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Abstract

This paper develops a matrix-theoretic framework for the study of fuzzy soft topological
spaces. A correspondence between fuzzy soft topologies and collections of fuzzy soft
matrices is established, demonstrating that a fuzzy soft topology is equivalent to a complete
distributive lattice of fuzzy soft matrices. This correspondence enables topological proper-
ties to be investigated through algebraic matrix operations. An order relation on fuzzy soft
matrices is introduced and its fundamental properties are examined. Matrix-valued lower
and upper operators are then defined to characterize fuzzy soft interior and fuzzy soft closure
in an algebraic setting. The developed operators provide concise matrix representations
for interior, closure, regular open, regular closed, semi-open, pre-open, α-open, β -open,
b-open, ∗b-open, b#-open and their corresponding closed classes. Several equivalence
theorems are established, showing that these generalized fuzzy soft topological sets can
be completely characterized by matrix inequalities and lattice identities. The proposed
approach unifies topological and algebraic viewpoints, simplifies the representation of fuzzy
soft topological concepts, and provides a systematic foundation for further investigations in
fuzzy soft topology, lattice theory, and matrix-based computational methods.

1. Introduction

Fuzzy soft set theory provides an effective mathematical framework for representing uncertainty that arises from both fuzziness and parameter
dependence [1]. Owing to its flexibility, fuzzy soft topology has become an important research area for studying generalized notions of
openness, closure, continuity, and related topological structures [2, 3]. Although many generalized fuzzy soft open and closed sets have been
introduced, their investigation is generally carried out through set-theoretic operations, making the algebraic structure of these classes less
explicit.

Matrix representations offer a natural and compact way of expressing fuzzy soft sets since every fuzzy soft set can be represented by a
matrix of membership values [4]. Matrix operations also provide computational advantages and allow topological concepts to be interpreted
through algebraic structures. Establishing a rigorous correspondence between fuzzy soft topology and matrix theory therefore creates new
opportunities for analyzing fuzzy soft spaces using lattice-theoretic methods.

In this work, a matrix formulation of fuzzy soft topology is developed. It is shown that a fuzzy soft topology is equivalent to a complete
distributive lattice of fuzzy soft matrices, thereby establishing an algebraic characterization of fuzzy soft topological spaces. A partial order
on fuzzy soft matrices is introduced and several of its basic properties are investigated. Based on this ordering, lower and upper matrix
operators are defined, which serve as algebraic analogues of fuzzy soft interior and fuzzy soft closure operators.
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The proposed operators are further employed to characterize a wide range of generalized fuzzy soft topological sets. Matrix-based
criteria are obtained for fuzzy soft open, closed, regular open, regular closed, semi-open, pre-open, α-open, β -open, b-open, ∗b-open,
b#-open, and their corresponding closed classes. Each characterization is expressed through equivalent matrix identities or order relations,
providing a unified and computationally convenient description of these generalized classes.

2. Preliminaries

2.1. Soft sets

Throughout this paper, X is a non-empty set and E is a parameter space. If A ⊆ E and F : A → 2X , then the pair (F,A) is called a soft subset
of X over the parameter space. Let ˜︁S(X ,E) denote the collection of all soft subsets of X with parameter space E [5, 6].
The pair (F,A) can be identified with (F,E) = ˜︁F by defining˜︁F(e) =∅ for all e ∈ E \A, ˜︁F(e) = F(e)⊆ X .

Let ˜︁∅ and ˜︁X denote the null soft subset and absolute soft subset of X , defined by˜︁∅(e) =∅, ˜︁X(e) = X , e ∈ E.

For two soft sets ˜︁F , ˜︁G ∈ ˜︁S(X ,E), we say that˜︁F ⊑ ˜︁G ⇐⇒ ˜︁F(e)⊆ ˜︁G(e), e ∈ E.

The operations ˜︁F ⊓ ˜︁G, ˜︁F ⊔ ˜︁G, ˜︁F \ ˜︁G, and ˜︁X \ ˜︁G denote soft intersection, soft union, soft difference, and soft complement, respectively.

