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Neutrosophic Soft Metric Spaces and Fixed Point Theorems

Vishal Gupta∗, Aanchal, Ishit Sehgal

abstract: This paper introduces a new concept i.e. neutrosophic soft metric space. Within this framework,
open balls, closed balls and several other fundamental notions are defined. Moreover, new fixed point theorems
(FPTs) are established and novel applications are presented to demonstrate the effectiveness and applicability
of NSMS in various mathematical contexts.
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1. Introduction

Fuzzy set (FS) was formulated by Zadeh [1] and then the theory of metric space (MS) was extended
to FS and fuzzy metric space (FMS) came into existence in [2]. Further, George and Veeramani gave
their own version of FMS in [3]. Later on, Park [4] developed intuitionistic fuzzy metric space (IFMS)
with new FPT’s. FS and intuitionistic fuzzy sets (IFS) do not give any knowledge of the indeterminacy
degree (I). Hence, Smarandache [5] formulated neutrosophic set (NS) including ”‘I”’. Thereafter, the
NS concept was applied to MS in [6] by Kirisci et al and hence developing neutrosophic metric space
(NMS).
Molodtsov [7] came out with soft set for uncertainties having parameters. Later on, many soft versions
of various MS were developed. Neutrosophic soft set (NSS) was developed by Karaaslan [10] by applying
the concept of soft sets to neutrosophic sets. In this paper, we are extending FPT’s given in [9] to NSMS.

2. Preliminaries

Now we are presenting basic notions and results, already given and proved, that have been utilized
for developing our results.

Definition 2.1 [5] NS is represented by Γ = {< ℘′,ΞΥ(℘
′),ΠΥ(℘

′),ΣΥ(℘
′) >: ℘ ∈ χ′}, with χ′ being

any non-empty set, ΞΥ(℘
′),ΠΥ(℘

′) and ΣΥ(℘
′) depicts the ”T”, ”F” and ”I” degree respectively of every

℘′ ∈ χ′.

Definition 2.2 [6] NMS is represented as (χ′,Γ, ∗, ⋄) with ∗ and ⋄ being the continuous t-norms and
t-conorms and the below assertions hold for all ℘′, κ′, γ′ ∈ χ′ and ϱ′, µ′ > 0:

NMS (a) 0 ≤ Ξ(℘′, κ′, ϱ′) ≤ 1, 0 ≤ Π(℘′, κ′, ϱ′) ≤ 1, 0 ≤ Σ(℘′, κ′, ϱ′) ≤ 1;
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NMS (b) Ξ(℘′, κ′, ϱ′) + Π(℘′, κ′, ϱ′) + Σ(℘′, κ′, ϱ′) ≤ 3;

NMS (c) Ξ(℘′, κ′, ϱ′) = 1, Π(℘′, κ′, ϱ′) = 0 and Σ(℘′, κ′, ϱ′) = 0 if and only if ℘′ = κ′;

NMS (d) Ξ(℘′, κ′, ϱ′) = Ξ(κ′, ℘′, ϱ′), Π(℘′, κ′, ϱ′) = Π(κ′, ℘′, ϱ′) and Σ(℘′, κ′, ϱ′) = Σ(κ′, ℘′, ϱ′);

NMS (e) Ξ(℘′, κ′, ϱ′) ∗Ξ(κ′, γ′, µ′) ≤ Ξ(℘′, γ′, ϱ′ + µ′), Π(℘′, κ′, ϱ′) ⋄Π(κ′, γ′, µ′) ≥ Π(℘′, γ′, ϱ′ + µ′) and
Σ(℘′, κ′, ϱ′) ⋄ Σ(κ′, γ′, µ′) ≥ Σ(℘′, γ′, ϱ′ + µ′);

NMS (f) Ξ(℘′, κ′, .),Π(℘′, κ′, .) and Σ(℘′, κ′, .) : [0,∞) → [0, 1] possesses continuity;

NMS (g) limϱ′→∞Ξ(℘′, κ′, ϱ′) = 1, limϱ′→∞Π(℘′, κ′, ϱ′) = 0 and limϱ′→∞Σ(℘′, κ′, ϱ′) = 0;

NMS (h) Ξ(℘′, κ′, ϱ′) = 0, Π(℘′, κ′, ϱ′) = 1 and Σ(℘′, κ′, ϱ′) = 1 if ϱ′ < 0.

Definition 2.3 [10] Consider χ′ a non-empty set, then a NSS over χ′ is represented as ς : U ′ → Γ(χ′),
where set U ′ consists of parameters and Γ(χ′) contains NS on χ′, where ς is defined by

ς = {(u, {℘′,Ξς(u)(℘
′),Πς(u)(℘

′),Σς(u)(℘
′) : ℘′ ∈ χ′}) : u ∈ U ′}

3. Neutrosophic Soft Metric Space

Now, we are going to define and formulate new results in NSMS altogether with examples.

Definition 3.1 Take χ̄′ be soft set which is absolute and ϖ′ = {(e, Tϖ′(e)(℘̄′), Iϖ′(e)(℘̄′), Fϖ′(e)(℘̄′) : ℘̄′ ∈
χ̄′} be NSS defined from SP (χ̄′) × SP (χ̄′) × R(U ′)∗ to [0, 1]. Let ∗ and ⋄ representing the continuous
t-norms and t-conorms respectively, then four tuple (χ̄′, ϖ′, ∗, ⋄) is known as NSMS when the following
assertions are satisfied for all p̄′e1 , q̄

′
e2 , r̄

′
e3 ∈ SP (χ̄′); ϱ̄′, µ̄′ ∈ R(U ′)∗:

i. 0 ≤ Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ≤ 1, 0 ≤ Iϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ≤ 1, 0 ≤ Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ≤ 1;

ii. Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) + Iϖ(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) + Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ≤ 3;

iii. Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 1, Iϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 0 and Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 0 if and only if p̄′e1 = q̄′e2 ;

iv. Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = Tϖ′(e)(q̄
′
e2
, p̄′e1 , ϱ̄

′), Iϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = Iϖ′(e)(q̄
′
e2
, p̄′e1 , ϱ̄

