
International Journal of Neutrosophic Science (IJNS) Vol. 18, No. 03, PP. 30-40, 2022

Nncγ Maps in Nnc-Topological Spaces
A. Vadivel1,∗, C. John Sundar2

1PG and Research Department of Mathematics, Government Arts College (Autonomous), Karur - 639 005,
India.

1,2Department of Mathematics, Annamalai University, Annamalai Nagar - 608 002, India.

Emails: avmaths@gmail.com1, johnphdau@hotmail.com2

Abstract

In this article, the concept of N -neutrosophic crisp γ-open and N -neutrosophic crisp γ-closed mappings in
N -neutrosophic crisp topological spaces are introduced and studied some of their related properties. Also, N -
neutrosophic crisp γ irresolute mapping is introduced in N -neutrosophic crisp topological spaces. Further, it is
extended to N -neutrosophic crisp γ-homeomorphism, N -neutrosophic crisp γ-Completely homeomorphism
and N -neutrosophic crisp γT 1

2
-space in N -neutrosophic crisp topological spaces and establishes some of their

related properties. Finally, Strongly N -neutrosophic crisp γ continuous and Perfectly N -neutrosophic crisp γ
continuous functions is also discuss.
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1 Introduction

In our daily routine, we have used the crisp sets in most of our life. The concepts of neutrosophy and neutro-
sophic set are the recent tools in a topological space. It was first introduced by Smarandache7, 8 in the beginning
of 20th century. In 2014, Salama, Smarandache and Kroumov5 has provided the basic concept of neutrosophic
crisp set in a topological space. After that Al-Omeri2 also investigated some fundamental properties of neutro-
sophic crisp topological Spaces. Al-Hamido1 explore the concept of N -neutrosophic crisp topological spaces
and investigate some of their basic properties in N -terms. By using N -terms of topological spaces, we can
defined 1ncts, 2ncts, · · · , Nncts.
In 1996, Andrijevic3 introduced b-open sets and develop some of their works in general topology. The notion of
γ-open set in topological spaces was introduced by Min4 and worked in the field of general topology. Vadivel
et al.10 presented γ-open sets in neutrosophic crisp topological spaces via N -terms of topology. Also, he11, 12

introduced γ-continuous and γ-contra continuous functions in N -neutrosophic crisp topological spaces and
almost γ-Continuous Functions in N -Neutrosophic Crisp Topological Spaces.

2 Preliminaries

Definition 2.1. 6 For any non-empty fixed set Y , a neutrosophic crisp set (briefly, ncs) K, is an object having
the form K = ⟨K1,K2,K3⟩ where K1, K2 &K3 are subsets of Y satisfying any one of the types

(T1) Kη ∩Kξ = φ, η ̸= ξ &
⋃3

η=1 Kη ⊂ Y , ∀ η, ξ = 1, 2, 3.

(T2) Kη ∩Kξ = φ, η ̸= ξ &
⋃3

η=1 Kη = Y , ∀ η, ξ = 1, 2, 3.

(T3)
⋂3

η=1 Kη = φ &
⋃3

η=1 Kη = Y , ∀ η = 1, 2, 3.

Definition 2.2. 6 Types of ncs’s ∅N and YN in Y are as
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(i) ∅N = ⟨∅, ∅, Y ⟩ or ⟨∅, Y, Y ⟩ or ⟨∅, Y, ∅⟩ or ⟨∅, ∅, ∅⟩.

(ii) YN = ⟨Y, ∅, ∅⟩ or ⟨Y, Y, ∅⟩ or ⟨Y, ∅, Y ⟩ or ⟨Y, Y, Y ⟩.

Definition 2.3. 6 Let Y be a non-empty set & the ncs’s K & M in the form K = ⟨K11,K22,K33⟩, M =
⟨M11,M22,M33⟩, then

(i) K ⊆ M ⇔ K11 ⊆ M11, K22 ⊆ M22 &K33 ⊇ M33 or K11 ⊆ M11, K22 ⊇ M22 &K33 ⊇ M33.

(ii) K ∩M = ⟨K11 ∩M11,K22 ∩M22,K33 ∪M33⟩ or ⟨K11 ∩M11,K22 ∪M22,K33 ∪M33⟩

(iii) K ∪M = ⟨K11 ∪M11,K22 ∪M22,K33 ∩M33⟩ or ⟨K11 ∪M11,K22 ∩M22,K33 ∩M33⟩

Definition 2.4. 6 Let K = ⟨K1,K2,K3⟩ a ncs on Y , then the complement of K (briefly, Kc) may be defined
in three different ways:

(C1) Kc = ⟨K1
c,K2

c,K3
c⟩, or

(C2) Kc = ⟨K3,K2,K1⟩, or

(C3) Kc = ⟨K3,K2
c,K1⟩.

Definition 2.5. 1 Let Y be a non-empty set. Then ncΓ1, ncΓ2, · · · , ncΓN are N -arbitrary crisp topologies
defined on Y and the collection NncΓ is called Nnc-topology on Y is

NncΓ = {A ⊆ Y : A = (
N⋃

ηj=1

Eηj) ∪ (
N⋂

ηj=1

Fηj), Eηj , Fηj ∈ ncΓj}

and it satisfies the following axioms:

(i) ∅N , YN ∈ NncΓ.

(ii)
∞⋃
j=1

Kη ∈ NncΓ ∀ {Kη}∞η=1 ∈ NncΓ.

(iii)
n⋂

η=1
Kη ∈ NncΓ ∀ {Kη}nη=1 ∈ NncΓ.

Then (Y,NncΓ) is called a Nnc-topological space (briefly, Nncts) on Y . The Nnc-open sets (Nncos) are the
elements of NncΓ in Y and the complement of Nncos is called Nnc-closed sets (Nnccs) in Y . The elements
of Y are known as Nnc-sets (Nncs) on Y .

Definition 2.6. 1 Let (Y,NncΓ) be Nncts on Y and K be an Nncs on Y , then the Nnc interior of K (briefly,
Nncint(K)) and Nnc closure of K (briefly, Nnccl(K)) are defined as

Nncint(K) = ∪{A : A ⊆ K & G is a Nncos}

Nnccl(K) = ∩{D : K ⊆ D & D is a Nnccs}.