Definition 2.1. For every e ∈ E,

(˜︁F ⊓ ˜︁G)(e) = F(e)∩G(e),

(˜︁F ⊔ ˜︁G)(e) = F(e)∪G(e),

(˜︁F \ ˜︁G)(e) = F(e)\G(e),

(˜︁X \ ˜︁G)(e) = X \G(e).

2.2. Soft topology

Definition 2.2. Let ˜︁τ be a subcollection of ˜︁S(X ,E) [7–9]. Then ˜︁τ is said to be a soft topology on X if:

(i) ˜︁∅, ˜︁X ∈ ˜︁τ;
(ii) ˜︁τ is closed under finite soft intersection;

(iii) ˜︁τ is closed under arbitrary soft union.

If ˜︁τ is a soft topology on X, then (X ,˜︁τ,E) is called a soft topological space. The members of ˜︁τ are called soft open sets.

2.3. Fuzzy sets

Definition 2.3. If X is a universe of discourse [10–12], then a function

µ : X −→ [0,1]

is called a fuzzy subset of X and is represented by

{(x,µ(x)) : x ∈ X}.

The value µ(x) is called the membership grade of x.

If µ assumes only the values 0 and 1, then it is called a crisp subset of X .

2.4. Fuzzy soft set

Let X be an initial universal set and let E be a set of parameters. Let [0,1]X denote the collection of all fuzzy subsets of X [13]. If A ⊆ E and˜︁µ : A −→ [0,1]X ,

then (˜︁µ,A) is known as a fuzzy soft set in X with E as the parameter space.
If (˜︁µ,A) is a fuzzy soft set, then for every parameter e ∈ A, ˜︁µ(e) is a fuzzy subset of X [14, 15]. If we set ˜︁µ(e) = 0∗ for every e ∈ E \A, then˜︁µ : E → [0,1]X is a fuzzy soft set over (X ,E). Let ˜︂FS(X ,E) denote the collection of all fuzzy soft sets over (X ,E).
Let ˜︁0 and ˜︁1 denote the null and absolute fuzzy soft subsets:˜︁0(e) = 0∗, ˜︁1(e) = 1∗, e ∈ E.

For ˜︁µ1, ˜︁µ2 ∈ ˜︂FS(X ,E), we write˜︁µ1 ⪯ ˜︁µ2

if ˜︁µ1(e)≤ ˜︁µ2(e) for every e ∈ E.
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Definition 2.4. For every e ∈ E,

(˜︁µ1 ⊓ ˜︁µ2)(e) = ˜︁µ1(e)∧ ˜︁µ2(e),

(˜︁µ1 ⊔ ˜︁µ2)(e) = ˜︁µ1(e)∨ ˜︁µ2(e),

(˜︁1\ ˜︁µ2)(e) =
(︁˜︁µ2(e)

)︁′
.

2.5. Fuzzy soft topology

Definition 2.5. Let ˜︁τ be a subcollection of ˜︂FS(X ,E). Then ˜︁τ is said to be a fuzzy soft topology on X if:

(i) ˜︁0,˜︁1 ∈ ˜︁τ;
(ii) ˜︁τ is closed under finite fuzzy soft intersection;

(iii) ˜︁τ is closed under arbitrary fuzzy soft union.

If ˜︁τ is a fuzzy soft topology on X, then (X ,˜︁τ,E) is called a fuzzy soft topological space.

If ˜︁µ is a fuzzy soft subset of (X ,˜︁τ,E), then fsInt ˜︁µ and fsCl ˜︁µ denote the fuzzy soft interior and fuzzy soft closure.

3. Fuzzy soft topology versus matrices

Let ˜︁τ be a collection of fuzzy soft sets in ˜︂FS(X ,E) and define

FM(˜︁τ) = {Mat(˜︁µ) : ˜︁µ ∈ ˜︁τ}.
Theorem 3.1. The following are equivalent:

(i) ˜︁τ is a fuzzy soft topology.
(ii) (FM(˜︁τ),⊕,⊙, [0i j], [1i j]) is a complete distributive lattice.