′) and Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) =

Fϖ′(e)(q̄
′
e2
, p̄′e1 , ϱ̄

′);

v. Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ∗ Tϖ′(e)(q̄
′
e2
, r̄′e3 , µ̄

′) ≤ Tϖ′(e)(p̄
′
e1
, r̄′e3 , ϱ̄

′ + µ̄′), Iϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ⋄ Iϖ′(e)(q̄
′
e2
, r̄′e3 , µ̄

′) ≥
Iϖ′(e)(p̄

′
e1
, r̄′e3 , ϱ̄

′ + µ̄′) and Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) ⋄ Fϖ′(e)(q̄
′
e2
, r̄′e3 , µ̄

′) ≥ Fϖ′(e)(p̄
′
e1
, r̄′e3 , ϱ̄

′ + µ̄′) ;

vi. Tϖ′(e)(p̄
′
e1
, q̄′e2 , .) Iϖ′(e)(p̄

′
e1
, q̄′e2 , .) and Fϖ′(e)(p̄

′
e1
, q̄′e2 , .) : R(U ′)∗ → [0, 1] is continuous;

vii. limϱ̄′→∞Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 1, limϱ̄′→∞Iϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 0 and limϱ̄′→∞Fϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 0;

viii. Tϖ′(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 0, Iϖ(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 1, Fϖ(e)(p̄
′
e1
, q̄′e2 , ϱ̄

′) = 1 if ϱ̄′ ≤ 0̄.

Now, we will give an example of NSMS:

Example 3.1 Consider χ̄ = N , define ∗ and ⋄ as ζ̄ ′ ∗ η̄′ = max{0, ζ̄ ′ + η̄′ − 1}; ζ̄ ′ ⋄ η̄′ = ζ̄ ′ + η̄′ − ζ̄ ′η̄′

where ζ̄ ′, η̄′ ∈ χ̄, ϱ̄ > 0̄. Let

Tϖ(e)(ζ̄ ′, η̄′, ϱ̄) =

{
ζ̄′

η̄′ , if ζ̄ ′ ≤ η̄′,
η̄′

ζ̄′ , if η̄′ ≤ ζ̄ ′,

Iϖ(e)(ζ̄ ′, η̄′, ϱ̄) =

{
η̄′−ζ̄′

x̄ , if ζ̄ ′x̄ ≤ η̄′,
ζ̄′−η̄′

x̄ , if η̄′x̄ ≤ ζ̄ ′,

Fϖ(e)(ζ̄ ′, η̄′, ϱ̄) =

{
η̄′ − ζ̄ ′, if ζ̄ ′ ≤ η̄′,

ζ̄ ′ − η̄′, if η̄′ ≤ ζ̄ ′.

Then, (χ̄,ϖ, ∗, ⋄) is NSMS.
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Definition 3.2 Let (χ̄′, ϖ′, ∗, ⋄) be NSMS, 0̄ < ¯̄h < 1̄, ξ̄ > 0̄ and ℘̄ ∈ χ̄′. Then, O(℘̄, ¯̄h, ξ̄) = {ῑ ∈ χ̄ :
Tϖ′(e)(℘̄, ῑ, ξ̄) > 1̄− ¯̄h, Iϖ′(e)(℘̄, ῑ, ξ̄) < ¯̄h, Fϖ′(e)(℘̄, ῑ, ξ̄) < ¯̄h} is an open ball with ℘̄ and ¯̄h being the center
and radius respectively in relation to ξ̄.

Theorem 3.2 In a NSMS every open ball O(ζ̄, ¯̄h, ξ̄) is an open set.

Proof: Consider, O(ζ̄, ¯̄h, ξ̄) be an open ball. Let η̄ ∈ O(ζ̄, ¯̄h, ξ̄), thus Tϖ(e)(ζ̄, η̄, ξ̄) > 1̄− ¯̄h′, Iϖ(e)(ζ̄, η̄, ξ̄) <
¯̄h′, Fϖ(e)(ζ̄, η̄, ξ̄) <

¯̄h′, then there exists ξ̄o ∈ (0̄, ξ̄) so that Tϖ(e)(ζ̄, η̄, ξ̄o) > 1̄ − ¯̄h′, Iϖ(e)(ζ̄, η̄, ξ̄o) <
¯̄h′,

Fϖ(e)(ζ̄, η̄, ξ̄o) <
¯̄h′. Considering ¯̄h′o = Tϖ(e)(ζ̄, η̄, ξ̄o), then

¯̄h′o > 1̄ − ¯̄h′ there exists ς̄ ∈ (0̄, 1̄), so that
¯̄h′o > 1̄− ς̄ > 1̄− ¯̄h′.
For given ¯̄h′o and ς̄ satisfying ¯̄h′o > 1̄ − ς̄, there exists ¯̄h′1,

¯̄h′2,
¯̄h′3 ∈ (0̄, 1̄), so that ¯̄h′o ∗ ¯̄h′1 > 1̄ − ς̄,

(1̄ − ¯̄h′o) ⋄ (1̄ − ¯̄h′2) ≤ ς̄ and (1̄ − ¯̄h′o) ⋄ (1̄ − ¯̄h′3) ≤ ς̄. Taking ¯̄h′4 = max{ ¯̄h′1, ¯̄h′2, ¯̄h′3}. Now, consider

open ball O(η̄, 1̄− ¯̄h′4, ξ̄ − ξ̄o).

