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—————————————————————————————————————————-

1. Introduction

Smarandache [14] defined the neutrosophic set on three component neutrosophic sets (T-

Truth, F-Falsehood, I-Indeterminacy). Lellis Thivagar et al. [11] was the first given the geo-

metric existence of N topology and in his paper [10] introduced the notion of Nn-open (closed)

sets and Nn continuous in N -neutrosophic topological spaces. The concept of N -neutrosophic

crisp topological spaces from neutrosophic crisp topological spaces was first explored and in-

vestigated by Al-Hamido [1]. As a generalization of closed sets, e-closed sets were introduced

and studied by Ekici [7–9]. In 2020, Vadivel and Sundar introduced the concept of Nnc γ-

open [15], Nnc β-open [16] and Nnc δ-open sets [18] and their continuous functions [17,20,28]
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and open mappings [19, 21, 22]. The new Nnc open sets called Nnc e-open sets and its con-

tinuous functions are introduced in Nncts by Vadivel et al. [23–27]. Recently, Das et al. [2–6]

introduced b-open sets in different types of neutrosophic topological spaces. In this paper, Nnce

open mapping, Nnce closed mapping, Nnce homeomorphism and Nnce-C homeomorphism are

introduced and some results in Nncts.

2. Preliminaries

Definition 2.1. [13] Let X be a non-empty set. Then F is called a neutrosophic crisp set

(in short, ncs) in X if F has the form F = (F01, F02, F03), where F01, F02, and F03 are subsets

of X, then neutrosophic crisp set of types

(i) F01 ∩ F02 = F02 ∩ F03 = F03 ∩ F01 = ϕ

(ii) F01 ∩ F02 = F02 ∩ F03 = F03 ∩ F01 = ϕ and F01 ∪ F02 ∪ F03 = X

(iii) F01 ∩ F02 ∩ F03 = ϕ and F01 ∪ F02 ∪ F03 = X

Definition 2.2. [13] Let F = (F01, F02, F03), G = (G01, G02, G03) ∈ ncs(X). Then

(i) ϕn = (ϕ, ϕ,X),

(ii) Xn = (X,X, ϕ),

(iii) F ⊆ G, if F01 ⊆ G01, F02 ⊆ G02 and F03 ⊇ G03.

(iv) F = G, if F ⊆ G and F ⊆ H

(v) F c = (F03, F
c
02, F01)

(vi) F ∩G = (F01 ∩G01, F02 ∩G02, F03 ∪G03)

(vii) F ∪G = (F01 ∪G01, F02 ∪G02, F03 ∩G03).

Definition 2.3. [12] A neutrosophic crisp topology (briefly, nct) on a non-empty set X is a

family Γ of nc subsets of X satisfying the following axioms

(i) ϕn, Xn ∈ Γ.

(ii) F1 ∩ F2 ∈ Γ ∀ F1 & F2 ∈ Γ.

(iii)
∪
b

Fb ∈ Γ, for any {Fb : b ∈ K} ⊆ Γ.

Then (X,Γ) is a neutrosophic crisp topological space (briefly, ncts) in X. The Γ elements are

called neutrosophic crisp open sets (briefly, ncos) in X and its complement is called neutro-

sophic crisp closed set (briefly, nccs).

Definition 2.4. [1] Let X be a non-empty set. Then ncΨ1, ncΨ2, · · · , ncΨN are N -arbitrary

crisp topologies defined on X and the collection NncΨ = {B ⊆ X : B = (
N∪
k=1

Fk) ∪ (
N∩
k=1

Lk),

Fk, Lk ∈ ncΨk} is called Nnc-topology on X if the axioms are satisfied:

(i) ϕn, Xn ∈ NncΨ.

(ii)
∞∪
k=1

Kk ∈ NncΨ ∀ {Kk}∞k=1 ∈ NncΨ.
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(iii)
n∩

k=1

Kk ∈ NncΨ ∀ {Kk}nk=1 ∈ NncΨ.

Then (X,NncΨ) is called a Nnc-topological space (briefly, Nncts) on X. The NncΨ elements

are called Nnc-open sets (Nncos) on X and its complement is called Nnc-closed sets (Nnccs)

on X. The elements of X are known as Nnc-sets (Nncs) on X.

