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A R T I C L E I N F O A B S T R A C T
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This paper presents novel concepts including stratified single-valued neutrosophic soft topogenous 
(stratified svns-topogenous), stratified single-valued neutrosophic soft filter (stratified svns-filter), 
stratified single-valued neutrosophic soft quasi uniformity (stratified svnsq-uniformity) and 
stratified single-valued neutrosophic soft quasi proximity (stratified svnsq-proximity). Additionally, 
we present the idea of single-valued neutrosophic soft topogenous structures, formed by 
integrating svns-topogenous with svns-filter, and discuss their properties. Furthermore, we 
explore the connections between these single-valued neutrosophic soft topological structures 
and their corresponding stratifications.

1. Introduction and preliminaries

Various methodologies have been scrutinized for effectively handling uncertainties, encompassing fuzzy set theory [1], intuition-
istic fuzzy set theory [2], vague set theory, interval mathematics [3,4], and rough set theory [5]. However, these approaches have 
encountered significant challenges. Soft set theory, introduced by Molodtsov [6], has emerged as a promising alternative and has 
been successfully applied in diverse fields such as function smoothness [7], game theory [8], Riemann integration [9], and proba-
bility theory [10]. Notably, recent advancements in soft set theory and its applications have been particularly noteworthy in certain 
domains.

Fuzzy sets: Handle uncertainty by assigning degrees of membership, Intuitionistic fuzzy sets: Allow for more uncertainty with an 
extra degree of non-membership, Vague sets: Handle uncertainty by having a boundary region of membership, Interval mathematics: 
Deals with uncertainty by working with ranges of numbers, Rough sets: Handle uncertainty by approximating vague concepts, 
Stochastic programming: Models uncertainty through probability distributions, Robust optimization: Provides solutions that are valid 
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under all scenarios, Simulation: Mimics real-world processes to evaluate different strategies and Decision analysis: Uses decision trees 
to evaluate uncertain outcomes.

Maji et al. [11,12] provided an application for decision-making issues along with a few new definitions of soft sets. Dey and col-
leagues have examined the gray relational projection approach, generalized neutrosophic soft set and multiattribute decision-making 
in [13,14]. The findings reported in [11], started the study linking fuzzy and soft sets were enhanced by Aktas and Caǧman [15], Feng 
et al. [16], Chen et al. [17], Ali et al. [18] and Sun et al. [19]. Subsequent research on the fuzzy soft sets notion was conducted by 
Yang et al. [20], Kharal and Ahmed [21] and Ahmed and Khara [22]. Shabir and Naz [23] distinguished a variety of issues utilizing 
soft sets, subsuming separation axioms. Tanay and Kandemir [24] first developed concepts of fuzzy soft topology by utilizing Chang’s 
concept of fuzzy topology. They explored the fundamental concepts by adopting Chang [25]’s definitions, whereas Pazar Varol and 
Aygün [26] defined the fuzzy soft topology in Lowen’s sense. Aygünoǧlu et al. [27] defined Šostak’s fuzzy soft topology. Saber et al. 
[28] framed single-valued neutrosophic soft topological spaces (¥,  𝜐,  𝜇,  𝜔) (svnst-space). In the fuzzy paradigm, there exist three 
alternative ways to uniformity: Kotzé’s [29] uniform covering approach, Hutton’s [30] uniform operator approach and Lowen’s [31]
entourage approach.

Smarandache originally introduced the concept of a neutrosophic set [32], which subsequently led to research on both single-
valued neutrosophic sets (svns) and neutrosophic sets (ns) by Wang et al. [33] and Salama et al. [34,35]. Various applications have 
been explored in the works of several researchers [36–40]. Saber et al. conducted detailed studies on single-valued neutrosophic 
regularity space (svnr-space), single-valued neutrosophic ideals (svnis), stratification of svnt-space, single-valued neutrosophic soft sets 
(svns), and stratified modeling in soft fuzzy topological structures in extensive works [41–47].

It is widely acknowledged that theories such as fuzzy sets, intuitionistic fuzzy sets, and rough sets are viewed as extensions of 
neutrosophic set theory, serving as essential mathematical tools for managing uncertainty. The concepts of stratified single-valued 
neutrosophic soft topogenous, which build upon the ideas introduced by Varol et al. [26], Aygünoǧlu et al. [27] and Abbas et al. 
[48,49], constitute a significant contribution of this paper.

Building upon the insights gained from previous analyses, we introduce the concepts of “stratified svnsq-uniformity” (or “stratified 
svns-topogenous order” and “stratified svnsq-proximity”) derived from predefined “svnsq-uniformity” (or “svns-topogenous order” 
and “svnsq-proximity”). We investigate several properties associated with these newly formulated structures. Additionally, we explore 
the interrelations between these single-valued neutrosophic soft topological structures and their respective stratifications.

Throughout this study, (̃¥,⋎) denotes the collection of all svns sets on ¥, where ⋎ is the set of all parameters on ¥ and ¥ indicated 
to an initial universe.

The svns set £⋎ on ¥ is said to be 𝜄 − absolute snv-soft sets and indicated by ⋎̃𝜄, if £
𝑒
= 𝜄 for each 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍, 𝜄(𝑥) = 𝜄 for every 𝑥 ∈ ¥

(where, [⋎̃𝜄]𝑐 = ⋎̃𝜄
𝑐
, 𝜍 = [0, 1]) and 𝜍0 = (0, 1].

Definition 1. [32]. Let ¥ ≠ 𝜙. A neutrosophic set (n-set) on  defined as

Θ= {⟨𝑦, 𝜈
Θ
(𝑦), 𝜇

Θ
(𝑦),𝜔

Θ
(𝑦) ∣ 𝑦 ∈ ¥, 𝜈

Θ
(𝑦), 𝜇

Θ
(𝑦),𝜔

Θ
(𝑦) ∈⌋−0,1+⌊},

representing the degree of membership where (𝜈
Θ
(𝑦)), the degree of indeterminacy (𝜇

Θ
(𝑦)), and degree of nonmembership (𝜔

Θ
(𝑦)); 

∀ 𝑦 ∈ 𝜍 to the set Θ.

Definition 2. [33]. Let ¥ ≠ 𝜙. Then svn-set Θ on ¥ is defined as

Θ= {⟨𝑦, 𝜈
Θ
(𝑦), 𝜇

Θ
(𝑦),𝜔

Θ
(𝑦) ∣ 𝑦 ∈ ¥, 𝜈

Θ
(𝑦), 𝜇

Θ
(𝑦),𝜔

Θ
(𝑦) ∈ 𝜍},

where 𝜈
Θ
, 𝜇

Θ
, 𝜔

Θ
∶ ¥ → 𝜍 and 0 ≤ 𝜈

Θ
(𝑦) + 𝜇

Θ
(𝑦) +𝜔

Θ
(𝑦) ≤ 3.

Definition 3. [28]. 𝑓
𝐴

is a svns-set on ¥ where, 𝑓 ∶ ⋎ → 𝜍¥; i.e., 𝑓𝑒 ≜ 𝑓 (𝑒) is a svn-set on ¥, for all 𝑒 ∈𝐴 and 𝑓 (𝑒) = ⟨0, 1, 1⟩, if 𝑒 ∉𝐴.
The svn-set 𝑓 (𝑒) is termed as an element of the svns-set 𝑓

𝐴
. Thus, a svns-set 𝑓⋎ on ¥ can be defined as:

(𝑓,⋎) =
{
(𝑒, 𝑓 (𝑒)) ∣ 𝑒 ∈ ⋎, 𝑓 (𝑒) ∈ 𝜍¥

}
=
{
𝑒, ⟨𝜈

𝑓
(𝑒), 𝜇

𝑓
(𝑒),𝜔

𝑓
(𝑒)⟩) ∣ 𝑒 ∈ ¥, 𝑓 (𝑒) ∈ 𝜍¥

}
,

where 𝜈
𝑓
∶ ⋎ → 𝜍 (𝜈

𝑓
is termed as a membership function), 𝜇𝑓 ∶ ⋎ → 𝜍 (𝜇

𝑓
is termed as indeterminacy function), and 𝜔

𝑓
∶ ⋎ → 𝜍

(𝜔
𝑓

is termed as a nonmembership function) of svns-set.

A svns-set 𝑓⋎ on ¥ is termed as a null svns-set (for short, Φ), if 𝜈
𝑓
(𝑒) = 0, 𝜇

𝑓
(𝑒) = 1 and 𝜔

𝑓
(𝑒) = 1, for any 𝑒 ∈ ⋎.

A svns-set 𝑓⋎ on ¥ is termed as an absolute svns-set (for short, ⋎̃), if 𝜈
𝑓
(𝑒) = 1, 𝜇

𝑓
(𝑒) = 0 and 𝜔

𝑓
(𝑒) = 0, for any 𝑒 ∈ ⋎.

Definition 4. [45] (¥,  𝜐,  𝜇,  𝜔) is a svnst, if  𝜐,  𝜇,  𝜔 ∶ ⋎ → 𝜍 (̃¥,⋎) it meets the next criteria: for every 𝑒 ∈ ⋎:

(1)  𝜐
𝑒 (Φ) =  𝜐

𝑒 (⋎̃) = 1 and  𝜇
𝑒 (Φ) =  𝜇

𝑒 (⋎̃) =  𝜔
𝑒 (Φ) =  𝜔

𝑒 (⋎̃) = 0,
(2)  𝜐

𝑒 (£𝜎 ⊓ ℏ𝛼) ≥  𝜐
𝑒 (£𝜎) ∧  𝜐

𝑒 (ℏ𝛼),  𝜇
𝑒 (£𝜎 ⊓ ℏ𝛼) ≤  𝜇

𝑒 (£𝜎) ∨  𝜇
𝑒 (ℏ𝛼),

 𝜔
𝑒 (£𝜎 ⊓ ℏ𝛼) ≤  𝜔

𝑒 (£𝜎) ∨  𝜔
𝑒 (ℏ𝛼), ∀ £𝜎, ℏ𝛼 ∈ (̃¥,⋎),

(3)  𝜐
𝑒 (
⨆

𝑗∈𝐽 [£𝐴 ]𝑗 ) ≥
⋀

𝑗∈𝐽 
𝜐
𝑒 ([£𝜎]𝑗 ),  𝜇

𝑒 (
⨆

𝑗∈𝐽 [£𝜎]𝑗 ) ≤
⋁

𝑗∈𝐽 
𝜇
𝑒 ([£𝜎]𝑗 ),
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 𝜔
𝑒 (
⨆

𝑗∈𝐽 [£𝜎]𝑗 ) ≤
⋁

𝑗∈𝐽 
𝜔
𝑒 ([£𝜎]𝑗 ), ∀ £𝜎 ∈ (̃¥,⋎).

The svnst ( 𝜈 ,  𝜇,  𝜔) is said to be stratified If it meets the next condition

(𝑠)  𝜐
𝑒 (⋎̃

𝜄) = 1 and  𝜇
𝑒 (⋎̃𝜄) =  𝜔

𝑒 (⋎̃𝜄) = 0 for each 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍.

The quadrilateral (¥,  𝜈 ,  𝜇,  𝜔) is named stratified svnst-space. Representing the degree of openness ( 𝜐
𝑒 (£𝜎)), the degree of indeter-

minacy ( 𝜇
𝑒 (£𝜎)), and the degree of non-openness ( 𝜔

𝑒 (£𝜎)); of a svns set with respect to that parameter 𝑒 ∈ ⋎.
Sometimes, we will write  𝜐𝜇𝜔 for ( 𝜐,  𝜇,  𝜔).

Now we mind some concepts and nomenclature that will be applied in this paper.
Assume Ψ((̃¥,⋎)) denotes the collection of all mappings 𝑧 ∶ (̃¥,⋎)→ (̃¥,⋎) with the next properties, for each £𝜎 ∈ (̃¥,⋎)

(𝑧1) £𝜎 = 𝑧(𝑓𝜎),
(𝑧2) 𝑧(⊔𝑗∈𝐽 (£𝜎)𝑗 ) = ⊔𝑗∈𝐽 𝑧((£𝜎)𝑗 ).

For 𝑧, 𝑡 ∈Ψ((̃¥,⋎) we define that 𝑧◦𝑡 and 𝑧 ⊓ 𝑡 by

(𝑧◦𝑡)(£𝜎 ) = 𝑧(𝑡(£𝜎)),

and

(𝑧 ⊓ 𝑡)(£𝜎) = ⊓{𝑧(ℏ𝛼) ⊔ 𝑡(𝐠
𝐶
) ∣ £𝜎 = ℏ𝛼 ⊔ 𝐠

𝐶
}.

Let 𝜓
𝜑
∶ (̃¥,⋎) → ̃( ,) be a mapping, 𝑧 ∈ Ψ( ̃( ,)), then 𝜓−1

𝜑
◦𝑧◦𝜓

𝜑
∈ Ψ((̃¥,⋎)), (equivalently, 𝜓−1

𝜑
(𝑧(𝜓

𝜑
(£𝜎))) ∈ (̃¥,⋎) for any 

£𝜎 ∈ (̃¥,⋎).
For each 𝑧, 𝑡, 𝑐, 𝑣 ∈Ψ((̃¥,⋎), the next characteristics hold:

(1) If 𝑧 ≤ 𝑧1 and 𝑡 ≤ 𝑡1, then 𝑧 ⊓ 𝑡 ⊑ 𝑧1 ⊓ 𝑡1,
(2) 𝑧 ⊓ 𝑡 ⊑ 𝑧, 𝑧 ⊓ 𝑡 ⊑ 𝑡 and 𝑧 ⊓ 𝑧 = 𝑧,
(3) (𝑧 ⊓ 𝑡) ⊓ 𝑐 = 𝑧 ⊓ (𝑡 ⊓ 𝑐),
(4) (𝑧 ⊓ 𝑡)◦(𝑐 ⊓ 𝑣) = (𝑧◦𝑐) ⊓ (𝑡◦𝑣).

∀, £𝜎 ∈ (̃¥,⋎), 𝜄 ∈ 𝜍 define the mapping 𝜄 ∶ (̃¥,⋎)→ (̃¥,⋎), by

𝜄(£𝜎)(𝑥) =
{

⋎̃𝑠𝑢𝑝(£𝜎 ), if 𝑠𝑢𝑝(£𝜎) ≤ 𝜄,
⋎̃, if otherwise,

where 𝑠𝑢𝑝(£𝜎) =
⋁
𝑥∈¥

£
𝑒
(𝑥), ∀ 𝑒 ∈ 𝜎. The map 𝜄 satisfy the properties (𝑧1) and (𝑧2), that is, 𝜄 ∈Ψ((̃¥,⋎)). Furthermore, 𝜄 fulfills the next 

properties:

Lemma 1. Let 𝜄, 𝜄1, 𝜄2 ∈ 𝜍:

(1) If 𝜄1 ≤ 𝜄2, then 𝜄2 ⊑ 𝜄1,

(2) 𝜄◦𝜄 = 𝜄 for each 𝜄 ∈ 𝜍,

(3) 𝑧 ⊑ 0̂ holds for all 𝑧 ∈Ψ((̃¥,⋎)).

Lemma 2. Let 𝑧(£𝜎 ) ∶ (̃¥,⋎)→ (̃¥,⋎) be a mapping defined by

𝑧(£𝜎 )(ℏ𝛼) =
{

£𝜎, if ℏ𝛼 ⊑ £𝜎,
⋎̃, if otherwise.

Then, 𝑧£𝜎 ∈Ψ((̃¥,⋎)) and 𝑧(£𝜎)◦𝑧(£𝜎 ) = 𝑧(£𝜎 ).

Theorem 1. Let (¥,  𝜐𝜇𝜔
⋎

) be a svnst-space, for every 𝑒 ∈ ⋎, £𝜎 ∈ Ψ(¥̃,⋎) we define the map ( 𝜐
𝑠𝑡 )𝑒 ∶ ⋎ → 𝜍 (̃¥,⋎), ( 𝜇

𝑠𝑡 )𝑒 ∶ ⋎ → 𝜍 (̃¥,⋎) and 

( 𝜔
𝑠𝑡 )𝑒 ∶ ⋎ → 𝜍 (̃¥,⋎) as follows

( 𝜐
𝑠𝑡 )𝑒(£𝜎) =

⋁{⋀
𝑗∈𝐽

 𝜐
𝑒 ((£𝜎)𝑗 ) ∣ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) = £𝜎

}
,

( 𝜇
𝑠𝑡 )𝑒(£𝜎) =

⋀{⋁
𝑗∈𝐽

 𝜇
𝑒 ((£𝜎)𝑗 ) ∣ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) = £𝜎

}
,
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( 𝜔
𝑠𝑡 )𝑒(£𝜎) =

⋀{⋁
𝑗∈𝐽

 𝜔
𝑒 ((£𝜎)𝑗 ) ∣ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) = £𝜎

}
,

where 
⋁

and 
⋀

are taken over all families {(£𝜎 )𝑗 ∶ 𝑗 ∈ 𝐽} with £𝜎 = ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ). Then ( 𝜐𝜇𝜔
𝑠𝑡 )⋎ is the coarsest stratified svnst on ¥

which is finer than  𝜐𝜇𝜔
⋎ . And ( 𝜐𝜇𝜔

𝑠𝑡 )⋎ is called the stratification of a svnst  𝜐𝜇𝜔
⋎ on ¥.