Claim that, O(η̄, 1̄− ¯̄h′4, ξ̄ − ξ̄o) ⊂ O(ζ̄, ¯̄h′, ς̄). Let θ̄ ∈ O(θ̄, 1̄− ¯̄h′4, ξ̄ − ξ̄o), then Tϖ(e)(η̄, θ̄, ξ̄ − ξ̄o) >
¯̄h′4,

Iϖ(e)(η̄, θ̄, ξ̄ − ξ̄o) < 1̄− ¯̄h′4 and Fϖ(e)(η̄, θ̄, ξ̄ − ξ̄o) < 1̄− ¯̄h′4. Thus

Tϖ(e)(ζ̄, θ̄, ξ̄) ≥ Tϖ(e)(ζ̄, η̄, ξ̄o) ∗ Tϖ(e)(η̄, θ̄, ξ̄ − ξ̄o)

≥ ¯̄h′o ∗ ¯̄h′4 ≥ ¯̄h′o ∗ ¯̄h′1 ≥ 1̄− ς̄ > 1̄− ¯̄h′,

Iϖ(e)(ζ̄, θ̄, ξ̄) ≤ Iϖ(e)(ζ̄, η̄, ξ̄o) ⋄ Iϖ(e)(η̄, θ̄, ξ̄ − ξ̄o)

≤ (1̄− ¯̄h′o) ⋄ (1̄− ¯̄h′4) ≤ (1̄− ¯̄h′o) ⋄ (1̄− ¯̄h′2) ≤ ς̄ < ¯̄h′,

Fϖ(e)(ζ̄, θ̄, ξ̄) ≤ Fϖ(e)(ζ̄, η̄, ξ̄o) ⋄ Fϖ(e)(η̄, θ̄, ξ̄ − ξ̄o)

≤ (1̄− ¯̄h′o) ⋄ (1̄− ¯̄h′4) ≤ (1̄− ¯̄h′o) ⋄ (1̄− ¯̄h′2) ≤ ς̄ < ¯̄h′.

Thus, θ̄ ∈ B(ζ̄, ¯̄h′, ξ̄) and hence O(η̄, 1̄− ¯̄h′4, ξ̄ − ξ̄o) ⊂ O(ζ̄, ¯̄h′, ξ̄). 2

Theorem 3.3 Every NSMS is a Hausdorff space.

Proof: Take a NSMS (χ̄′, ϖ, ∗, ⋄). Let ῑ, κ̄ ∈ χ̄′ so that ῑ ̸= κ̄. Thus, 0̄ < Tϖ(e)(ῑ, κ̄, λ̄) < 1̄, 0̄ <
Iϖ(e)(ῑ, κ̄, λ̄) < 1̄, 0̄ < Fϖ(e)(ῑ, κ̄, λ̄) < 1̄. Let ψ̄1 = Tϖ(e)(ῑ, κ̄, λ̄), ψ̄2 = Iϖ(e)(ῑ, κ̄, λ̄), ψ̄3 = Fϖ(e)(ῑ, κ̄, λ̄)
and ψ̄ = max{ψ̄1, 1̄ − ψ̄2, 1̄ − ψ̄3}. If we consider ψ̄o ∈ (¯̄h, 1̄), then there exists ψ̄4, ψ̄5, ψ̄6 so that
ψ̄4 ∗ ψ̄4 ≥ ψ̄o, (1̄− ψ̄5) ⋄ (1̄− ψ̄5) ≤ 1̄− ψ̄o and (1̄− ψ̄6) ⋄ (1̄− ψ̄6) ≤ 1̄− ψ̄o. Take ψ̄7 = max{ψ̄4, ψ̄5, ψ̄6}.
Consider, open balls O(ῑ, 1̄− ψ̄7,

λ̄
2 ) and O(κ̄, 1̄− ψ̄7,

λ̄
2 ). Claim that, O(ῑ, 1̄− ψ̄7,

λ̄
2 )∩O(κ̄, 1̄− ψ̄7,

λ̄
2 ) = ϕ.

Let O(ῑ, 1̄− ψ̄7,
λ̄
2 ) ∩O(κ̄, 1̄− ψ̄7,

λ̄
2 ) ̸= ϕ, then there exists r̄ ∈ O(ῑ, 1̄− ψ̄7,

λ̄
2 ) ∩O(κ̄, 1̄− ψ̄7,

λ̄
2 ), thus

ψ̄1 = Tϖ(e)(ῑ, κ̄, λ̄) ≥ Tϖ(e)(ῑ, r̄,
λ̄

2
) ∗ Tϖ(e)(r̄, κ̄,

λ̄

2
)

≥ ψ̄7 ∗ ψ̄7 ≥ ψ̄4 ∗ ψ̄4 ≥ ψ̄o > ψ̄1,

ψ̄2 = Iϖ(e)(ῑ, κ̄, λ̄) ≤ Iϖ(e)(ῑ, r̄,
λ̄

2
) ⋄ Iϖ(e)(r̄, κ̄,

λ̄

2
)

≤ (1̄− ψ̄7) ⋄ (1̄− ψ̄7) ≤ (1̄− ψ̄5) ⋄ (1̄− ψ̄5) ≤ 1̄− ψ̄o < ψ̄2,

ψ̄3 = Fϖ(e)(ῑ, κ̄, λ̄) ≤ Fϖ(e)(ῑ, r̄,
λ̄

2
) ⋄ Fϖ(e)(r̄, κ̄,

λ̄

2
)

≤ (1̄− ψ̄7) ⋄ (1̄− ψ̄7) ≤ (1̄− ψ̄6) ⋄ (1̄− ψ̄6) ≤ 1̄− ψ̄o < ψ̄3,

that is contradictory to our assumption. Hence, (χ̄′, ϖ, ∗, ⋄) is Hausdorff. 2
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Definition 3.3 Take, Θ ⊆ χ̄′ in a NSMS (χ̄′, ϖ, ∗, ⋄). Then, Θ is Neutrosophic bounded, if for all
ζ̄, η̄ ∈ χ̄′ implies the existence of ϱ̄′ > 0̄ and ¯̄h ∈ (0̄, 1̄), so that Tϖ(e)(ζ̄, η̄, ϱ̄′) > 1̄ − ¯̄h, Iϖ(e)(ζ̄, η̄, ϱ̄′) < ¯̄h
and Fϖ(e)(ζ̄, η̄, ϱ̄′) < ¯̄h.

Definition 3.4 Take, Θ ⊆ χ̄′ in NSMS (χ̄′, ϖ, ∗, ⋄) and Ξϖ = {∆ : Θ ⊆
⋃

∆∈Ξϖ
∆}. The collection Ξϖ

is an open cover for Θ.

Definition 3.5 Any subspace ∆ in NSMS (χ̄′, ϖ, ∗, ⋄) is compact, if every open cover of ∆ possesses a
subcover which is finite.

