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 This paper provides a comparative analysis of the fuzzy Q-neighborhood and 

the fuzzy neighborhood system of a fuzzy point. Specifically, we investigate 

the relationship between the elements of these systems when both are 

defined at the same fuzzy point. We address questions such as: how are these 

elements interconnected, and which system contains the other? Furthermore, 

we give the dual of the fuzzy Q-neighborhood system, which is named the 

fuzzy DQ-neighborhood system, and prove that these two systems are not 

equivalent. Finally, we examine the properties of these systems to determine 

whether they satisfy the conditions of fuzzy topology, Supra topology, or 

filter theory. 
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1. INTRODUCTION  

The principles of fuzzy systems were introduced by Zadeh [1], subsequently influencing various 

mathematical disciplines such as algebra [2], topology [3], and geometry [4]. Among these, topology has 

seen the most significant development, which was later called fuzzy topology. It is defined through two 

primary approaches: those of Chang [3] and Lowen [5]. In this work, we adopt Chang's framework [3], 

which defines a fuzzy topology on the set X as a family T ⊆ IX, where I = [0,1], satisfying the well-known 

axioms. This approach has been extensively studied by researchers such as Šostak [6], Ramadan [7], and 

Vadivel [8]. 

Research in this field has primarily aimed to explore new structures that expand existing 

mathematical horizons by generalizing foundational concepts or uncovering novel relationships. Given that 

fuzzy topology, as a discipline, is relatively young, originating in 1965, its development has proceeded from 

foundational topics like topology, through fuzzy systems. Establishing and defining these core concepts 

inevitably generates new questions and problems, such as understanding the relationship between different 

concepts, determining whether one concept leads to another, and identifying the conditions required for such 

transitions. Additionally, weak these conditions can yield new concepts that demand further exploration. 

The concept of fuzzy neighborhood holds a significant place in mathematics, and extends its effect 

into fields as computer science and engineering, particularly in the context of data modeling [9]–[11]. 

Therefore, it is essential to explore the topic from multiple angles. One such aspect involves examining the 

various types of fuzzy neighborhoods, among which the fuzzy Q-neighborhood [12], [13] is of particular 

interest. During our study, we note that the dual of the fuzzy Q-neighborhood has received little to no 

attention in prior research. Questions naturally arise: what form does this dual take?, is it possible to 
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construct a fuzzy topological category based on it?, and these are some of the central inquiries we aim to 

explore and address throughout this study. 

Our study presents an approach to the fuzzy Q-neighborhood of a fuzzy point [12], specifically 

investigating its relationship with the fuzzy neighborhood of a fuzzy point [14]–[16]. Previous studies have 

largely overlooked this specific relationship in their analyses, although prior research has examined fuzzy 

neighborhood systems through consistent functions and quantale-based structures as [17]–[19]. In contrast, 

this paper brings it to the forefront, offering a clear explanation supported by illustrative examples. At the 

same time, we introduced the dual of the fuzzy Q-neighborhood concept and clarified how it relates to 

previously established fuzzy neighborhood structures. We also examine whether relaxing certain conditions 

leads to new insights and explore the connections between these systems. Through discussion, examples, and 

theoretical analysis. Exploring the category-theoretic approach to fuzzy dual Q-neighborhood can lead to the 

development of a new categorical structure that differs fundamentally from the fuzzy filter framework 

typically induced by fuzzy neighborhoods and Q-neighborhood. 

 

 

2. PRELIMINARIES 

We will recall some concepts that we need in this paper. It is important to understand the paper 

procedures. From now on X always denotes a nonempty set called the universal set, its elements have 

membership 1, and A is a fuzzy subset of X, which we will call later fuzzy set. On the contrary, the empty set 

∅ whose elements have membership 0. Also, don’t forget, I denotes [0,1] where 0 ≤ μA(x) ≤ 1, for each A is 

a fuzzy set in X. 

We will recall some concepts that we need in this paper. It is important to understand the paper 

procedures. From now on X always denotes a nonempty set called the universal set, its elements have 

membership 1, and A is a fuzzy subset of X, which we will call later fuzzy set. On the contrary, the empty set 

∅ whose elements have membership 0. Also, don’t forget, I denotes [0,1] where 0 ≤ μA(x) ≤ 1, for each A is 

a fuzzy set in X. 