2. Stratified single-valued neutrosophic soft quasi-uniform spaces

Definition 5. Let 𝜐, 𝜇, 𝜔 ∶ ⋎ → 𝜍Ψ((̃¥,⋎)) and 𝑒 ∈ ⋎. Then (𝜐, 𝜇, 𝜔) is called svnsq-uniformity on ¥, if it satisfies these properties:

(1) There exists 𝑧 ∈Ψ((̃¥,⋎)) such that 𝜐
𝑒(𝑧) = 1, 𝜇

𝑒 (𝑧) = 0 and 𝜔
𝑒 (𝑧) = 0.

(2) If 𝑧, 𝑡 ∈Ψ((̃¥,⋎)) and 𝑧 ⊑ 𝑡, then 𝜐
𝑒(𝑧) ≤𝜐

𝑒(𝑡), 
𝜇
𝑒 (𝑧) ≥𝜇

𝑒 (𝑡) and
𝜔

𝑒 (𝑧) ≥𝜔
𝑒 (𝑡).

(3) For 𝑧, 𝑡 ∈Ψ((̃¥,⋎)), 𝜐
𝑒(𝑧 ⊓ 𝑡) ≥𝜐

𝑒(𝑧) ∧𝜐
𝑒(𝑡), 

𝜇
𝑒 (𝑧 ⊓ 𝑡) ≤𝜇

𝑒 (𝑧) ∨𝜇
𝑒 (𝑡) and

𝜔
𝑒 (𝑧 ⊓ 𝑡) ≤𝜔

𝑒 (𝑧) ∨𝜔
𝑒 (𝑡).

(4) For 𝑧 ∈Ψ((̃¥,⋎)), 
⋁
{𝜐

𝑒(𝑧1) ∣ 𝑧1◦𝑧1 = 𝑧} ≥𝜐
𝑒(𝑧), 

⋀
{𝜇

𝑒 (𝑧1) ∣ 𝑧1◦𝑧1 = 𝑧} ≤
𝜇

𝑒 (𝑧) and 
⋀
{𝜔

𝑒 (𝑧1) ∣ 𝑧1◦𝑧1 = 𝑧} ≤𝜔
𝑒 (𝑧).

The pair (¥, 𝜐𝜇𝜔
⋎ ) is called a svvsq-uniform space.

A svnsq-uniformity 𝜐𝜇𝜔
⋎ is said to be stratified if it provides that

(𝑆 ) 𝜐
𝑒(𝜄) = 1, 𝜇

𝑒 (𝜄) = 0 and 𝜔
𝑒 (𝜄) = 0 for any 𝜄 ∈ 𝜍.

So, the pair (¥, 𝜐𝜇𝜔
E

) is called a stratified svnsq-uniform space.

Let (𝜐𝜇𝜔
⋎ )1 and (𝜐𝜇𝜔

⋎ )2 be stratified svnsq-uniformities on ¥. We say that (𝜐𝜇𝜔
⋎ )1 is finer than (𝜐𝜇𝜔

⋎ )2 [(𝜐𝜇𝜔
⋎ )2 is coarser than 

(𝜐𝜇𝜔
⋎ )1] denoted by (𝜐𝜇𝜔

⋎ )2 ⊑ (𝜐𝜇𝜔
⋎ )1 if

(𝜐
𝑒)2(𝑧) ≤ (𝜐

𝑒)1(𝑧), (𝜇
𝑒 )2(𝑧) ≥ (𝜇

𝑒 )1(𝑧), (𝜔
𝑒 )2(𝑧) ≥ (𝜔

𝑒 )1(𝑧),

for any 𝑒 ∈ ⋎, 𝑧 ∈Ψ((̃¥,⋎)).
Assume that (¥, 𝜐𝜇𝜔

⋎ ) and ( , 𝜐𝜇𝜔


) are svnsq-uniform spaces. Then, 𝜓
𝜑
∶ (̃¥,⋎)→ ̃( ,) is named a svns-uniformly continuous iff

𝜐
𝜑(𝑒)(𝑡) ≤𝜐

𝑒(𝜓
−1
𝜑

◦𝑡◦𝜓
𝜑
), 𝜇

𝜑(𝑒)(𝑡) ≥𝜇
𝑒 (𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
),

𝜔
𝜑(𝑒)(𝑡) ≥𝜔

𝑒 (𝜓
−1
𝜑

◦𝑡◦𝜓
𝜑
),

for every 𝑡 ∈Ψ((̃Y,)), 𝑒 ∈ ⋎.
Sometimes in this paper we will use 𝜐𝜇𝜔 instead of (𝜐, 𝜇, 𝜔).

Theorem 2. Assume that (¥, 𝜐𝜇𝜔
⋎ ) is svnsq-uniform space on ¥. Define

(𝜐
𝑠𝑡)𝑒(𝑧) =

⋁
{𝜐

𝑒(𝑡) ∣ 𝑡 ⊓ 𝜄 ⊑ 𝑧}𝑓𝑜𝑟 𝑎𝑛𝑦 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍, 𝑧 ∈Ψ((̃¥,⋎)),

(𝜇
𝑠𝑡)𝑒(𝑧) =

⋀
{𝜇

𝑒 (𝑡) ∣ 𝑡 ⊓ 𝜄 ⊑ 𝑧}𝑓𝑜𝑟 𝑎𝑛𝑦 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍, 𝑧 ∈Ψ((̃¥,⋎)),

(𝜔
𝑠𝑡)𝑒(𝑧) =

⋀
{𝜔

𝑒 (𝑡) ∣ 𝑡 ⊓ 𝜄 ⊑ 𝑧}𝑓𝑜𝑟 𝑎𝑛𝑦 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍, 𝑧 ∈Ψ((̃¥,⋎)).

Then (𝜐𝜇𝜔
𝑠𝑡 )⋎ is the coarsest stratified svnsq-uniformity which is finer than 𝜐𝜇𝜔

⋎ .

Proof. (1) There exists 𝑧 ∈ Ψ((̃¥,⋎)) such that 𝜐
𝑒(𝑧) = 1, 𝜇

𝑒 (𝑧) = 0, 𝜔
𝑒 (𝑧) = 0. Since, 𝑧 = 𝑧 ⊓ 0̂, (𝜐

𝑠𝑡)𝑒(𝑧) = 1, (𝜇
𝑠𝑡)𝑒(𝑧) = 0, 

(𝜔
𝑠𝑡)𝑒(𝑧) = 0.
(2) Obvious.

(3) Assume that there exists 𝑧1, 𝑧2 ∈ Ψ((̃¥,⋎)) such that

(𝜐
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≱ (𝜐

𝑠𝑡)𝑒(𝑧1) ∧ (𝜐
𝑠𝑡)𝑒(𝑧2),

(𝜇
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≰ (𝜇

𝑠𝑡)𝑒(𝑧1) ∨ (𝜇
𝑠𝑡)𝑒(𝑧2),

(𝜔
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≰ (𝜔

𝑠𝑡)𝑒(𝑧1) ∨ (𝜔
𝑠𝑡)𝑒(𝑧2).

From the concept of (𝜐𝜇𝜔
𝑠𝑡 )⋎ there are 𝑡1, 𝑡2 ∈ Ψ((̃¥,⋎)), 𝜄1, 𝜄2 ∈ 𝜍 with 𝑧1 ⊒ 𝑡1 ⊓ 𝜄1 and 𝑧2 ⊒ 𝑡2 ⊓ 𝜄2 such that

(𝜐
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≱𝜐

𝑒(𝑡1) ∧𝜐
𝑒(𝑡2),

(𝜇
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≰𝜇

𝑒 (𝑡1) ∨𝜇
𝑒 (𝑡2), (1)



Heliyon 10 (2024) e27926

5

F. Alsharari, Y. Saber, H. Alohali et al.

(𝜔
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≰𝜔

𝑒 (𝑡1) ∨𝜔
𝑒 (𝑡2).

On another side, (𝑧1 ⊓ 𝑧2) ⊒ (𝑡1 ⊓ 𝑡2) ⊓ (𝜄1 ⊓ 𝜄2). By Lemma 1(3), we obtain (𝜄1 ⊓ 𝜄2) = 𝜄1 or 𝜄2, then

(𝜐
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≥𝜐

𝑒(𝑡1 ⊓ 𝑡2) ≥𝜐
𝑒(𝑡1) ∧𝜐

𝑒(𝑡2),

(𝜇
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≤𝜇

𝑒 (𝑡1 ⊓ 𝑡2) ≤𝜇
𝑒 (𝑡1) ∨𝜇

𝑒 (𝑡2),

(𝜔
𝑠𝑡)𝑒(𝑧1 ⊓ 𝑧2) ≤𝜔

𝑒 (𝑡1 ⊓ 𝑡2) ≤𝜔
𝑒 (𝑡1) ∨𝜔

𝑒 (𝑡2).

It is a contradiction for equation (1). Hence (3) holds.

(4) Let 𝑧 ∈Ψ((̃¥,⋎)), be a given such that

(𝜐
𝑠𝑡)𝑒(𝑧) ≰

⋁
{(𝜐

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1},

(𝜇
𝑠𝑡)𝑒(𝑧) ≱

⋀
{(𝜇

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1},

(𝜔
𝑠𝑡)𝑒(𝑧) ≱

⋀
{(𝜔

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1}.

From the concept of [(𝜐
𝑠𝑡)𝑒(𝑧), (

𝜇
𝑠𝑡)𝑒(𝑧), (

𝜔
𝑠𝑡)𝑒(𝑧)] there exist 𝑡 ∈Ψ((̃¥,⋎)), 𝜄 ∈ 𝜍 with 𝑧 ⊒ 𝑡 ⊓ 𝜄 such that

𝜐
𝑒(𝑡) ≰ {(𝜐

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1},

𝜇
𝑒 (𝑡) ≱ {(𝜇

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1},

𝜔
𝑒 (𝑡) ≱ {(𝜔

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1}.

Since 𝜐𝜇𝜔
⋎ is svnsq-uniformity on ¥,⋁
{𝜐

𝑒(𝑐) ∣ 𝑡 ⊒ 𝑐◦𝑐} ≥𝜐
𝑒(𝑡),⋀

{𝜇
𝑒 (𝑐) ∣ 𝑡 ⊒ 𝑐◦𝑐} ≤𝜇

𝑒 (𝑡),⋀
{𝜔

𝑒 (𝑐) ∣ 𝑡 ⊒ 𝑐◦𝑐} ≤𝜔
𝑒 (𝑡).

There exist 𝑐 ∈Ψ((̃¥,⋎)) with 𝑐◦𝑐 ⊑ 𝑡 such that

𝜐
𝑒(𝑐) ≰

⋁
{(𝜐

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1},

𝜇
𝑒 (𝑐) ≱

⋀
{(𝜇

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1}, (2)

𝜔
𝑒 (𝑐) ≱

⋀
{(𝜔

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1.

On another side,

(𝑐 ⊓ 𝜄)◦(𝑐 ⊓ 𝜄) ⊑ (𝑐◦𝑐) ⊓ 𝜄 ⊑ 𝑡 ⊓ 𝜄 ⊑ 𝑧,

that is, 𝑐 ⊓ 𝜄 = 𝑧1 with 𝑧 = 𝑧1◦𝑧1,⋁
{(𝜐

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1 ≥ (𝜐
𝑠𝑡)𝑒(𝑧1) ≥𝜐

𝑒(𝑐),⋀
{(𝜇

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1} ≤ (𝜇
𝑠𝑡)𝑒(𝑧1) ≤𝜇

𝑒 (𝑐),⋀
{(𝜔

𝑠𝑡)𝑒(𝑧1) ∣ 𝑧 ⊒ 𝑧1◦𝑧1} ≤ (𝜔
𝑠𝑡)𝑒(𝑧1) ≤𝜔

𝑒 (𝑐).

In this case, it is a contradiction with the hypothesis as we can see from Equations (2). Hence (4) holds.

(𝑆 ) By Lemma 1(3), we have 𝑧 ⊑ 0̂ holds for every 𝑧 ∈ Ψ((̃¥,⋎)). Since ¥𝜐𝜇𝜔⋎ satisfies the conditions 1 and 2, we obtain 
𝜐

𝑒(0̂) = 1, 𝜇
𝑒 (0̂) = 0 and 𝜔

𝑒 (0̂) = 0. So, 0̂ ⊓ 𝜄 = 𝜄 for every 𝜄 ∈ 𝜍, then (𝜐
𝑠𝑡)𝑒(𝜄) = 1, (𝜇

𝑠𝑡)𝑒(𝜄) = 0, (𝜔
𝑠𝑡)𝑒(𝜄) = 0. Hence, (𝜐𝜇𝜔

𝑠𝑡 )⋎ is 
stratified.

For 𝑡 = 𝑡 ⊓ 0̂ and 𝑡 ∈Ψ((̃¥,⋎)). Then, (𝜐
𝑠𝑡)𝑒(𝑡) ≥𝜐

𝑒(𝑡), (
𝜇
𝑠𝑡)𝑒(𝑡) ≤𝜇

𝑒 (𝑡) and (𝜔
𝑠𝑡)𝑒(𝑡) ≤𝜔

𝑒 (𝑡). Hence, (𝜐𝜇𝜔
𝑠𝑡 )⋎ is finer than 𝜐𝜇𝜔

⋎ .
Finally, let 𝜐𝜇𝜔⋎ be stratified svnsq-uniformity finer than 𝜐𝜇𝜔

⋎ .

Presume that there exists 𝑧 ∈Ψ((̃¥,⋎)) s.t.,

𝜐𝑒(𝑧) ≱ (𝜐
𝑠𝑡)𝑒(𝑧), 𝜇𝑒 (𝑧) ≰ (𝜇

𝑠𝑡)𝑒(𝑧), 𝜔𝑒 (𝑧) ≰ (𝜔
𝑠𝑡)𝑒(𝑧).

From the concept of [𝜐
𝑠𝑡)𝑒(𝑧), 

𝜇
𝑠𝑡)𝑒(𝑧), 

𝜔
𝑠𝑡)𝑒(𝑧)]), there exist 𝑡 ∈Ψ((̃¥,⋎)), 𝜄 ∈ 𝜍 with 𝑧 ⊒ 𝑡 ⊓ 𝜄 such that

𝜐𝑒(𝑧) ≱𝜐
𝑒(𝑡), 𝜇𝑒 (𝑧) ≰𝜇

𝑒 (𝑡), 𝜔𝑒 (𝑧) ≰𝜔
𝑒 (𝑡). (3)

Since 𝜐𝜇𝜔⋎ be stratified svnsq-uniformity,
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𝜐𝑒(𝑧) ≥ 𝜐𝑒(𝑡 ⊓ 𝜄) ≥ 𝜐𝑒(𝑡) ∧ 𝜐𝑒(𝜄)) ≥ 𝜐𝑒(𝑡) ≥𝜐
𝑒(𝑡),

𝜇𝑒 (𝑧) ≤ 𝜐𝑒(𝑡 ⊓ 𝜄) ≤ 𝜇𝑒 (𝑡) ∧ 𝜐𝑒(𝜄)) ≤ 𝜇𝑒 (𝑡) ≤𝜇
𝑒 (𝑡),

𝜇𝑒 (𝑧) ≤ 𝜔𝑒 (𝑡 ⊓ 𝜄) ≤ 𝜔𝑒 (𝑡) ∧ 𝜔𝑒 (𝜄)) ≤ 𝜔𝑒 (𝑡) ≤𝜔
𝑒 (𝑡).

In this case, the hypothesis is contradicted, as we see in Equations (3). Therefore, (𝜐𝜇𝜔
𝑠𝑡 )⋎ is the coarsest stratified svnsq-uniformity

which is finer than 𝜐𝜇𝜔
⋎ . □

Theorem 3. Let (¥, 𝜐𝜇𝜔
⋎ ) and ( , 𝜐𝜇𝜔


) be two svnsq-uniform spaces. If the mapping 𝜓

𝜑
∶ (¥, 𝜐𝜇𝜔

⋎ ) → ( , 𝜐𝜇𝜔


) is a svns-uniformly 
continuous, then the mapping 𝜓

𝜑
∶ (¥, (𝜐𝜇𝜔

𝑠𝑡 )⋎) → ( , (𝜐𝜇𝜔𝑠𝑡 )) is a svns-uniformly continuous, where (𝜐𝜇𝜔
𝑠𝑡 )⋎ and (𝜐𝜇𝜔𝑠𝑡 )⋎ are the 

stratification of 𝜐𝜇𝜔
⋎ and 𝜐𝜇𝜔⋎ , respectively.

Proof. We will prove that

(𝜐
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≥ (𝜐𝑠𝑡)𝜑(𝑒)(𝑡),

(𝜇
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≤ (𝜇𝑠𝑡)𝜑(𝑒)(𝑡),

(𝜔
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≤ (𝜔𝑠𝑡)𝜑(𝑒)(𝑡),

for each 𝑡 ∈Ψ( ̃( ,)). Assume that

(𝜐
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≱ (𝜐𝑠𝑡)𝜑(𝑒)(𝑡), (𝜇

𝑠𝑡)𝑒(𝜓
−1
𝜑

◦𝑡◦𝜓
𝜑
) ≰ (𝜇𝑠𝑡)𝜑(𝑒)(𝑡),

(𝜔
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≰ (𝜔𝑠𝑡)𝜑(𝑒)(𝑡).