(iii) (˜︁τ,⊕,⊙,˜︁0,˜︁1) is a complete distributive lattice.

Proof. Suppose ˜︁τ is a fuzzy soft topology. Then

Mat(˜︁0) = [0i j] ∈ FM(˜︁τ), Mat(˜︁1) = [1i j] ∈ FM(˜︁τ).
For ˜︁µ1, ˜︁µ2 ∈ ˜︁τ , closure under fuzzy soft union and intersection gives

˜︁µ1 ⊓ ˜︁µ2, ˜︁µ1 ⊔ ˜︁µ2 ∈ ˜︁τ.
Under the corresponding matrix operations,

Mat(˜︁µ1)⊙Mat(˜︁µ2) = Mat(˜︁µ1 ⊓ ˜︁µ2),

and

Mat(˜︁µ1)⊕Mat(˜︁µ2) = Mat(˜︁µ1 ⊔ ˜︁µ2).

Hence FM(˜︁τ) forms a complete distributive lattice. The converse follows by reversing these implications.

Theorem 3.2. A fuzzy soft set ˜︁µ is fuzzy soft closed if and only if

Mat(˜︁µ ′) ∈ FM(˜︁τ).
Proof. We have

˜︁µ is fuzzy soft closed ⇐⇒ ˜︁1\ ˜︁µ ∈ ˜︁τ ⇐⇒ Mat(˜︁1\ ˜︁µ) ∈ FM(˜︁τ),
and therefore

Mat(˜︁µ ′) ∈ FM(˜︁τ).
Definition 3.3. For fuzzy soft matrices, define

Mat(˜︁µ1)≤ Mat(˜︁µ2)

if

Mat(˜︁µ1)⊕Mat(˜︁µ2) = Mat(˜︁µ2).

Theorem 3.4. The following are equivalent:

(i) Mat(˜︁µ1)≤ Mat(˜︁µ2);
(ii) Mat(˜︁µ1 ⊕ ˜︁µ2) = Mat(˜︁µ2);

(iii) ˜︁µ1 ⊕ ˜︁µ2 = ˜︁µ2;
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(iv) ˜︁µ1 ⊔ ˜︁µ2 = ˜︁µ2;
(v) ˜︁µ1 ⪯ ˜︁µ2;

(vi) ˜︁µ1 ⊓ ˜︁µ2 = ˜︁µ1;
(vii) Mat(˜︁µ1)⊙Mat(˜︁µ2) = Mat(˜︁µ1);

(viii) ˜︁µ1 ⊙ ˜︁µ2 = ˜︁µ1.

Proof. The equivalences follow from the definitions of the matrix operations and the pointwise maximum and minimum operations:

max{(µ1)i j,(µ2)i j}= (µ2)i j

and

min{(µ1)i j,(µ2)i j}= (µ1)i j.

Thus all the stated conditions are equivalent.

Proposition 3.5. The relation ≤ is a partially ordered relation on FM(˜︂FS(X ,E)), but it is not linearly ordered.

Proposition 3.6.

Mat(˜︁µ1 ⊙ ˜︁µ2)≤ Mat(˜︁µ1 ⊕ ˜︁µ2).

Definition 3.7. For Mat(˜︁µ1) define the lower and upper matrix operators by

˜︁L(Mat(˜︁µ1)) =⊕{Mat(˜︁µ) : Mat(˜︁µ)≤ Mat(˜︁µ1), ˜︁µ ∈ ˜︁τ}, (1)˜︁U(Mat(˜︁µ1)) =⊙{Mat(˜︁µ) : Mat(˜︁µ1)≤ Mat(˜︁µ), ˜︁µ ∈ ˜︁1\ ˜︁τ}. (2)

Furthermore,˜︁L˜︁L(Mat(˜︁µ1)) = ˜︁L(˜︁L(Mat(˜︁µ1))),˜︁L˜︁U(Mat(˜︁µ1)) = ˜︁L(˜︁U(Mat(˜︁µ1))),˜︁U˜︁L(Mat(˜︁µ1)) = ˜︁U(˜︁L(Mat(˜︁µ1))),

and ˜︁U˜︁U(Mat(˜︁µ1)) = ˜︁U(˜︁U(Mat(˜︁µ1))).