Definition 2.7. 1 Let (Y,NncΓ) be any Nncts. Let K be an Nncs in (Y,NncΓ). Then K is said to be a
N -neutrosophic crisp

(i) regular open10 set (briefly, Nncros) if K = Nncint(Nnccl(K)).

(ii) pre open set (briefly, NncPos) if K ⊆ Nncint(Nnccl(K)).

(iii) semi open set (briefly, NncSos) if K ⊆ Nnccl(Nncint(K)).

(iv) α-open set (briefly, Nncαos) if K ⊆ Nncint(Nnccl(Nncint(K))).

(v) γ-open10 set (briefly, Nncγos) set if K ⊆ Nnccl(Nncint(K)) ∪Nncint(Nnccl(K)).

The complement of an NncPos (resp. NncSos, Nncαos, Nncros&Nncγos) is called an Nnc-pre (resp. Nnc-
semi, Nnc-α, Nnc-regular & Nnc-γ) closed set (briefly, NncPcs (resp. NncScs, Nncαcs, Nncrcs & Nncγc))
in Y .
The family of all NncPos (resp. NncPcs, NncSos, NncScs, Nncαos, Nncαcs, Nncγos & Nncγcs) of Y
is denoted by NncPOS(Y ) (resp. NncPCS(Y ), NncSOS(Y ), NncSCS(Y ), NncαOS(Y ), NncαCS(Y ),
NncγOS(Y ) & NncγCS(Y )).
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Definition 2.8. 10 Let (Y,NncΓ) be a Nncts on Y and K be an Nncs on Y then

(i) Nncγint(K)( resp. Nncrint(K)) = ∪{D : D ⊆ K and D is a Nncγo ( resp. Nncro)}.

(ii) Nncγcl(K)( resp. Nncrcl(K)) = ∩{D : K ⊆ D and D is a Nncγc ( resp. Nncrc)}.

Definition 2.9. Let (X1, NncΓ) and (X2, NncΨ) be any two Nncts’s. A map ρ : (X1, NncΓ) → (X2, Nnc

Ψ) is said to be

(i) Nnc (resp. Nncγ)-continuous (briefly, NncCts9 (resp. NncγCts11)) if the inverse image of every Nncos
in (X2, NncΨ) is a Nncos (resp. Nncγos) in (X1, NncΓ).

(ii) strongly Nnc continuous (briefly, StNncCts13) function if the inverse image of every subset in (X2,
NncΨ) is N -neutrosophic crisp clopen (i.e both Nnco and Nncc) (briefly, Nncclo) in (X1, NncΓ).

3 N -Neutrosophic Crisp γ-Irresolute Functions

Definition 3.1. Let (X1, NncΓ) and (X2, NncΨ) be any two Nncts’s. A map ρ : (X1, NncΓ) → (X2, NncΨ)
is said to be Nncγ-irresolute function (briefly, NncγIrr), if for the inverse image of every Nncγcs in (X2,
NncΨ) is a Nncγcs in (X1, NncΓ).

Theorem 3.2. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a mapping, if NncγIrr, then ρ is NncγCts.

Proof. Let C be Nnccs in X2, then C is Nncγcs in X2, since every Nnccs is Nncγcs. By hypothesis, ρ−1(C)
is Nncγcs. Therefore ρ is NncγCts.

Remark 3.3. The converse of the above theorem need not be true as shown in the following example.

Example 3.4. Let X = {l1,m1, n1, o1, p1} = Y , ncΓ1 = {φN , XN , L,M,N}, ncΓ2 = {φN , XN}.
L = ⟨{n1}, {φ}, {l1,m1, o1, p1}⟩, M = ⟨{l1,m1}, {φ}, {n1, o1, p1}⟩, N = ⟨{l1,m1, n1}, {φ}, {o1, p1}⟩,
then we have 2ncΓ = {φN , XN , L,M,N}. ncΨ1 = {φN , YN , O, P,Q}, ncΨ2 = {φN , YN}. O =
⟨{l1,m1}, {φ}, {n1, o1, p1}⟩, P = ⟨{n1, o1}, {φ}, {l1,m1, p1}⟩, Q = ⟨{l1,m1, n1, o1}, {φ}, {p1}⟩, then
we have 2ncΨ = {φN , YN , O, P,Q}.
Define ρ : (X, 2ncΓ) → (Y, 2ncΨ) as ρ(l1) = l1, ρ(m1) = m1, ρ(n1) = n1, ρ(o1) = p1 & ρ(p1) = p1,
then 2ncγCts mapping but not 2ncγIrr mapping, the set ρ−1(⟨{m1, o1, p1}, {φ}, {l1, n1}⟩) = ⟨{m1, o1, p1},
{φ}, {l1, n1}⟩ is a 2ncγos in Y but not 2ncγos in X .

Theorem 3.5. A function ρ : (X1, NncΓ) → (X2, NncΨ) is NncγIrr if and only if for every Nncγos K in
X2, ρ−1(K) is Nncγos in X1.

Proof. Follows from the fact that the complement of Nncγos is Nncγcs and vice versa.

Theorem 3.6. If ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) are both NncγIrr,
then ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγIrr.

Proof. Let K be Nncγos in X3. Then ρ−1
2 (K) is Nncγos in X2, since ρ2 is NncγIrr and ρ−1

1 (ρ−1
2 (K)) =

(ρ2 ◦ ρ1)−1(K) is Nncγos in X1 since ρ1 is NncγIrr. Hence ρ2 ◦ ρ1 is NncγIrr.

Theorem 3.7. (i) If ρ1 : (X1, NncΓ) → (X2, NncΨ) is NncγIrr and ρ2 : (X2, NncΨ) → (X3, NncΦ) is
NncγCts, then ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγCts.

(ii) If ρ1 : (X1, NncΓ) → (X2, NncΨ) is NncγCts and ρ2 : (X2, NncΨ) → (X3, NncΦ) is NncCts, then
ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγCts.