Definition 3.6 Any subspace ∆ of NSMS (χ̄′, ϖ, ∗, ⋄) is compact sequentially if every sequence in ∆
possesses a subsequence that is convergent as well.

Theorem 3.4 Any subset ℧ which is compact in a NSMS (χ̄′, ϖ, ∗, ⋄) is Neutrosophic bounded.

Proof: Consider, ℧ ⊆ χ̄ be compact in NSMS (χ̄,ϖ, ∗, ⋄). Let K = {B(p̄e, ¯̄h, ϱ̄) : p̄e ∈ ℧ for ϱ̄ >
0̄, ¯̄h ∈ (0̄, 1̄)} be the open cover of ℧. As ℧ is compact, there exists p̄e1 , p̄e2 , p̄e3 , ..., p̄en ∈ ℧, so that
℧ ⊆

⋃n
k=1B(p̄ek ,

¯̄h, ϱ̄). Consider p̄, q̄ ∈ ℧, thus there exists i, j ∈ N so that p̄ ∈ B(p̄ei ,
¯̄h, ϱ̄) and

q̄ ∈ B(p̄ej ,
¯̄h, ϱ̄). Thus, we have

Tϖ(e)(p̄, p̄ei , ϱ̄) > 1̄− ¯̄h, Iϖ(e)(p̄, p̄ei , ϱ̄) <
¯̄h, Fϖ(e)(p̄, p̄ei , ϱ̄) <

¯̄h

and

Tϖ(e)(q̄, p̄ej , ϱ̄) > 1̄− ¯̄h, Iϖ(e)(q̄, p̄ej , ϱ̄) <
¯̄h, Fϖ(e)(q̄, p̄ej , ϱ̄) <

¯̄h.

Consider λ = min{Tϖ(e)(p̄ei , p̄ej , ϱ̄) : 1 ≤ i, j ≤ n}, µ = max{Iϖ(e)(p̄ei , p̄ej , ϱ̄) : 1 ≤ i, j ≤ n} and
σ = max{Fϖ(e)(p̄ei , p̄ej , ϱ̄) : 1 ≤ i, j ≤ n}, then λ, µ, σ > 0. Thus, for some 0̄ < ζ̄1, ζ̄2, ζ̄3 < 1̄,

Tϖ(e)(p̄, q̄, 3ϱ̄) ≥ Tϖ(e)(p̄, p̄ei , ϱ̄) ∗ Tϖ(e)(p̄ei , p̄ej , ϱ̄) ∗ Tϖ(e)(p̄ej , q̄, ϱ̄)

≥ (1̄− ¯̄h) ∗ (1̄− ¯̄h) ∗ λ > 1̄− ζ̄1,

Iϖ(e)(p̄, q̄, 3ϱ̄) ≤ Iϖ(e)(p̄, p̄ei , ϱ̄) ⋄ Iϖ(e)(p̄ei , p̄ej , ϱ̄) ⋄ Iϖ(e)(p̄ej , q̄, ϱ̄)

≤ ¯̄h ⋄ ¯̄h ⋄ µ < ζ̄2,

Fϖ(e)(p̄, q̄, 3ϱ̄) ≤ Fϖ(e)(p̄, p̄ei , ϱ̄) ⋄ Fϖ(e)(p̄ei , p̄ej , ϱ̄) ⋄ Fϖ(e)(p̄ej , q̄, ϱ̄)

≤ ¯̄h ⋄ ¯̄h ⋄ σ < ζ̄3.

Let ζ̄ = max{ζ̄1, ζ̄2, ζ̄3} and ϱ̄o = 3ϱ̄, then we have Tϖ(e)(p̄, q̄, ϱ̄o) > 1̄ − ζ̄, Iϖ(e)(p̄, q̄, ϱ̄o) < ζ̄ and
Fϖ(e)(p̄, q̄, ϱ̄o) < ζ̄, for all p̄, q̄ ∈ ℧. Thus, ℧ is Neutrosophic bounded. 2

Theorem 3.5 Take, τϖ be topology in a NSMS (χ̄,ϖ, ∗, ⋄), then a sequence {p̄en} in χ̄ converges to p̄ if
and only if Tϖ(e)(p̄en , p̄, ϱ̄) → 1, Iϖ(e)(p̄en , p̄, ϱ̄) → 0 and Fϖ(e)(p̄en , p̄, ϱ̄) → 0, when n→ ∞.

Proof: Consider ϱ̄ > 0̄. Let p̄en → p̄. If 0̄ < ϵ̄ < 1̄, then there exist m ∈ N so that p̄en ∈ B(p̄, ϵ̄, ϱ̄) for
all n ≥ m. Thus, 1̄ − Tϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄, Iϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄ and Fϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄. Thus, we have
Tϖ(e)(p̄en , p̄, ϱ̄) → 1, Iϖ(e)(p̄en , p̄, ϱ̄) → 0 and Fϖ(e)(p̄en , p̄, ϱ̄) → 0 as n→ ∞. Hence, proved.
Conversely: Let Tϖ(e)(p̄en , p̄, ϱ̄) → 1, Iϖ(e)(p̄en , p̄, ϱ̄) → 0 and Fϖ(e)(p̄en , p̄, ϱ̄) → 0 as n → ∞ for every
ϱ̄ > 0̄. Thus, for 0̄ < ϵ̄ < 1̄, there exists m ∈ N so that 1̄ − Tϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄, Iϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄
and Fϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄ for all n ≥ m. Therefore, Tϖ(e)(p̄en , p̄, ϱ̄) > 1̄ − ϵ̄, Iϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄ and
Fϖ(e)(p̄en , p̄, ϱ̄) < ϵ̄, for each n ≥ m. Thus p̄en ∈ B(p̄, ϵ̄, ϱ̄), for each n ≥ m. Hence, p̄en → p̄. 2
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Definition 3.7 Consider a NSMS (χ̄′, ϖ′, ∗, ⋄), then any sequence {ῑen} in χ̄′ is Cauchy whenever for
all ¯̄h > 0̄ and ȷo ∈ N ; Tϖ′(e)(p̄em , p̄en ,

ϱ̄
2 ) > 1̄− ¯̄h, Iϖ′(e)(p̄em , p̄en ,

ϱ̄
2 ) <

¯̄h and Fϖ′(e)(p̄em , p̄en ,
ϱ̄
2 ) <

¯̄h, for
every n,m ≥ ȷo.