Definition 2.5. [1, 18] Let (X,NncΨ) be Nncts on X and F be a Nncs on X, then the Nnc

interior of F (briefly, Nncint(F )), Nnc closure of F (briefly, Nnccl(F )), Nncδ interior of F

(briefly, Nncδint(F )) and Nncδ closure of F (briefly, Nncδcl(F )) are defined as

Nncint(F ) = ∪{C : C ⊆ F & C is a Nncos in X}

Nnccl(F ) = ∩{D : F ⊆ D & D is a Nnccs in X}

Nncδint(F ) = ∪{C : C ⊆ F & C is a Nncros in X}

Nncδcl(F ) = ∩{D : F ⊆ D & D is a Nncrcs in X}.

Definition 2.6. [1,15,18,26,28] Let (X,NncΓ) be any Nncts. Let F be a Nncs in (X,NncΨ).

Then F is said to be a

(i) Nnc-regular (resp. Nnc-semi, Nnc-pre, Nnc-α & Nnc-β) open set (briefly, Nncros

(resp. NncSos, NncPos, Nncαos & Nncβos)) if F = Nncint(Nnccl(F )) (resp.

F ⊆ Nnccl(Nncint(F )), F ⊆ Nncint(Nnccl(F )), F ⊆ Nncint(Nnccl(Nncint(F ))) &

F ⊆ Nnccl(Nncint(Nnccl(F )))).

(ii) Nncδ (resp. Nncδ-pre, Nncδ-semi & Nnce) open set (briefly, Nncδos (resp. NncδPos,

NncδSos & Nnceos)) if F = Nncδint(F ) (resp. F ⊆ Nncint(Nncδcl(F )), F ⊆
Nnccl(Nncδint(F )) & F ⊆ Nnccl(Nncδint(F )) ∪Nncint(Nncδcl(F ))).

Definition 2.7. [10,19,21,22,27] Let (X1, NncΨ) and (X2, Nncτ) be any two Nncts’s. A map

ζ : (X1, NncΨ) → (X2, Nncτ) is said to be

(i) Nnc (resp. Nncα, Nnc semi, Nnc pre, Nncγ, Nncβ, Nncδ, Nncδ semi & Nncδ pre)-

open mapping (briefly, NncO (resp. NncαO, NncSO, NncPO, NncγO, NncβO, NncδO,

NncδSO & NncδPO) if the inverse image of every Nncos in (X1, NncΨ) is a Nncαos

(resp. NncSos, NncPos, Nncγos, Nncβos, Nncδos, NncδSos & NncδPos) in (X2, Nncτ).

(ii) Nnc (resp. Nncα, Nnc semi, Nnc pre, Nncγ, Nncβ, Nncδ, Nncδ semi & Nncδ pre)-

closed mapping (briefly, NncC (resp. NncαC, NncSC, NncPC, NncγC, NncβC, NncδC,

NncδSC & NncδPC)) if the inverse image of every Nnccs in (X1, NncΨ) is a Nncαcs

(resp. NncScs, NncPcs, Nncγcs, Nncβcs, Nncδcs, NncδScs & NncδPcs) in (X2, Nncτ).

(iii) Nnc (resp. Nnce)-continuous (briefly, NncCts (resp. NnceCts)) if the inverse image of

every Nncos in (X2, Nncτ) is a Nncos (resp. Nnceos) in (X1, NncΨ).

(iv) Nnc-homeomorphism (briefly, NncHom) if ζ & ζ−1 are NncCts.
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Throughout this article, let (X1, NncΨ), (X2, Nncτ) and (X3, Nncρ) are Nncts’s and ζ :

(X1, NncΨ) → (X2, Nncτ) and η : (X2, Nncτ) → (X3, Nncρ) are mappings.

3. N-Neutrosophic crisp e-open mapping

Definition 3.1. A mapping ζ is N -neutrosophic crisp e-open (briefly, NnceO) if image of

every Nnceos of (X1, NncΨ) is Nnceos in (X2, Nncτ).

Theorem 3.2. Let ζ be a function. Then Every

(i) NncO is a NncαO.

(ii) NncαO is a NncPO.

(iii) NncPO is a NncγO.

(iv) NncγO is a NncβO.

(v) NncδO is a NncO.

(vi) NncδO is a NncSO.

(vii) NncδSO is a NnceO.

(viii) NncPO is a NncδPO.

(ix) NncδPO is a NnceO.

(x) NnceO is a NncβO.

Proof. Proof of (i) to (iii), (iv) and (v) to (vi) are proved in [19], [21] and [22]. We prove only

(vii) to (ix).