Definition 2.1: a fuzzy set A in universal set X is a collection of ordered pairs as  

A = {(x, μA(x)): x ∈ X}, μA(x) ∈ I, [1], [2]. Definition 2.2: a fuzzy point xt, (0 < 𝑡 ≤ 1), in X is a fuzzy set 

which takes the value 0 for all y ∈ X except for one element, say x ∈ X, [1], [3]. Definition 2.3: let xt be 

fuzzy points and A, B are fuzzy sets in X [1], [3] then we say: i) xt ∈ A iff t ≤ μA(x). Other than that xt ∉ A; 

ii) B ⊆ A iff μB(x) ≤ μA(x), ∀x ∈ X. Other than B ⊈ A; iii) A = B iff μA(x) = μB(x), ∀x ∈ X.  

Other than A ≠ B; iv) the union of fuzzy sets Ai ⊆ X has a membership function which defined for each x ∈
X by: μ⋃ Aii∈I

(x) = max⁡{μAi(x), i ∈ I}; v) the intersection of fuzzy sets Ai ⊆ X, i = 1,2, , … , n has 

membership function which defined for each x ∈ X by by μ⋂ Ai
n
i=1

(x) = min⁡{μAi(x), i = 1,2, , … , n⁡};  

and vi) the complement of a fuzzy set A ⊆ X has a membership function which defined for each x ∈ X by: 

μAc(x) = 1 − μA(x). 
Definition 2.4: the support of subset A⁡(supA) is the crisp set of all elements in X that have a  

non-zero membership, i.e., supA = {x ∈ X:⁡μA(x) > 0}, [1], [4]. Theorem 2.1: let A and B be two fuzzy sets 

in the universal set X [4], [5], then: i) A ⊆ B iff for each xt ∈ A then xt ∈ B; ii) A = B iff A ⊆ B and B ⊆ A; 

iii) xt ∈ A ∪ B iff xt ∈ A or xt ∈ B; and iv) xt ∈ A ∩ B iff xt ∈ A and xt ∈ B. However, there doesn't need to 

exist a relation between the formulas xt ∈ A and xt ∈ Ac and we have xt ∈ Aciff t ≤ 1 − μA(x), xt ∉ Ac iff 
t > 1 − μA(x). 

Definition 2.5: let X be a universal set [6], [7], then: i) a fuzzy point xt⁡in⁡X is said to be quasi-

coincident with the fuzzy set A⁡in⁡X, denoted by xtqA, if and only if t + μA(x) > 1, and not quasi-coincident 

with the fuzzy set A, denoted by xt ↽ qA, if and only if t + μA(x) ≤ 1; and ii) A fuzzy set A⁡in⁡X is said to be 

quasi-coincident with the fuzzy set B⁡in⁡X, denoted by AqB, iff there exists x⁡in⁡X such that μA(x) + μB(x) >
1 and not quasi-coincident with the fuzzy set B⁡in⁡X, denoted by A ↽ qB, iff for each x⁡in⁡X, then μA(x) +
μB(x) ≤ 1. 

Theorem 2.2: consider X as a universal set, and let A and B represent fuzzy subsets within X [8], 

[20], then: i) A ↽ qB iff A ⊆ Bc; ii) A ⊆ B iff xtqB, ∀xtqA; iii) A ↽ qAc For every fuzzy set A defined within 

X; iv) A ∩ B = ∅ then A ↽ qB; and v) xt ↽ qA iff xt ∈ Ac. 
Remark 2.1: note that if AqB then BqA and vice versa, and so A ↽ qB. Now, we will introduce the 

concepts of fuzzy topological spaces, which we will need later. Definition 2.6: a fuzzy topology T, is defined 

as a collection of fuzzy sets on a universal set X that satisfies the following conditions [3]: i) ∅, X ∈ T; ii) if 

A, B ∈ T then A ∩ B ∈ T; and iii) if Ai ∈ T for every i ∈ I, then ∪i∈I Ai ∈ T. T is called a fuzzy topology for 

X, and the pair (X, T) It is called a fuzzy topological space. Every member of T is called a fuzzy open set. A 

fuzzy set is closed iff its complement is open.  
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Definition 2.7: in a fuzzy topological space (X, T), a fuzzy set A is considered a fuzzy neighborhood 

of a fuzzy point xt if there exists a fuzzy open set U such that xt ∈ U ⊆ A. The collection of all fuzzy 

neighborhoods of xt is referred to as the fuzzy neighborhood system at xt and is denoted by Nxt , [3]. 