Proof. (i) Let K be Nncos in X3. Then, ρ−1
2 (K) is Nncγos in X2, since ρ2 is NncγCts & ρ−1

1 (ρ−1
2 (K))

= (ρ2 ◦ ρ1)−1(K) is Nncγos in X1, since ρ1 is NncγIrr. Hence ρ2 ◦ ρ1 is NncγCts.

(ii) Let K be Nncos in X3. Then, ρ−1
2 (K) is Nncos in X2, since ρ2 is NncCts & ρ−1

1 (ρ−1
2 (K)) =

(ρ2 ◦ ρ1)−1(K) is Nncγos in X1, since ρ1 is NncγCts. Hence ρ2 ◦ ρ1 is NncγCts.
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4 N -Neutrosophic crisp γ-open mapping

Definition 4.1. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is Nnc (resp. Nnc regular, Nncα, Nnc semi,
Nnc pre & Nncγ)-open mapping (briefly, NncO (resp. NncrO, NncαO, NncSO, NncPO & NncγO)) if the
image of every Nncos in (X1, NncΓ) is a Nncos (resp. Nncros, Nncαos, NncSos, NncPos & Nncγos) in
(X2, NncΨ).

Theorem 4.2. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a mapping. The statements are true for a map ρ but not
converse. Every

(i) NncrO is a NncO.

(ii) NncO is a NncαO.

(iii) NncαO is a NncSO.

(iv) NncαO is a NncPO.

(v) NncSO is a NncγO.

(vi) NncPO is a NncγO.

Proof. (ii) Let ρ : (X1, NncΓ) → (X2, NncΨ) be a NncO and K is a Nncos in X1. Then ρ(K) is Nncαos in
X2. Since every Nnco is Nncαo, ρ(K) is Nncαos in X2. Therefore ρ is NncαO .
The other cases are similar.

Example 4.3. Let X = {l1,m1, n1, o1, p1}, ncΓ1 = {φN , XN , L,M,N}, ncΓ2 = {φN , XN}. L =
⟨{n1}, {φ}, {l1,m1, o1, p1}⟩, M = ⟨{l1,m1}, {φ}, {n1, o1, p1}⟩, N = ⟨{l1,m1, n1}, {φ}, {o1, p1}⟩, then
we have 2ncΓ = {φN , XN , L,M,N}.
Let ρ : (X, 2ncΓ) → (X, 2ncΓ) be an identity function. Then ρ is 2ncO but not 2ncrO, the set ρ(⟨{l1,m1,
n1}, {φ}, {o1, p1}⟩) = ⟨{l1,m1, n1}, {φ}, {o1, p1}⟩ is a 2ncos but not a 2ncros.

Example 4.4. Let X = {l1,m1, n1, o1}, ncΓ1 = {φN , XN , L,M,N}, ncΓ2 = {φN , XN}. L = ⟨{l1}, {φ},
{m1, n1, o1}⟩, M = ⟨{m1, o1}, {φ}, {l1, n1}⟩, N = ⟨{l1,m1, o1}, {φ}, {n1}⟩, then we have 2ncΓ =
{φN , XN , L,M,N}. Let Y = {w1, x1, y1, z1}, ncΨ1 = {φN , YN , ⟨{w1, z1}, {φ}, {x1, y1}⟩}, ncΨ2 =
{φN , YN}, then we have 2ncΨ = {φN , YN , ⟨{w1, z1}, {φ}, {x1, y1}⟩}.
Define ρ : (X, 2ncΓ) → (Y, 2ncΨ) as ρ(l1) = w1, ρ(m1) = x1, ρ(n1) = y1 & ρ(o1) = z1, then 2ncαO but
not 2ncO, the set ρ(⟨{l1}, {φ}, {m1, n1, o1}⟩) = ⟨{w1}, {φ}, {x1, y1, z1}⟩ is a 2ncαos but not 2ncos.

Example 4.5. Let X = {l1,m1, n1, o1}, ncΓ1 = {φN , XN , L,M,N}, ncΓ2 = {φN , XN}. L = ⟨{l1}, {φ},
{m1, n1, o1}⟩, M = ⟨{m1, o1}, {φ}, {l1, n1}⟩, N = ⟨{l1,m1, o1}, {φ}, {n1}⟩, then we have 2ncΓ =
{φN , XN , L,M,N}. Let Y = {w1, x1, y1, z1}, ncΨ1 = {φN , YN , P,Q,R}, ncΨ2 = {φN , YN}. P =
⟨{z1}, {φ}, {w1, x1, y1}⟩, Q = ⟨{x1, y1}, {φ}, {w1, z1}⟩, R = ⟨{x1, y1, z1}, {φ}, {w1}⟩, then we have
2ncΨ = {φN , YN , P,Q,R}.
Define ρ : (X, 2ncΓ) → (Y, 2ncΨ) as ρ(l1) = x1, ρ(m1) = y1, ρ(n1) = z1 & ρ(o1) = w1, then

(i) 2ncSO (resp. 2ncγO) but not 2ncαO (resp. 2ncPO), the set ρ(⟨{m1, o1}, {φ}, {l1, n1}⟩) = ⟨{y1, w1},
{φ}, {x1, z1}⟩ is a 2ncSos (resp. 2ncγos) but not 2ncαos (resp. 2ncPos).

(ii) 2ncPO (resp. 2ncγO) but not 2ncαO (resp. 2ncSO), the set ρ(⟨{l1}, {φ}, {m1, n1, o1}⟩) = ⟨{x1},
{φ}, {y1, z1, w1}⟩ is a 2ncPos (resp. 2ncγos) but not 2ncαos (resp. 2ncSos).

[arrows] NncrO map [d]

NncO map [d]

NncαO map [dl] [dr]

NncSO map [dr] NncPO map [dl]

NncγO map

Figure 1: NncγO mapping function in Nncts.
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Theorem 4.6. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is NncγO iff for every Nncs K of (X1, NncΓ),
ρ(Nncint(K)) ⊆ Nncγint(ρ(K)).