(vii) Let ζ be a NncδSO mapping and K is a Nncos in X1. Then ζ(K) is NncδSos in X2.

Since every NncδSos is Nnceos by Proposition 3.1 in [26], ζ(K) is Nnceos in X2. Therefore ζ

is NnceO mapping.

(viii) Let ζ be a NncPO mapping and K is a Nncos in X1. Then ζ(K) is NncPos in X2.

Since every NncPos is NncδPos by Proposition 3.1 in [26], ζ(K) is NncδPos in X2. Therefore

ζ is NncδPO mapping.

(ix) Let ζ be a NncδPO mapping and K is a Nncos in X1. Then ζ(K) is NncδPos in X2.

Since every NncδPos is Nnceos by Proposition 3.1 in [26], ζ(K) is Nnceos in X2. Therefore ζ

is NnceO mapping.

(x) Let ζ be a NnceO mapping and K is a Nncos in X1. Then ζ(K) is Nnceos in X2. Since

every Nnceos is Nncβos by Proposition 3.1 in [26], ζ(K) is Nncβos in X2. Therefore ζ is NncβO

mapping.

Remark 3.3. The following diagram shows NnceO mapping function in Nncts.

P. Thangaraja, A. Vadivel and C. John Sundar, e-Open Maps, e-Closed Maps and
e-Homeomorphisms in N -Neutrosophic Crisp Topological Spaces

Neutrosophic Sets and Systems, Vol. 60, 2023                                                                              290



NncO map NncαO map NncPO map NncγO map

NncδPO map

NnceO map NncβO mapNncδSO mapNncδO map

None of these implication is reversible as shown in the following examples.

Example 3.4. Let X = {ao, bo, co, do, eo} = Y , ncΨ1 = {ϕn, Xn, Ao}, ncΨ2 = {ϕn, Xn}.
Ao = ⟨{ao}, {ϕ}, {bo, co, do, eo}⟩, then 2ncΨ = {ϕn, Xn, Ao}. Let ncτ1 = {ϕn, Yn, Bo, Co, Do},

ncτ2 = {ϕn, Yn}. Bo = ⟨{co}, {ϕ}, {ao, bo, do, eo}⟩, Co = ⟨{ao, bo}, {ϕ}, {co, do, eo}⟩, Do =

⟨{ao, bo, co}, {ϕ}, {do, eo}⟩, then 2ncτ = {ϕn, Yn, Bo, Co, Do}. Define ζ : (X, 2ncΨ) → (Y, 2ncτ)

as identity map, then 2nceO map but not 2ncδSO map, then ζ(⟨{ao}, {ϕ}, {bo, co, do, eo}⟩) =
⟨{ao}, {ϕ}, {bo, co, do, eo}⟩ is a 2nceos but not 2ncδSos in Y .

Example 3.5. Let X = {ao, bo, co, do, eo} = Y , ncΨ1 = {ϕn, Xn, Ao}, ncΨ2 = {ϕn, Xn}.
Ao = ⟨{co, do}, {ϕ}, {ao, bo, eo}⟩, then 2ncΨ = {ϕn, Xn, Ao}. Let ncτ1 = {ϕn, Yn, Bo, Co, Do},

ncτ2 = {ϕn, Yn}. Bo = ⟨{co}, {ϕ}, {ao, bo, do, eo}⟩, Co = ⟨{ao, bo}, {ϕ}, {co, do, eo}⟩, Do =

⟨{ao, bo, co}, {ϕ}, {do, eo}⟩, then 2ncτ = {ϕn, Yn, Bo, Co, Do}. Define ζ : (X, 2ncΨ) → (Y, 2ncτ)

as identity map, then 2nceO map but not 2ncδPO map, then ζ(⟨{co, do}, {ϕ}, {ao, bo, eo}⟩) =
⟨{co, do}, {ϕ}, {ao, bo, eo}⟩ is a 2nceos but not 2ncδPos in Y .