Theorem 3.6 Take a NSMS (χ̄,ϖ, ∗, ⋄). Then, it is complete if every Cauchy sequence in χ̄ has a
convergent subsequence.

Proof: Consider, a Cauchy sequence {p̄en} in χ̄ and let {p̄eni
} be any subsequence of {p̄en} converging

to p̄. Consider ϱ̄ > 0̄ and σ̄ ∈ (0̄, 1̄). Let 0̄ < ¯̄h < 1̄, satisfying (1̄− ¯̄h) ∗ (1̄− ¯̄h) ≥ 1̄− σ̄, ¯̄h ⋄ ¯̄h ≤ σ̄. Since
{p̄en} is Cauchy, thus there exists no ∈ N so that Tϖ(e)(p̄em , p̄en ,

ϱ̄
2 ) > 1̄− ¯̄h, Iϖ(e)(p̄em , p̄en ,

ϱ̄
2 ) <

¯̄h and

Fϖ(e)(p̄em , p̄en ,
ϱ̄
2 ) <

¯̄h, for each n,m ≥ no.
Since p̄eni

→ p̄, there exists positive integer ik so that ik > no. For n ≥ no, we have

Tϖ(e)(p̄en , p̄, ϱ̄) ≥ Tϖ(e)(p̄en , p̄eik ,
ϱ̄

2
) ∗ Tϖ(e)(p̄eik , p̄,

ϱ̄

2
) > (1̄− ¯̄h) ∗ (1̄− ¯̄h) ≥ 1̄− σ̄,

Iϖ(e)(p̄en , p̄, ϱ̄) ≤ Iϖ(e)(p̄en , p̄eik ,
ϱ̄

2
) ⋄ Iϖ(e)(p̄eik , p̄,

ϱ̄

2
) < ¯̄h ⋄ ¯̄h ≤ σ̄,

Fϖ(e)(p̄en , p̄, ϱ̄) ≤ Fϖ(e)(p̄en , p̄eik ,
ϱ̄

2
) ⋄ Fϖ(e)(p̄eik , p̄,

ϱ̄

2
) < ¯̄h ⋄ ¯̄h ≤ σ̄

(3.1)

Hence, p̄en → p̄ and (χ̄,ϖ, ∗, ⋄) is a complete space. 2

Definition 3.8 Take (χ̄,ϖ, ∗, ⋄) be NSMS, then it possesses property ⋇ if for every ῑ, κ̄ ∈ χ̄ (3.2) holds

limϱ̄→ ∞Tϖ(e)(ῑ, κ̄, ϱ̄) = 1, limϱ̄→ ∞Iϖ(e)(ῑ, κ̄, ϱ̄) = 0, limϱ̄→ ∞Fϖ(e)(ῑ, κ̄, ϱ̄) = 0. (3.2)

Definition 3.9 Take a NSMS (χ̄′, ϖ′, ∗, ⋄) and Π : χ̄′ → χ̄′ be a map, then Π possesses t-uniform

continuity if for every ¯̄h′ ∈ (0̄, 1̄) implicates the existence of 0̄ < ξ̄ < 1̄, such that for every ζ̄, η̄ ∈ χ̄′ and
ϱ̄ > 0 the following inequalities hold

Tϖ′(e)(ζ̄, η̄, ϱ̄) ≥ 1− ξ̄, Iϖ′(e)(ζ̄, η̄, ϱ̄) ≤ ξ̄, Fϖ′(e)(ζ̄, η̄, ϱ̄) ≤ ξ̄

implies,

Tϖ′(e)(Π(ζ̄),Π(η̄), ϱ̄) ≥ 1− ¯̄h′, Iϖ′(e)(Π(ζ̄),Π(η̄), ϱ̄) ≤ ¯̄h′, Fϖ′(e)(Π(ζ̄),Π(η̄), ϱ̄) ≤ ¯̄h′.

Definition 3.10 Take a NSMS (χ̄′, ϖ′, ∗, ⋄) and Π : χ̄′ → χ̄′ be a map, then Π is neutrosophic soft
fuzzy contractive if it implicates the existence of σ ∈ (0, 1), so that (3.3) is asserted for every ῑ, κ̄ ∈ χ̄′

and ϱ̄ > 0

1

Tϖ′(e)(Π(ῑ),Π(κ̄), ϱ̄)
− 1 ≤ σ(

1

Tϖ′(e)(ῑ, κ̄, ϱ̄)
− 1)

1

Iϖ′(e)(Π(ῑ),Π(κ̄), ϱ̄)
− 1 ≥ 1

σ
(

1

Iϖ′(e)(ῑ, κ̄, ϱ̄)
− 1)

1

Fϖ′(e)(Π(ῑ),Π(κ̄), ϱ̄)
− 1 ≤ 1

σ
(

1

Fϖ′(e)(ῑ, κ̄, ϱ̄)
− 1).

(3.3)

Definition 3.11 Take a NSMS (χ̄′, ϖ′, ∗, ⋄), then a sequence {p̄en} in χ̄′ is neutrosophic soft fuzzy
contractive if it implicates the existence of h̄ ∈ (0, 1), so that (3.4) holds for every ϱ̄ > 0 and n ∈ N

1

Tϖ′(e)(p̄en+1
, p̄en+2

, ϱ̄)
− 1 ≤ h̄(

1

Tϖ′(e)(p̄en , p̄en+1
, ϱ̄)

− 1)

1

Iϖ′(e)(p̄en+1
, p̄en+2

, ϱ̄)
− 1 ≥ 1

h̄
(

1

Iϖ′(e)(p̄en , p̄en+1
, ϱ̄)

− 1)

1

Fϖ′(e)(p̄en+1 , p̄en+2 , ϱ̄)
− 1 ≤ 1

h̄
(

1

Fϖ′(e)(p̄en , p̄en+1 , ϱ̄)
− 1).