Theorem 3.8. For every fuzzy soft matrix,

(i) ˜︁L(Mat(˜︁µ1))≤ Mat(˜︁µ1)≤ ˜︁U(Mat(˜︁µ1));

(ii) if Mat(˜︁µ1)≤ Mat(˜︁µ2), then

˜︁L(Mat(˜︁µ1))≤ ˜︁L(Mat(˜︁µ2))

and ˜︁U(Mat(˜︁µ1))≤ ˜︁U(Mat(˜︁µ2));

(iii) ˜︁L(Mat(˜︁µ1)) = Mat(˜︁µ1)⇐⇒ ˜︁µ1 ∈ ˜︁τ;

(iv) ˜︁U(Mat(˜︁µ1)) = Mat(˜︁µ1)⇐⇒ ˜︁µ1 ∈ ˜︁1\ ˜︁τ;

(v) ˜︁L˜︁L(Mat(˜︁µ1)) = ˜︁L(Mat(˜︁µ1));

(vi) ˜︁U˜︁U(Mat(˜︁µ1)) = ˜︁U(Mat(˜︁µ1)).

Theorem 3.9.˜︁L(Mat(˜︁µ1))≤ ˜︁L˜︁U˜︁L(Mat(˜︁µ1))≤ ˜︁L˜︁U(Mat(˜︁µ1))

≤ ˜︁U˜︁L˜︁U(Mat(˜︁µ1))≤ ˜︁U(Mat(˜︁µ1)).

Also, ˜︁L(Mat(˜︁µ1))≤ ˜︁L˜︁U˜︁L(Mat(˜︁µ1))≤ ˜︁U˜︁L(Mat(˜︁µ1))

≤ ˜︁U˜︁L˜︁U(Mat(˜︁µ1))≤ ˜︁U(Mat(˜︁µ1)).
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4. Characterizations of fuzzy soft topological sets

Proposition 4.1. For every fuzzy soft set ˜︁µ ,

Mat(fsInt ˜︁µ) = ˜︁L(Mat(˜︁µ))
and

Mat(fsCl ˜︁µ) = ˜︁U(Mat(˜︁µ)).
Theorem 4.2.

Mat(fsInt(fsCl ˜︁µ)) = ˜︁L˜︁U(Mat(˜︁µ)),
Mat(fsCl(fsInt ˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ)),

Mat(fsInt(fsCl(fsInt ˜︁µ))) = ˜︁L˜︁U˜︁L(Mat(˜︁µ)),
Mat(fsCl(fsInt(fsCl ˜︁µ))) = ˜︁U˜︁L˜︁U(Mat(˜︁µ)).

Theorem 4.3. The following characterizations hold:

(i) ˜︁µ is fuzzy soft open iff

Mat(˜︁µ) = ˜︁L(Mat(˜︁µ)).
(ii) ˜︁µ is fuzzy soft closed iff

Mat(˜︁µ) = ˜︁U(Mat(˜︁µ)).
(iii) ˜︁µ is fuzzy soft regular open iff

Mat(˜︁µ) = ˜︁L˜︁U(Mat(˜︁µ)).
(iv) ˜︁µ is fuzzy soft regular closed iff

Mat(˜︁µ) = ˜︁U˜︁L(Mat(˜︁µ)).
(v) ˜︁µ is a fuzzy Q-soft set iff˜︁L˜︁U(Mat(˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ)).