Example 3.6. Let X = {ao, bo, co, do, eo} = Y , ncΨ1 = {ϕn, Xn, Ao}, ncΨ2 = {ϕn, Xn}.
Ao = ⟨{ao, do}, {ϕ}, {bo, co, eo}⟩, then 2ncΨ = {ϕn, Xn, Ao}. Let ncτ1 = {ϕn, Yn, Bo, Co, Do},

ncτ2 = {ϕn, Yn}. Bo = ⟨{co}, {ϕ}, {ao, bo, do, eo}⟩, Co = ⟨{ao, bo}, {ϕ}, {co, do, eo}⟩, Do =

⟨{ao, bo, co}, {ϕ}, {do, eo}⟩, then 2ncτ = {ϕn, Yn, Bo, Co, Do}. Define ζ : (X, 2ncΨ) → (Y, 2ncτ)

as identity map, then 2ncβO map but not 2nceO map, then ζ(⟨{ao, do}, {ϕ}, {bo, co, eo}⟩) =

⟨{ao, do}, {ϕ}, {bo, co, eo}⟩ is a 2ncβos but not 2nceos in Y .

Theorem 3.7. A mapping ζ : (X1, NncΨ) → (X2, Nncτ) is NnceO iff for every Nncs φ of

(X1, NncΨ), ζ(Nncint(φ)) ⊆ Nnceint(ζ(φ)).

Proof. Necessity: Let ζ be a NnceO & φ be a Nncos in (X1, NncΨ). Now, Nncint(φ) ⊆ φ

implies ζ(Nncint(φ)) ⊆ ζ(φ). Since ζ is a NnceO, ζ(Nncint(φ)) is Nnceos in (X2, Nncτ) such

that ζ(Nncint(φ)) ⊆ ζ(φ) therefore ζ(Nncint(φ)) ⊆ Nnceint(ζ(φ)).

Sufficiency: Assume φ is a Nncos of (X1, NncΨ). Then ζ(φ) = ζ(Nncint(φ)) ⊆
Nnceint(ζ(φ)). But Nnceint(ζ(φ)) ⊆ ζ(φ). So ζ(φ) = Nnceint(φ) which implies ζ(φ) is a

Nnceos of (X2, Nncτ) and hence ζ is a NnceO.
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Theorem 3.8. If ζ : (X1, NncΨ) → (X2, Nncτ) is a NnceO mapping then Nncint(ζ
−1(λ)) ⊆

ζ−1(Nnceint(λ)) for every Nncs λ of (X2, Nncτ).

Proof. Let λ be a Nncs of (X2, Nncτ). Then Nncint(ζ
−1(λ)) is a Nncos in (X1, NncΨ).

Since ζ is NnceO, ζ(Nncint(ζ
−1(λ)) is Nnceo in (X2, Nncτ) and hence ζ(Nncint(ζ

−1(λ))) ⊆
Nnceint(ζ(ζ

−1(λ))) ⊆ Nnceint(λ). Thus Nncint(ζ
−1(λ)) ⊆ ζ−1(Nnceint(λ)).

Theorem 3.9. A mapping ζ : (X1, NncΨ) → (X2, Nncτ) is NnceO iff for each Nncs µ of

(X2, Nncτ) and for each Nnccs ρ of (X1, NncΨ) containing ζ−1(µ) there is a Nncecs µ of

(X2, Nncτ) ∋ µ ⊆ ρ & ζ−1(µ) ⊆ ρ.

Proof. Necessity: Assume ζ is a NnceO. Let µ be the Nnccs of (X2, Nncτ) & ρ is a Nnccs of

(X1, NncΨ) ∋ ζ−1(µ) ⊆ ρ. Then µ = (ζ−1(ρc))c is Nncecs of (X2, Nncτ) ∋ ζ−1(µ) ⊆ ρ.

Sufficiency: Assume ν is a Nncos of (X1, NncΨ). Then ζ−1((ζ(ν))c ⊆ νc & νc is Nnccs in

(X1, NncΨ). By hypothesis there is a Nncecs µ of (X2, Nncτ) ∋ (ζ(ν))c ⊆ µ & ζ−1(µ) ⊆ νc.

Therefore ν ⊆ (ζ−1(µ))c. Hence µc ⊆ ζ(ν) ⊆ ζ((ζ−1(µ))c) ⊆ µc which implies ζ(ν) = µc. Since

µc is Nnceos of (X2, Nncτ). Hence ζ(ν) is Nnceo in (X2, Nncτ) and thus ζ is NnceO.

Theorem 3.10. A mapping ζ : (X1, NncΨ) → (X2, Nncτ) is NnceO iff ζ−1(Nncecl(ρ)) ⊆
Nnccl(ζ

−1(ρ)) for every Nncs ρ of (X2, Nncτ).

Proof. Necessity: Assume ζ is a NnceO. For anyNncs ρ of (X2, Nncτ), ζ
−1(ρ) ⊆ Nnccl(ζ

−1(ρ)).