Proof. Necessity: Let ρ be a NncγO and K be a Nncos in (X1, NncΓ). Now, Nncint(K) ⊆ K im-
plies ρ(Nncint(K)) ⊆ ρ(K). Since ρ is a NncγO, ρ(Nncint(K)) is Nncγos in (X2, NncΨ) such that
ρ(Nncint(K)) ⊆ ρ(K) therefore ρ(Nnc int(K)) ⊆ Nncγint(ρ(K)).
Sufficiency: Assume K is a Nncos of (X1, NncΓ). Then ρ(K) = ρ(Nncint(K)) ⊆ Nncγint(ρ(K)). But
Nncγint(ρ(K)) ⊆ ρ(K). So ρ(K) = Nncγint(K) which implies ρ(K) is a Nncγos of (X2, NncΨ) and
hence ρ is a NncγO.

Theorem 4.7. If ρ : (X1, NncΓ) → (X2, NncΨ) is a NncγO mapping then Nncint(ρ
−1(K)) ⊆ ρ−1(Nnc

γint(K)) for every Nncs K of (X2, NncΨ).

Proof. Let K be a Nncs of (X2, NncΨ). Then Nncint(ρ
−1(K)) is a Nncos in (X1, NncΓ). Since ρ is NncγO,

ρ(Nncint(ρ
−1(K))) is Nncγos in (X2, NncΨ) and hence ρ(Nncint(ρ

−1(K))) ⊆ Nncγint(ρ(ρ
−1(K))) ⊆

Nncγint(K). Thus Nncint(ρ
−1(K)) ⊆ ρ−1(Nncγint(K)).

Theorem 4.8. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is NncγO iff for each Nncs K of (X2, NncΨ) and
for each Nnccs N of (X1, NncΓ) containing ρ−1(K) there is a Nncγcs K of (X2, NncΨ) such that K ⊆ N
and ρ−1(K) ⊆ N .

Proof. Necessity: Assume ρ is a NncγO. Let K be the Nnccs of (X2, NncΨ) and N is a Nnccs of (X1, NncΓ)
such that ρ−1(K) ⊆ N . Then K = (ρ−1(N c))c is Nncγcs of (X2, NncΨ) such that ρ−1(K) ⊆ N .
Sufficiency: Assume M is a Nncos of (X1, NncΓ). Then ρ−1(ρ(M))c ⊆ M c &M c is Nnccs in (X1, NncΓ).
By hypothesis there is a Nncγcs K of (X2, NncΨ) such that (ρ(M))c ⊆ K and ρ−1(K) ⊆ M c. Therefore
M ⊆ (ρ−1(K))c. Hence Kc ⊆ ρ(M) ⊆ ρ((ρ−1(K))c) ⊆ Kc which implies ρ(M) = Kc. Since Kc is
Nncγos of (X2, NncΨ). Hence ρ(M) is Nncγo in (X2, NncΨ) and thus ρ is NncγO.

Theorem 4.9. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is NncγO iff ρ−1(Nncγcl(M)) ⊆ Nnccl(ρ
−1(

M)) for every Nncs M of (X2, NncΨ).

Proof. Necessity: Assume ρ is a NncγO. For any Nncs M of (X2, NncΨ), ρ−1(M) ⊆ Nnccl(ρ
−1(M)).

Therefore by Theorem 4.8 there exists a Nncγcs K in (X2, NncΨ) such that M ⊆ K & ρ−1(K) ⊆ Nnccl
(ρ−1(M)). Therefore we obtain that ρ−1(Nncγcl(M)) ⊆ ρ−1(K) ⊆ Nnccl(ρ

−1(M)).
Sufficiency: Assume M is a Nncs of (X2, NncΨ) and K is a Nnccs of (X1, NncΓ) containing ρ−1(M). Put
φ = Nnccl(M), then M ⊆ φ and φ is Nncγc and ρ−1(φ) ⊊ Nnccl(ρ

−1(M)) ⊆ K. Then by Theorem 4.8, ρ
is NncγO.

Theorem 4.10. If ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) be Nncts and
ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγO. If ρ2 : (X2, NncΨ) → (X3, NncΦ) is NncγIrr then
ρ1 : (X1, NncΓ) → (X2, NncΨ) is NncγO.

Proof. Let K be a Nncos in (X1, NncΓ). Then ρ2 ◦ ρ1(K) is Nncγos of (X3, NncΦ) because ρ2 ◦ ρ1 is
NncγO. Since ρ2 is NncγIrr and ρ2 ◦ ρ1(K) is Nncγos of (X3, NncΦ) therefore ρ−1

2 (ρ2 ◦ ρ1(K)) = ρ1(K)
is Nncγos in (X2, NncΨ). Hence ρ1 is NncγO.

Theorem 4.11. If ρ1 : (X1, NncΓ) → (X2, NncΨ) is NncO and ρ2 : (X2, NncΨ) → (X3, NncΦ) is NncγO
then ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγO.

Proof. Let K be a Nncos in (X1, NncΓ). Then ρ1(K) is a Nncos of (X2, NncΨ) because ρ1 is a NncO.
Since ρ2 is NncγO, ρ2(ρ1(K)) = (ρ2 ◦ ρ1)(K) is Nncγos of (X3, NncΦ). Hence ρ2 ◦ ρ1 is NncγO.

5 N -Neutrosophic crisp γ-closed mapping

Definition 5.1. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is Nnc (resp. Nnc regular, Nncα, Nnc semi,
Nnc pre &Nncγ)-closed mapping (briefly, NncC (resp. NncrC, NncαC, NncSC, NncPC &NncγC)) if the
image of every Nnccs in (X1, NncΓ) is a Nnccs (resp. Nncrcs, Nncαcs, NncScs, NncPcs & Nncγcs) in
(X2, NncΨ).

Theorem 5.2. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a mapping. The statements are true for a map ρ but not
converse. Every

(i) NncrC is a NncC.
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(ii) NncC is a NncαC.

(iii) NncαC is a NncSC.

(iv) NncαC is a NncPC.

(v) NncSC is a NncγC.

(vi) NncPC is a NncγC.

