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ON NNCDP∗-SETS AND DECOMPOSITION OF CONTINUITY IN
NNC-TOPOLOGICAL SPACES

A. VADIVEL, MOHANARAO NAVULURI1, AND P. THANGARAJA

ABSTRACT. The main goal of this paper is to study some new classes of sets and
to obtain some new decompositions of continuity. For this aim, the notions of
NncDP sets, NncDPε sets, NncDP∗ sets, NncDPε∗ sets, Nnce continuous func-
tions, NncDP∗ continuous functions and NncDPε∗ continuous functions are
introduced. Properties of NncDP sets, NncDPε sets, NncDP∗ sets, NncDPε∗

sets and the relationships between these sets and the related concepts are in-
vestigated. Finally, some new decompositions of continuity are obtained.

1. INTRODUCTION AND PRELIMINARIES

In 2008, Ekici [1] introduced the notion of e-open sets in topology. In 2020,
Vadivel and John Sundar [9] N -neutrosophic δ-open, N -neutrosophic δ-semi-
open and N -neutrosophic δ-preopen sets, N -neutrosophic α-continuous, N -ne-
utrosophicsemi and N -neutrosophic pre continuous are introduced. In this pa-
per, four new classes of sets, namely NncDP sets, NncDPε sets, NncDP∗ sets
& NncDPε∗ sets are introduced and studied. Also, we obtain some new de-
compositions of continuity by using the notion of Nnce-continuous, NncDP∗-
continuous and NncDPε∗-continuous functions. All other undefined notions are
from [2,4–6,8–11] and cited therein.
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2. NncDP -SETS AND NncDPε-SETS

Definition 2.1. Let H be an Nncs on a Nncts (X,NncΓ). Then H is said to be:

(i) NncDP-set if NncδPcl(NncδPint(H)) = Nncint(H),
(ii) NncDPε-set if NncδPint(NncδPcl(H)) = Nncint(H),

(iii) NncDP∗-set if there exists Nnco set A & a NncDP-set B 3 H = A ∩B,
(iv) NncDPε∗-set if there exists Nnco set A & a NncDPε-set B 3 H = A ∩B.

Theorem 2.1. The following holds for a Nncs H of a Nncts (X,NncΓ):

NncδPint(NncδPcl(H)) ⊆ NncδPcl(NncδPint(H))

Proof. We have NncδPint(NncδPcl(H)) = NncδPcl(H) ∩ Nncint (Nncδcl(H)) =

(H ∪ Nnccl(Nncδint(H))) ∩ Nncint(Nncδcl(H)) = (H ∩ Nncint(Nncδcl (H))) ∪
(Nnccl(Nncδint(H)) ∩ Nncint(Nncδcl(H))) ⊆ (H ∩ Nncint(Nncδcl(H))) ∪ Nnccl

(Nncδint(H)) = NncδPint(H) ∪ Nnccl(Nncδint(H)) = NncδPcl(NncδPint(H)).

Thus, NncδPint(NncδPcl(H)) ⊆ NncδPcl(NncδPint(H)). �

Theorem 2.2. Let H be a Nncs on a Nncts (X,NncΓ). The following hold:

(i) if H is a NncDP set, then it is a NncDPε set,
(ii) if H is a NncDPε set, then it is Nncec,

(iii) if H is a NncDP set, then it is NncδPc. But not conversely.

Proof.

(i) Let H be a NncDP set. Then, by Theorem 2.1, Nncint(H) ⊆ Nncint

(NncδPcl(H)) ⊆ NncδPint(NncδPcl(H)) ⊆ NncδPcl(NncδPint(H)) =

Nncint(H). Thus, NncδPint(NncδPcl(H)) = Nncint(H) and hence H is
a NncDPε set.

(ii) LetH be aNncDPε set. Then,H ⊇ Nncint(H) = NncδPint; (NncδPcl(H))

= NncδPcl(H) ∩ Nncint(Nncδcl(H)) = (H ∪ Nnccl(Nncδint(H))) ∩
Nncint(Nncδcl(H)) ⊇ Nnccl(Nncδint(H)) ∩Nncint(Nncδcl(H)). Hence, H
is Nncec.