From the concept of [(𝜐𝑠𝑡)𝜑(𝑒)(𝑡), (
𝜇
𝑠𝑡)𝜑(𝑒)(𝑡), (

𝜔
𝑠𝑡)𝜑(𝑒))(𝑡)]), there exist 𝑐 ∈Ψ( ̃( ,)), 𝜄 ∈ 𝜍 with 𝑡 ⊒ 𝑐 ⊓ 𝜄 such that

(𝜐
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≱ 𝜐

𝜑(𝑒)(𝑐),

(𝜇
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≰ 𝜇

𝜑(𝑒)(𝑐), (4)

(𝜔
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≰ 𝜔

𝜑(𝑒)(𝑐).

Since 𝜓
𝜑
∶ (¥, 𝜐𝜇𝜔

⋎ ) → ( , 𝜐𝜇𝜔


) is a svns-uniformly continuous,

𝜐
𝑒(𝜓

−1
𝜑

◦𝑐◦𝜓
𝜑
) ≥ 𝜐

𝜑(𝑒)(𝑐), 𝜇
𝑒 (𝜓

−1
𝜑

◦𝑐◦𝜓
𝜑
) ≤ 𝜇

𝜑(𝑒)(𝑐),

𝜔
𝑒 (𝜓

−1
𝜑

◦𝑐◦𝜓
𝜑
) ≤ 𝜔

𝜑(𝑒)(𝑐).

From the concept of [(𝜐
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
), (𝜇

𝑠𝑡)𝑒(𝜓
−1
𝜑

◦𝑡◦𝜓
𝜑
), (𝜔

𝑠𝑡)𝑒(𝜓
−1
𝜑

◦𝑡◦𝜓
𝜑
)] we obtain

(𝜐
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≥𝜐

𝑒(𝜓
−1
𝜑

◦𝑐◦𝜓
𝜑
) ≥ 𝜐

𝜑(𝑒)(𝑐),

(𝜇
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≤𝜇

𝑒 (𝜓
−1
𝜑

◦𝑐◦𝜓
𝜑
) ≤ 𝜇

𝜑(𝑒)(𝑐),

(𝜔
𝑠𝑡)𝑒(𝜓

−1
𝜑

◦𝑡◦𝜓
𝜑
) ≤𝜔

𝑒 (𝜓
−1
𝜑

◦𝑐◦𝜓
𝜑
) ≤ 𝜔

𝜑(𝑒)(𝑐).

In this case, the hypothesis is contradicted as we can see from Equations (4). □

Theorem 4. Let (¥,  𝜐𝜇𝜔
⋎

) be a stratified svnsts. Define,

𝜐
𝑒(𝑧) =

⋁{⋀
𝑗∈𝐽

 𝜐
𝑒 ((£𝜎)𝑗 ) ∣ ∀ 𝑧 ∈Ψ((̃¥,⋎)), ⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 ⊑ 𝑧

}
,

𝜇
𝑒 (𝑧) =

⋀{⋁
𝑗∈𝐽

 𝜇
𝑒 ((£𝜎)𝑗 ) ∣ ∀ 𝑧 ∈Ψ((̃¥,⋎)), ⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 ⊑ 𝑧

}
,

𝜔
𝑒 (𝑧) =

⋀{⋁
𝑗∈𝐽

 𝜔
𝑒 ((£𝜎)𝑗 ) ∣ ∀ 𝑧 ∈Ψ((̃¥,⋎)), ⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 ⊑ 𝑧

}
,

where 
⋁

and 
⋀

are possessed over all collections {(£𝜎)𝑗 ∣ ⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 ⊑ 𝑧}. Then 𝜐𝜇𝜔
⋎ is stratified svnsq-uniformity on ¥.

Proof. (1) and (2) straightforward.

(3) Assume there exists 𝑧, 𝑡 ∈Ψ((̃¥,⋎)), such that 𝜐
𝑒(𝑧 ⊓ 𝑡) ≱𝜐

𝑒(𝑧) ∧𝜐
𝑒(𝑡), 𝜇

𝑒 (𝑧 ⊓ 𝑡) ≰𝜐
𝑒(𝑧) ∨𝜇

𝑒 (𝑡), and 𝜔
𝑒 (𝑧 ⊓ 𝑡) ≰𝜔

𝑒 (𝑧) ∨
𝜔

𝑒 (𝑡). Then, by the concept of 𝜐𝜇𝜔
⋎ , there exist two finite collections {(ℏ𝛼)𝑖 ∣ 𝑡 ⊒ ⊓𝑖∈Γ𝑡(ℏ𝛼 )𝑖} and {(£𝜎)𝑗 ∣ 𝑧 ⊒ ⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 } such that
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𝜐
𝑒(𝑧 ⊓ 𝑡) ≱

[⋀
𝑗∈𝐽

 𝜐
𝑒 ((£𝜎)𝑗 )

]
∧

[⋀
𝑖∈Γ

 𝜐
𝑒 ((ℏ𝛼)𝑖)

]
,

𝜇
𝑒 (𝑧 ⊓ 𝑡) ≰

[⋁
𝑗∈𝐽

 𝜇
𝑒 ((£𝜎)𝑗 )

]
∨

[⋁
𝑖∈Γ

 𝜇
𝑒 ((ℏ𝛼)𝑖)

]
, (5)

𝜔
𝑒 (𝑧 ⊓ 𝑡) ≰

[⋁
𝑗∈𝐽

 𝜔
𝑒 ((£𝜎)𝑗 )

]
∨

[⋁
𝑖∈Γ

 𝜔
𝑒 ((ℏ𝛼)𝑖)

]
.

On another side,

𝑧 ⊓ 𝑡 ⊒ (⊓𝑗∈𝐽 𝑧(£𝜎 )𝑗 ) ∧ (⊓𝑖∈Γ𝑡(ℏ𝛼 )𝑖 ) ⊒ ⊓𝑗∈𝐽 ,𝑖∈Γ(𝑧 ⊓ 𝑡)(£𝜎 )𝑗⊓(ℏ𝛼 )𝑖 .

Then by the definition of 𝜐𝜇𝜔
⋎ ,

𝜐
𝑒(𝑧 ⊓ 𝑡) ≥

⋀
𝑗∈𝐽 ,𝑖∈Γ

 𝜐
𝑒 ((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖) ≥

⋀
𝑗∈𝐽 ,𝑖∈Γ

( 𝜐
𝑒 ((£𝜎)𝑗 ) ⊓  𝜐

𝑒 ((ℏ𝛼)𝑖))

≥

[⋀
𝑗∈𝐽

 𝜐
𝑒 ((£𝜎)𝑗 )

]
∧

[⋀
𝑖∈Γ

 𝜐
𝑒 ((ℏ𝛼)𝑖)

]
,

𝜇
𝑒 (𝑧 ⊓ 𝑡) ≤

⋁
𝑗∈𝐽 ,𝑖∈Γ

 𝜇
𝑒 ((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖) ≤

⋁
𝑗∈𝐽 ,𝑖∈Γ

( 𝜇
𝑒 ((£𝜎)𝑗 ) ⊔  𝜇

𝑒 ((ℏ𝛼)𝑖))

≤

[⋁
𝑗∈𝐽

 𝜇
𝑒 ((£𝜎)𝑗 )

]
∨

[⋁
𝑖∈Γ

 𝜇
𝑒 ((ℏ𝛼)𝑖)

]
,

𝜔
𝑒 (𝑧 ⊓ 𝑡) ≤

⋁
𝑗∈𝐽 ,𝑖∈Γ

 𝜔
𝑒 ((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖) ≤

⋁
𝑗∈𝐽 ,𝑖∈Γ

( 𝜔
𝑒 ((£𝜎)𝑗 ) ⊓  𝜔

𝑒 (ℏ𝛼)𝑖))

≤

[⋁
𝑗∈𝐽

 𝜔
𝑒 ((£𝜎)𝑗 )

]
∨

[⋁
𝑖∈Γ

 𝜔
𝑒 ((ℏ𝛼)𝑖)

]
,

which is a contradiction for equations (5), and then (3) holds.
(4) Since, 𝑧

£𝜎
◦𝑧

£𝜎
= 𝑧

£𝜎
. From the Lemma 2, then, (4) holds.

(1) and (𝑆 ) There exists 𝑧 = 𝑧⋎̃𝜄 = 𝜄, then 𝜐
𝑒(𝜄) ≥  𝜐

𝑒 (⋎̃
𝜄) = 1, 𝜇

𝑒 (𝜄) ≤  𝜇
𝑒 (⋎̃𝜄) = 0 and 𝜔

𝑒 (𝜄) ≤  𝜔
𝑒 (⋎̃𝜄) = 0. Therefore, 𝜐

𝑒(𝜄) = 1, 
𝜇

𝑒 (𝜄) = 0 and 𝜔
𝑒 (𝜄) = 0 for each 𝜄 ∈ 𝜍. Hence, 𝜐𝜇𝜔

⋎ is stratified. □

3. Stratified single-valued neutrosophic soft topogenous order spaces

Definition 6. Maps 𝜐 ∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎), 𝜇 ∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎) and 𝜔 ∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎) are said to be svns-topogenous order on ¥ if it 
fulfills the next properties: ∀ 𝑒 ∈ ⋎ and £𝜎, ℏ𝛼 ∈ (̃¥,⋎),

(1) 𝜇
𝑒 (⋎̃, ̃⋎) =𝜇

𝑒 (Φ, Φ) =𝜔
𝑒 (⋎̃, ̃⋎) =𝜔

𝑒 (Φ, Φ) = 0, 𝜐
𝑒 (⋎̃, ̃⋎) =𝜐

𝑒 (Φ, Φ) = 1,
(2) If 𝜐

𝑒 (£𝜎, ℏ𝛼) ≠ 0, 𝜇
𝑒 (£𝜎 , ℏ𝛼) ≠ 1 and 𝜔

𝑒 (£𝜎, ℏ𝛼) ≠ 1, then £𝜎 ⊑ ℏ𝛼 .
(3) If £𝜎 ⊑ (£𝜎)1, (ℏ𝛼)1 ⊑ ℏ𝛼 , then 𝜐

𝑒 ((£𝜎)1, (ℏ𝛼)1) ≤𝜐
𝑒 (£𝜎 , ℏ𝛼),

𝜇
𝑒 ((£𝜎)1, (ℏ𝛼)1) ≥𝜇

𝑒 (£𝜎, ℏ𝛼) and 𝜔
𝑒 ((£𝜎)1, (ℏ𝛼)1) ≥𝜔

𝑒 (£𝜎 , ℏ𝛼).
(4) (i)

𝜐
𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥𝜐

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∧𝜐
𝑒 ((£𝜎)2, (ℏ𝛼)2),

𝜇
𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≤𝜇

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∨𝜇
𝑒 ((£𝜎)2, (ℏ𝛼)2),

𝜔
𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≤𝜔

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∨𝜔
𝑒 ((£𝜎)2, (ℏ𝛼)2).

(ii)

𝜐
𝑒 ((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝛼)1 ⊓ ℏ𝛼)2) ≥𝜐

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∧𝜐
𝑒 ((£𝜎)2, (ℏ𝛼)2),

𝜐
𝑒 ((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝛼)1 ⊓ ℏ𝛼)2) ≤𝜐

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∨𝜐
𝑒 ((£𝜎)2, (ℏ𝛼)2).

𝜔
𝑒 ((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝜎)1 ⊓ (ℏ𝜎)2) ≤𝜔

𝑒 ((£𝜎)1, (ℏ𝛼)1) ∨𝜔
𝑒 ((£𝜎)2, (ℏ𝛼)2).

Therefore, (¥, 𝜐𝜇𝜔
⋎ ) is termed to be a svns-topogenous order space. Also, 𝜐𝜇𝜔

¥
is said to be

(1) Symmetrical iff 𝜐
𝑒 (£𝜎, ℏ𝛼) =𝜐

𝑒 (ℏ
𝑐
𝛼, £

𝑐
𝜎), 

𝜇
𝑒 (£𝜎, ℏ𝛼) =𝜇

𝑒 (ℏ𝑐𝛼, £
𝑐
𝜎) and 𝜔

𝑒 (ℏ𝛼, £𝜎) =𝜔
𝑒 (ℏ

𝑐
𝛼, £

𝑐
𝜎).
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(2) Perfect iff

𝜐
𝑒 (⊔𝑗∈𝐽 (£𝜎)𝑗 , ⊔𝑗∈𝐽 (ℏ𝛼)𝑗 ) ≥

⋀
𝑗∈𝐽

𝜐
𝑒 ((£𝜎)𝑗 , (ℏ𝛼)𝑗 ),

𝜇
𝑒 (⊔𝑗∈𝐽 (£𝜎)𝑗 , ⊔𝑗∈𝐽 (ℏ𝛼))𝑗 ≤

⋁
𝑗∈𝐽

𝜇
𝑒 ((£𝜎)𝑗 , (ℏ𝛼)𝑗 ),

𝜔
𝑒 (⊔𝑗∈𝐽 (£𝜎)𝑗 , ⊔𝑗∈𝐽 (ℏ𝛼))𝑗 ≤

⋁
𝑗∈𝐽

𝜔
𝑒 ((£𝜎)𝑗 , (ℏ𝛼)𝑗 ).

(3) Stratified iff 𝜐𝜇𝜔
⋎ satisfies the condition:

(𝑆 ) For every 𝜄 ∈ 𝜍, 𝜐
𝑒 (⋎̃

𝜄, ̃⋎𝜄) = 1, 𝜇
𝑒 (⋎̃𝜄, ̃⋎𝜄) = 0, 𝜔

𝑒 (⋎̃
𝜄, ̃⋎𝜄) = 0.

Suppose that (𝜐𝜇𝜔
⋎ )1 and (𝜐𝜇𝜔

⋎ )2 be svns-topogenous order space on ⋎. In our opinion (𝜐𝜇𝜔
⋎ )1 is finer than (𝜐𝜇𝜔

⋎ )2[
(𝜐𝜇𝜔

⋎ )2 𝑖𝑠 𝑐𝑜𝑎𝑟𝑠𝑒𝑟 𝑡ℎ𝑎𝑛 (
𝜐𝜇𝜔
⋎ )1

]
indicated by (𝜐𝜇𝜔

⋎ )1 ⊒ (𝜐𝜇𝜔
⋎ )2 if

(𝜐
𝑒 )2(£𝜎, ℏ𝛼) ≤ (𝜐

𝑒 )1(£𝜎, ℏ𝛼), (𝜇
𝑒 )2(£𝜎 , ℏ𝛼) ≥ (𝜇

𝑒 )1(£𝜎 , ℏ𝛼),

(𝜔
𝑒 )2(£𝜎 , ℏ𝛼) ≥ (𝜔

𝑒 )1(£𝜎, ℏ𝛼), ∀ £𝜎, ℏ𝛼 ∈ (̃¥,⋎), 𝑒 ∈ ⋎.

Suppose (¥, (𝜐𝜇𝜔
⋎ )1) and ( , (𝜐𝜇𝜔


)2) be two svns-topogenous order spaces.

Then a map 𝜓
𝜑
∶ (̃¥,⋎)→ ̃( ,) is called snv-soft topogenous continuous iff

(𝜐
𝜑(𝑒))2(£𝜎, ℏ𝛼) ≤ (𝜐

𝑒 )1(𝜓
−1
𝜑

(£𝜎), 𝜓−1
𝜑

(ℏ𝛼)),

(𝜇
𝜑(𝑒))2(£𝜎, ℏ𝛼) ≥ (𝜇

𝑒 )1(𝜓
−1
𝜑

(£𝜎), 𝜓−1
𝜑

(ℏ𝛼)),

(𝜔
𝜑(𝑒))2(£𝜎, ℏ𝛼) ≥ (𝜔

𝑒 )1(𝜓
−1
𝜑

(£𝜎), 𝜓−1
𝜑

(ℏ𝛼)),

for any £𝜎 , ℏ𝛼 ∈ ̃( ,), 𝑒 ∈ ⋎.

Theorem 5. Let (¥, 𝜐𝜇𝜔
⋎ ) be svns-topogenous order space. Define

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋁
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}
∈ (£𝜎 ,ℏ𝛼 )⎧⎪⎨⎪⎩

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎫⎪⎬⎪⎭ ,
(𝜇

𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =
⋀

{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}
∈ (£𝜎 ,ℏ𝛼 )⎧⎪⎨⎪⎩

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎫⎪⎬⎪⎭ ,
(𝜔

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) =
⋀

{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}
∈ (£𝜎 ,ℏ𝛼 )⎧⎪⎨⎪⎩

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎫⎪⎬⎪⎭ ,
where  =

{
(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ⋎̃𝜄𝑗 ∣ 𝑗 ∈ 𝐽

}
and  (£𝜎 , ℏ𝛼) = {{((£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃⋎𝜄𝑗 ) ∣ 𝑗 ∈ 𝐽, 𝐽 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒)} ∣ £𝜎 ⊑ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) 𝑎𝑛𝑑 ℏ𝛼 ⊒

⊔𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 ), 𝜄 ∈ 𝜍}. Then (𝜐𝜇𝜔
𝑠𝑡 )⋎ is the coarsest stratified svns-topogenous order on ¥ which is finer than 𝜐𝜇𝜔

⋎ .