(3.4)

Theorem 3.7 Take a NSMS (χ̄′, ϖ, ∗, ⋄) which is complete possessing ⋇ property and having every neu-
trosophic soft fuzzy contractive sequence Cauchy. Take Π : χ̄′ → χ̄′ a neutrosophic soft fuzzy contractive
map and 0 < ν < 1 be contractive constant, then Π possesses a fixed point that is unique also.
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4. Fixed point theorems

Theorem 4.1 Take a complete NSMS (χ̄,ϖ, ∗, ⋄) possessing ⋇ property and having every neutrosophic
soft fuzzy contractive sequence Cauchy. Take Π : χ̄ → χ̄ a neutrosophic soft fuzzy contractive map on
closed ball S(p̄′o, ϑ̄, ϱ̄) with contractive constant ν. Furthermore, consider

1

Tϖ(e)(p̄′o,Π(p̄′o), ϱ̄)
− 1 < (1− ν)(

1

1− ϑ̄
− 1)

1

Iϖ(e)(p̄′o,Π(p̄′o), ϱ̄)
− 1 >

1

1− ν
(
1

ϑ̄
− 1)

1

Fϖ(e)(p̄′o,Π(p̄′o), ϱ̄)
− 1 >

1

1− ν
(
1

ϑ̄
− 1).

Then, Π possesses a fixed point that is unique also in S(p̄′o, ϑ̄, ϱ̄).

Proof: Take ζ̄1 = Π(ζ̄o), ζ̄2 = Π(ζ̄1) = Π2(ζ̄o),..., ζ̄n = Π(ζ̄n−1). Then (4.1), (4.2) and (4.3) holds

1

Tϖ(e)(ζ̄o, ζ̄1, ϱ̄)
− 1 < (1− ν)(

1

1− ϑ̄
− 1) = (1− ν)(

ϑ̄

1− ϑ̄
)

Tϖ(e)(ζ̄o, ζ̄1, ϱ̄) > 1− ϑ̄,

(4.1)

1

Iϖ(e)(ζ̄o, ζ̄1, ϱ̄)
− 1 >

1

1− ν
(
1− ϑ̄

ϑ̄
) >

1− ϑ̄ν

ϑ̄(1− ν)

Iϖ(e)(ζ̄o, ζ̄1, ϱ̄) < ϑ̄,

(4.2)

1

Fϖ(e)(ζ̄o, ζ̄1, ϱ̄)
− 1 >

1

1− ν
(
1− ϑ̄

ϑ̄
) >

1− ϑ̄ν

ϑ̄(1− ν)

Fϖ(e)(ζ̄o, ζ̄1, ϱ̄) < ϑ̄

(4.3)

Then, ζ̄1 ∈ S(ζ̄o, ϑ̄, ϱ̄).
Let ζ̄1, ζ̄2, ..., ζ̄n ∈ S(ζ̄o, ϑ̄, ϱ̄). Then

1

Tϖ(e)(ζ̄1, ζ̄2, ϱ̄)
− 1 =

1

Tϖ(e)(Π(ζ̄o),Π(ζ̄1), ϱ̄)
− 1 < ν(

1

1− ϑ̄
− 1)

Tϖ(e)(ζ̄1, ζ̄2, ϱ̄) >
1− ϑ̄

1− ϑ̄(1− ν)
> 1− ϑ̄,

1

Iϖ(e)(ζ̄1, ζ̄2, ϱ̄)
− 1 =

1

Iϖ(e)(Π(ζ̄o),Π(ζ̄1), ϱ̄)
− 1 >

1

ν
(
1− ϑ̄

ϑ̄
)

Iϖ(e)(ζ̄1, ζ̄2, ϱ̄) <
νϑ̄

1− ϑ̄(1− ν)
< ϑ̄,

1

Fϖ(e)(ζ̄1, ζ̄2, ϱ̄)
− 1 =

1

Fϖ(e)(Π(ζ̄o),Π(ζ̄1), ϱ̄)
− 1 >

1

ν
(
1− ϑ̄

ϑ̄
)

Fϖ(e)(ζ̄1, ζ̄2, ϱ̄) <
νϑ̄

1− ϑ̄(1− ν)
< ϑ̄.
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Similarly, we can claim that Tϖ(e)(ζ̄n−1, ζ̄n, ϱ̄) > 1− ϑ̄, Iϖ(e)(ζ̄n−1, ζ̄n, ϱ̄) < ϑ̄ and Fϖ(e)(ζ̄n−1, ζ̄n, ϱ̄) < ϑ̄.
Therefore,

Tϖ(e)(ζ̄o, ζ̄n, ϱ̄) ≥ Tϖ(e)(ζ̄o, ζ̄1,
ϱ̄

n
) ∗ Tϖ(e)(ζ̄1, ζ̄2,

ϱ̄

n
) ∗ ... ∗ Tϖ(e)(ζ̄n−1, ζ̄n,

ϱ̄

n
)

Tϖ(e)(ζ̄o, ζ̄n, ϱ̄) > (1− ϑ̄) ∗ (1− ϑ̄) ∗ ... ∗ (1− ϑ̄) = 1− ϑ̄

Tϖ(e)(ζ̄o, ζ̄n, ϱ̄) > (1− ϑ̄),

Iϖ(e)(ζ̄o, ζ̄n, ϱ̄) ≤ Iϖ(e)(ζ̄o, ζ̄1,
ϱ̄

n
) ⋄ Iϖ(e)(ζ̄1, ζ̄2,

ϱ̄

n
) ⋄ ... ⋄ Iϖ(e)(ζ̄n−1, ζ̄n,

ϱ̄

n
)

Iϖ(e)(ζ̄o, ζ̄n, ϱ̄) < ϑ̄ ⋄ ϑ̄ ⋄ ... ⋄ ϑ̄ = ϑ̄

Iϖ(e)(ζ̄o, ζ̄n, ϱ̄) < ϑ̄,

Fϖ(e)(ζ̄o, ζ̄n, ϱ̄) ≤ Fϖ(e)(ζ̄o, ζ̄1,
ϱ̄

n
) ⋄ Fϖ(e)(ζ̄1, ζ̄2,

ϱ̄

n
) ⋄ ... ⋄ Fϖ(e)(ζ̄n−1, ζ̄n,

ϱ̄

n
)

Fϖ(e)(ζ̄o, ζ̄n, ϱ̄) < ϑ̄ ⋄ ϑ̄ ⋄ ... ⋄ ϑ̄ = ϑ̄

Fϖ(e)(ζ̄o, ζ̄n, ϱ̄) < ϑ̄.

