according to the values obtained in step2.
Step 4. End Algorithm.

Now we will implement this algorithm to deal with the above issue, where first we will execute step 1.
Therefore, we obtain the matrix X3 by adding the two matrices.

X2 =

⎡⎢⎢⎢⎢⎢⎢⎣

Y /Q

y1

y2

y3

y4

q1

.45

.85

.25

.45

q2

.7

.35

.3

.5

q3

.45

.7

.35

.8

⎤⎥⎥⎥⎥⎥⎥⎦
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Then, by using the comparison between the numerical values, we obtain the comparison matrix C as
follows:

C =

⎡⎢⎢⎢⎢⎢⎢⎣

Y /Q

y1

y2

y3

y4

q1

1

3

0

2

q2

3

1

0

2

q3

1

2

0

3

⎤⎥⎥⎥⎥⎥⎥⎦
Finally, by ranking the numerical values for each restaurant, we obtain y4 > y2 > y1 > y3. Therefore, the

restaurant y4 is the best-rated of the four restaurants.

5. COMPARISON BETWEEN FUZZY MATRIX, Q-FUZZY MATRIX, COMPLEX FUZZY MATRIX, AND

COMPLEX Q-FUZZY MATRIX

Matrix-based fuzzy models have become indispensable tools for representing uncertain relationships
among objects in various fields, including decision-making, graph theory, network analysis, optimization,
image processing, and artificial intelligence. Over the years, several fuzzy matrix models have been pro-
posed to improve the expressive capability of classical fuzzy matrices by incorporating additional sources
of uncertainty. Among these developments, Fuzzy Matrices, Q-Fuzzy Matrices, Complex Fuzzy Matrices,
and the newly introduced Complex Q-Fuzzy Matrices represent successive stages in the evolution of fuzzy
matrix theory. A Fuzzy Matrix (FM) is the most fundamental matrix representation in fuzzy mathematics.
Each entry of a fuzzy matrix is a real-valued membership degree belonging to the interval ([0,1]), indicat-
ing the strength of the relationship between two objects. Owing to its simple structure, the fuzzy matrix
has been extensively employed in relational modeling, clustering, pattern recognition, and decision sup-
port systems. However, its representation is limited to a single membership value and therefore cannot
adequately describe uncertainty arising from multiple parameters or dynamic phenomena.

To address this limitation, the Q-Fuzzy Matrix (QFM) extends the classical fuzzy matrix by associating
each matrix entry with an additional parameter set (Q). Instead of assigning a single membership value
to each matrix element, the membership function is expressed as µA(xij , q), q ∈ Q, allowing the rela-
tionship between two objects to be evaluated under different criteria, conditions, or contexts. This parame-
terized representation significantly increases modeling flexibility and makes Q-fuzzy matrices suitable for
multi-criteria decision-making, knowledge representation, and systems where uncertainty varies accord-
ing to external parameters. Nevertheless, the membership values remain real-valued and therefore cannot
capture periodic or phase-dependent information.

The Complex Fuzzy Matrix (CFM) generalizes the fuzzy matrix from another perspective by replacing
each real-valued membership degree with a complex-valued membership. Each matrix entry is commonly
represented as µA(xij) = rije

iθij ,

where (rij ∈ [0, 1]) denotes the amplitude and (θij) represents the phase component. While the ampli-
tude measures the degree of membership, the phase conveys additional information related to periodicity,
temporal variation, oscillatory behavior, or hidden structural characteristics. Consequently, complex fuzzy
matrices provide a richer mathematical representation for applications such as signal processing, commu-
nication systems, image analysis, and dynamic network modeling. However, this model does not explicitly
account for parameter-dependent uncertainty.

The Complex Q-Fuzzy Matrix (CQFM) integrates the advantages of both Q-fuzzy matrices and complex
fuzzy matrices into a unified algebraic framework. In this model, every matrix entry is represented by a
parameterized complex-valued membership function of the form
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µA(xij , q) = rij(q)e
iθij(q), q ∈ Q. Accordingly, each entry simultaneously incorporates two comple-

mentary dimensions of information. The amplitude describes the degree of membership under a specific
parameter, whereas the phase characterizes dynamic, cyclic, or temporal behavior associated with that
parameter. This dual representation enables Complex Q-fuzzy matrices to model parameter-dependent
uncertainty and phase-sensitive information simultaneously, thereby substantially enhancing the descrip-
tive capability of conventional fuzzy matrix models. From a theoretical perspective, the progression from
fuzzy matrices to Complex Q-fuzzy matrices reflects a continuous enhancement of uncertainty represen-
tation. Classical fuzzy matrices describe only the intensity of relationships. Q-fuzzy matrices extend this
representation by introducing parameterization, allowing the same relationship to be evaluated under mul-
tiple conditions. Complex fuzzy matrices enrich the membership representation through complex-valued
grades that capture both intensity and phase information. Finally, Complex Q-fuzzy matrices combine these
two extensions into a single mathematical framework, offering a comprehensive representation capable of
modeling multidimensional, parameter-dependent, and dynamic uncertainty.

Despite the considerable development of fuzzy matrix theory, an important research gap still exists. Ex-
isting studies have investigated Q-fuzzy matrices and complex fuzzy matrices independently, with each
model addressing only one aspect of uncertainty. Q-fuzzy matrices successfully represent parameter-
dependent uncertainty but ignore phase information, whereas complex fuzzy matrices capture phase-
dependent characteristics but do not accommodate multiple parameters. To the best of our knowledge,
a unified matrix framework capable of simultaneously representing both parameterization and complex-
valued membership information has not been systematically established. The proposed Complex Q-Fuzzy
Matrix is introduced to bridge this gap by integrating the strengths of both models into a single coher-
ent algebraic structure. This unified framework not only enriches fuzzy matrix theory but also provides a
powerful mathematical tool for modeling complex uncertain systems encountered in intelligent decision-
making, machine learning, communication networks, image processing, and advanced information sys-
tems.For further comparison, we present the following diagram which shows the fundamental difference
in the structural frameworks of the four concepts.

FIGURE 2. A comparison between the tools previously used and the tools presented in this work.

6. CONCLUSION

Following the research works in the fuzzy environment mentioned in the literature section,in this pa-
per, we investigated this idea in a matrix setting by introducing the concept of complex Q-fuzzy matrices
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(CQFM). We discussed some new elementary operations, including the complement of CQFM, the union,
and the intersection between two CQFMs. Moreover, we demonstrated important algebraic properties
that link these processes within a theoretical framework, and we introduced numerical examples based on
CQFM. Then, we promoted techniques for determining and adjoining as well as developed methods for
computing composition functions to determine the greatest and least eigenvalues of CQFMs. Finally, we
presented a scenario for an administrative problem related to evaluating a chain of restaurants according
to our proposed concept, in which the importance of the mathematical tools provided in this work will be
demonstrated in addressing this scenario.

Acknowledgment of funding. This research is funded by the University of Mataram under the PNBP
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