Proof. (1), (2), (3) straightforward.

(4) (i) Assume that there exist, (£𝜎 )1, (ℏ𝛼)1, (£𝜎)2, (ℏ𝛼)2 ∈ (̃¥,⋎) such that

(𝜐
𝑠𝑡)𝑒((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≱ (𝜐

𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∧ (𝜐
𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2),

(𝜇
𝑠𝑡)𝑒((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≰ (𝜇

𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∨ (𝜇
𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2),

(𝜔
𝑠𝑡)𝑒((£𝐴 )1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≰ (𝜔

𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∨ (𝜔
𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2),
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therefore, there exists 𝑟 ∈ 𝜍0 such that

(𝜐
𝑠𝑡)𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) < 𝑟

≤ (𝜐
𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∧ (𝜐

𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2),

(𝜇
𝑠𝑡)𝑒((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥ 1 − 𝑟 > (𝜇

𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∨ (𝜇
𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2), (6)

(𝜔
𝑠𝑡)𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥ 1 − 𝑟

> (𝜔
𝑠𝑡)𝑒((£𝜎)1, (ℏ𝛼)1) ∨ (𝜔

𝑠𝑡)𝑒((£𝜎)2, (ℏ𝛼)2).

From the concept of (𝜐𝜇𝜔
𝑠𝑡 )⋎, there are ∀, 𝑖 ∈ 𝐽 𝑎𝑛𝑑 𝑘 ∈ Γ, {((£𝜎)𝑖, (ℏ𝛼)𝑖, ̃⋎𝜄𝑖 )} ∈  ((£𝜎)1, (ℏ𝛼)1) and {((£𝜎)𝑘, (ℏ𝛼)𝑘, ̃⋎

𝜄
𝑘 )} ∈

 ((£𝜎)2, (ℏ𝛼)2), such that

(𝜐
𝑠𝑡)𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥

⋀
𝑖,𝑘

𝜐
𝑒 ((£𝜎)𝑖 ⊔ (£𝜎)𝑘, (ℏ𝛼)𝑖 ⊔ (ℏ𝛼)𝑘)

≥
⋀
𝑖,𝑘

𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ∧𝜐

𝑒 ((£𝜎)𝑘, (ℏ𝛼)𝑘) ≥ 𝑟,

(𝜇
𝑠𝑡)𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≤

⋁
𝑖,𝑘

𝜐
𝑒 ((£𝜎)𝑖 ⊔ (£𝜎)𝑘, (ℏ𝛼)𝑖 ⊔ (ℏ𝛼)𝑘)

≤
⋁
𝑖,𝑘

𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ∨𝜇

𝑒 ((£𝜎)𝑘, (ℏ𝛼)𝑘) < 1 − 𝑟,

(𝜔
𝑠𝑡)𝑒 ((£𝜎)1 ⊔ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≤

⋁
𝑖,𝑘

𝜐
𝑒 ((£𝜎)𝑖 ⊔ (£𝜎)𝑘, (ℏ𝛼)𝑖 ⊔ (ℏ𝛼)𝑘)

≤
⋁
𝑖,𝑘

𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ∨𝜔

𝑒 ((£𝜎)𝑘, (ℏ𝛼)𝑘) < 1 − 𝑟.

In this case, it is a contradiction with the hypothesis, as is clear from Equation No. (6). Hence, 4(𝑖) holds.
(ii) In the same way as used to prove (i).
(𝑆 ) Since ⋎̃𝜄 = ⋎̃𝜄 ⊓ ⋎̃,

(𝜐
𝑠𝑡)𝑒(⋎̃

𝜄, ⋎̃𝜄) ≥𝜐
𝑒 (⋎̃, ⋎̃) = 1, (𝜇

𝑠𝑡)𝑒(⋎̃
𝜄, ⋎̃𝜄) ≤𝜇

𝑒 (⋎̃, ⋎̃) = 0,

(𝜔
𝑠𝑡)𝑒(⋎̃

𝜄, ⋎̃𝜄) ≤𝜔
𝑒 (⋎̃, ⋎̃) = 0

Hence, (𝜐
𝑠𝑡)𝑒(⋎̃

𝜄, ̃⋎𝜄) = 1, (𝜇
𝑠𝑡)𝑒(⋎̃

𝜄, ̃⋎𝜄) = 0 and (𝜔
𝑠𝑡)𝑒(⋎̃

𝜄, ̃⋎𝜄) = 0, ∀ 𝜄 ∈ 𝜍.
On another side, since £𝜎 ⊑ £𝜎 ⊓ ⋎̃ and ℏ𝛼 ⊒ ℏ𝛼 ⊓ ⋎̃ we obtain

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) ≥𝜐

𝑒 (£𝜎, ℏ𝛼), (𝜇
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≤𝜇

𝑒 (£𝜎 , ℏ𝛼),

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≤𝜔

𝑒 (£𝜎, ℏ𝛼), ∀ £𝜎, ℏ𝛼 ∈ (̃¥,⋎).

Hence, (𝜐𝜇𝜔
𝑠𝑡 )⋎ is the stratified svns-topogenous order on ⋎ which is finer than 𝜐𝜇𝜔

⋎ .

Finally, suppose that (𝜐𝜇𝜔
⋎ )⋆ be stratified svns-topogenous and finer than 𝜐𝜇𝜔

⋎ then, ∀ £𝜎, ℏ𝛼 ∈ (̃¥,⋎), 𝜄 ∈ 𝜍, 𝑒 ∈ ⋎.

(𝜐
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≥𝜐
𝑒 (£𝜎, ℏ𝛼), (𝜇

𝑒 )
⋆(£𝜎, ℏ𝛼) ≤𝜇

𝑒 (£𝜎 , ℏ𝛼),

(𝜔
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≤𝜔
𝑒 (£𝜎 , ℏ𝛼).

Now we will prove that

(𝜐
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≥ (𝜐
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼), (𝜇

𝑒 )
⋆(£𝜎, ℏ𝛼) ≤ (𝜇

𝑠𝑡)𝑒(£𝜎, ℏ𝛼),

(𝜔
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≤ (𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼).

Suppose there exist £𝜎, ℏ𝛼 ∈ (̃¥,⋎), 𝑒 ∈ ⋎ such that

(𝜐
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≱ (𝜐
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼), (𝜇

𝑒 )
⋆(£𝜎, ℏ𝛼) ≰ (𝜇

𝑠𝑡)𝑒(£𝜎, ℏ𝛼),

(𝜔
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≰ (𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼),

then there is 𝑟 ∈ 𝜍 such that

(𝜐
𝑒 )

⋆(£𝜎 , ℏ𝛼) < 𝑟 ≤ (𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼),

(𝜇
𝑒 )

⋆(£𝜎, ℏ𝛼) ≥ 1 − 𝑟 > (𝜇
𝑠𝑡)𝑒(£𝜎, ℏ𝛼), (7)

(𝜔
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≥ 1 − 𝑟 > (𝜔
𝑠𝑡)𝑒(£𝜎, ℏ𝛼).
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From the concept of (𝜐𝜇𝜔
𝑠𝑡 )⋎, there exists  = {((£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃⋎𝜄𝑗 )} ∈ (£𝜎, ℏ𝛼), for every 𝑗 ∈ 𝐽 such that

(𝜐
𝑒 )

⋆(£𝜎 , ℏ𝛼) ≥ (𝜐
𝑒 )

⋆
(
⊔𝑗∈𝐽 [(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ], ⊔𝑗∈𝐽 [(ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 ]

)
≥
⋀
𝑗∈𝐽

(𝜐
𝑒 )

⋆
(
(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 , (ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗

)
≥
⋀
𝑗∈𝐽

[
(𝜐

𝑒 )
⋆((£𝜎)𝑗 , (ℏ𝛼)𝑗 ) ∧ (𝜐

𝑒 )
⋆(⋎̃𝜄𝑗 , ⋎̃𝜄𝑗 )

]
≥

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ≥ 𝑟,

(𝜇
𝑒 )⋆(£𝜎, ℏ𝛼) ≤ (𝜇

𝑒 )
⋆
(
⊔𝑗∈𝐽 [(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ], ⊔𝑗∈𝐽 [(ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 ]

)
≤
⋁
𝑗∈𝐽

(𝜇
𝑒 )

⋆((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 , (ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 )

≤
⋁
𝑗∈𝐽

[
(𝜇

𝑒 )
⋆((£𝜎)𝑗 , (ℏ𝛼)𝑗 ) ∨ (𝜇

𝑒 )
⋆(⋎̃𝜄𝑗 , ⋎̃𝜄𝑗 )

]
≤

⋁
(
(£𝜎 )𝑖 ,(ℏ𝑣)𝑖 ,⋎̃𝜄𝑖

)
∈

𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ≤ 1 − 𝑟,

(𝜔
𝑒 )

⋆(£𝜎, ℏ𝛼) ≤ (𝜔
𝑒 )

⋆
(
⊔𝑗∈𝐽 [(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ], ⊔𝑗∈𝐽 [(ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 ]

)
≤
⋁
𝑗∈𝐽

(𝜔
𝑒 )

⋆((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 , (ℏ𝛼)𝑗 ⊓ ⋎̃𝜄𝑗 )

≤
⋁
𝑗∈𝐽

[
(𝜔

𝑒 )
⋆((£𝜎)𝑗 , (ℏ𝛼)𝑗 ) ∨ (𝜔

𝑒 )
⋆(⋎̃𝜄𝑗 , ⋎̃𝜄𝑗 )

]
≤

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) ≤ 1 − 𝑟.

In this instance, the hypothesis is contradicted as is clear from Equations (7). Therefore, the coarsest stratified svns- topogenous order

on ⋎ is (𝜐𝜇𝜔
𝑠𝑡 )⋎ which is finer than 𝜐𝜇𝜔

⋎ . □

Theorem 6. Let (¥, 𝜐𝜇𝜔
⋎ ) and ( , (𝜐𝜇𝜔


)⋆ ) be two svns-topogenous order spaces, if 𝜓

𝜑
∶ (⋎, 𝜐𝜇𝜔

⋎ ) → ( , (𝜐𝜇𝜔


)⋆ ) be a svns-topogenous 
continuous, then 𝜓

𝜑
∶ (¥, (𝜐𝜇𝜔

⋎ )𝑠𝑡) → ( , (𝜐𝜇𝜔


)⋆st) is a svns-topogenous continuous.

Proof. Assume that £𝜎, ℏ𝛼 ∈ ̃( ,) with ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ̃𝜄𝑗 ) ⊒ £𝜎 and ⊔𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊓ ̃𝜄𝑗 ) ⊑ ℏ𝛼 . Then ⊔𝑗∈𝐽𝜓
−1
𝜑

(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ⊒ 𝜓−1
𝜑

(£𝜎)
and ⊔𝑗∈𝐽𝜓

−1
𝜑

(ℏ𝛼)𝑗 ) ⊓ ⋎̃𝜄𝑗 ⊑ 𝜓−1
𝜑

(ℏ𝛼). For all collections  (£𝜎 , ℏ𝛼) = {{ = {((£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃𝜄𝑗 )} ∣ £𝜎 ⊑ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ̃𝜄𝑗 ) 𝑎𝑛𝑑 ℏ𝛼 ⊒

⊔𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊓ ̃𝜄𝑗 )} ∀, ∣ 𝑗 ∈ 𝐽 and 𝜄 ∈ 𝜍, we have

(𝜐
𝑒 )𝑠𝑡 (𝜓

−1
𝜑

(£𝜎), 𝜓−1
𝜑

(ℏ𝛼))

≥
⋁

(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),⋎̃

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜐

𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)

≥
⋁

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜐
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≥
⋀

 (£𝜎 ,ℏ𝛼 )

⎛⎜⎜⎜⎝
⋁

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜐
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜐
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎, ℏ𝛼)

(𝜇
𝑒 )𝑠𝑡

(
𝜓−1

𝜑
(£𝜎), 𝜓−1

𝜑
(ℏ𝛼)

)
≤

⋀
(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),⋎̃

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜇

𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)
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≤
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜇
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≤
⋁

 (£𝜎},ℏ𝛼 )

⎛⎜⎜⎜⎝
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
,̃

𝜄𝑗
𝑙
)
∈

(𝜇
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜇
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎, ℏ𝛼)

(𝜔
𝑒 )𝑠𝑡

(
𝜓−1

𝜑
(£𝜎), 𝜓−1

𝜑
(ℏ𝛼)

)
≤

⋀
(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),Ẽ

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜔

𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)

≤
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜔
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≤
⋁

 (£𝜎 ,ℏ𝛼 )

⎛⎜⎜⎜⎝
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
,̃

𝜄𝑗
𝑙
)
∈

(𝜔
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜔
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎 , ℏ𝛼) □

Theorem 7. (1) If 𝜐𝜇𝜔
⋎ is symmetrical svns-topogenous order, then (𝜐𝜇𝜔

𝑠𝑡 )⋎ is also symmetrical svns-topogenous order.

(2) If 𝜐𝜇𝜔
⋎ is perfect svns-topogenous order, then

(i) ( 𝜐

)𝑒(£𝜎) =𝜐

𝑒 (£𝜎, £𝜎), (
𝜇

)𝑒(£𝜎) =𝜇

𝑒 (£𝜎 , £𝜎) and ( 𝜔

)𝑒(£𝜎) =

𝜔
𝑒 (£𝜎, £𝜎) is svns-topology related by 𝜐𝜇𝜔

⋎
(ii) ( 𝜐𝜇𝜔

𝑠𝑡
)⋎ = [( 𝜐𝜇𝜔


)𝑠𝑡]⋎ .

(3) If  𝜐𝜇𝜔
⋎ is a svnst, then

(i) (𝜐

)𝑒(£𝜎, ℏ𝛼) =

⋁
{ 𝜐

𝑒 (𝐠𝐶 ) ∣ £𝜎 ⊑ 𝐠
𝐶
⊑ ℏ𝛼}, (𝜇


)𝑒(£𝜎, ℏ𝛼) =

⋀
{ 𝜇

𝑒 (𝐠
𝐶
) ∣

£𝜎 ⊑ 𝐠
𝐶
⊑ ℏ𝛼} and (𝜔


)𝑒(£𝜎, ℏ𝛼) =

⋀
{ 𝜔

𝑒 (𝐠
𝐶
) ∣ £𝜎 ⊑ 𝐠

𝐶
⊑ ℏ𝛼} is perfect svns-topogenous order related by  𝜐𝜇𝜔

⋎ .

(ii) (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)
𝑠𝑡
]⋎ is a perfect svns-topogenous order.

Proof. (1) We will prove that for each £𝜎 , ℏ𝛼 ∈ (̃¥,⋎), then

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) = (𝜐

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎), (𝜇

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) = (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎),

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) = (𝜔

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎).

Suppose that

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) ≰ (𝜐

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎), (𝜇

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≱ (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎)

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≱ (𝜔

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎).

From the concept of (𝜐𝜇𝜔
𝑠𝑡 )⋎, there are  =

{
(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ⋎̃

𝜄𝑗 ∣ 𝑗 ∈ 𝐽
}
∈ (£𝜎, ℏ𝛼) such that

(𝜐
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎) ≤ 𝑟 ≤

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

(𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎) ≥ 1 − 𝑟 ≥

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖) (8)

(𝜔
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎) ≥ 1 − 𝑟 ≥

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖).

On another side,

(𝜐
𝑠𝑡)𝑒 (ℏ

𝑐
𝛼,£

𝑐
𝜎) ≥ (𝜐

𝑠𝑡)𝑒
[
⊓𝑗∈𝐽

(
(ℏ𝑐𝛼)𝑗 ⊔ ⋎̃1−𝜄𝑗

)
, ⊓𝑗∈𝐽

(
(£𝑐𝜎)𝑗 ⊔ ⋎̃1−𝜄𝑗

)]
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≥
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜐
𝑠𝑡)𝑒

[
(ℏ𝑐𝛼)𝑖 ⊔ ⋎̃1−𝜄𝑖 , (£𝑐𝜎)𝑖 ⊔ ⋎̃1−𝜄𝑖

]
≥

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜐
𝑠𝑡)𝑒

(
(ℏ𝑐𝛼)𝑖, (£

𝑐
𝜎)𝑖
)
∧ (𝜐

𝑠𝑡)𝑒
(
⋎̃1−𝜄𝑖 , ⋎̃1−𝜄𝑖

)
=

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜐
𝑠𝑡)𝑒

(
(ℏ𝑐𝛼)𝑖, (£

𝑐
𝜎)𝑖
)

≥
⋀

(
(£𝛼 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒

(
(ℏ𝑐𝛼)𝑖, (£

𝑐
𝜎)𝑖
)

=
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒

(
(£𝜎)𝑖, ℏ𝛼)𝑖

)
≥ 𝑟.