Example 2.1: let X = {x, y} and T = {∅, X, {x0.5}, {y0.6}, {x0.5, y0.6}}, T is a fuzzy topology on X.  

Let A = {x0.6, y0.5} then A is a fuzzy neighborhood on xt, ∀t ≤ 0.5, but A is an impossible fuzzy 

neighborhood on yt, 0 < 𝑡 ≤ 1.⁡ Theorem 2.3: a fuzzy set A is considered fuzzy open iff for every fuzzy point 

xt contained in A, A is a fuzzy neighborhood of xt, [3]. Example 2.2: it's clear that A in example (2.1) is not 

fuzzy open. Definition 2.8: let A be a fuzzy set in a fuzzy topological space (X, T). The interior A° and closure 

A̅ are defined as (1) and (2) [21], [22]. 
 

𝐴° = ⋃{𝐺: 𝐺⁡𝑖𝑠⁡𝑓𝑢𝑧𝑧𝑦⁡𝑜𝑝𝑒𝑛⁡𝑎𝑛𝑑⁡𝐺 ⊆ 𝐴} (1) 
 

𝐴̅ = ⋂{𝐻:𝐻⁡𝑖𝑠⁡𝑓𝑢𝑧𝑧𝑦⁡𝑐𝑙𝑜𝑠𝑒𝑑⁡𝑎𝑛𝑑⁡𝐴 ⊆ 𝐻} (2) 
 

Example 2.3: note in example (2.1), A° = {x0.5} and A̅ = X. Definition 2.9: a fuzzy filter ℱ on a 

universal set X is a collection of fuzzy sets in X that satisfy these conditions [23], [24]: i) If F1 and F2 are 

elements of ℱ, then F1⋂F2 must also belong to ℱ; ii) If F is an element of ℱ and F ⊆ G, then G must also 

belong to ℱ; and iii) ∅ ∉ ℱ. 

Remark 2.2: from 3 in the definition above, then the filter is impossible in topology and vice versa. 

Example 2.4: the fuzzy neighborhood system Nxt of any fuzzy point xt in a universal set X is fuzzy filter. 

Proof: i) let Gxt&Vxt ∈ Nxt ⟹ ∃B&𝐶⁡𝑖𝑛⁡𝑇⁡𝑠. 𝑡⁡xt ∈ B ⊆ Gxt&xt ∈ C ⊆ Vxt ⟹ xt ∈ B ∩ C ⊆ Gxt ∩ Vxt ⟹

Gxt ∩ Vxt ∈ Nxt; ii) If Gxt ∈ Nxt ⟹ ∃B⁡in⁡T⁡s. t⁡xt ∈ B ⊆ Gxt ⁡and⁡if⁡Gxt ⊆ M⟹ M ∈ Nxt since xt ∈ B ⊆ M; 

iii) ∅ ∉ Nxt  since ∅ it has no element with t > 0; iv) Definition 2.10: a fuzzy Supra topology δ ⊆ IX is 

defined as follows [25]: 

– ∅, X ∈ δ. 

– If Bj ∈ δ, ∀j ∈ J, then ⋃ Bj ∈ δj∈J . 

Remark 2.3: from the definition above, every fuzzy topology is a fuzzy Supra topology, but the 

converse is not true in general, as follows: example 2.5: in example 2.1, let δ =
{∅, X, {x0.5, y0.6}, {x0.6, y0.5}, {x0.6, y0.6}} is a fuzzy Supra topology on X, but it is not a fuzzy topology. 