Proof. (ii) Let ρ : (X1, NncΓ) → (X2, NncΨ) be a NncC and K is a Nnccs in X1. Then ρ(K) is Nncαcs in
X2. Since every Nnccs is Nncαcs, ρ(K) is Nncαcs in X2. Therefore ρ is NncαC.
The other cases are similar.

Example 5.3. In Example 4.3, then ρ is 2ncC mapping but not 2ncrC mapping, the set ρ(⟨{o1, p1}, {φ}, {l1,
m1, n1}⟩) = ⟨{o1, p1}, {φ}, {l1,m1, n1}⟩ is a 2nccs but not a 2ncrcs.

Example 5.4. In Example 4.4, then ρ is 2ncαC but not 2ncC, the set ρ(⟨{m1, n1, o1}, {φ}, {l1}⟩) = ⟨{x1,
y1, z1}, {φ}, {w1}⟩ is a 2ncαcs but not 2nccs.

Example 5.5. In Example 4.5, then ρ is

(i) 2ncSC (resp. 2ncγC) but not 2ncαC (resp. 2ncPC), the set ρ(⟨{l1, n1}, {φ}, {m1, o1}⟩) = ⟨{x1, z1},
{φ}, {y1, w1}⟩ is a 2ncScs (resp. 2ncγcs) but not 2ncαcs (resp. 2ncPcs).

(ii) 2ncPC (resp. 2ncγC) but not 2ncαC (resp. 2ncSC), the set ρ(⟨{m1, n1, o1}, {φ}, {l1}⟩) = ⟨{y1, z1,
w1}, {φ}, {x1}⟩ is a 2ncPcs (resp. 2ncγcs) but not 2ncαcs (resp. 2ncScs).

[arrows] NncrC map [d]

NncC map [d]

NncαC map [dl] [dr]

NncSC map [dr] NncPC map [dl]

NncγC map

Figure 2: NncγC mapping function in Nncts.

Theorem 5.6. A mapping ρ : (X1, NncΓ) → (X2, NncΨ) is NncγC iff for each Nncs K of (X2, NncΨ) and
for each Nncos M of (X1, NncΓ) containing ρ−1(K) there is a Nncγos N of (X2, NncΨ) such that K ⊆ N
and ρ−1(N) ⊆ M .

Proof. Necessity: Assume ρ is a NncγC. Let K be the Nnccs of (X2, NncΨ) and M is a Nncos of
(X1, NncΓ) such that ρ−1(K) ⊆ M . Then ρ = X2 − ρ−1(M c) is Nncγos of (X2, NncΨ) such that
ρ−1(N) ⊆ M .
Sufficiency: Assume L is a Nnccs of (X1, NncΓ). Then (ρ(L))c is a Nncs of (X2, NncΨ) and Lc is Nncos
in (X1, NncΓ) such that ρ−1((ρ(L))c) ⊆ Lc. By hypothesis there is a Nncγos N of (X2, NncΨ) such that
(ρ(L))c ⊆ N and ρ−1(N) ⊆ Lc. Therefore L ⊆ (ρ−1(N))c. Hence N c ⊆ ρ(N) ⊆ ρ((ρ−1(N))c) ⊆ N c

which implies ρ(L) = N c. Since N c is Nncγcs of (X2, NncΨ). Hence ρ(L) is Nncγcs in (X2, NncΨ) and
thus ρ is NncγC.

Theorem 5.7. If ρ1 : (X1, NncΓ) → (X2, NncΨ) is NncC and ρ2 : (X2, NncΨ) → (X3, NncΦ) is NncγC.
Then ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγC.

Proof. Let K be a Nnccs in (X1, NncΓ). Then ρ1(K) is Nnccs of (X2, NncΨ) because ρ1 is NncC. Now
(ρ2 ◦ ρ1)(K) = ρ2(ρ1(K)) is Nncγcs in (X3, NncΦ) because ρ2 is NncγC. Thus ρ2 ◦ ρ1 is NncγC.

Theorem 5.8. If ρ : (X1, NncΓ) → (X2, NncΨ) is NncγC, then Nncγcl(ρ(N)) ⊊ ρ(Nnccl(N)).

Proof. Obvious.

Theorem 5.9. Let ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) are NncγC. If
every Nncγcs of (X2, NncΨ) is Nncc then, ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is NncγC.
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Proof. Let K be a Nnccs in (X1, NncΓ). Then ρ1(K) is Nncγcs of (X2, NncΨ) because ρ1 is NncγC. By
hypothesis ρ1(K) is Nnccs of (X2, NncΨ). Now ρ2(ρ1(K)) = (ρ2 ◦ ρ1)(K) is Nncγcs in (X3, NncΦ)
because ρ2 is NncγC. Thus ρ2 ◦ ρ1 is NncγC.

Theorem 5.10. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a objective mapping, then the following statements
are equivalent:

(i) ρ is a NncγO.

(ii) ρ is a NncγC.

(iii) ρ−1 is NncγCts.

Proof. (i) ⇒ (ii): Let us assume that ρ is a NncγO. By definition, K is a Nncos in (X1, NncΓ), then ρ(K)
is a Nncγos in (X2, NncΨ). Here, K is Nnccs in (X1, NncΓ), then X1 −K is a Nncos in (X1, NncΓ). By
assumption, ρ(X1 −K) is a Nncγos in (X2, NncΨ). Hence, X2 − ρ(X1 −K) is a Nncγcs in (X2, NncΨ).
Therefore, ρ is a NncγC.
(ii) ⇒ (iii): Let K be a Nnccs in (X1, NncΓ) By (ii), ρ(K) is a Nncγcs in (X2, NncΨ). Hence, ρ(K) =
(ρ−1)−1(K), so ρ−1 is a Nncγcs in (X2, NncΨ). Hence, ρ−1 is NncγCts.
(iii) ⇒ (i): Let K be a Nncos in (X1, NncΓ) By (iii), (ρ−1)−1(K) = ρ(K) is a NncγO.

6 N -Neutrosophic crisp γ-homeomorphism

Definition 6.1. A bijection ρ : (X1, NncΓ) → (X2, NncΨ) is called a Nnc-homeomorphism (briefly Nnc

Hom) if ρ and ρ−1 are NncCts.