Similarly, by using an analogous line of reasoning, we can show that (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼, £

𝑐
𝜎) ≤ 1 − 𝑟 and (𝜔

𝑠𝑡)𝑒(ℏ
𝑐
𝛼, £

𝑐
𝜎) ≤ 𝑟 −1 are incompatible 

with equations (8). Hence,

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) ≤ (𝜐

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎), (𝜇

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≥ (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎)

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝐵

) ≥ (𝜔
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎). (9)

Similarly, we can establish through a parallel argument that

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) ≥ (𝜐

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎), (𝜇

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≤ (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎),

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≤ (𝜔

𝑠𝑡)𝑒(ℏ
𝑐
𝛼£

𝑐
𝜎). (10)

Based on (9) and (10), we have

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) = (𝜐

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎), (𝜇

𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) = (𝜇
𝑠𝑡)𝑒(ℏ

𝑐
𝛼,£

𝑐
𝜎),

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) = (𝜔

𝑠𝑡)𝑒(ℏ
𝑐
𝛼,£

𝑐
𝜎).

(2) (i) straightforward.
(ii) Since ( 𝜐

𝑠𝑡
)𝑒(⋎̃𝜄) = (𝜐

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎𝜄) = 1, ( 𝜇

𝑠𝑡
)𝑒(⋎̃𝜄) = (𝜇

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎𝜄) = 0 and ( 𝜔

𝑠𝑡
)𝑒(⋎̃𝜄) = (𝜔

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎𝜄) = 0 for each 𝜄 ∈ 𝜍 we have 

( 𝜐𝜇𝜔
𝑠𝑡

)⋎ is stratified which is finer than ( 𝜐𝜇𝜔


)⋎. Thus, ( 𝜐𝜇𝜔
𝑠𝑡

)⋎ ⊒ [( 𝜐𝜇𝜔


)𝑠𝑡]⋎ .

Conversely, suppose that £𝜎 ∈ (̃¥,⋎) such that

( 𝜐
𝑠𝑡

)𝑒(£𝜎) = (𝜐
𝑠𝑡)𝑒(£𝜎 ,£𝜎) ≰ [( 𝜐

 )𝑠𝑡]𝑒 (£𝜎),

( 𝜇
𝑠𝑡

)𝑒(£𝜎) = (𝜇
𝑠𝑡)𝑒(£𝜎 ,£𝜎) ≱ [( 𝜇


)𝑠𝑡]𝑒 (£𝜎), (11)

( 𝜔
𝑠𝑡

)𝑒(£𝜎) = (𝜔
𝑠𝑡)𝑒(£𝜎,£𝜎) ≱ [( 𝜔

 )𝑠𝑡]𝑒 (£𝜎).

From the concept of (𝜐𝜇𝜔
𝑠𝑡 )⋎, there exists a collection

 = {((£𝜎)𝑗 , (£𝜎)𝑗 , ⋎̃𝜄𝑗 )} ∈ (£𝜎,£𝜎), 𝑟 ∈ 𝜍 𝑎𝑛𝑑 𝑗 ∈ 𝐽

such that

[( 𝜐

)𝑠𝑡]𝑒 (£𝜎) ≤ 𝑟 ≤

⋀
(
(£
𝐴
)𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜐
𝑒

(
(£𝜎)𝑖, (£𝜎)𝑖

)
=

⋀
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

( 𝜐

)𝑒
(
(£𝜎)𝑖

)
,

[( 𝜇

)𝑠𝑡]𝑒 (£𝜎) ≥ 1 − 𝑟 ≥

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜇
𝑒

(
(£𝜎)𝑖, (£𝜎)𝑖

)
=

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

( 𝜇

)𝑒
(
(£𝜎)𝑖

)
,

[( 𝜔

)𝑠𝑡]𝑒 (£𝜎 ) ≥ 1 − 𝑟 ≥

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜔
𝑒

(
(£𝜎)𝑖, (£𝜎)𝑖

)
=

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

( 𝜔
 )𝑒

(
(£𝜎)𝑖

)
.

On another side,
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[( 𝜐

)𝑒]𝑠𝑡 (£𝜎 ) = [( 𝜐

 )𝑠𝑡]𝑒
(
⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 )

)
≥
⋀
𝑗∈𝐽

[( 𝜐
 )𝑒]𝑠𝑡

(
(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗

)
≥
⋀
𝑗∈𝐽

[( 𝜐
 )𝑒]𝑠𝑡

(
(£𝜎)𝑗

)
∧ [( 𝜐

 )𝑠𝑡]𝑒
(
⋎̃𝜄𝑗

)
≥

⋀
(
(£
𝐴
)𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

( 𝜐

)𝑒
(
(£𝜎)𝑖

)
≥ 𝑟,

[( 𝜇

)𝑒]𝑠𝑡 (£𝑉 ) = [( 𝜇


)𝑠𝑡]𝑒

(
⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃1−𝜄𝑗 )

)
≤
⋁
𝑗∈𝐽

[( 𝜇

)𝑒]𝑠𝑡

(
(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗

)
≤
⋁
𝑗∈𝐽

[( 𝜇

)𝑠𝑡]𝑒

(
(£𝜎)𝑗

)
∨ [( 𝜇


)𝑠𝑡]𝑒

(
⋎̃𝜄𝑗

)
≤

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,⋎̃𝜄𝑖

)
∈

( 𝜇

)𝑒
(
(£𝜎)𝑖

)
≤ 1 − 𝑟,

[( 𝜔

)𝑒]𝑠𝑡 (£𝜎) = [( 𝜇


)𝑠𝑡]𝑒

(
⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃1−𝜄𝑗 )

)
≤
⋁
𝑗∈𝐽

[( 𝜔
 )𝑒]𝑠𝑡

(
(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗

)
≤
⋁
𝑗∈𝐽

[( 𝜔
 )𝑠𝑡]𝑒

(
(£𝜎)𝑗

)
∨ [( 𝜔

 )𝑠𝑡]𝑒
(
⋎̃𝜄𝑗

)
≤

⋁
(
(£𝜎 )𝑖 ,(£𝜎 )𝑖 ,Ẽ

𝜄𝑖
)
∈

( 𝜔
 )𝑒

(
(£𝜎)𝑖

)
≤ 1 − 𝑟.

This contradicts the hypothesis in equation (11). Thus, ( 𝜐𝜇𝜔
𝑠𝑡

)⋎ = [( 𝜐𝜇𝜔


)𝑠𝑡]⋎ .

(3) (i) Straightforward.
(ii) Obvious. □

Definition 7. A mapping 𝜐, 𝜇, 𝜔 ∶ ⋎ → 𝜍 (̃¥,⋎) is called single-valued neutrosophic soft filter (svns-filter) on ¥. If the following 
criteria are met, ∀ 𝑒 ∈ ⋎ and £𝜎, ℏ𝛼 ∈ (̃¥,⋎):

(1) 𝜐
𝑒(Φ) = 0, 𝜇

𝑒 (Φ) = 1, 𝜔
𝑒 (Φ) = 1 and 𝜐

𝑒(⋎̃) = 1, 𝜇
𝑒 (⋎̃) = 0, 𝜔

𝑒 (⋎̃) = 0,
(2) 𝜐

𝑒(£𝜎 ⊓ ℏ𝛼) ≥𝜐
𝑒(£𝜎) ∧𝜐

𝑒(ℏ𝛼), 𝜇
𝑒 (£𝜎 ⊓ ℏ𝛼) ≤𝜇

𝑒 (£𝜎) ∨𝜇
𝑒 (ℏ𝛼),

𝜔
𝑒 (£𝜎 ⊓ ℏ𝛼) ≤𝜔

𝑒 (£𝜎) ∨𝜔
𝑒 (ℏ𝛼),

(3) If £𝜎 ⊑ ℏ
𝐵

, then 𝜐
𝑒(£𝜎) ≤𝜐

𝑒(ℏ𝛼), 
𝜇
𝑒 (£𝜎) ≥𝜇

𝑒 (ℏ𝛼)
and 𝜔

𝑒 (£𝜎) ≥𝜔
𝑒 (ℏ𝛼).

The svns- filter 𝜐𝜇𝜔 is called stratified iff the following condition is met.

(𝑆 ) For every 𝑒 ∈ ⋎, 𝜄 ∈ 𝜍 and £𝜎 ∈ (̃¥,⋎), 𝜐
𝑒(£𝜎 ⊓ ⋎̃𝜄) ≥𝜐

𝑒(£𝜎) ∧ (𝜄), 𝜇
𝑒 (£𝜎 ⊓ ⋎̃𝜄) ≤𝜇

𝑒 (£𝜎) ∨ (𝜄), and 𝜔
𝑒 (£𝜎 ⊓ ⋎̃𝜄) ≤𝜔

𝑒 (£𝜎) ∨ (𝜄).

The pair (¥, 𝜐𝜇𝜔
⋎ ) is said to be stratified svns-filters space.

If 𝜐𝜇𝜔
⋎ and ⋆𝜐𝜇𝜔

⋎ are svns-filters on ¥, then 𝜋𝛼𝜎
⋎ is finer than ⋆𝜐𝜇𝜔

⋎ or (⋆𝜐𝜇𝜔
⋎ is coarser than 𝜐𝜇𝜔

⋎ ) indicated by 𝜐𝜇𝜔
⋎ ⊒⋆𝜐𝜇𝜔

⋎

if 𝜐
𝑒(£𝜎) ≥⋆𝜐

𝑒 (£𝜎), 
𝜇
𝑒 (£𝜎) ≤⋆𝜇

𝑒 (£𝜎)) and 𝜔
𝑒 (£𝜎) ≤⋆𝜔

𝑒 (£𝜎).

Theorem 8. A consider that (¥, 𝜐𝜇𝜔
⋎ ) is svns-filters space. Define the mapping 𝜐

𝑠𝑡 ∶ ⋎ → 𝜍 (̃¥,⋎), 𝜇
𝑠𝑡 ∶ ⋎ → 𝜍 (̃¥,⋎), 𝜔

𝑠𝑡 ∶ ⋎ → 𝜍 (̃¥,⋎) as next: 
∀ £𝜎 ∈ (̃¥,⋎), 𝑒 ∈ ⋎

⋁[⋀
𝑗∈𝐽

𝜐
𝑒((£𝜎)𝑗 ) ∧ 𝜄𝑗 ∣ ⊔𝑖∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) ⊑ £𝜎

]
= (𝜐

𝑠𝑡)𝑒(£𝜎),

⋀[⋁
𝑗∈𝐽

𝜐
𝑒((£𝜎)𝑗 ) ∨ 𝜄𝑗 ∣ ⊔𝑖∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) ⊑ £𝜎

]
= (𝜇

𝑠𝑡)𝑒(£𝜎),

⋀[⋁
𝑗∈𝐽

𝜔
𝑒 ((£𝜎)𝑗 ) ∨ 𝜄𝑗 ∣ ⊔𝑖∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) ⊑ £𝜎

]
= (𝜔

𝑠𝑡)𝑒(£𝜎),

where 
⋁

and 
⋀

are taken over all collections {((£𝜎)𝑗 , ̃⋎𝜄𝑗 )} for each 𝑗 ∈ 𝐽 and 𝐽 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒) with £𝜎 ⊒ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ). Then (𝜐𝜇𝜔
𝑠𝑡 )⋎ is 

the coarsest stratified svns-filter on ¥ which is finer than 𝜐𝜇𝜔
⋎ . Also, (𝜐𝜇𝜔

𝑠𝑡 )⋎ is the stratification of a snvs-filter 𝜐𝜇𝜔
⋎ on ¥.

Proof. At initial, we will prove that (𝜐𝜇𝜔
𝑠𝑡 )⋎ is stratified snvs-filter:
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(1) For any 𝜄 ∈ 𝜍, there are collections {⋎̃} and {Φ} with ⋎̃𝜄 = ⋎̃𝜄 ⊓ ⋎̃. We have

(𝜐
𝑠𝑡)𝑒(⋎̃) ≥𝜐

𝑒(⋎̃) ∧ 1 = 1, (𝜇
𝑠𝑡)𝑒(⋎̃) ≤𝜇

𝑒 (⋎̃) ∨ 0 = 0,

(𝜔
⋎ )𝑠𝑡(⋎̃) ≤𝜔

⋎ (⋎̃) ∨ 0 = 0,

(𝜐
𝑠𝑡)𝑒(Φ̃) ≥𝜐

𝑒(Φ̃) ∧ 0 = 0, (𝜇
𝑠𝑡)𝑒(Φ̃) ≤𝜇

𝑒 (Φ̃) ∨ 1 = 1,

(𝜔
Φ)𝑠𝑡(Φ̃) ≤𝜔

⋎ (Φ) ∨ 1 = 1.

Hence, (𝜐
𝑠𝑡)𝑒(⋎̃) = 1, (𝜇

𝑠𝑡)𝑒(⋎̃) = 0, (𝜔
𝑠𝑡)𝑒(⋎̃) = 0 and (𝜐

𝑠𝑡)𝑒(Φ) = 0, (𝜇
𝑠𝑡)𝑒(Φ) = 1, (𝜔

𝑠𝑡)𝑒(Φ) = 1.

(2) Let (£𝜎) = {{((£𝜎)𝑗 , ̃⋎𝜄𝑗 )} ∣ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) ⊑ £𝜎} and (ℏ𝛼) = {{((ℏ𝛼)𝑖, ̃⋎𝜄𝑖 )} ∣ ⊔𝑖∈Γ((ℏ𝛼)𝑖 ⊓ ⋎̃𝜄𝑖 ) ⊑ ℏ𝛼} for all 𝑗 ∈ 𝐽 and 𝑖 ∈ Γ. 
Then,

£𝜎 ⊓ ℏ
𝐵
⊒ (⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 )) ⊓ (⊔𝑖∈Γ((ℏ𝛼)𝑖 ⊓ ⋎̃𝜄𝑖 ))

= ⊔𝑗∈𝐽 ⊔𝑖∈Γ (((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 ) ⊓ ((ℏ𝛼)𝑖 ⊓ ⋎̃𝜄𝑖 ))

= ⊔𝑗∈𝐽 ⊔𝑖∈Γ (((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖) ⊓ (⋎̃𝜄𝑗 ⊓ ⋎̃𝜄𝑖 ))

= ⊔𝑙∈𝑗∪Γ((𝐠𝐶 )𝑙 ⊓ ⋎̃𝑤𝑙 ),

where ⋎̃𝑤𝑙 = ⋎̃𝜄𝑗 ⊓ ⋎̃𝜄𝑖 , 𝑤
𝑙
= 𝜄𝑗 ⊓ 𝜄

𝑖
and (𝐠

𝐶
)𝑙 = (£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖, which implies

(𝜐
𝑠𝑡)𝑒(£𝜎 ⊓ ℏ𝛼) ≥

⋀
𝑗∈𝐽

(
𝜐
𝑒((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖)

)
∧𝑤

𝑙

≥
⋀
𝑗

(𝜐
𝑒((£𝜎)𝑗 )) ∧

⋀
𝑖

(𝜐
𝑒((ℏ𝛼)𝑖)) ∧ (𝜄𝑗 ∧ 𝜄𝑖)

≥

[⋀
𝑗

(𝜐
𝑒((£𝜎)𝑗 ) ∧ 𝜄𝑗 )

]
∧

[⋀
𝑖

(𝜐
𝑒((ℏ𝛼)𝑖) ∧ 𝜄𝑖)

]
≥ (𝜐

𝑠𝑡)𝑒(£𝜎) ∧ (𝜐
𝑠𝑡)𝑒(ℏ𝛼),

(𝜇
𝑠𝑡)𝑒(£𝜎 ⊓ ℏ𝛼) ≤

⋁
𝑗∈𝐽

(
𝜇
𝑒 ((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖)

)
∨𝑤𝑙

≤
⋁
𝑗

(𝜇
𝑒 ((£𝐴 )𝑗 )) ∨

⋁
𝑖

(𝜇
𝑒 ((ℏ𝛼)𝑖)) ∨ (𝜄𝑗 ∧ 𝜄𝑖)

≤

[⋁
𝑗

(𝜇
𝑒 ((£𝜎)𝑗 ) ∨ 𝜄𝑗 )

]
∨

[⋁
𝑖

(𝜇
𝑒 ((ℏ𝛼)𝑖) ∨ 𝜄𝑖)

]
≥ (𝜇

𝑠𝑡)𝑒(£𝜎) ∨ (𝜇
𝑠𝑡)𝑒(ℏ𝛼),

(𝜔
𝑠𝑡)𝑒(£𝜎 ⊓ ℏ𝛼) ≤

⋁
𝑗∈𝐽

(
𝑜𝑚
𝑒 ((£𝜎)𝑗 ⊓ (ℏ𝛼)𝑖)

)
∨𝑤𝑙

≤

[⋁
𝑗

(𝜔
𝑒 ((£𝜎)𝑗 ))

]
∨

[⋁
𝑖

(𝜔
𝑒 ((ℏ𝛼)𝑖)) ∨ (𝜄𝑗 ∧ 𝜄𝑖)

]

≤

[⋁
𝑗

(𝜔
𝑒 ((£𝜎)𝑗 ) ∨ 𝜄𝑗 )

]
∨

[⋁
𝑖

(𝜔
𝑒 ((ℏ𝛼)𝑖) ∨ 𝜄𝑖)

]
≥ (𝜔

𝑠𝑡)𝑒(£𝜎) ∨ (𝜔
𝑠𝑡)𝑒(ℏ𝛼).

Thus, the proof of (2) is complete.