Remark 2.4: as pointed out in definition 2.9 (3), that fuzzy Supra topology is impossible is fuzzy topology, 

and so the converse is true. 

 

 

3. Q-NEIGHBORHOODS OF A FUZZY POINT 

In this section, we first highlight some of the claims made about the fuzzy Q-neighborhood of a 

fuzzy point. We then explore its relationship with the fuzzy neighborhood, which is a preliminary step 

towards constructing a new neighborhood in the next chapter. This will encourage us to infer new 

relationships and theorems, which we will support with examples. 

Definition 3.1 [12]: a fuzzy set A in (X, T) is referred to as a fuzzy quasi-neighborhood (or fuzzy 

Q-neighborhood) of xt iff there exists a B ∈ T such that xtqB ⊆ A. The collection of all fuzzy 

Q-neighborhoods of xt is called the system of fuzzy Q-neighborhoods of xt and denoted by QNxt . Note 3.1:  

i) a fuzzy Q-neighborhoods of a fuzzy point xt general may be containing the point itself xt or no; ii) a fuzzy 

set A that quasi-coincides with a fuzzy point xt generally not necessary, it is fuzzy Q-neighborhood of xt;  
iii) in the following, we will give examples for tow notes above. Examples 3.1: in example 2.1: i) we note 

that the fuzzy set A is a fuzzy Q-neighborhood of the fuzzy point x0.7 since x0.7q{x0.5} ⊆ A but x0.7 ∉ A, 

while A is the fuzzy Q-neighborhood of x0.6 since x0.6q{x0.5} ⊆ A and x0.6 ∈ A; and ii) We note A is quasi-

coincident with y0.6 but A is not a fuzzy Q-neighborhood of a fuzzy point y0.6 since ∄B ∈ T⁡s. ty⁡0.6qB ⊆ A⁡. 
Note 3.2: we also note that the concepts of fuzzy neighborhood and fuzzy Q-neighborhood are 

separate as follows: example 3.2: in example 2.1, A is the fuzzy Q-neighborhood of the fuzzy point x0.6 since 

x0.6q{x0.5} ⊆ A but is not a fuzzy neighborhood since ∄B ∈ T⁡s. tx0.6 ∈ B ⊆ A and so A is a fuzzy 

neighborhood of the fuzzy point x0.4 since x0.4 ⊆ {x0.5} ⊆ A, but it is not fuzzy Q-neighborhood since ∄B ∈
T⁡s. t⁡x0.4qB ⊆ A. Remark 3.1: we observe that if a fuzzy set is not quasi-coincident with a fuzzy point, then it 

is impossible for it to be the fuzzy Q-neighborhood of that point. Proposition 3.1: For any xt ∈ X, where 0 <
𝑡 ≤ 1, then: i) QNxt  is not fuzzy topology or fuzzy Supra topology; and ii) QNxt is a fuzzy filter on X. 

Proof: from remark 3.1 ∅ ∉ QNxt
. Let G, V ∈ QNxt

, then ∃B, C in T s.t. xtqB ⊆ G and xtqC ⊆ V ⇒

xtqB⋂C ⊆ G⋂V ⇒ G⋂V ∈ QNxt
. Let G ∈ QNxt

⇒ ∃B ∈ T⁡s. t. xtqB ⊆ G and if G ⊆ V ⇒ xtqB ⊆ V ⇒ V ∈

QNxt . From proof 1, ∅ ∉ QNxt . 
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From note 3.2 and example 3.2, we know the concepts of fuzzy neighborhood system and fuzzy 

Q-neighborhoods are separate, but a question might arise in our minds: what is the nature of the relation 

between the elements in the fuzzy neighborhood and fuzzy Q-neighborhood system at the same fuzzy point?. 

Theorem 3.1: let xt ∈ X be a fuzzy point and let Nxt
 and QNxt

 are fuzzy neighborhoods and fuzzy  

Q-neighborhood system at xt, respectively, then each element A ∈ Nxt  is quasi-coincident with each B ∈

QNxt  and so converse. Proof: let A ∈ Nxt ⇒ ∃U is fuzzy open s.t. xt ∈ U ⊆ A. Let B ∈ QNxt ⇒ ∃V is fuzzy 

open s.t. xtqV ⊆ B and same time. 
 

xtqB ⇒ t + μB(x) > 1 (3) 
 

But, xt ∈ A ⇒ t ≤ μA(x) then from (1) μA(x) + μB(x) > 1 ⇒ 𝐴𝑞𝐵 and so by theorem 2.1 BqA. 