Thus, ζ̄n ∈ S(ζ̄o, ϑ̄, ϱ̄) and Π possesses a unique fixed point. 2

Definition 4.1 Take a NSMS (χ̄′, ϖ, ∗, ⋄) and Π : χ̄′ → χ̄′ a map, then Π is ΠS−neutrosophic soft
fuzzy contractive if it implicates the existence of h̄ ∈ (0, 1) so that (4.4) is asserted for every ζ̄, η̄ ∈ χ̄′

and ϱ̄ > 0

h̄Tϖ(e)(Π(ζ̄),Π(η̄), ϱ̄) ≥ Tϖ(e)(ζ̄, η̄, ϱ̄)

1

h̄
Iϖ(e)(Π(ζ̄),Π(η̄), ϱ̄) ≤ Iϖ(e)(ζ̄, η̄, ϱ̄)

1

h̄
Fϖ(e)(Π(ζ̄),Π(η̄), ϱ̄) ≤ Fϖ(e)(ζ̄, η̄, ϱ̄).

(4.4)

Theorem 4.2 Take a complete NSMS (χ̄′, ϖ, ∗, ⋄) possessing ⋇ property. Take Π : χ̄′ → χ̄′ a
ΠS−neutrosophic soft fuzzy contractive map and 0 < ν < 1 be contractive constant, then Π possesses a
fixed point in χ̄′ that is unique also.

Proof: Take ζ̄ ∈ χ̄′ and ζ̄n ∈ Πn(ζ̄) for every n ∈ N. Then for ϱ̄ > 0, we have

νTϖ(e)(ζ̄2, ζ̄1, ϱ̄) = νTϖ(e)(Π(ζ̄1),Π(ζ̄), ϱ̄) ≥ Tϖ(e)(ζ̄1, ζ̄, ϱ̄),

1

ν
Iϖ(e)(ζ̄2, ζ̄1, ϱ̄) =

1

ν
Iϖ(e)(Π(ζ̄1),Π(ζ̄), ϱ̄) ≤ Iϖ(e)(ζ̄1, ζ̄, ϱ̄)

and

1

ν
Fϖ(e)(ζ̄2, ζ̄1, ϱ̄) =

1

ν
Fϖ(e)(Π(ζ̄1),Π(ζ̄), ϱ̄) ≤ Fϖ(e)(ζ̄1, ζ̄, ϱ̄).

Now,

νTϖ(e)(ζ̄3, ζ̄2, ϱ̄) = νTϖ(e)(Π(ζ̄2),Π(ζ̄1), ϱ̄) ≥ Tϖ(e)(ζ̄2, ζ̄1, ϱ̄)

ν2Tϖ(e)(ζ̄3, ζ̄2, ϱ̄) ≥ νTϖ(e)(ζ̄2, ζ̄1, ϱ̄) ≥ Tϖ(e)(ζ̄1, ζ̄, ϱ̄),

1

ν
Iϖ(e)(ζ̄3, ζ̄2, ϱ̄) =

1

ν
Iϖ(e)(Π(ζ̄2),Π(ζ̄1), ϱ̄) ≤ Iϖ(e)(ζ̄2, ζ̄1, ϱ̄)

1

ν2
Iϖ(e)(ζ̄3, ζ̄2, ϱ̄) ≥

1

ν
Iϖ(e)(ζ̄2, ζ̄1, ϱ̄) ≤ Iϖ(e)(ζ̄1, ζ̄, ϱ̄)
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and

1

ν
Fϖ(e)(ζ̄3, ζ̄2, ϱ̄) =

1

ν
Fϖ(e)(Π(ζ̄2),Π(ζ̄1), ϱ̄) ≤ Fϖ(e)(ζ̄2, ζ̄1, ϱ̄)

1

ν2
Fϖ(e)(ζ̄3, ζ̄2, ϱ̄) ≤

1

ν
Fϖ(e)(ζ̄2, ζ̄1, ϱ̄) ≤ Fϖ(e)(ζ̄1, ζ̄, ϱ̄).

Thus, for n ∈ N

ν2Tϖ(e)(ζ̄n+1, ζ̄n, ϱ̄) ≥ Tϖ(e)(ζ̄1, ζ̄, ϱ̄),

1

ν2
Iϖ(e)(ζ̄n+1, ζ̄n, ϱ̄) ≤ Iϖ(e)(ζ̄1, ζ̄, ϱ̄),

1

ν2
Fϖ(e)(ζ̄n+1, ζ̄n, ϱ̄) ≥ Fϖ(e)(ζ̄1, ζ̄, ϱ̄).

Now, claim that ζ̄n is Cauchy in (χ̄′, ϖ, ∗, ⋄). Consider, ϱ̄′ = ϱ
λ , then

Tϖ(e)(ζ̄n, ζ̄n+λ, ϱ̄′) ≥ Tϖ(e)(ζ̄n, ζ̄n+1, ϱ̄′) ∗ ... ∗ Tϖ(e)(ζ̄n+λ−1, ζ̄n+λ, ϱ̄′)

≥ (
1

νn
νnTϖ(e)(ζ̄n, ζ̄n+1, ϱ̄′)) ∗ ... ∗ (

1

νn+λ−1
νn+λ−1Tϖ(e)(ζ̄n+λ−1, ζ̄n+λ, ϱ̄′))

≥ (
1

νn
Tϖ(e)(ζ̄1, ζ̄, ϱ̄′)) ∗ ... ∗ (

1

νn+λ−1
Tϖ(e)(ζ̄1, ζ̄, ϱ̄′))

≥ (
1

νn
Tϖ(e)(ζ̄1, ζ̄, ϱ̄′)) ∗ (

1

νn
Tϖ(e)(ζ̄1, ζ̄, ϱ̄′)) = (

1

νn
Tϖ(e)(ζ̄1, ζ̄, ϱ̄′)).