(iii) LetH be aNncDP set. Then we obtainH ⊇ Nncint(H) = NncδPcl(NncδP
int(H)) = NncδPint(H)∪Nnccl(Nncδint(H)) ⊇ Nnccl(Nncδint(H)). Since
Nncδ Pcl(NncδPint(H)) = NncδPint(H)∪Nnccl(NncδPint(H)). Thus, H
is NncδPc.
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Example 1. LetX = {z5, z4, z1, z2, z3}, ncΓ1 = {Xn, φn, C,B,A}, ncΓ2 = {φn, Xn}.
A = 〈{z3}, {φ}, {z5, z4, z1, z2}〉, B = 〈{z2, z1}, {φ}, {z4, z3, z5}〉, C = 〈{z2, z1, z3},
{φ}, {z5, z4}〉, then we have 2ncΓ = {φn, Xn, C,B,A}. Then:

(i) 〈{z5, z4, z3}, {φ}, {z2, z1}〉 is a 2ncDPε set and 2ncδPc set but not 2ncDP
set.

(ii) 〈{z1}, {φ}, {z5, z4, z3, z2}〉 is a 2ncecs but not 2ncDPε set.

Remark 2.1. Every

(i) NncDP set is a NncDP∗ set,
(ii) NncDPε set is a NncDPε∗ set,

(iii) NncDP∗ set is a NncDPε∗ set,
(iv) Nnco set is a NncDP∗ set and so a NncDPε∗ set.

But not conversely.

Example 2. Let X = {z4, z3, z1, z2}, ncΓ1 = {φn, Xn, D, C,B,A}, ncΓ2 = {φn, Xn,
F,E}. A = 〈{z4}, {φ}, {z3, z2, z1}〉, B = 〈{z4, z1}, {φ}, {z3, z2}〉, C = 〈{z2, z1, z4},
{φ}, {z3}〉,D = 〈{z4, z1, z3}, {φ}, {z2}〉, E = 〈{z1}, {φ}, {z3, z4, z2}〉, F = 〈{z2, z1},
{φ}, {z4, z3}〉, then we have 2ncΓ = {φn, Xn, F, E,A,D,B,C}. Then:

(i) 〈{z4, z1}, {φ}, {z3, z2}〉 is a 2ncDP∗ set but not 2ncDP set.
(ii) 〈{z4, z1, z2}, {φ}, {z3}〉 is a 2ncDPε∗ set but not 2ncDPε set.

Example 3. Let X = {z4, z3, z1, z2}, ncΓ1 = {Xn, φn, C, A,B}, ncΓ2 = {Xn, φn}.
A = 〈{z2}, {φ}, {z4, z1, z3}〉, B = 〈{z3}, {φ}, {z4, z1, z2}〉, C = 〈{z2, z3}, {φ},
{z4, z1}〉, then we have 2ncΓ = {φn, Xn, C,B,A}. Then:

(i) 〈{z4, z2, z1}, {φ}, {z3}〉 is a 2ncDPε∗ set but not 2ncDP∗ set.
(ii) 〈{z4, z1}, {φ}, {z3, z2}〉 is a 2ncDP∗ set and 2ncDPε∗ set but not 2ncos.

Theorem 2.3. Let H be an Nncs on a Nncts (X,NncΓ). Then H is

(i) Nnco,
(ii) Nncαo and a NncDP∗ set,

(iii) NncδPo & a NncDP∗ set,
(iv) Nnceo & a NncDP∗ set,
(v) Nncαo & a NncDPε∗ set,

(vi) NncPo & a NncDPε∗ set,
(vii) NncδPo & a NncDPε∗ set

are equivalent.
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Proof.
(i)⇒ (ii) Obvious, since every Nnco set is Nncαo & a NncDP∗ set.
(ii)⇒ (iii) & (iii)⇒ (iv) are obvious.
(i)⇒ (v) Obvious, since every Nnco set is Nncαo and a NncDPε∗ set.
(v)⇒ (vi) & (vi)⇒ (vii) are obvious.
(iv)⇒ (i) Let H be Nnceo and a NncDP∗ set. Then there exists Nnco set A and a
NncDP set B such that H = A∩B. Also, we obtain H ⊆ NncδPcl(NncδPint(A∩
B)) ⊆ NncδPint(A) ∩ NncδPcl(NncδPint(B)) = Nncint(B) ∩ (NncδPint(A) ∪
Nnccl(Nncδint(A))) ⊆ Nncint(B)∩(NncδPint(A)∪Nnccl(Nncint(A))) = Nnccl(A)∩
Nncint(B). Since H ⊆ Nnccl(A) ∩ Nncint(B) ∩ A = Nncint(B) ∩ A, H = A ∩
Nncint(B) and hence H is Nnco.