Theorem 3.2: for any xt ∈ X⁡then,Nxt ⊆ QNxt ⁡or⁡QNxt ⊆ Nxt . Proof: let xt ∈ X. Then t ≤ 0.5 or t > 0.5. If 

t ≤ 0.5, let B ∈ QNxtthen ∃V is open s.t. xtqV ⊆ B ⇒ μV(x) > 0.5 ⇒ xt ∈ V ⊆ B ⇒ B ∈ Nxt ⇒ QNxt ⊆ Nxt. 

Now, if t > 0.5, let A ∈ Nxt ⇒ ∃U is a fuzzy open set s.t. xt ∈ U ⊆ A and since t > 0.5 ⇒ μU(x) + t > 1 ⇒

xtqU ⊆ A ⇒ A ∈ QNxt ⇒ Nxt ⊆ QNxt . Theorem 3.3: for any xt ∈ X. Any system Γ which is a fuzzy 

neighborhood and a Q-neighborhood system on xt then every element has membership at x larger than 0.5. 

Proof: let xt ∈ X, t ≤ 0.5 or t > 0.5. If t ≤ 0.5 and ς ∈ Γ ⇒ ς ∈ QNxtand by theorem 3.2 ⇒ μς(x) > 0.5, and 

if t > 0.5 ⇒ 𝜍 ∈ Nxt
⇒ μς(x) > 0.5.  

 

 

4. DQ-NEIGHBORHOOD OF A FUZZY POINT 

In this section, we will present and prove that the dual isn’t equivalent to fuzzy Q-neighborhood. 

Definition 4.1: a fuzzy set A in fuzzy topological space (X, T) is called a fuzzy dual quasi-neighborhood (in 

brief, fuzzy DQ-neighborhood) of a fuzzy point xt iff xtqA and there exists V ∈ T s.t. xtqV ⊆ Ac. The family 

of all the fuzzy DQ-neighborhoods at a fuzzy point xt is called the fuzzy DQ-neighborhood system of xt, 
which is denoted by NDxt. Remark 4.1: from definition 2.1, we note the following: i) if A is a fuzzy  

DQ-neighborhood of xt then xtqA
c; ii) A is a fuzzy DQ-neighborhood of xt iff xtqA and Ac is the fuzzy  

Q-neighborhood of xt; and iii) If A is a fuzzy Q-neighborhood and DQ-neighborhood of xt then so Ac. Proof: 

the proof, being straightforward, is omitted. The following example explains that the two concepts, fuzzy 

DQ-neighborhood and-neighborhoods are not equivalent.  

Example 4.1: let X = {a, b} and T = {∅, X, {a0.4, b0.4}}. Let A1 = {a0.3, b0.3}, A2 = {a0.7, b0.7} and 

A3 = {a0.5, b0.5} then A1 is the fuzzy DQ-neighborhood of a0.9 but it is not fuzzy Q-neighborhood of a0.9. A2 

is the fuzzy Q-neighborhood of a0.9 but it is not fuzzy DQ-neighborhood of a0.9. A3 is a fuzzy  

DQ-neighborhood and Q-neighborhood of a0.9. Note 4.1: a fuzzy DQ-neighborhood set, along with the 

complement of a fuzzy point, does not include the fuzzy point itself. The neighborhood structure of a point 

that does not contain the point itself has been explored in [12]. Theorem 4.1: a fuzzy DQ-neighborhood 

system NDxtof a fuzzy point xt in a fuzzy topological space (X, T) satisfies the following: i) ∅, X ∉ NDxt;  

ii) If Aj ∈ NDxt , j ∈ J then ⋂ Aj ∈ NDxtj∈J for any index J; and iii) If Al ∈ NDxt , l ∈ L then ⋃ Al ∈ NDxtl∈L for 

any finite index L. Proof: let (X, T) be a fuzzy topological space and xt ∈ X fixed fuzzy point. ∅ ↽ qxt, ∀xt ∈
X ⇒ ∅ ∉ NDxt . Now if X ∈ NDxt ⇒ ∅qxt and this contradiction, therefore, X ∉ NDxt . For any index J, let 