Therefore, limn→∞Tϖ(e)(ζ̄n, ζ̄n+λ, ϱ̄′) = 1.
On similar lines, we can claim that limn→∞Iϖ(e)(ζ̄n, ζ̄n+λ, ϱ̄′) = 0 and limn→∞Fϖ(e)(ζ̄n, ζ̄n+λ, ϱ̄′) = 0
implying that {ζ̄n} is Cauchy in NSMS.
The completeness of (χ̄′, ϖ, ∗, ⋄) implicates the existence of γ̄ ∈ χ̄′, so that ζ̄n → γ̄ when n→ ∞.
Thus,

νTϖ(e)(Π(ζ̄n),Π(ζ̄), ϱ̄) ≥ Tϖ(e)(ζ̄n, γ̄, ϱ̄)

limn→∞Tϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≥ 1

ν
> 1

1 < limn→∞Tϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≤ 1

limn→∞Tϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) = 1,

Iϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≤ νIϖ(e)(ζ̄n, γ̄, ϱ̄)

limn→∞Iϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≤ limn→∞νIϖ(e)(ζ̄n, γ̄, ϱ̄) = 0

limn→∞Iϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) = 0,

and

Fϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≤ νFϖ(e)(ζ̄n, γ̄, ϱ̄)

limn→∞Fϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) ≤ limn→∞νFϖ(e)(ζ̄n, γ̄, ϱ̄) = 0

limn→∞Fϖ(e)(Π(ζ̄n),Π(γ̄), ϱ̄) = 0.

Therefore,

limn→∞Π(ζ̄n) = Π(γ̄) ⇒ limn→∞ζ̄n = Π(γ̄).
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Therefore, Π possesses γ̄ as its fixed point.
Uniqueness: Take δ̄ ∈ χ̄′ such that Π(δ̄) = δ̄. Now, we have

Tϖ(e)(γ̄, δ̄, ϱ̄) = Tϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≥ 1

ν
Tϖ(e)(γ̄, δ̄, ϱ̄)

≥ 1

ν
Tϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≥ 1

ν2
Tϖ(e)(γ̄, δ̄, ϱ̄) ≥ ...

≥ 1

νn
Tϖ(e)(γ̄, δ̄, ϱ̄) → 1.

Thus, Tϖ(e)(γ̄, δ̄, ϱ̄) = 1. Similarly, we have (4.5) and (4.6)

Iϖ(e)(γ̄, δ̄, ϱ̄) = Iϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≤ νIϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≤ ν2Iϖ(e)(γ̄, δ̄, ϱ̄) ≤ ...

≤ νnIϖ(e)(γ̄, δ̄, ϱ̄) → 0,

(4.5)

Fϖ(e)(γ̄, δ̄, ϱ̄) = Fϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≤ νFϖ(e)(Π(γ̄),Π(δ̄), ϱ̄)

≤ ν2Fϖ(e)(γ̄, δ̄, ϱ̄) ≤ ...

≤ νnFϖ(e)(γ̄, δ̄, ϱ̄) → 0.

(4.6)

Hence, Iϖ(e)(γ̄, δ̄, ϱ̄) = 0 and Fϖ(e)(γ̄, δ̄, ϱ̄) = 0. Therefore, γ̄ = δ̄ 2

Example 4.3 Take, χ̄′ = { 1
m′ : m

′ ∈ N} ∪ {0}. Take

Tϖ(e)(ζ̄, η̄, ϱ̄) =
ϱ̄

ϱ̄+ | ζ̄ − η̄ |
, Iϖ(e)(ζ̄, η̄, ϱ̄) =

| ζ̄ − η̄ |
ϱ̄+ | ζ̄ − η̄ |

, Fϖ(e)(ζ̄, η̄, ϱ̄) =
| ζ̄ − η̄ |

ϱ̄
.

Then, (χ̄′, ϖ, ∗, ⋄) is a complete NSMS with ∗ and ⋄ defined as ϕ ∗ υ = ϕυ, ϕ ⋄ υ = min{1, ϕ+ υ}. Let

Π(ι) =

{
1, if ι is rational

0, if ι is irrational

Then, Π satisfies theorem (4.2) and possesses a fixed point 1 that is unique also.

5. Application

Now, here we are going to utilize our results to solve a differential equation.
Take the fractional differential equation

Ψυ
0+φ(ι) + ℓ(ι, φ(ι)) = 0, ι ∈ (0, 1) (5.1)

with the following boundary conditions:

φ(0) + φ′(0) = 0, φ(1) + φ′(1) = 0.

Define, Tϖ(e), Iϖ(e) and Fϖ(e) for ϱ > 0as

Tϖ(e)(φ(ι
′), ℘(ι′), ϱ) = supι′∈[a,b]

ϱ

ϱ+ |φ(ι′)− ℘(ι′)|2

Iϖ(e)(φ(ι
′), ℘(ι′), ϱ) = 1− supι′∈[a,b]

ϱ

ϱ+ |φ(ι′)− ℘(ι′)|2

Fϖ(e)(φ(ι
′), ℘(ι′), ϱ) = supι′∈[a,b]

|φ(ι′)− ℘(ι′)|2

ϱ



10 Vishal Gupta et al

with ∗ and ⋄ given as ϕ ∗ υ = ϕυ and ϕ ⋄ υ = max{ϕ, υ}.
Let ℑ : χ′ × χ′ → [1,∞] defined as ℑ(φ, ℘) = φ+ ℘+ 1.
Then, (χ̄′, ϖ, ∗, ⋄) is complete. It is trivial that φ ∈ χ′ solves (5.1) by Theorem (4.2).

6. Conclusion

In this paper, we have introduced new fixed point theorems (FPTs) in neutrosophic soft metric spaces
(NSMS). The results obtained not only extend existing work but also provide a foundation for further
investigations in this field. To substantiate the validity of our findings, illustrative examples have been
presented together with an application that highlights their applicability. We believe that the new results
established in this work will contribute significantly to the advancement of fixed point theory in NSMS
and will encourage the development of further important results in the future.
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