Therefore by Theorem 3.9 there exists a Nncecs µ in (X2, Nncτ) ∋ ρ ⊆ µ & ζ−1(µ) ⊆
Nnccl(ζ

−1(ρ)). Therefore we obtain that ζ−1(Nncecl(ρ)) ⊆ ζ−1(µ) ⊆ Nnccl(ζ
−1(ρ)).

Sufficiency: Assume ρ is a Nncs of (X2, Nncτ) & µ is a Nnccs of (X1, NncΨ) containing

ζ−1(ρ). Put α = Nnccl(ρ), then ρ ⊆ α and α is Nncec & ζ−1(α) ( Nnccl(ζ
−1(ρ)) ⊆ µ. Then

by Theorem 3.9, ζ is NnceO.

Theorem 3.11. If ζ & η be two neutrosophic crisp mappings and η ◦ ζ : (X1, NncΨ) →
(X3, Nncρ) is NnceO. If η : (X2, Nncτ) → (X3, Nncρ) is NnceIrr then ζ : (X1, NncΨ) →
(X2, Nncτ) is NnceO mapping.

Proof. Let µ be a Nncos in (X1, NncΨ). Then η ◦ ζ(µ) is Nnceos of (X3, Nncρ) because η ◦ ζ is

NnceO. Since η is NnceIrr & η ◦ ζ(µ) is Nnceos of (X3, Nncρ) therefore η−1(η ◦ ζ(µ)) = ζ(µ)

is Nnceos in (X2, Nncτ). Hence ζ is NnceO.

Theorem 3.12. If ζ is NncO and η is NnceO mappings then η ◦ ζ : (X1, NncΨ) → (X3, Nncρ)

is NnceO.
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Proof. Let µ be a Nncos in (X1, NncΨ). Then ζ(µ) is a Nncos of (X2, Nncτ) because ζ is a

NncO. Since η is NnceO, η(ζ(µ)) = (η ◦ ζ)(µ) is Nnceos of (X3, Nncρ). Hence η ◦ ζ is NnceO.

4. N-Neutrosophic crisp e-closed mapping

Definition 4.1. A mapping ζ : (X1, NncΨ) → (X2, Nncτ) is N -neutrosophic crisp e-closed

(briefly, NnceC) if image of every Nnccs of (X1, NncΨ) is Nncecs in (X2, Nncτ).

Theorem 4.2. Let ζ be a function. Then Every

(i) NncC is a NncαC.

(ii) NncαC is a NncPC.

(iii) NncPC is a NncγC.

(iv) NncγC is a NncβC.

(v) NncδC is a NncC.

(vi) NncδC is a NncSC.

(vii) NncδSC is a NnceC.

(viii) NncPC is a NncδPC.

(ix) NncδPC is a NnceC.

(x) NnceC is a NncβC.

Proof. Proof of (i) to (iii), (iv) and (v) to (vi) are proved in [19], [21] and [22]. We prove only

(vii) to (ix).

(vii) Let ζ be a NncδSC mapping and K is a Nnccs in X1. Then ζ(K) is NncδScs in X2.

Since every NncδScs is Nncecs by Proposition 3.1 in [26], ζ(K) is Nncecs in X2. Therefore ζ

is NnceC mapping.

(viii) Let ζ be a NncPC mapping and K is a Nnccs in X1. Then ζ(K) is NncPcs in X2.

Since every NncPcs is NncδPcs by Proposition 3.1 in [26], ζ(K) is NncδPcs in X2. Therefore

ζ is NncδPC mapping.

(ix) Let ζ be a NncδPC mapping and K is a Nnccs in X1. Then ζ(K) is NncδPcs in X2.

Since every NncδPcs is Nncecs by Proposition 3.1 in [26], ζ(K) is Nncecs in X2. Therefore ζ

is NnceC mapping.

(x) Let ζ be a NnceC mapping and K is a Nnccs in X1. Then ζ(K) is Nncecs in X2. Since

every Nncecs is Nncβcs by Proposition 3.1 in [26], ζ(K) is Nncβcs in X2. Therefore ζ is NncβC

mapping.

Example 4.3. In Example 3.4, then 2nceC map but not 2ncδSC map, then

ζ(⟨{bo, co, do, eo}, {ϕ}, {ao}⟩) = ⟨{bo, co, do, eo}, {ϕ}, {ao}⟩ is a 2ncecs but not 2ncδScs.
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Example 4.4. In Example 3.5, then 2nceC map but not 2ncδPC map, then

ζ(⟨{ao, bo, eo}, {ϕ}, {co, do}⟩) = ⟨{ao, bo, eo}, {ϕ}, {co, do}⟩ is a 2ncecs but not 2ncδPcs.