Aj ∈ NDxt , j ∈ J then ∃Uj ∈ T such that xtqUj ⊆ Aj
c ⇒ xtq⋃ Uj ⊆ ⋃ Aj

c
j∈Jj∈J ⇒ ⋃ Aj

c
j∈J  is the  

Q-neighborhood of xt, but Ajqxt, ∀j ∈ J ⇒ ⋂ Ajqxtj∈J  and by Remark 4.1,2⇒ ⋂ Aj ∈ NDxtj∈J . For any finite 

index L, let Al ∈ NDxt , l ∈ L then ∃Vl ∈ T such that xtqVl ⊆ Al ⇒ xtq⋂ Vl ⊆ ⋂ Al
c

l∈Ll∈L ⇒ ⋂ Al
c

l∈L  is the  

Q-neighborhood of xt, but Alqxt, ∀l ∈ L ⇒ ⋃ Alqxtl∈L  and by Remark 4.1,2⇒ ⋃ Al ∈ NDxtl∈L . 

In fact, from theorem 4.1, NDxt
 it isn't fuzzy topology or fuzzy Supra topology. Furthermore, it is 

not a fuzzy filter, and this is the opposite of Nxt which proves it earlier. The following example explains that: 

example 4.2: in example 2.1, A1is the fuzzy DQ-neighborhood of a0.9, i.e., A1 ∈ NDa0.9 and A1 ⊆ A2 but 

A2 ∉ NDa0.9. Proposition 4.1: in a fuzzy DQ-neighborhood system NDxtof a fuzzy point xt in a fuzzy 

topological space (X, T), let A ∈ NDxt and B ⊆ A, if xtqB then B ∈ NDxt. Proof: Since B ⊆ A, then Ac ⊆ Bc. 

xtqU ⊆ Ac ⊆ Bc, for some U ∈ T ⇒ B ∈ NDxt. 

 

 

5. RESULTS AND DISCUSSION 

The result of this study shows that the fuzzy Q-neighborhood system is also a fuzzy filter. It is worth 

observing here that the concepts of fuzzy Q-neighborhood and fuzzy neighborhood systems, although unlike 

each other, are structurally related; the former is limited in the latter and vice versa. This interrelationship has 
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been relatively neglected in literature [10]–[13], although its original interpretation occurs in the modelling of 

the behavior of fuzzy topological objects. 

The main contribution of this paper is the definition and study of the duality of the fuzzy 

Q-neighborhood system in relation to a fixed fuzzy point. We have shown that this two-class system is 

generally not a point-non-inclusion or fuzzifying system. This deviation from traditional structures includes 

the methodology of new theoretical understandings, especially when it comes to understanding neighborhood 

systems that do not depend on a specific reference point. By distinguishing between original and dual 

systems, we can classify fuzzy spaces in innovative ways, highlighting the variation of behaviors that can 

arise in fuzzy frameworks. Furthermore, a detailed study of the connections between fuzzy neighborhood 

systems, fuzzy Q-neighborhood systems, and their doubles revealed a more complex structure. This research 

highlights the promise of adopting categorical methods, such as DQ neighborhood systems, to create special 

mathematical spaces. These systems could provide a richer understanding of concepts such as proximity, 

continuity, and separation in fuzzy environments. 

The study raises some interesting questions about neighborhoods that do not fit the usual fuzzy point 

model. These kinds of systems are counterproductive to traditional ideas and highlight the need for more 

research into practical, real-world models of confusion. In the future, future research could explore these 

structures within categorical, spatial, or algebraic frameworks, paving the way for broader and more 

applicable theories in fuzzy topology and related areas. 
 