(vii)⇒ (i) Let H be a NncδPo set and a NncDPε∗ set. Then there exists Nnco set
A & a NncDPε set B 3H = A∩B. Also, we have H ⊆ NncδPint(NncδPcl(H)) =

NncδPint(NncδPcl(A∩B)) ⊆ NncδPint(NncδPcl(A))∩NncδPint(NncδPcl(B)) =

NncδPint(NncδPcl(A)) ∩ Nncint(B) = (NncδPcl(A) ∩ Nncint(Nncδcl(A))) ∩ Nnc

int(B) ⊆ Nncint(Nncδcl(A)) ∩ Nncint(B). Since H ⊆ Nncint(Nncδcl(A)) ∩ Nnc

int(B) ∩ A = A ∩Nncint(B), H = A ∩Nncint(B) and hence H is Nnco. �

3. DECOMPOSITIONS OF CONTINUITY

Definition 3.1. Let (X,NncΓ) & (Y,NncΨ) be Nncts’s. A map f : (X,NncΓ) →
(Y,NncΨ) is said to be Nnce (resp. Nncδ-almost, NncDP∗ and NncDPε∗)-conti-
nuous (briefly, NnceCts (resp. NncδaCts, NncDP∗Cts and NncDPε∗Cts)) if the
inverse image of every Nncos in (Y,NncΨ) is a Nnceos (resp. NncδPos, NncDP∗s

and NncDPε∗s) in (X,NncΓ).

Remark 3.1. Let f : (X,NncΓ)→ (Y,NncΨ) be a function. Then:

(i) NncδaCts→ NnceCts← NncδSCts,
(ii) If f is NncCts, then it is NncDP∗Cts,

(iii) If f is NncDP∗Cts, then it is NncDPε∗Cts.

These implications are not reversible as shown.

Example 4. Let X = {z5, z4, z1, z2, z3} = Y , ncΓ1 = {φn, Xn, B,A,C}, ncΓ2 =

{φn, Xn}. A = 〈{z3}, {φ}, {z5, z2, z4, z1}〉, B = 〈{z2, z1}, {φ}, {z4, z5, z3}〉, C =
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〈{z3, z2, z1}, {φ}, {z5, z4}〉, then we have 2ncΓ = {φn, Xn, C,B,A}. Define f :

(X, 2ncΓ)→ (Y, 2ncΨ) as:

(i) f(z1) = z3, f(z2) = z4, f(z3) = z1, f(z4) = z2 & f(z5) = z5, then f

is 2nceCts but not NncδaCts, the set f−1(〈{z1, z2}, {φ}, {z5, z4, z3}〉) =

〈{z4, z3}, {φ}, {z5, z2, z1}〉 is a 2nceos but not 2ncδPos.
(ii) f(z4) = z4, f(z3) = z2, f(z2) = z3, f(z1) = z1 & f(z5) = z5, then f

is 2nceCts but not NncδSCts, the set f−1(〈{z2, z1}, {φ}, {z5, z4, z3}〉) =

〈{z3, z1}, {φ}, {z5, z4, z2}〉 is a 2nceos but not 2ncδSos.

Example 5. Let X = {z4, z2, z3, z1} = Y , ncΓ1 = {φn, Xn, C,B,A}, ncΓ2 =

{φn, Xn}. A = 〈{z2}, {φ}, {z4, z1, z3}〉, B = 〈{z3}, {φ}, {z4, z1, z2}〉, C = 〈{z3, z2},
{φ}, {z4, z1}〉, then we have 2ncΓ = {φn, Xn, C,B,A}. Define f : (X, 2ncΓ) →
(Y, 2ncΨ) as:

(i) f(z1) = z2, f(z2) = z1, f(z3) = z4 & f(z4) = z3, then f is 2ncDP∗Cts but
not 2ncCts, the set f−1(〈{z2}, {φ}, {z4, z1, z3}〉) = 〈{z1}, {φ}, {z4, z2, z3}〉
is a 2ncDP∗ set but not 2ncos.

(ii) f(z4) = z4, f(z3) = z3, f(z2) = z1 & f(z1) = z2, then f is 2ncDPε∗Cts
but not 2ncDP∗Cts, the set f−1(〈{z3, z2}, {φ}, {z4, z1}〉) = 〈{z3, z1}, {φ},
{z4, z2}〉 is a 2ncDPε∗ set but not 2ncDP∗ set.

Theorem 3.1. Let f : (X,NncΓ)→ (Y,NncΨ). The following are equivalent:

(i) f is NncCts

(ii) f is NncαCts and NncDP∗Cts

(iii) f is NncδaCts and NncDP∗Cts

(iv) f is NnceCts and NncDP∗Cts

(v) f is NncαCts and NncDPε∗Cts
(vi) f is NncPCts and NncDPε∗Cts

(vii) f is NncδaCts and NncDPε∗Cts.
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