Example 4.5. In Example 3.6, then 2ncβC map but not 2nceC map, then

ζ(⟨{bo, co, eo}, {ϕ}, {ao, do}⟩) = ⟨{bo, co, eo}, {ϕ}, {ao, do}⟩ is a 2ncβcs but not 2ncecs.

Remark 4.6. The following diagram shows NnceC mapping function in Nncts.

NncC map NncαC map NncPC map NncγC map

NncδPC map

NnceC map NncβC mapNncδSC mapNncδC map

None of these implication is reversible as shown in the following examples.

Theorem 4.7. A mapping ζ : (X1, NncΨ) → (X2, Nncτ) is NnceC iff for each Nncs µ of

(X2, Nncτ) and for each Nncos λ of (X1, NncΨ) containing ζ−1(µ) there is a Nnceos ρ of

(X2, Nncτ) ∋ µ ⊆ ρ & ζ−1(ρ) ⊆ λ.

Proof. Necessity: Assume ζ is a NnceC. Let µ be the Nnccs of (X2, Nncτ) & λ is a Nncos of

(X1, NncΨ) ∋ ζ−1(µ) ⊆ λ. Then ρ = X2 − ζ−1(λc) is Nnceos of (X2, Nncτ) ∋ ζ−1(ρ) ⊆ λ.

Sufficiency: Assume ν is a Nnccs of (X1, NncΨ). Then (ζ(ν))c is a Nncs of (X2, Nncτ) & νc

is Nncos in (X1, NncΨ) ∋ ζ−1((ζ(ν))c) ⊆ νc. By hypothesis there is a Nnceos ρ of (X2, Nncτ)

∋ (ζ(ν))c ⊆ ρ & ζ−1(ρ) ⊆ νc. Therefore ν ⊆ (ζ−1(ρ))c. Hence ρc ⊆ ζ(ρ) ⊆ ζ((ζ−1(ρ))c) ⊆ ρc

which implies ζ(ν) = ρc. Since ρc is Nncecs of (X2, Nncτ). Hence ζ(ν) is Nncec in (X2, Nncτ)

and thus ζ is NnceC.

Theorem 4.8. If ζ is NncC & η is NnceC. Then η ◦ ζ : (X1, NncΨ) → (X3, Nncρ) is NnceC.

Proof. Let µ be a Nnccs in (X1, NncΨ). Then ζ(µ) is Nnccs of (X2, Nncτ) because ζ is NncC.

Now (η ◦ ζ)(µ) = η(ζ(µ)) is Nncecs in (X3, Nncρ) because η is NnceC. Thus η ◦ ζ is NnceC.

Theorem 4.9. If ζ : (X1, NncΨ) → (X2, Nncτ) is NnceC map, then Nncecl(ζ(ρ)) (
ζ(Nnccl(ρ)).

Theorem 4.10. Let ζ & η are NnceC mappings. If every Nncecs of (X2, Nncτ) is Nncc then,

η ◦ ζ : (X1, NncΨ) → (X3, Nncρ) is NnceC.
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Proof. Let µ be a Nnccs in (X1, NncΨ). Then ζ(µ) is Nncecs of (X2, Nncτ) because ζ is NnceC

mapping. By hypothesis ζ(µ) is Nnccs of (X2, Nncτ). Now η(ζ(µ)) = (η ◦ ζ)(µ) is Nncecs in

(X3, Nncρ) because η is NnceC. Thus η ◦ ζ is NnceC.

Theorem 4.11. The following statements are equivalent for a mapping ζ:

(i) ζ is a NnceO.

(ii) ζ is a NnceC.

(iii) ζ−1 is NnceCts.

5. N-Neutrosophic crisp e-homeomorphism

Definition 5.1. A bijection ζ is called a Nnce-homeomorphism (briefly NnceHom) if ζ & ζ−1

are NnceCts.

Theorem 5.2. Each NncHom is a NnceHom.

Proof. Let ζ be NncHom, then ζ and ζ−1 are NncCts. But every NncCts is NnceCts. Hence,

ζ and ζ−1 is NnceCts. Therefore, ζ is a NnceHom.