Definition 6.2. A bijection ρ : (X1, NncΓ) → (X2, NncΨ) is called a Nncγ-homeomorphism (briefly
NncγHom) if ρ and ρ−1 are NncγCts.

Theorem 6.3. Each NncHom is a NncγHom.

Proof. Let ρ be NncHom, then ρ and ρ−1 are NncCts. But every NncCts is NncγCts. Hence, ρ and ρ−1 is
NncγCts. Therefore, ρ is a NncγHom.

Example 6.4. Let X = {l1,m1, n1, o1}, ncΓ1 = {φN , XN , L,M,N}, ncΓ2 = {φN , XN}. L = ⟨{n1}, {φ},
{l1,m1, o1}⟩, M = ⟨{l1,m1}, {φ}, {n1, o1}⟩, N = ⟨{l1,m1, n1}, {φ}, {o1}⟩, then we have 2ncΓ = {φN ,
XN , L,M,N}. Let Y = {w1, x1, y1, z1}, ncΨ1 = {φN , YN ,W, X, Y }, ncΨ2 = {φN , YN}. W =
⟨{x1}, {φ}, {w1, y1, z1}⟩, X = ⟨{w1, y1}, {φ}, {x1, z1}⟩, Y = ⟨{w1, x1, y1}, {φ}, {z1}⟩, then we have
2ncΨ = {φN , YN ,W,X, Y }.
Define ρ : (X, 2ncΓ) → (Y, 2ncΨ) as ρ(l1) = z1, ρ(m1) = y1, ρ(n1) = y1 & ρ(o1) = w1, then 2ncγHom but
not 2ncHom, the set ρ−1(⟨{w1, y1}, {φ}, {x1, z1}⟩) = ⟨{m1, n1, o1}, {φ}, {l1}⟩ is a 2ncγos but not 2ncos.

Theorem 6.5. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a bijective mapping. If ρ is NncγCts, then the following
statements are equivalent:

(i) ρ is a NncγC.

(ii) ρ is a NncγO.

(iii) ρ−1 is a NncγHom.

Proof. (i) ⇒ (ii) : Assume that ρ is a bijective mapping and a NncγC. Hence, ρ−1 is a NncγCts. We know
that each Nncos in (X1, NncΓ) is a Nncγos in (X2, NncΨ). Hence, ρ is a NncγO.
(ii) ⇒ (iii) : Let ρ be a bijective and NncO. Further, ρ−1 is a NncγCts. Hence, ρ & ρ−1 are NncγCts. =⇒
ρ is a NncγHom.
(iii) ⇒ (i): Let ρ be a NncγHom, then ρ & ρ−1 are NncγCts. Since each Nnccs in (X1, NncΓ) is a Nncγcs
in (X2, NncΨ), then ρ is a NncγC.

Definition 6.6. A Nncts (X,NncΓ) is said to be a N -neutrosophic crisp γT 1
2

(briefly, NncγT 1
2

)-space if every
Nncγcs is Nncc in (X,NncΓ).

Theorem 6.7. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a NncγHom, then ρ is a NncHom if (X1, NncΓ) and
(X2, NncΨ) are NncγT 1

2
-space.
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Proof. Assume that K is a Nnccs in (X2, NncΨ), then ρ−1(K) is a Nncγcs in (X1, NncΓ). Since (X1, NncΓ)
is an NncγT 1

2
-space, ρ−1(K) is a Nnccs in (X1, NncΓ). Therefore, ρ is NncCts. By hypothesis, ρ−1 is

NncγCts. Let L be a Nnccs in (X1, NncΓ). Then, (ρ−1)−1(L) = ρ(L) is a Nnccs in (X2, NncΨ), by
presumption. Since (X2, NncΨ) is a NncγT 1

2
-space, ρ(L) is a Nnccs in (X2, NncΨ). Hence, ρ−1 is NncCts.

Hence, ρ is a NncHom.

Theorem 6.8. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a Nncts, then the following are equivalent if (X2, Nnc

Ψ) is a NncγT 1
2

-space:

(i) ρ is NncγC.

(ii) If K is a Nncos in (X1, NncΓ), then ρ(K) is Nncγos in (X2, NncΨ).

(iii) ρ(Nncint(K)) ⊆ Nnccl(Nncint(ρ(K))) for every Nncs K in (X1, NncΓ).

Proof. (i) ⇒ (ii): Obvious.
(ii) ⇒ (iii): Let K be a Nncs in (X1, NncΓ). Then, Nncint(K) is a Nncos in (X1, NncΓ). Then, ρ(Nncint(K))
is a Nncγos in (X2, NncΨ). Since (X2, NncΨ) is a NncγT 1

2
-space, so ρ(Nncint(K)) is a Nncos in (X2, NncΨ).

Therefore, ρ(Nncint(K)) = Nncint(ρ(Nncint(K))) ⊆ Nnccl(Nncint(ρ(K))).
(iii) ⇒ (i): Let K be a Nnccs in (X1, NncΓ). Then, Kc is a Nncos in (X1, NncΓ). From, ρ(Nncint(K

c))
⊆ Nnccl(Nncint(ρ(K

c))). Hence, ρ(Kc) ⊆ Nnccl(Nncint(ρ(K
c))). Therefore, ρ(Kc) is Nncγos in

(X2, NncΨ). Therefore, ρ(K) is a Nncγcs in (X1, NncΓ). Hence, ρ is a NncγC.

Theorem 6.9. Let ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) be NncγC, where
(X1, NncΓ) and (X3, NncΦ) are two Nncts’s and (X2, NncΨ) a NncγT 1

2
-space, then the composition ρ2 ◦ρ1

is NncγC.

Proof. Let K be a Nnccs in (X1, NncΓ). Since ρ1 is Nncγc and ρ1(K) is a Nncγcs in (X2, NncΨ), by
assumption, ρ1(K) is a Nnccs in (X2, NncΨ). Since ρ2 is Nncγc, then ρ2(ρ1(K)) is Nncγc in (X3, NncΦ)
and ρ2(ρ1(K)) = (ρ2 ◦ ρ1)(K). Therefore, ρ2 ◦ ρ1 is NncγC.