(3) Straightforward.
(𝑆 ) Suppose

(£𝜎) = {{((£𝜎)𝑗 , ⋎̃𝜄𝑗 ) ∣ £𝜎 ⊒ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 )}, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 ∈ 𝐽,

(𝜐
𝑠𝑡)𝑒(£𝜎 ⊓ ⋎̃𝜄) ≥

[⋀
𝑗∈𝐽

(𝜐
𝑒((£𝜎 )𝑗 ) ∧ ⋎̃𝜄) ∧ 𝜄𝑗

]
≥

[⋀
𝑗∈𝐽

(𝜐
𝑒((£𝜎)𝑗 ) ∧ 𝜄) ∧ 𝜄𝑗

]

≥

[⋀
𝑗∈𝐽

𝜐
𝑒((£𝜎)𝑗 ) ∧ 𝜄𝑗

]
∧ (𝜄) ≥ (𝜐

𝑠𝑡)𝑒(£𝜎) ∧ (𝜄),
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(𝜇
𝑠𝑡)𝑒(£𝜎 ⊓ ⋎̃𝜄) ≤

[⋁
𝑗

(𝜇
𝑒 ((£𝜎)𝑗 ) ∨ ⋎̃𝜄) ∨ 𝜄𝑗

]
≤

[⋁
𝑗

(𝜇
𝑒 ((£𝜎)𝑗 ) ∨ 𝜄) ∨ 𝜄𝑗

]

≤

[⋁
𝑗

𝜇
𝑒 ((£𝜎)𝑗 ) ∨ 𝜄𝑗

]
∨ (𝜄) ≤ (𝜇

𝑠𝑡)𝑒(£𝜎) ∨ (𝜄).

Similarly, by using an analogous line of reasoning, we can show that (𝜔
𝑠𝑡)𝑒(£𝜎 ⊓ ⋎̃𝜄) ≤ (𝜔

𝑠𝑡)𝑒(£𝜎) ∨ (𝜄). Thus, the proof of (𝑆 ) is 
complete.

Secondly, for every £𝜎 ∈ (̃¥,⋎), 𝑒 ∈ ⋎, there exist collections {⋎̃} with £𝜎 = £
𝐴
⊓ ⋎̃. Then, (𝜐

𝑠𝑡)𝑒(£𝜎) ≥𝜐
𝑒(£𝜎), (

𝜇
𝑠𝑡)𝑒(£𝜎) ≤𝜇

𝑒 (£𝜎))
and (𝜔

𝑠𝑡)𝑒(£𝜎) ≤𝜔
𝑒 (£𝜎). Thus, (𝜐𝜇𝜔

𝑠𝑡 )⋎ is finer than 𝜐𝜇𝜔
⋎ .

Finally, let (𝜐
⋆𝑠𝑡, 

𝜇
⋆𝑠𝑡, 

𝜔
⋆𝑠𝑡)⋎ be stratified snvs-filter which is finer than (𝜐, 𝜇, 𝜔)⋎ on ¥ and

(£𝜎) = {{((£𝜎)𝑗 , ⋎̃𝜄𝑗 ) ∣ £𝜎 ⊒ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 )},∀𝑗 ∈ 𝐽,

then we have,

(𝜐
⋆𝑠𝑡)𝑒(£𝜎) ≥ (𝜐

⋆𝑠𝑡)𝑒(⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗 )) ≥
⋀
𝑗∈𝐽

(𝜐
⋆𝑠𝑡)𝑒

(
(£𝜎)𝑗 ⊓ ⋎̃𝜄𝑗

)
≥
⋀
𝑗∈𝐽

(
(𝜐

⋆𝑠𝑡)𝑒((£𝜎)𝑗 ) ∧ 𝜄𝑗
)

≥
⋀

(
(£𝜎 )𝑘,⋎̃𝜄𝑘

)
∈
{
(£𝜎 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}𝜐

𝑒((£𝜎)𝑝 ∧ 𝜄𝑘) ≥ (𝜐
𝑠𝑡)𝑒(£𝜎).

Likewise, using related reasoning, we can determine that (𝜇
⋆𝑠𝑡)𝑒(£𝜎) ≤ (𝜇

𝑠𝑡)𝑒(£𝜎) and (𝜔
⋆𝑠𝑡)𝑒(£𝜎) ≤ (𝜔

𝑠𝑡)𝑒(£𝜎). Hence (𝜐𝜇𝜔
𝑠𝑡 )⋎ is the 

coarsest stratified snvs-filter finer than 𝜐𝜇𝜔
⋎ . □

Theorem 9. Let Θ((̃¥,⋎)) and Ω((̃¥,⋎)) be collections of all svns-filters and, svns-topogenous correspondingly. Define, ∀, £𝜎, ℏ𝛼 ∈ (̃¥,⋎), 
𝑒 ∈ ⋎,

𝜐
𝑒(,)(£𝜎) =

⋁
ℏ𝛼∈(̃¥,⋎)

{𝜐
𝑒 (ℏ𝛼,£𝜎) ∧𝜐

𝑒(£𝜎)}

𝜇
𝑒 (,)(£𝜎) =

⋀
ℏ𝛼∈(̃¥,⋎)

{𝜇
𝑒 (ℏ𝛼,£𝜎) ∨𝜇

𝑒 (£𝜎)}

𝜔
𝑒 (,)(£𝜎) =

⋀
ℏ𝛼∈(̃¥,⋎)

{𝜔
𝑒 (ℏ𝛼,£𝜎) ∨𝜔

𝑒 (£𝜎)}

where 𝜐𝜇𝜔
⋎ ∈Ω((̃¥,⋎)) and 𝜐𝜇𝜔

⋎ ∈Θ((̃¥,⋎)). Then:

(1) 𝜐𝜇𝜔
⋎ (, ) ∈Θ((̃¥,⋎)).

(2) 𝜐𝜇𝜔
⋎ (, ) ⊑𝜐𝜇𝜔

⋎ for all 𝜐𝜇𝜔
E

∈Θ((̃¥,⋎)).
(3) 𝜐𝜇𝜔

⋎ (, £𝜎 ) = (𝜐𝜇𝜔
£𝜎

)⋎.

(4) 𝜐𝜇𝜔
⋎ (𝑠𝑡, 𝑠𝑡) = [(𝜐𝜇𝜔

𝑠𝑡 ]
⋎
(, ).

Proof. (1) Since 𝜐
𝑒(Φ) = 0, 𝜇

𝑒 (Φ) = 1, 𝜔
𝑒 (Φ) = 1 and 𝜐

𝑒(⋎̃) = 1, 𝜇
𝑒 (⋎̃) = 0, 𝜔

𝑒 (⋎̃) = 0, we obtain; ∀ 𝑒 ∈ ⋎,

𝜐
𝑒(,)(Φ) =

⋁
𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 ,Φ) ∧𝜐

𝑒(Φ)},

𝜇
𝑒 (,)(Φ) =

⋀
𝐠
𝐶
∈(̃¥,⋎)

{𝜇
𝑒 (𝐠𝐶 ,Φ) ∨𝜇

𝑒 (Φ)},

𝜔
𝑒 (,)(Φ) =

⋀
𝐠
𝐶
∈(̃¥,⋎)

{𝜔
𝑒 (𝐠𝐶 ,Φ) ∨𝜔

𝑒 (Φ)},

thus, 𝜐
𝑒(, )(Φ) = 0, 𝜇

𝑒 (, )(Φ) = 1, 𝜔
𝑒 (, )(Φ) = 1 and 𝜐

𝑒(, )(⋎̃) = 1, 𝜇
𝑒 (, )(⋎̃) = 0, 𝜔

𝑒 (, )(⋎̃) = 0.

(2) Let £𝜎, ℏ𝛼 ∈ (̃¥,⋎). Then we obtain

𝜐
𝑒 (,)(£𝜎 ⊓ ℏ𝛼) =

⋁
𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 ,£𝜎 ⊓ ℏ𝛼) ∧𝜐

𝑒(£𝜎 ⊓ ℏ𝛼)}
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≥
⋁

𝐠
𝐶
∈(̃¥,⋎)

{(𝜐
𝑒 (𝐠𝐶 ,£𝜎) ∧𝜐

𝑒 (𝐠𝐶 , ℏ𝛼)) ∧ (𝜐
𝑒(£𝜎) ∧𝜐

𝑒(ℏ𝛼))}

≥
⋁

𝐠
𝐶
∈(̃¥,⋎)

{(𝜐
𝑒 (𝐠𝐶 ,£𝜎) ∧𝜐

𝑒(£𝜎))} ∧
⋁

𝐠
𝐶
∈(̃¥,⋎)

{(𝜐
𝑒 (𝐠𝐶 , ℏ𝛼) ∧𝜐

𝑒(ℏ𝛼))}

≥𝜐
𝑒(,)(£𝜎) ∧𝜐

𝑒(,)(ℏ𝛼),

𝜇
𝑒 (,)(£𝜎 ⊓ ℏ𝛼) =

⋀
𝐠
𝐶
∈(̃¥,⋎)

{𝜇
𝑒 (𝐠𝐶 ,£𝜎 ⊓ ℏ𝛼) ∨𝜇

𝑒 (£𝜎 ⊓ ℏ𝛼)}

≤
⋀

𝐠
𝐶
∈(̃¥,⋎)

{(𝜇
𝑒 (𝐠𝐶 ,£𝜎) ∨𝜇

𝑒 (𝐠𝐶 , ℏ𝛼)) ∨ (𝜇
𝑒 (£𝜎) ∨𝜇

𝑒 (ℏ𝛼))}

≤
⋀

𝐠
𝐶
∈(̃¥,⋎)

{(𝜇
𝑒 (𝐠𝐶 ,£𝜎) ∨𝜇

𝑒 (£𝜎))} ∨
⋀

𝐠
𝐶
∈(̃¥,⋎)

{(𝜇
𝑒 (𝐠𝐶 , ℏ𝛼

) ∨𝜇
𝑒 (ℏ𝛼))}

≤𝜇
𝑒 (,)(£𝜎) ∨𝜇

𝑒 (,)(ℏ𝛼).

Likewise, using related reasoning, we can determine that

𝜔
𝑒 (,)(£𝜎 ⊓ ℏ𝛼) ≤𝜔

𝑒 (,)(£𝜎) ∨𝜔
𝑒 (,)(ℏ𝛼).

(3) If £𝜎 ⊑ ℏ𝛼 , then;

𝜐
𝑒(,)(£𝜎) =

⋁
𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 ,£𝜎) ∧𝜐

𝑒(£𝜎 )}

≤
⋁

𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 , ℏ𝛼) ∧𝜐

𝑒(ℏ𝛼)} =𝜐
𝑒(,)(ℏ𝛼),

𝜇
𝑒 (,)(£𝜎) =

⋀
𝐠
𝐶
∈(̃¥,⋎)

{𝜇
𝑒 (𝐠𝐶 ,£𝜎) ∨𝜇

𝑒 (£𝜎)}

≥
⋀

𝐠
𝐶
∈(̃¥,⋎)

{𝜇
𝑒 (𝐠𝐶 , ℏ𝛼) ∨𝜇

𝑒 (ℏ𝛼)} =𝜇
𝑒 (,)(ℏ𝛼),

𝜔
𝑒 (,)(£𝜎) =

⋀
𝐠
𝐶
∈(̃¥,⋎)

{𝜔
𝑒 (𝐠𝐶 ,£𝜎) ∨𝜔

𝑒 (£𝜎)}

≥
⋀

𝐠
𝐶
∈(̃¥,⋎)

{𝜔
𝑒 (𝐠𝐶 , ℏ𝛼) ∨𝜇

𝑒 (ℏ𝛼)} =𝜇
𝑒 (,)(ℏ𝛼).

(2) It is obvious from the definition.
(3) From (2), we obtain 𝜐𝜇𝜔

⋎ (, £𝜎 ) ⊑ (𝜐𝜇𝜔
£𝜎

)E. Now we just need to prove that 𝜐𝜇𝜔
⋎ (, £𝜎 ) ⊒ (𝜐𝜇𝜔

£𝜎
)⋎. Let Φ ≠ ℏ𝛼 ∈ (̃¥,¥). 

Then we obtain

𝜐
⋎(,£𝜎 )(ℏ𝛼) =

⋁
𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 , ℏ𝛼) ∧ (𝜐

£𝜎
)𝑒(ℏ𝛼)}

=
⋁

𝐠
𝐶
∈(̃¥,⋎)

{𝜐
𝑒 (𝐠𝐶 , ℏ𝛼) ∧𝜐

𝑒 (£𝜎 , ℏ𝛼)}

≥𝜐
𝑒 (£𝜎 , ℏ𝛼) ∧𝜐

𝑒 (£𝜎, ℏ𝛼) =𝜐
𝑒 (£𝜎, ℏ𝛼) = (𝜐

£𝜎
)𝑒(ℏ𝛼).

Similarly, we can establish through a parallel argument that

𝜇
⋎(,£𝜎 )(ℏ𝛼) ≥ (𝜇

£𝜎
)𝑒(ℏ𝛼), 𝜔

⋎ (,£𝜎 )(ℏ𝛼) ≥ (𝜔
£𝜎
)𝑒(ℏ𝛼)

(4) Theorems 5 and 8 provide a clear and simple explanation. □

4. Stratified single-valued neutrosophic soft quasi-proximity

Definition 8. A mapping 𝜐, 𝜇, 𝜔 ∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎) is said to be svnsq-proximity on ¥ if the following criteria are met, ∀ 𝑒 ∈ ⋎, 
£𝐴, ℏ𝐵 ∈ (̃¥,⋎):

(1) 𝜐
𝑒(⋎̃, Φ) =𝜐

𝑒(Φ, ̃⋎) = 0, 𝜇
𝑒 (⋎̃, Φ) =𝜇

𝑒 (Φ, ̃⋎) = 1, 𝜔
𝑒 (⋎̃, Φ) =𝜔

𝑒 (Φ, ̃⋎) =
1.
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(2) If 𝜐
𝑒(£𝜎, ℏ𝛼) ≠ 1, 𝜇

𝑒 (£𝜎 , ℏ𝛼) ≠ 0 and 𝜔
𝑒 (£𝜎 , ℏ𝛼) ≠ 0, then £𝜎 ⊑ ℏ𝑐𝛼 .

(3) If £𝜎 ⊑ ℏ𝛼 , then 𝜐
𝑒(£𝜎, 𝐠𝐶 ) ≤𝜐

𝑒(ℏ𝛼, 𝐠𝐶 ), 
𝜇
𝑒 (£𝜎 , 𝐠𝐶 ) ≥𝜇

𝑒 (ℏ𝛼, 𝐠𝐶 ),
𝜔
𝑒 (£𝜎 , 𝐠𝐶 ) ≥𝜔

𝑒 (ℏ𝛼, 𝐠𝐶 ) for any £𝐴, ℏ𝛼, 𝐠𝐶 ∈ (̃¥,⋎).
(4) 𝜐

𝑒((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≤𝜐
𝑒((£𝜎)1 ⊓ (ℏ𝛼)1) ∧𝜐

𝑒((£𝜎)2 ⊔ (ℏ𝛼)2),
𝜇
𝑒 ((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥𝜇

𝑒 ((£𝜎)1 ⊓ (ℏ𝛼)1) ∨𝜇
𝑒 ((£𝜎)2 ⊔ (ℏ𝛼)2),

𝜔
𝑒 ((£𝜎)1 ⊓ (£𝜎)2, (ℏ𝛼)1 ⊔ (ℏ𝛼)2) ≥𝜔

𝑒 ((£𝜎)1 ⊓ (ℏ𝛼)1) ∨𝜔
𝑒 ((£𝜎)2 ⊔ (ℏ𝛼)2).

(5) 𝜐
𝑒(£𝜎, ℏ𝛼) ≥

⋀
𝐠
𝐶
∈(̃¥,⋎)

[
𝜐
𝑒(£𝜎,𝐠𝐶 ) ∨𝜐

𝑒(𝐠
𝑐
𝐶
, ℏ𝛼)

]
,

𝜇
𝑒 (£𝜎 , ℏ𝛼) ≤

⋁
𝐠
𝐶
∈(̃¥,⋎)

[
𝜇
𝑒 (£𝜎,𝐠𝐶 ) ∧𝜇

𝑒 (𝐠𝑐𝐶 , ℏ𝛼)
]
,

𝜔
𝑒 (£𝐴, ℏ𝛼) ≤

⋁
𝐠
𝐶
∈(̃¥,⋎)

[
𝜔
𝑒 (£𝜎,𝐠𝐶 ) ∧𝜔

𝑒 (𝐠
𝑐
𝐶
, ℏ𝛼)

]
.

The svnsq-proximity 𝜐𝜇𝜔
⋎ is called stratified iff the following condition is met.

(𝑆 ) 𝜐
𝑒(⋎̃

𝜄, ̃⋎1−𝜄) = 0, 𝜇
𝑒 (⋎̃𝜄, ̃⋎1−𝜄) =𝜔

𝑒 (⋎̃
𝜄, ̃⋎1−𝜄) = 1, ∀ 𝜄 ∈ 𝜍.

In this case, a pair (¥, 𝜐𝜇𝜔
⋎ ) is said to be stratified svnsq-proximity space.