(vi) ˜︁µ is fuzzy soft b#-open iff

Mat(˜︁µ) = ˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ)).
(vii) ˜︁µ is fuzzy soft b#-closed iff

Mat(˜︁µ) = ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)).
Theorem 4.4. The following are equivalent:

(i) ˜︁µ is fuzzy soft semi-open;
(ii)

Mat(˜︁µ)≤ ˜︁U˜︁L(Mat(˜︁µ));
(iii)

Mat(˜︁µ)⊕ ˜︁U˜︁L(Mat(˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊙ ˜︁U˜︁L(Mat(˜︁µ)) = Mat(˜︁µ).
Theorem 4.5. The following are equivalent:

(i) ˜︁µ is fuzzy soft pre-open;
(ii)

Mat(˜︁µ)≤ ˜︁L˜︁U(Mat(˜︁µ));
(iii)

Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)) = ˜︁L˜︁U(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊙ ˜︁L˜︁U(Mat(˜︁µ)) = Mat(˜︁µ).
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Theorem 4.6. The following are equivalent:

(i) ˜︁µ is fuzzy soft α-open;
(ii)

Mat(˜︁µ)≤ ˜︁L˜︁U˜︁L(Mat(˜︁µ));
(iii)

Mat(˜︁µ)⊕ ˜︁L˜︁U˜︁L(Mat(˜︁µ)) = ˜︁L˜︁U˜︁L(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊙ ˜︁L˜︁U˜︁L(Mat(˜︁µ)) = Mat(˜︁µ).
Theorem 4.7. The following are equivalent:

(i) ˜︁µ is fuzzy soft β -open;
(ii)

Mat(˜︁µ)≤ ˜︁U˜︁L˜︁U(Mat(˜︁µ));
(iii)

Mat(˜︁µ)⊕ ˜︁U˜︁L˜︁U(Mat(˜︁µ)) = ˜︁U˜︁L˜︁U(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊙ ˜︁U˜︁L˜︁U(Mat(˜︁µ)) = Mat(˜︁µ).
Theorem 4.8. The following are equivalent:

(i) ˜︁µ is a q-fuzzy soft set;
(ii) ˜︁U˜︁L(Mat(˜︁µ))≤ ˜︁L˜︁U(Mat(˜︁µ));

(iii) ˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ)) = ˜︁L˜︁U(Mat(˜︁µ));
(iv) ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ)).

Theorem 4.9. The following are equivalent:

(i) ˜︁µ is a p-fuzzy soft set;
(ii) ˜︁L˜︁U(Mat(˜︁µ))≤ ˜︁U˜︁L(Mat(˜︁µ));

(iii) ˜︁L˜︁U(Mat(˜︁µ))⊕ ˜︁U˜︁L(Mat(˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ));
(iv) ˜︁L˜︁U(Mat(˜︁µ))⊙ ˜︁U˜︁L(Mat(˜︁µ)) = ˜︁L˜︁U(Mat(˜︁µ)).

Theorem 4.10. The following are equivalent:

(i) ˜︁µ is fuzzy soft b-open;
(ii)

Mat(˜︁µ)≤ ˜︁U˜︁L(︂
Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂ ;

(iii)

Mat(˜︁µ)⊕ ˜︁U˜︁L(︂
Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂= ˜︁U˜︁L(︂

Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂ ;

(iv)

Mat(˜︁µ)⊙ ˜︁U˜︁L(︂
Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂= Mat(˜︁µ).

Theorem 4.11. The following are equivalent:

(i) ˜︁µ is fuzzy soft ∗b-open;



24 Computational Methods, 3(2):18–26, July-December: 2026.

(ii)

Mat(˜︁µ)≤ ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ));
(iii)

Mat(˜︁µ)⊕(︂˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)))︂= ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊙(︂˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)))︂= Mat(˜︁µ).
Theorem 4.12. The following are equivalent:

(i) ˜︁µ is fuzzy soft semi-closed;
(ii) ˜︁L˜︁U(Mat(˜︁µ))≤ Mat(˜︁µ);

(iii)

Mat(˜︁µ)⊕ ˜︁L˜︁U(Mat(˜︁µ)) = Mat(˜︁µ);
(iv)