Theorem 6.10. Let ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) be two Nncts’s,
then the following hold:

(i) If ρ2 ◦ ρ1 is NncγO and ρ1 is NncCts, then ρ2 is NncγO.

(ii) If ρ2 ◦ ρ1 is NncO and ρ2 is NncγCts, then ρ1 is NncγO.

Proof. Obvious.

7 N -Neutrosophic crisp γ-Completely Homeomorphism

Definition 7.1. A bijection ρ : (X1, NncΓ) → (X2, NncΨ) is called a Nncγ-Completely homeomorphism
(briefly, NncγCHom) if ρ and ρ−1 are NncγIrr.

Theorem 7.2. Each NncγCHom is a NncγHom. But not conversely.

Proof. We take that K is a Nnccs in (X2, NncΨ). This shows that K is a Nncγcs in (X2, NncΨ). By
assumption, ρ−1(K) is a Nncγcs in (X1, NncΓ). Hence, ρ is a NncγCts. Hence, ρ and ρ−1 are NncγCts.
Hence ρ is a NncγHom.

Example 7.3. In Example 4.5, ρ is 2ncγHom but not 2ncHom, the set ρ−1(⟨{y1}, {φ}, {x1, z1, w1}⟩) =
⟨{n1}, {φ}, {l1,m1, o1}⟩ is a 2ncγos in Y but not 2ncγos in X .

Theorem 7.4. If ρ : (X1, NncΓ) → (X2, NncΨ) is a NncγCHom, then Nncγcl(ρ
−1(L)) ⊆ ρ−1(Nnccl (L))

for each Nncts L in (X2, NncΨ).

Proof. Let L be a Nncts in (X2, NncΨ). Then, Nnccl(L) is a Nnccs in (X2, NncΨ), and every Nnccs
is a Nncγcs in (X2, NncΨ). Assume ρ is NncγIrr, ρ−1(Nnccl(L)) is a Nncγcs in (X1, NncΓ), then
Nnccl(ρ

−1(Nnccl(L))) = ρ−1(Nnccl(L)). Here, Nncγcl (ρ
−1(L)) ⊆ Nncγcl(ρ

−1(Nnccl(L))) = ρ−1(
Nnccl(L)). Therefore, Nncγcl(ρ

−1(L)) ⊆ ρ−1(Nnccl(L)) for every Nncs L in (X2, NncΨ).

Theorem 7.5. Let ρ : (X1, NncΓ) → (X2, NncΨ) be a NncγCHom, then Nncγcl(ρ
−1(L)) = ρ−1(Nncγ

cl(L)) for each Nncs L in (X2, NncΨ).
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Proof. Since ρ is a NncγCHom, then ρ is a NncγIrr. Let L be a Nncs in (X2, NncΨ). Clearly, Nncγcl(L)
is a Nncγcs in (X1, NncΓ). Then Nncγcl(L) is a Nncγcs in (X1, NncΓ). Since ρ−1(L) ⊆ ρ−1(Nncγcl(L)),
then Nncγcl(ρ

−1(L)) ⊆ Nncγcl(ρ
−1(Nncγcl(L))) = ρ−1(Nncγcl(L)). Therefore, Nncγcl(ρ

−1(L))
⊆ ρ−1(Nncγcl(L)). Let ρ be a NncγCHom. ρ−1 is a NncγIrr. Let us consider Nncs ρ

−1(L) in (X1, NncΓ),
which implies Nncγcl(ρ

−1(L)) is a Nncγcs in (X1, NncΓ). Hence, Nncγcl(ρ
−1(L)) is a Nncγcs in (X1,

NncΓ). This implies that (ρ−1)−1(Nncγcl(ρ
−1(L))) = ρ(Nncγcl(ρ

−1(L))) is a Nncγcs in (X2, NncΨ).
This proves L = (ρ−1)−1(ρ−1(L)) ⊆ (ρ−1)−1(Nncγcl(ρ

−1(L))) = ρ(Nncγcl(ρ
−1(L))). Therefore,

Nncγcl(L) ⊆ Nncγcl(ρ(Nncγcl(ρ
−1(L)))) = ρ(Nncγcl(ρ

−1(L))), since ρ−1 is a NncγIrr. Hence, ρ−1(
Nncγcl(L)) ⊆ ρ−1(ρ(Nncγcl(ρ

−1(L)))) = Nncγcl(ρ
−1(L)). That is, ρ−1(Nncγcl(L)) ⊆ Nncγcl(ρ

−1(L)).
Hence, Nncγcl(ρ

−1(L)) = ρ−1 (Nncγcl(L)).

Theorem 7.6. If ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) are NncγCHom’s,
then ρ2 ◦ ρ1 is a NncγCHom.

Proof. Let ρ1 and ρ2 to be two NncγCHom’s. Assume K is a Nncγcs in (X3, NncΦ). Then, ρ−1
2 (K) is a

Nncγcs in (X2, NncΨ). Then, by hypothesis, ρ−1
1 (ρ−1

2 (K)) is a Nncγcs in (X1, NncΓ). Hence,ρ2 ◦ ρ1 is a
NncγIrr. Now, let L be a Nncγcs in (X1, NncΓ). Then, by presumption, ρ1(ρ2) is a Nncγcs in (X2, NncΨ).
Then, by hypothesis, ρ2(ρ1(L)) is a Nncγcs in (X3, NncΦ). =⇒ ρ2 ◦ ρ1 is a NncγIrr. Hence, ρ2 ◦ ρ1 is a
NncγCHom.

8 Strongly and Perfectly N -neutrosophic crisp γ continuous

Definition 8.1. Let (X1, NncΓ) and (X2, NncΨ) be two Nncts’s. A function ρ : (X1, NncΓ) → (X2, NncΨ)
is called strongly N -neutrosophic crisp γ continuous (briefly, StNncγCts) function if the inverse image of
every Nncγo set in X2 is Nnco in X1.