Theorem 5.3. Let ζ be a bijective mapping. The following statements are equivalent, if ζ is

NnceCts:

(i) ζ is a NnceC.

(ii) ζ is a NnceO.

(iii) ζ−1 is a NnceHom.

Definition 5.4. A Nncts (X1, NncΨ) is said to be a neutrosophic crisp eT 1
2
(briefly, NnceT 1

2
)-

space if every Nncecs is Nncc in (X1, NncΨ).

Theorem 5.5. Let ζ be a NnceHom, then ζ is a NncHom if (X1, NncΨ) and (X2, Nncτ) are

NnceT 1
2
-space.

Proof. Assume that µ is a Nnccs in (X2, Nncτ), then ζ−1(µ) is a Nncecs in (X1, NncΨ). Since

(X1, NncΨ) is a NnceT 1
2
-space, ζ−1(µ) is a Nnccs in (X1, NncΨ). Therefore, ζ is NncCts. By

hypothesis, ζ−1 is NnceCts. Let ν be a Nnccs in (X1, NncΨ). Then, (ζ−1)−1(ν) = ζ(ν) is a

Nnccs in (X2, Nncτ), by presumption. Since (X2, Nncτ) is a NnceT 1
2
-space, ζ(ν) is a Nnccs in

(X2, Nncτ). Hence, ζ−1 is NncCts. Hence, ζ is a NncHom.

Theorem 5.6. The following statements are equivalent for ζ, if (X2, Nncτ) is a NnceT 1
2
-space:

(i) ζ is NnceC.
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(ii) If µ is a Nncos in (X1, NncΨ), then ζ(µ) is Nnceos in (X2, Nncτ).

(iii) ζ(Nncint(µ)) ⊆ Nnccl(Nncint(ζ(µ))) for every Nncs µ in (X1, NncΨ).

Proof. (i) ⇒ (ii): Obvious.

(ii) ⇒ (iii): Let µ be a Nncs in (X1, NncΨ). Then, Nncint(µ) is a Nncos in (X1, NncΨ).

Then, ζ(Nncint(µ)) is a Nnceos in (X2, Nncτ). Since (X2, Nncτ) is a NnceT 1
2
-space, so

ζ(Nncint(µ)) is a Nncos in (X2, Nncτ). Therefore, ζ(Nncint(µ)) = Nncint(ζ(Nncint(µ))) ⊆
Nnccl(Nncint(ζ(µ))).

(iii) ⇒ (i): Let µ be a Nnccs in (X1, NncΨ). Then, µc is a Nncos in (X1, NncΨ). From,

ζ(Nncint(µ
c)) ⊆ Nnccl(Nncint(ζ(µ

c))). Hence, ζ(µc) ⊆ Nnccl(Nncint(ζ(µ
c))). Therefore, ζ(µc)

is Nnceos in (X2, Nncτ). Therefore, ζ(µ) is a Nncecs in (X1, NncΨ). Hence, ζ is a NncC.

Theorem 5.7. Let ζ & η be NnceC, where (X1, NncΨ) and (X3, Nncρ) are two Nncts’s and

(X2, Nncτ) a NnceT 1
2
-space, then the composition η ◦ ζ is NnceC.

Proof. Let µ be a Nnccs in (X1, NncΨ). Since ζ is Nncec & ζ(µ) is a Nncecs in (X2, Nncτ), by

assumption, ζ(µ) is a Nnccs in (X2, Nncτ). Since η is Nncec, then η(ζ(µ)) is Nncec in (X3, Nncρ)

& η(ζ(µ)) = (η ◦ ζ)(µ). Therefore, η ◦ ζ is NnceC.

Theorem 5.8. The following statements are hold for ζ & η:

(i) If η ◦ ζ is NnceO & ζ is NncCts, then η is NnceO.

(ii) If η ◦ ζ is NncO & η is NnceCts, then ζ is NnceO.

Proof. Obvious.

6. N-Neutrosophic crisp e-C Homeomorphism

Definition 6.1. A bijection ζ is called a Nnce-C homeomorphism (briefly, NnceCHom) if ζ

& ζ−1 are NnceIrr mappings.

Theorem 6.2. Each NnceCHom is a NnceHom.

Proof. Let us assume that µ is a Nnccs in (X2, Nncτ). This shows that µ is a Nncecs in

(X2, Nncτ). By assumption, ζ−1(µ) is a Nncecs in (X1, NncΨ). Hence, ζ is a NnceCts. Hence,

ζ & ζ−1 are NnceCts. Hence ζ is a NnceHom.