Let (𝜐𝜇𝜔
⋎ )1 and (𝜐𝜇𝜔

⋎ )2 be svnsq-proximity on ⋎. We say (𝜐𝜇𝜔
⋎ )1 is finer than (𝜐𝜇𝜔

⋎ )2[(𝜐𝜇𝜔
⋎ )2 is coarser than (𝜐𝜇𝜔

⋎ )1] if 
(𝜐

𝑒)2(£𝜎, ℏ𝛼) ≥ (𝜐
𝑒)1(£𝜎 , ℏ𝛼), (

𝜇
𝑒 )2(£𝜎, ℏ𝛼) ≤ (𝜇

𝑒 )1(£𝜎 , ℏ𝛼), (𝜔
𝑒 )2(£𝜎 , ℏ𝛼) ≤ (𝜔

𝑒 )1(£𝜎, ℏ𝛼).

Definition 9. Let (¥, (𝜐𝜇𝜔
⋎ )1) and ( , (𝜐𝜇𝜔


)2) be svnsq-proximity spaces. A mapping 𝜓

𝜑
∶ (¥, (𝜐𝜇𝜔

⋎ )1) → ( , (𝜐𝜇𝜔


)2) is called svnsq-

proximity continuous iff

(𝜐
𝑒)1(𝜓

−1
𝜑

(ℏ𝛼), 𝜓−1
𝜑

(g
𝐶
)) ≥ (𝜐

𝜑(𝑒))2(ℏ𝛼,g𝑐 ),

(𝜇
𝑒 )1(𝜓

−1
𝜑

(ℏ𝛼), 𝜓−1
𝜑

(g
𝐶
)) ≤ (𝜇

𝜑(𝑒))2(ℏ𝛼,g𝑐 )

(𝜔
𝑒 )1(𝜓

−1
𝜑

(ℏ𝛼), 𝜓−1
𝜑

(g
𝐶
)) ≤ (𝜔

𝜑(𝑒))2(ℏ𝛼,g𝑐 ),

for any 𝐠
𝐜
, ℏ𝛼 ∈ ̃( ,), 𝑒 ∈ ⋎.

Theorem 10. Let (¥, 𝜐𝜇𝜔
⋎ ) be svnsq-proximity space. For each 𝑒 ∈ ⋎, define

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋀
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽}∈(£𝜎 ,ℏ𝛼 )
}

⎧⎪⎨⎪⎩
⋁

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}𝜐

𝑒((£𝜎)𝑖, (ℏ𝛼)𝑖)
⎫⎪⎬⎪⎭ ,

(𝜇
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋁
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽}∈(£𝜎 ,ℏ𝛼 )
}

⎧⎪⎨⎪⎩
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}𝜇

𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)
⎫⎪⎬⎪⎭ ,

(𝜔
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋁
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽}∈(£𝜎 ,ℏ𝛼 )
}

⎧⎪⎨⎪⎩
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈
{
(£𝜎 )𝑗 ,(ℏ𝛼 )𝑗 ,⋎̃

𝜄𝑗 ∣𝑗∈𝐽
}𝜔

𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)
⎫⎪⎬⎪⎭ ,

where (£𝜎, ℏ𝛼) = {{((£𝜎)𝑗 , (ℏ𝛼)𝑗 , Ẽ
𝜄𝑗 ) ∣ 𝑗 ∈ 𝐽, 𝐽 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒)} ∣ £𝜎 ⊑ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ Ẽ

𝜄𝑗 ) 𝑎𝑛𝑑 ℏ𝛼 ⊑ ⊓𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊔ Ẽ
1−𝜄𝑗 ), 𝜄 ∈ 𝜍}. Then (𝜐𝜇𝜔

𝑠𝑡 )⋎
is the coarsest stratified svnsq-proximity on ¥ which is finer than 𝜐𝜇𝜔

⋎ .

Proof. We will prove (5) only; Conditions (1) to (4) are similar to proving Theorem 5.
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(5) Presume there exists £𝜎 , ℏ𝛼 ∈ (̃¥,⋎), 𝑒 ∈ ⋎ such that

(𝜐
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≱

⋀
𝐠
𝐶
∈(̃¥,⋎)

[
(𝜐

𝑠𝑡)𝑒(£𝜎 ,𝐠𝐶 ) ∨ (𝜐
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
,

(𝜇
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≰

⋁
𝐠
𝐶
∈(̃¥,⋎)

[
(𝜇

𝑠𝑡)𝑒(£𝜎 ,𝐠𝐶 ) ∧ (𝜇
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
,

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) ≰

⋁
𝐠
𝐶
∈(̃¥,⋎)

[
(𝜔

𝑠𝑡)𝑒(£𝜎 ,𝐠𝐶 ) ∧ (𝜔
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
,

then there exists 𝑟 ∈ 𝜍0 such that

(𝜐
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) < 𝑟 ≤

⋀
𝐠
𝐶
∈(̃¥,⋎)

[
(𝜐

𝑠𝑡)𝑒(£𝜎,𝐠𝐶 ) ∨ (𝜐
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
,

(𝜇
𝑠𝑡)𝑒(£𝜎 , ℏ𝛼) > 1 − 𝑟 ≥

⋁
𝐠
𝐶
∈(̃¥,⋎)

[
(𝜇

𝑠𝑡)𝑒(£𝜎,𝐠𝐶 ) ∧ (𝜇
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
, (12)

(𝜔
𝑠𝑡)𝑒(£𝜎 , ℏ𝐵

) > 1 − 𝑟 ≥
⋁

𝐠
𝐶
∈(̃¥,⋎)

[
(𝜔

𝑠𝑡)𝑒(£𝜎,𝐠𝐶 ) ∧ (𝜔
𝑠𝑡)𝑒(𝐠

𝑐
𝐶
, ℏ𝛼)

]
.

From the concept of (𝜐𝜇𝜔
𝑠𝑡 )¥, there exists a collection  = {(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃⋎𝜄𝑗 ∣ 𝑗 ∈ 𝐽} ∈(£𝜎, ℏ𝛼)} such that

(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋀⎡⎢⎢⎣
⋁

[
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

]
∈

𝜐
𝑒((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎤⎥⎥⎦
≥

⋀
𝐠
𝐶
∈(̃¥,⋎)

⎡⎢⎢⎣
⋁

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[
(𝜐

𝑠𝑡)𝑒((£𝜎)𝑖, (𝐠𝐶 )𝑖) ∨ (𝜐
𝑠𝑡)𝑒((𝐠

𝑐
𝐶
)𝑖, (ℏ𝛼)𝑖)

]⎤⎥⎥⎦ ≥ 𝑟,

(𝜇
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋁⎡⎢⎢⎣
⋀

(
(£𝛼 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎤⎥⎥⎦
≤

⋁
𝐠
𝐶
∈(̃¥,⋎)

⎡⎢⎢⎣
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,Ẽ

𝜄𝑖
)
∈

[
(𝜇

𝑠𝑡)𝑒((£𝜎)𝑖, (𝐠𝐶 )𝑖) ∧ (𝜇
𝑠𝑡)𝑒((𝐠

𝑐
𝐶
)𝑖, (ℏ𝛼)𝑖)

]⎤⎥⎥⎦ ≤ 1 − 𝑟,

(𝜔
𝑠𝑡)𝑒(£𝜎, ℏ𝛼) =

⋁⎡⎢⎢⎣
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)

⎤⎥⎥⎦
≤

⋁
𝐠
𝐶
∈(̃¥,⋎)

⎡⎢⎢⎣
⋀

(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[
(𝜔

𝑠𝑡)𝑒((£𝜎)𝑖, (𝐠𝐶 )𝑖) ∧ (𝜔
𝑠𝑡)𝑒((𝐠

𝑐
𝐶
)𝑖, (ℏ𝛼)𝑖)

]⎤⎥⎥⎦ ≤ 1 − 𝑟.

A contradiction for equation (12). □

Theorem 11. Let (¥, 𝜐𝜇𝜔
⋎ ) and ( , (𝜐𝜇𝜔


)⋆) be two svnsq-proximity spaces. If 𝜓

𝜑
∶ (¥, 𝜐𝜇𝜔

⋎ ) → ̃( , (𝜐𝜇𝜔


)⋆) be a svnsq-proximity 

continuous, then 𝜓
𝜑
∶ (¥, (𝜐𝜇𝜔

⋎ )𝑠𝑡) → ̃( , (𝜐𝜇𝜔


)⋆𝑠𝑡) is a svnsq-proximity continuous

Proof. Let £𝜎, ℏ𝛼 ∈ ̃( ,) with £𝜎 ⊑ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓ ̃𝜄𝑗 ) 𝑎𝑛𝑑 ℏ𝛼 ⊑ ⊓𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊔ ̃1−𝜄𝑗 ). Then 𝜓−1
𝜑

(£𝜎) ⊑ ⊔𝑗∈𝐽𝜓
−1
𝜑

((£𝜎)𝑗 ) ⊓ ⋎̃𝜄𝑗 and 

𝜓−1
𝜑

(ℏ𝛼) ⊑ ⊓𝑗∈𝐽𝜓
−1
𝜑

((ℏ𝛼)𝑗 ) ⊔ ⋎̃1−𝜄𝑗 . For each collection (£𝜎, ℏ𝛼) = {{((£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃𝜄𝑗 ) ∣ 𝑗 ∈ 𝐽, 𝐽 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒)} ∣ £𝜎 ⊑ ⊔𝑗∈𝐽 ((£𝜎)𝑗 ⊓

̃𝜄𝑗 ) 𝑎𝑛𝑑 ℏ𝛼 ⊑ ⊓𝑗∈𝐽 ((ℏ𝛼)𝑗 ⊔ ̃1−𝜄𝑗 ), 𝜄 ∈ 𝜍}, and put  = {(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃𝜄𝑗 ∣ 𝑗 ∈ 𝐽}, we have

(𝜐
𝑒)𝑠𝑡

(
𝜓−1

𝜑
(£𝜎), 𝜓−1

𝜑
(ℏ𝛼)

)
≥

⋁
(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),⋎̃

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜐
𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)
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≥
⋁

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜐
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≥
⋀

(£𝜎 ,ℏ𝛼 )

⎛⎜⎜⎜⎝
⋁

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜐
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜐
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎, ℏ𝛼)

(𝜇
𝑒 )𝑠𝑡

(
𝜓−1

𝜑
(£𝜎), 𝜓−1

𝜑
(ℏ𝛼)

)
≤

⋀
(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),⋎̃

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜇
𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)

≤
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜇
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≤
⋁

(£𝜎},ℏ𝛼 )

⎛⎜⎜⎜⎝
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
,̃

𝜄𝑗
𝑙
)
∈

(𝜇
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜇
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎, ℏ𝛼)

(𝜔
𝑒 )𝑠𝑡

(
𝜓−1

𝜑
(£𝜎), 𝜓−1

𝜑
(ℏ𝛼)

)
≤

⋀
(
𝜓−1
𝜑

((£𝜎 )𝑗
𝑙
),𝜓−1

𝜑
((ℏ𝛼 )𝑗

𝑙
),⋎̃

𝜄𝑗
𝑙
)
∈
{
𝜓−1
𝜑

((£𝜎 )𝑗 ),𝜓−1
𝜑

((ℏ𝛼 )𝑗 ),⋎̃
𝜄𝑗 ∣𝑗∈𝐽

}
𝜔
𝑒

(
𝜓−1

𝜑
((£𝜎)𝑗

𝑙
), 𝜓−1

𝜑
((ℏ𝛼)𝑗

𝑙
)
)

≤
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
),̃

𝜄𝑗
𝑙
)
∈

(𝜔
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)

≤
⋁

(£𝜎},ℏ𝛼 )

⎛⎜⎜⎜⎝
⋀

(
(£𝜎 )𝑗

𝑙
,(ℏ𝛼 )𝑗

𝑙
,̃

𝜄𝑗
𝑙
)
∈

(𝜔
𝜑(𝑒))

⋆((£𝜎)𝑗
𝑙
, (ℏ𝛼)𝑗

𝑙
)
⎞⎟⎟⎟⎠

= (𝜔
𝜑(𝑒))

⋆

𝑠𝑡(£𝜎, ℏ𝛼)

By Definition 5, we have 𝜓
𝜑
∶ (¥, (𝜐𝜇𝜔

⋎ )𝑠𝑡) → ̃( , (𝜐𝜇𝜔


)⋆𝑠𝑡) is a svnsq-proximity continuous. □

Theorem 12. Let (¥, 𝜐𝜇𝜔
⋎ ) be svnsq-proximity space. Then, for £𝜎, ℏ𝐵

∈ (̃¥,⋎), 𝑒 ∈ ⋎.

(i) 𝜐

, 𝜇


, 𝜔


∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎) defined by, (𝜐


)𝑒(£𝜎, ℏ𝛼) = [𝜐

𝑒(£𝜎 , ℏ
𝑐
𝛼)]

𝑐 , (𝜇

)𝑒(£𝜎, ℏ𝛼) = [𝜇

𝑒 (£𝜎 , ℏ
𝑐
𝛼)]

𝑐 and (𝜔

)𝑒(£𝜎 , ℏ𝛼) =

[𝜔
𝑒 (£𝜎, ℏ

𝑐
𝛼)]

𝑐 is symmetrical svn-topogenous order on ¥.

(ii) (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)st]⋎.

Proof. (i) Straightforward.
(ii) Since (𝜐

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = [(𝜐

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎1−𝜄)]𝑐 = 1, (𝜇

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = [(𝜇

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎1−𝜄)]𝑐 = 0 and (𝜔

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = [(𝜔

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎1−𝜄)]𝑐 = 0, 

for every 𝜄 ∈ 𝜍, we obtain [(𝜐𝜇𝜔


)𝑠𝑡]⋎ is stratified which is finer than (𝜐𝜇𝜔


)⋎. Hence, (𝜐𝜇𝜔
𝑠𝑡

)⋎ ⊒ [(𝜐𝜇𝜔


)𝑠𝑡]⋎.

Conversely, assume there exist £
𝐴
, ℏ

𝛼
∈ (̃¥,⋎), 𝑒 ∈ ⋎ such that,

(𝜐
𝑠𝑡

)𝑒(£𝜎, ℏ𝛼) = [(𝜐
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼)]

𝑐 ≰ [(𝜐
)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼),

(𝜇
𝑠𝑡

)𝑒(£𝜎, ℏ𝛼) = [(𝜇
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼)]

𝑐 ≱ [(𝜇

)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼),

(𝜔
𝑠𝑡

)𝑒(£𝜎, ℏ𝛼) = [(𝜔
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼)]

𝑐 ≱ [(𝜔
)𝑠𝑡]𝑒(£𝜎, ℏ𝛼).

By the concept of (𝜐𝜇𝜔
𝑠𝑡 )E, there exists a collection  = {(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ̃⋎𝜄𝑗 ∣ 𝑗 ∈ 𝐽} ∈(£𝜎, ℏ𝑐𝛼)} such that



Heliyon 10 (2024) e27926

20

F. Alsharari, Y. Saber, H. Alohali et al.

[(𝜐
)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼) ≱

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[𝜐
𝑒((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 ,

[(𝜇

)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼) ≰

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 , (13)

[(𝜔
)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≰

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 .

On another side, M =
{
(£𝜎)𝑗 , (ℏ𝑐𝛼)𝑗 , ⋎̃

𝜄𝑗 ∣ 𝑗 ∈ 𝐽
}
∈ (£𝜎 , ℏ𝛼) we have

[(𝜐

)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≥

⋀
(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜐

)
𝑒
((£𝜎)𝑖, (ℏ𝑐𝛼)𝑖)

≥
⋀

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[𝜐
𝑒((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 ,

[(𝜇

)𝑠𝑡]𝑒 (£𝜎, ℏ𝛼) ≤

⋁
(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜇

)
𝑒
((£𝜎)𝑖, (ℏ𝑐𝛼)𝑖)

≤
⋁

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

[𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 ,

[(𝜔

)𝑠𝑡]𝑒 (£𝜎 , ℏ𝛼) ≤

⋁
(
(£
𝐴
)𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜔
)𝑒 ((£𝜎)𝑖, (ℏ

𝑐
𝛼)𝑖)

≤
⋁

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,Ẽ

𝜄𝑖
)
∈

[𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖)]

𝑐 ,

which is a contradiction of equations (13). Therefore, (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)𝑠𝑡]⋎. □

Theorem 13. Let 𝜐𝜇𝜔
⋎ be symmetrical svn-topogenous order on ⋎. Then, for all £𝜎 , ℏ𝛼 ∈ (̃¥,⋎), 𝑒 ∈ ⋎.

(i) 𝜐

, 𝜇


, 𝜔


∶ ⋎ → 𝜍 (̃¥,⋎)×(̃¥,⋎) defined by, (𝜐


)𝑒(£𝜎, ℏ𝛼) = [𝜐

𝑒 (£𝜎, ℏ
𝑐
𝛼)]

𝑐 ,

(𝜇

)𝑒(£𝜎, ℏ𝛼) = [𝜇

𝑒 (£𝜎, ℏ𝑐𝛼)]
𝑐 and (𝜔


)𝑒(£𝜎 , ℏ𝛼) = [𝜔

𝑒 (£𝜎, ℏ
𝑐
𝐵
)]𝑐 is svnq-proximity on ¥.

(ii) (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)𝑠𝑡]⋎.