Definition 8.2. Let (X1, NncΓ) and (X2, NncΨ) be two Nncts’s. A function ρ : (X1, NncΓ) → (X2, NncΨ)
is called a perfectly N -neutrosophic crisp (resp. γ) continuous (briefly, PeNncCts (resp. PeNncγCts))
function if the inverse image of every Nnco (resp. Nncγo) set in X2 is Nncclo in X1.

Theorem 8.3. Let (X1, NncΓ) and (X2, NncΨ) be two Nncts’s and ρ : (X1, NncΓ) → (X2, NncΨ) be a
function. Then

(i) If ρ is PeNncγCts, then ρ is PeNncCts.

(ii) If ρ is StNncγCts, then ρ is NncCts.

Proof. (i) Let ρ : (X1, NncΓ) → (X2, NncΨ) be PeNncγCts. Let K be a Nnco set in X2. Since ρ is
PeNncγCts, ρ−1(K) is Nncclo in X1. Therefore ρ is PeNncCts.
(ii) Let ρ : (X1, NncΓ) → (X2, NncΨ) be StNncγCts. Let G be a Nnco set in X2. Since ρ is StNncγCts,
ρ−1(G) is Nnco in X1. Therefore ρ is NncCts.

Theorem 8.4. Let ρ : (X1, NncΓ) → (X2, NncΨ) be StNncγCts and A be Nnco in X1. Then the restriction,
ρA : A → X2 is StNncγCts.

Proof. Let K be any Nncγo set in X2. Since ρ is StNncγCts, ρ−1(K) is Nnco in X1. But ρ−1
A (K) =

A ∩ ρ−1(K). Since A and ρ−1(K) are Nnco, ρ−1
A (K) is Nnco in A. Hence ρA is StNncγCts.

Theorem 8.5. Every PeNncγCts is StNncγCts.

Proof. Let ρ : (X1, NncΓ) → (X2, NncΨ) be PeNncγCts and K be Nncγo in X2. Since ρ is PeNncγCts,
ρ−1(K) is Nncclo in X1. That is, ρ−1(K) is both Nnco and Nncc in X1. Hence ρ is StNncγCts.

Theorem 8.6. If ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) are StNncγCts,
then their composition ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is also StNncγCts.

Proof. Let K be a Nncγo set in X3. Since ρ2 is a StNncγCts function, ρ−1
2 (K) is Nnco in X2. Since ρ1 is a

StNncγCts function, ρ−1
1 (ρ−1

2 (K)) = (ρ2 ◦ ρ1)−1(K) is Nnco in X1. Therefore ρ2 ◦ ρ1 is StNncγCts.

Theorem 8.7. If ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) are PeNncγCts,
then their composition ρ2 ◦ ρ1 : (X1, NncΓ) → (X3, NncΦ) is also PeNncγCts.
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Proof. Let K be a Nncγo set in X3. Since ρ2 is a PeNncγCts function, ρ−1
2 (K) is Nncclo in X2. That is

ρ−1
2 (K) is both Nnco and Nncc. Since ρ1 is a PeNncγCts function, ρ−1

1 (ρ−1
2 (K)) = (ρ2 ◦ ρ1)

−1(K) is
Nncclo in X1. Therefore ρ2 ◦ ρ1 is PeNncγCts.

Theorem 8.8. Let ρ1 : (X1, NncΓ) → (X2, NncΨ) and ρ2 : (X2, NncΨ) → (X3, NncΦ) be functions. Then,

(i) If ρ2 is StNncγCts and ρ1 is NncγCts, then ρ2 ◦ ρ1 is NncγIrr.

(ii) If ρ2 is PeNncγCts and ρ1 is NncCts, then ρ2 ◦ ρ1 is StNncγCts.

(iii) If ρ2 is StNncγCts and ρ1 is PeNncγCts, then ρ2 ◦ ρ1 is PeNncγCts.

(iv) If ρ2 is NncγCts and ρ1 is StNncγCts, then ρ2 ◦ ρ1 is NncCts.

Proof. (i) Let K be a Nncγo set in X3. Since ρ2 is a StNncγCts function, ρ−1
2 (K) is Nnco in X2. Since ρ1

is a NncγCts function, ρ−1
1 (ρ−1

2 (K)) = (ρ2 ◦ ρ1)−1(K) is Nncγo in X1. Hence ρ2 ◦ ρ1 is NncγIrr.
(ii) Let K be a Nncγo set in X3. Since ρ2 is a PeNncγCts function, ρ−1

2 (K) is Nncclo in X2. That is,
ρ−1
2 (K) is both Nnco and Nncc. Since ρ1 is a NncCts, ρ−1

1 (ρ−1
2 (K)) = (ρ2 ◦ ρ1)

−1(K) is Nnco in X1.
Therefore ρ2 ◦ ρ1 is StNncγCts.
(iii) Let K be a Nncγo set in X3. Since ρ2 is a StNncγCts function, ρ−1

2 (K) is Nnco in X2. Since ρ1 is a
PeNncγCts function, ρ−1

1 (ρ−1
2 (K)) = (ρ2 ◦ ρ1)−1(K) is Nncclo in X1. Hence ρ2 ◦ ρ1 is PeNncγCts.

(iv) Let K be a Nnco set in X3. Since ρ2 is a NncγCts function, ρ−1
2 (K) is Nncγo in X2. Since ρ1 is a

StNncγCts function, ρ−1
1 (ρ−1

2 (K)) = (ρ2 ◦ ρ1)−1(K) is Nnco in X1. Therefore ρ2 ◦ ρ1 is NncCts.

9 Conclusions

In this paper, the new concept of a Nncγ irresolute, NncγO and NncγC, NncHom and a NncγHom in Nncts
was discussed. Also, we studied their properties and theorems with examples in Nncts. Also, we demonstrated
NncγCHom’s, NncγT 1

2
-space, StNncγCts and PeNncγCts functions with some of their properties. We can

carry out the further research on N -neutrosophic crisp γ-compactness, N -neutrosophic crisp γ-connectedness
and N -neutrosophic locally γ-connectedness in Nncts.
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