 

6. CONCLUSION 

The fuzzy Q-neighborhood system is a fuzzy filter. For any given fuzzy point, it contains either the 

fuzzy neighborhood system or contains within it an important relationship that has remained largely unknown 

in previous studies. In this paper, we address this gap by providing a clear analysis supported by illustrated 

examples. Furthermore, we introduced the dual of the fuzzy Q-neighborhood system, demonstrating that it 

neither forms a fuzzy filter nor coincides with the original fuzzy Q-neighborhood system. As families of 

fuzzy sets, these systems provide a means of characterizing specific classes of fuzzy spaces, thus facilitating 

broader generalizations and deeper structural insights. 
 

 

FUNDING INFORMATION  

Authors state no funding involved. 
 
 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Amer Himza Almyaly ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓   ✓ ✓  

Jwngsar Moshahary    ✓ ✓     ✓  ✓   
 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 
 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 
 
 

DATA AVAILABILITY 

Data availability is not applicable to this paper as no new data were created or analyzed in this 

study. 
 

 

REFERENCES 
[1] L. A. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, no. 3, pp. 338–353, 1965, doi: 10.1016/S0019-9958(65)90241-X. 

[2] A. Kaufman and M. M. Gupta, Introduction to fuzzy arithmetic. Van Nostrand Reinhold Company New York, 1991. 
[3] C. L. Chang, “Fuzzy topological spaces,” Journal of Mathematical Analysis and Applications, vol. 24, pp. 182–192, 1968,  

doi: 10.1016/0022-247X(68)90057-7. 

[4] T. J. Ross, Fuzzy Logic with Engineering Applications. Hoboken, NJ, USA: John Wiley & Sons, 2005. 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 14, No. 4, December 2025: 1083-1088 

1088 

[5] R. Lowen, “Fuzzy topological spaces and fuzzy compactness,” Journal of Mathematical Analysis and Applications, vol. 56, no. 3, 
pp. 621–633, 1976, doi: 10.1016/0022-247X(76)90029-9. 

[6] A. P. Šostak, “On a fuzzy topological structure,” in Proceedings of the 13th Winter School on Abstract Analysis, 1985,  

pp. 89–103. 

[7] A. A. Ramadan, “Smooth topological spaces,” Fuzzy Sets and Systems, vol. 48, no. 3, pp. 371–375, 1992, 

doi: 10.1016/0165-0114(92)90352-5. 
[8] A. Vadivel and C. J. Sundar, “Neutrosophic δ-open maps and neutrosophic δ-closed maps,” American Journal of Mathematical 

and Computer Modeling, vol. 13, no. 2, pp. 66–74, 2021. 

[9] R. A.-Gdairi, A. A. Nasef, M. A. E.-Gayar, and M. K. E.-Bably, “On fuzzy point applications of fuzzy topological spaces,” 

International Journal of Fuzzy Logic and Intelligent Systems, vol. 23, no. 2, pp. 162–172, 2023,  

doi: 10.5391/IJFIS.2023.23.2.162. 
[10] B. P. Varol and H. Malkoç, “Bipolar fuzzy Supra topology via (Q-) neighborhood and its application in data mining process,” 

Symmetry, vol. 16, no. 2, 2024, doi: 10.3390/sym16020216. 

[11] A. T. and P. Madan, “Decision making based on rough approximations generalized by j-fuzzy neighborhoods,” Journal of 

Intelligent and Fuzzy Systems, vol. 48, no. 3, pp. 279–289, 2024, doi: 10.3233/JIFS-239107. 

[12] P. P.-Ming and L. Y.-Ming, “Fuzzy topology. I. Neighborhood structure of a fuzzy point and Moore-Smith convergence,” Journal 
of Mathematical Analysis and Applications, vol. 76, no. 2, pp. 571–599, 1980.  

[13] R. Gao and J. Wu, “Filter with its applications in fuzzy soft topological spaces,” AIMS Mathematics, vol. 6, no. 3, pp. 2359–2368, 

2021, doi: 10.3934/math.2021143. 

[14] L. Reznik, Fuzzy Controllers Handbook. Melbourne, Australia: Elsevier, 1998.  