Theorem 6.3. If ζ : (X1, NncΨ) → (X2, Nncτ) is a NnceCHom, then Nncecl(ζ
−1(µ)) ⊆

ζ−1(Nnccl(µ)) for each Nncts µ in (X2, Nncτ).
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Proof. Let µ be a Nncts in (X2, Nncτ). Then, Nnccl(µ) is a Nnccs in (X2, Nncτ), and ev-

ery Nnccs is a Nncecs in (X2, Nncτ). Assume ζ is NnceIrr, ζ−1(Nnccl(λ)) is a Nncecs

in (X1, NncΨ), then Nnccl(ζ
−1(Nnccl(µ))) = ζ−1(Nnccl(µ)). Here, Nncecl (ζ−1(µ)) ⊆

Nncecl(ζ
−1(Nnccl(µ))) = ζ−1(Nnccl(µ)). Therefore, Nncecl(ζ

−1(µ)) ⊆ ζ−1(Nnccl(µ)) for ev-

ery Nncs µ in (X2, Nncτ).

Theorem 6.4. Let ζ : (X1, NncΨ) → (X2, Nncτ) be a NnceCHom, then Nncecl(ζ
−1(µ)) =

ζ−1(Nncecl(µ)) for each Nncs µ in (X2, Nncτ).

Proof. Since ζ is a NnceCHom, then ζ is a NnceIrr. Let µ be a Nncs in (X2, Nncτ). Clearly,

Nncecl(µ) is a Nncecs in (X1, NncΨ). Then Nncecl(µ) is a Nncecs in (X1, NncΨ). Since

ζ−1(µ) ⊆ ζ−1(Nncecl(µ)), then Nncecl(ζ
−1(µ)) ⊆ Nncecl(ζ

−1(Nncecl(µ))) = ζ−1(Nncecl(µ)).

Therefore, Nncecl(ζ
−1(µ)) ⊆ ζ−1(Nncecl(µ)). Let ζ be a NnceCHom. ζ−1 is a

NnceIrr. Let us consider Nncs ζ−1(µ) in (X1, NncΨ), which implies Nncecl(ζ
−1(µ)) is

a Nncecs in (X1, NncΨ). Hence, Nncecl(ζ
−1(µ)) is a Nncecs in (X1, NncΨ). This im-

plies that (ζ−1)−1(Nncecl(ζ
−1(µ))) = ζ(Nncecl(ζ

−1(µ))) is a Nncecs in (X2, Nncτ). This

proves µ = (ζ−1)−1(ζ−1(µ)) ⊆ (ζ−1)−1(Nncecl(ζ
−1(µ))) = ζ(Nncecl(ζ

−1(µ))). Therefore,

Nncecl(µ) ⊆ Nncecl(ζ(Nncecl(ζ
−1(µ)))) = ζ(Nncecl(ζ

−1(µ))), since ζ−1 is a NnceIrr. Hence,

ζ−1(Nncecl(µ)) ⊆ ζ−1(ζ(Nncecl(ζ
−1(µ)))) = Nncecl(ζ

−1(µ)). That is, ζ−1(Nncecl(µ)) ⊆
Nncecl(ζ

−1(µ)). Hence, Nncecl(ζ
−1(µ)) = ζ−1(Nnc ecl(µ)).

Theorem 6.5. If ζ & η are NnceCHom’s, then η ◦ ζ is a NnceCHom.

Proof. Let ζ and η to be two NnceCHom’s. Assume µ is a Nncecs in (X3, Nncρ). Then, η
−1(µ)

is a Nncecs in (X2, Nncτ). Then, by hypothesis, ζ−1(η−1(µ)) is a Nncecs in (X1, NncΨ). Hence,

η ◦ ζ is a NnceIrr mapping. Now, let ν be a Nncecs in (X1, NncΨ). Then, by presumption,

ζ(η) is a Nncecs in (X2, Nncτ). Then, by hypothesis, η(ζ(ν)) is a Nncecs in (X3, Nncρ). This

implies that η ◦ ζ is a NnceIrr. Hence, η ◦ ζ is a NnceCHom.

7. Conclusions

In this paper, the new concept of a NnceO and NnceC mappings, NncHom and a NnceHom

in Nncts are studied and discussed their properties. Also, we extended to NnceCHom’s and

NnceT 1
2
-space with some of their properties.
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