Mat(˜︁µ)⊙ ˜︁L˜︁U(Mat(˜︁µ)) = ˜︁L˜︁U(Mat(˜︁µ)).
Theorem 4.13. The following are equivalent:

(i) ˜︁µ is fuzzy soft pre-closed;
(ii) ˜︁U˜︁L(Mat(˜︁µ))≤ Mat(˜︁µ);

(iii)

Mat(˜︁µ)⊕ ˜︁U˜︁L(Mat(˜︁µ)) = Mat(˜︁µ);
(iv)

Mat(˜︁µ)⊙ ˜︁U˜︁L(Mat(˜︁µ)) = ˜︁U˜︁L(Mat(˜︁µ)).
Theorem 4.14. The following are equivalent:

(i) ˜︁µ is fuzzy soft α-closed;
(ii) ˜︁U˜︁L˜︁U(Mat(˜︁µ))≤ Mat(˜︁µ);

(iii)

Mat(˜︁µ)⊕ ˜︁U˜︁L˜︁U(Mat(˜︁µ)) = Mat(˜︁µ);
(iv)

Mat(˜︁µ)⊙ ˜︁U˜︁L˜︁U(Mat(˜︁µ)) = ˜︁U˜︁L˜︁U(Mat(˜︁µ)).
Theorem 4.15. The following are equivalent:

(i) ˜︁µ is fuzzy soft β -closed;
(ii) ˜︁L˜︁U˜︁L(Mat(˜︁µ))≤ Mat(˜︁µ);

(iii)

Mat(˜︁µ)⊕ ˜︁L˜︁U˜︁L(Mat(˜︁µ)) = Mat(˜︁µ);
(iv)

Mat(˜︁µ)⊙ ˜︁L˜︁U˜︁L(Mat(˜︁µ)) = ˜︁L˜︁U˜︁L(Mat(˜︁µ)).
Theorem 4.16. The following are equivalent:

(i) ˜︁µ is fuzzy soft b-closed;
(ii) ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ))≤ Mat(˜︁µ);
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(iii)

Mat(˜︁µ)⊙(︂˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)))︂= ˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊕(︂˜︁U˜︁L(Mat(˜︁µ))⊙ ˜︁L˜︁U(Mat(˜︁µ)))︂= Mat(˜︁µ).
Theorem 4.17. The following are equivalent:

(i) ˜︁µ is fuzzy soft ∗b-closed;
(ii) ˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ))≤ Mat(˜︁µ);

(iii)

Mat(˜︁µ)⊙(︂˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂= ˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ));
(iv)

Mat(˜︁µ)⊕(︂˜︁U˜︁L(Mat(˜︁µ))⊕ ˜︁L˜︁U(Mat(˜︁µ)))︂= Mat(˜︁µ).
5. Conclusion

A comprehensive matrix framework for fuzzy soft topology has been established by representing fuzzy soft topological structures through
fuzzy soft matrices and lattice operations. The equivalence between fuzzy soft topologies and complete distributive lattices of fuzzy soft
matrices provides a unified algebraic foundation for studying fuzzy soft spaces.

The introduced partial order and the associated lower and upper matrix operators successfully characterize fuzzy soft interior and
closure in an entirely matrix-based setting. Using these operators, numerous generalized fuzzy soft topological classes, including regular
open, regular closed, semi-open, pre-open, α-open, β -open, b-open, ∗b-open, b#-open, and their corresponding closed counterparts, are
characterized by equivalent matrix equations and order relations.

These characterizations demonstrate that diverse fuzzy soft topological properties can be interpreted through a common lattice-theoretic
framework, leading to a simpler and more systematic treatment of generalized fuzzy soft sets. The proposed methodology strengthens
the relationship between fuzzy soft topology and matrix algebra while providing an efficient representation for theoretical analysis. The
developed framework offers a useful basis for extending matrix methods to other generalized fuzzy soft topological structures and for
developing computational algorithms that support applications involving uncertainty, parameterized information systems, and intelligent
decision-making.
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