Proof. (i) Obvious.
(ii) Since (𝜐

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = 1 − (𝜐

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎1−𝜄) = 1 −0 = 1, (𝜇

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = 1 − (𝜇

𝑠𝑡)𝑒(⋎̃
𝜄, ̃⋎1−𝜄)] = 1 − 1 = 0 and (𝜔

𝑠𝑡
)𝑒(⋎̃𝜄, ̃⋎𝜄) = 1 −

(𝜔
𝑠𝑡)𝑒(⋎̃

𝜄, ̃⋎1−𝜄) = 1 −1 = 0, for every 𝜄 ∈ 𝜍, we have [(𝜐𝜇𝜔


)𝑠𝑡]⋎ is stratified which is finer than (𝜐𝜇𝜔


)⋎. Hence, (𝜐𝜇𝜔
𝑠𝑡

)⋎ ⊒ [(𝜐𝜇𝜔


)𝑠𝑡]⋎.

Conversely, suppose that there exist £
𝐴
, ℏ

𝛼
∈ (̃¥,⋎), 𝑒 ∈ ⋎ such that,

(𝜐
𝑠𝑡

)𝑒(£𝜎 , ℏ𝛼) = 1 − (𝜐
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼) ≰ [(𝜐


)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼),

(𝜇
𝑠𝑡

)𝑒(£𝜎 , ℏ𝛼) = 1 − (𝜇
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼) ≱ [(𝜇


)𝑠𝑡]𝑒(£𝜎 , ℏ𝛼),

(𝜔
𝑠𝑡

)𝑒(£𝜎 , ℏ𝛼) = 1 − (𝜔
𝑠𝑡)𝑒(£𝜎, ℏ

𝑐
𝛼) ≱ [(𝜔

 )𝑠𝑡]𝑒(£𝜎, ℏ𝛼).

By the concept of (𝜐𝜇𝜔
𝑠𝑡 )E, there exists a collection 

{
(£𝜎)𝑗 , (ℏ𝛼)𝑗 , ⋎̃𝜄𝑗 ∣ 𝑗 ∈ 𝐽

}
= ∈ (£𝜎 , ℏ𝑐𝛼) such that

[(𝜐
 )𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≱

⋀
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

1 −𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖),

[(𝜇

)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≰

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

1 −𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖), (14)

[(𝜔
 )𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≰

⋁
(
(£𝜎 )𝑖 ,(ℏ𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

1 −𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖).

On the other hand, P =
{
(£𝜎)𝑗 , (ℏ𝑐𝛼)𝑗 , ⋎̃

𝜄𝑗 ∣ 𝑗 ∈ 𝐽
}
∈(£𝜎 , ℏ𝛼) we have

[(𝜐

)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≥

⋀
(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜐
 )

𝑒
((£𝜎)𝑖, (ℏ𝑐𝛼)𝑖)

≥
⋀

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

1 −𝜐
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖),
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[(𝜇

)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≤

⋁
(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜇

)
𝑒
((£𝜎)𝑖, (ℏ𝑐𝛼)𝑖)

≤
⋁

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

1 −𝜇
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖),

[(𝜔

)𝑠𝑡]𝑒(£𝜎, ℏ𝛼) ≤

⋁
(
(£
𝐴
)𝑖 ,(ℏ𝑐𝛼 )𝑖 ,⋎̃𝜄𝑖

)
∈

(𝜔
 )

𝑒
((£𝜎)𝑖, (ℏ𝑐𝛼)𝑖)

≤
⋁

(
(£𝜎 )𝑖 ,(ℏ𝑐𝛼 )𝑖 ,Ẽ

𝜄𝑖
)
∈

1 −𝜔
𝑒 ((£𝜎)𝑖, (ℏ𝛼)𝑖),

which is a contradiction of equations (14). Hence, (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)𝑠𝑡]⋎. (𝜐𝜇𝜔
𝑠𝑡

)⋎ = [(𝜐𝜇𝜔


)𝑠𝑡]⋎. □

5. Conclusions

Theoretically, we have advanced a set of overarching concepts derived from the principles outlined in previous works [48,49]. 
These include the stratified single-valued neutrosophic soft quasi proximity, stratified single-valued neutrosophic soft topogenous 
order, stratified single-valued neutrosophic soft filter, and stratified single-valued neutrosophic soft quasi uniformity, along with 
an exploration of their respective characteristics. Additionally, we have studied the interconnectedness between these single-valued 
neutrosophic soft topological constructs and their stratifications.

Regarding further research, we intend to evaluate the correlations between our findings and advancements in neural networks 
[50–54], multidimensional systems and signal processing [55–57], as well as optimization algorithms [58] and global optimization 
[59]. Finally, we present a practical application of these concepts in solving decision-making problems. This inventive expansion has 
the potential to greatly expand existing theoretical frameworks for managing indeterminacy, while also opening up new paths for 
application and research.

For forthcoming papers.
The theory can be extended in the next normal methods,
1-Basic concepts can be studied of neutrosophic metric topological spaces using the notion of single-valued neutrosophic soft 

quasi-uniform present in this article;
2-Examine the connected, separation axioms and soft closure spaces in the context of neutrosophic soft quasi-uniform.
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[27] A. Aygünoǧlu, V. Çetkin, H. Aygun, An introduction to fuzzy soft topological spaces, Hacet. J. Math. Stat. 43 (2) (2014) 197–208.
[28] Y.M. Saber, F. Alsharari, F. Smarandache, An introduction to single-valued neutrosophic soft topological structure, Soft Comput. 26 (2022) 7107–7122, https://

doi .org /10 .1007 /s00500 -022 -07150 -4.
[29] W. Kotzé, Uniform Spaces Handbook of Fuzzy Sets Series, Chapter 8, vol. 3, Kluwer Academic Publisher, Dordrecht, Boston, London, 1999, pp. 553–580.
[30] B. Hutton, Uniformities in fuzzy topological spaces, J. Math. Anal. Appl. 58 (1977) 559–571.
[31] R. Lowen, Fuzzy uniform spaces, J. Math. Anal. Appl. 82 (2) (1981) 370–385, https://doi .org /10 .1016 /0022 -247X(81 )90202 -X.
[32] F. Smarandache, A Unifying Field in Logics: Neutrosophic Logic: Neutrosophy, Neutrosophic Set, Neutrosophic Probability and Statistics, 6th ed., InfoLearnQuest, 

Ann Arbor, MI, USA, 2007, available online: http://fs .gallup .unm .edu /eBook -neutrosophics6 .pdf. (Accessed 10 February 2019).
[33] H. Wang, F. Smarandache, Y.Q. Zhang, R. Sunderraman, Single valued neutrosophic sets, Multisp. Multistruct. 4 (2010) 410–413.
[34] A.A. Salama, S.A. Alblowi, Neutrosophic set and neutrosophic topological spaces, IOSR J. Math. 3 (2012) 31–35.
[35] A.A. Salama, F. Smarandache, Neutrosophic Crisp Set Theory, The Educational Publisher Columbus, Columbus, OH, USA.
[36] P.A. Rodrigo, S. Maheswari, Neutrosophic 𝐠𝑠𝛼∗ −𝑂𝑝𝑒𝑛 and closed maps in neutrosophic topological spaces, Neutrosophic Syst. Appl. 8 (2023) 42–49, https://

doi .org /10 .61356 /j .nswa .2023 .39.
[37] F. Smarandache, New types of topologies and neutrosophic topologies, Neutrosophic Syst. Appl. 1 (2023) 1–3, https://doi .org /10 .61356 /j .nswa .2023 .1.
[38] R. Dhar, Compactness and neutrosophic topological space via grills, Neutrosophic Syst. Appl. 2 (2023) 1–7, https://doi .org /10 .61356 /j .nswa .2023 .6.
[39] S. Dey, G.C. Ray, Separation axioms in neutrosophic topological spaces, Neutrosophic Syst. Appl. 2 (2023) 38–54, https://doi .org /10 .61356 /j .nswa .2023 .9.
[40] S. Broumi, S. Mohanaselvi, T. Witczak, M. Talea, A. Bakali, F. Smarandache, Complex fermatean neutrosophic graph and application to decision making, Decis. 

Mak. Appl. Manag. Eng. 6 (1) (2023) 474–501, https://doi .org /10 .31181 /dmame24022023b.
[41] Y.M. Saber, M.A. Abdel-Sattar, Ideals on fuzzy topological spaces, Appl. Math. Sci. 8 (34) (2014) 1667–1691, https://doi .org /10 .12988 /ams .2014 .33194.
[42] Y.M. Saber, F. Alsharari, Θ⋆𝜏𝑗

𝜏𝑖
-fuzzy closure operator, New Math. Nat. Comput. 16 (1) (2020) 123–141, https://doi .org /10 .1142 /S1793005720500088.

[43] Y.M. Saber, F. Alsharari, Generalized fuzzy ideal closed sets on fuzzy topological spaces in Šostak sense, Int. J. Fuzzy Log. Intell. Syst. 18 (3) (2018) 161–166, 
https://doi .org /10 .5391 /IJFIS .2018 .18 .3 .161.

[44] Y.M. Saber, F. Alsharari, F. Smarandache, On single-valued neutrosophic ideals in Šostak sense, Symmetry 12 (2) (2020) 193, https://doi .org /10 .3390 /
sym12020193.

[45] Y.M. Saber, F. Alsharari, F. Smarandache, A. Abdel-Sattar, Connectedness and stratification of single-valued neutrosophic topological spaces, Symmetry 12 (9) 
(2020) 1464, https://doi .org /10 .3390 /sym12091464.

[46] Y.M. Saber, F. Alsharari, F. Smarandache, A. Abdel-Sattar, On single valued neutrosophic regularity spaces, Comput. Model. Eng. Sci. 130 (3) (2022) 1625–1648, 
https://doi .org /10 .32604 /cmes .2022 .017782.

[47] F. Alsharari, F. Smarandache, Y.M. Saber, Compactness on single-valued neutrosophic ideal topological spaces, Neutrosophic Sets Syst. 41 (2021) 127–145.
[48] S.E. Abbas, A.A. Abd-Allah, Stratified double L-topological structures, Math. Comput. Model. 54 (1–2) (2011) 423–439, https://doi .org /10 .1016 /j .mcm .2011 .

02 .032.
[49] S.E. Abbas, E. El-sanowsy, A. Atef, Stratified modeling in soft fuzzy topological structures, Soft Comput. 22 (2018) 1603–1613.
[50] B. Gu, V.S. Sheng, A robust regularization path algorithm for 𝑣 support vector classification, IEEE Trans. Neural Netw. Learn. Syst. 28 (5) (2017) 1241–1248.
[51] B. Gu, X. Sun, V.S. Sheng, Structural minimax probability machine, IEEE Trans. Neural Netw. Learn. Syst. 28 (7) (2017) 1646–1656.
[52] W. Deng, H.M. Zhao, X.H. Yang, J.X. Xiong, M. Sun, B. Li, Study on an improved adaptive PSO algorithm for solving multi-objective gate assignment, Appl. Soft 

Comput. 59 (2017) 288–302.
[53] B. Gu, V.S. Sheng, K.Y. Tay, W. Romano, S. Li, Incremental support vector learning for ordinal regression, IEEE Trans. Neural Netw. Learn. Syst. 26 (7) (2015) 

1403–1416.
[54] B. Wang, X. Gu, L. Ma, S. Yan, Temperature error correction based on BP neural network in meteorological WSN, Int. J. Sens. Netw. 23 (4) (2017) 265–278.
[55] J. Wang, S. Lian, Y.Q. Shi, Hybrid multiplicative multiwatermarking in DWT domain, Multidimens. Syst. Signal Process. 28 (2) (2017) 617–636.
[56] L. Xiong, Z. Xu, Y.Q. Shi, An integer wavelet transform-based scheme for reversible data hiding in encrypted images, Multidimens. Syst. Signal Process. 29 

(2018) 1191–1202.

https://doi.org/10.1016/0165-0114(94)90331-X
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibA87FF679A2F3E71D9181A67B7542122Cs1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
https://doi.org/10.1016/S0898-1221(99)00056-5
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib8F14E45FCEEA167A5A36DEDD4BEA2543s1
https://mitpress.mit.edu/9780262731218/evolutionary-game-theory/
https://doi.org/10.1007/s00500-021-06200-7
https://doi.org/10.1007/s00500-021-06200-7
https://doi.org/10.1063/5.0165692
https://doi.org/10.1016/S0898-1221(03)00016-6
https://doi.org/10.1016/S0898-1221(02)00216-X
https://doi.org/10.1016/S0898-1221(02)00216-X
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibC51CE410C124A10E0DB5E4B97FC2AF39s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibAAB3238922BCC25A6F606EB525FFDC56s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibAAB3238922BCC25A6F606EB525FFDC56s1
https://doi.org/10.1016/j.ins.2006.12.008
https://doi.org/10.1016/j.camwa.2008.05.011
https://doi.org/10.1016/j.camwa.2004.10.036
https://doi.org/10.1016/j.camwa.2008.11.009
https://doi.org/10.1016/j.camwa.2008.11.009
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib1F0E3DAD99908345F7439F8FFABDFFC4s1
https://doi.org/10.1016/j.camwa.2009.04.019
https://doi.org/10.1016/j.camwa.2009.04.019
https://doi.org/10.1155/2009/407890
https://doi.org/10.1155/2009/586507
https://doi.org/10.1016/j.camwa.2011.02.006
https://doi.org/10.1016/j.camwa.2011.03.056
https://doi.org/10.1016/j.camwa.2011.03.056
https://doi.org/10.1016/0022-247X(68)90057-7
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib4E732CED3463D06DE0CA9A15B6153677s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib02E74F10E0327AD868D138F2B4FDD6F0s1
https://doi.org/10.1007/s00500-022-07150-4
https://doi.org/10.1007/s00500-022-07150-4
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib6EA9AB1BAA0EFB9E19094440C317E21Bs1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib34173CB38F07F89DDBEBC2AC9128303Fs1
https://doi.org/10.1016/0022-247X(81)90202-X
http://fs.gallup.unm.edu/eBook-neutrosophics6.pdf
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib182BE0C5CDCD5072BB1864CDEE4D3D6Es1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibE369853DF766FA44E1ED0FF613F563BDs1
https://doi.org/10.61356/j.nswa.2023.39
https://doi.org/10.61356/j.nswa.2023.39
https://doi.org/10.61356/j.nswa.2023.1
https://doi.org/10.61356/j.nswa.2023.6
https://doi.org/10.61356/j.nswa.2023.9
https://doi.org/10.31181/dmame24022023b
https://doi.org/10.12988/ams.2014.33194
https://doi.org/10.1142/S1793005720500088
https://doi.org/10.5391/IJFIS.2018.18.3.161
https://doi.org/10.3390/sym12020193
https://doi.org/10.3390/sym12020193
https://doi.org/10.3390/sym12091464
https://doi.org/10.32604/cmes.2022.017782
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib67C6A1E7CE56D3D6FA748AB6D9AF3FD7s1
https://doi.org/10.1016/j.mcm.2011.02.032
https://doi.org/10.1016/j.mcm.2011.02.032
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibF457C545A9DED88F18ECEE47145A72C0s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibC0C7C76D30BD3DCAEFC96F40275BDC0As1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib2838023A778DFAECDC212708F721B788s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib9A1158154DFA42CADDBD0694A4E9BDC8s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib9A1158154DFA42CADDBD0694A4E9BDC8s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibD82C8D1619AD8176D665453CFB2E55F0s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibD82C8D1619AD8176D665453CFB2E55F0s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibA684ECEEE76FC522773286A895BC8436s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bibB53B3A3D6AB90CE0268229151C9BDE11s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib9F61408E3AFB633E50CDF1B20DE6F466s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib9F61408E3AFB633E50CDF1B20DE6F466s1


Heliyon 10 (2024) e27926

23

F. Alsharari, Y. Saber, H. Alohali et al.

[57] Y. Sun, F. Gu, Compressive sensing of piezoelectric sensor response signal for phased array structural health monitoring, Int. J. Sens. Netw. 23 (4) (2017) 
258–264.

[58] W. Deng, H.M. Zhao, L. Zou, G.Y. Li, X.H. Yang, D.Q. Wu, A novel collaborative optimization algorithm in solving complex optimization problems, Soft Comput. 
21 (15) (2017) 4387–4398.

[59] Y. Xue, J. Jiang, B. Zaho, T. Ma, A self-adaptive artificial bee colony algorithm based on global best for global optimization, Soft Comput. 22 (2018) 2935–2952.

http://refhub.elsevier.com/S2405-8440(24)03957-4/bib72B32A1F754BA1C09B3695E0CB6CDE7Fs1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib72B32A1F754BA1C09B3695E0CB6CDE7Fs1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib66F041E16A60928B05A7E228A89C3799s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib66F041E16A60928B05A7E228A89C3799s1
http://refhub.elsevier.com/S2405-8440(24)03957-4/bib093F65E080A295F8076B1C5722A46AA2s1

	On stratified single-valued soft topogenous structures
	Authors

	On stratified single-valued soft topogenous structures
	1 Introduction and preliminaries
	2 Stratified single-valued neutrosophic soft quasi-uniform spaces
	3 Stratified single-valued neutrosophic soft topogenous order spaces
	4 Stratified single-valued neutrosophic soft quasi-proximity
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability statement
	Acknowledgements
	References