[15] I. Zahan and R. Nasrin, “An introduction to fuzzy topological spaces,” Advances in Pure Mathematics, vol. 11, no. 5,  
pp. 483–501, 2021, doi: 10.4236/apm.2021.115034. 

[16] I. Jawarneh, A. U. Alkouri, M. Hazaimeh, and Z. Altawallbeh, “On the fuzzy topological spaces on a fuzzy space (X, I),”  

AIP Conference Proceedings, vol. 3094, no. 1, 2024, doi: 10.1063/5.0210144. 

[17] B. Qin, K. Hu, and Q. Xue, “The consistent functions and reductions of fuzzy neighborhood systems,” Soft Computing, 

vol. 27, pp. 9281–9291, 2023, doi: 10.1007/s00500-023-08294-7. 
[18] K. E.-Saady and A. A. Temraz, “Quantale-valued quasi-neighborhood systems: Fundamentals and application to L-quasi-

topologies, L-quasi-uniformities, and rough approximation operators,” Soft Computing, vol. 28, no. 1, pp. 177–189, 2024,  

doi: 10.1007/s00500-023-09337-9.  

[19] B. Y. and L. L. J. Pang, “Generalized neighborhood systems-based pessimistic rough sets and their applications in incomplete 
information systems,” Journal of Intelligent and Fuzzy Systems, vol. 42, no. 3, pp. 2713–2725, 2021,  

doi: 10.3233/JIFS-211851. 

[20] C. K. Wong, “Fuzzy points and local properties of fuzzy topology,” Journal of Mathematical Analysis and Applications, vol. 46, 

no. 2, pp. 316–328, 1974. 

[21] W. B. V. Kandasamy, Smarandache Fuzzy Algebra. USA: Infinite Study, 2003. 
[22] M. Ferraro and D. H. Foster, “Differentiation of fuzzy continuous mappings on fuzzy topological vector spaces,” Journal of 

Mathematical Analysis and Applications, vol. 121, no. 2, pp. 589–601, 1987. 

[23] C. de Mitri and E. Pascali, “Characterization of fuzzy topologies from neighborhoods of fuzzy points,” Journal of Mathematical 

Analysis and Applications, vol. 93, no. 1, pp. 1–14, 1983. 

[24] A. Kandil, “Fuzzy topology on fuzzy sets: Regularity and separation axioms,” American Academic and Scholarly Research 
Journal, vol. 4, no. 2, pp. 70–83, 2012. 

[25] A. Kandil, A. A. Nouh, and S. A. El-Sheikh, “On fuzzy bitopological spaces,” Fuzzy Sets and Systems, vol. 74, no. 3,  

pp. 353–363, 1995, doi: 10.1016/0165-0114(94)00333-3. 

 

 

BIOGRAPHIES OF AUTHORS 
 

 

Amer Himza Almyaly     is an Associate Professor at the College of Science,  

Al-Muthanna University, Iraq. He holds a Ph.D. in Mathematical Sciences and a Higher 

Diploma in Computer Science. His research interests include topology, fuzzy topology, fuzzy 

sets, and functional analysis. He served as the Head of the Department of Mathematics and 

Computer Applications at the College of Science from 2019 to 2020, and he is also the Head 

of the Mathematics Department at the College of Education for Pure Sciences from 2023 to 

2025, Al-Muthanna University. He can be contacted via email at: amerhimzi@mu.edu.iq. 

  

 

Jwngsar Moshahary     is an Assistant Professor at SCS College of Agriculture, 

Assam Agricultural University. He holds a Ph.D. in Mathematical Sciences, and his research 

interests include topology, fuzzy topology, fuzzy sets, and their applications. He has been 

actively engaged in teaching and research since 2019. He can be contacted via email at: 

jwngsar.moshahary@aau.ac.in. 

 

https://orcid.org/0000-0003-2448-5121
https://scholar.google.com.pk/citations?user=sqCtaqoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57204805415
https://www.webofscience.com/wos/author/record/38876543
https://orcid.org/0000-0002-3409-6691
https://scholar.google.com/citations?hl=en&user=DBNYzckAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57214793760
https://www.webofscience.com/wos/author/record/2423085

