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1. Introduction

The fuzzy idea was invaded all branches of science as far back as the presentation of fuzzy sets
by L. A. Zadeh [21]. The important concept of fuzzy topological space was offered by C.L. Chang [3].
The idea of fuzzy ¢ —- Baire Spaces was introduced by G. Thangaraj and E. Poongothai [13]. The
concept of neutrosophic sets was defined with membership, non-membership and indeterminacy
degrees. In 2017, Veereswari [20] introduced fuzzy neutrosophic topological spaces. The idea of fuzzy
neutrosophic Baire spaces was introduced by E. Poongothai and E. Padmavathi [10].

In this paper we introduce the concepts of fuzzy neutrosophic P-space, weak fuzzy
neutrosophic P-space and Fuzzy neutrosophic almost P-space. Also we discuss several
characterizations of fuzzy neutrosophic P-space, weak Fuzzy neutrosophic P-space and Fuzzy
neutrosophic almost P-space. Several examples are given to illustrate the concepts introduced in this

paper.
2. Preliminaries

Definition 2.1. [2] A fuzzy neutrosophic set A on the universe of discourse X is defined as 4 =
(X, Ta(x), 1,(x),F4(x)),x € X where T,[,F:X - [0,1] and 0 < T,(x) + I;(x) + F4(x) < 3.

Definition 2.2. [2] A fuzzy neutrosophic set A isa subset of a fuzzy neutrosophic set B (i.e.,) A € B
for all x if T4(x) < Tg(x),I4(x) < Ig(x),F4(x) = Fg(x).

Definition 23. [2] Let X be a non-empty set, and A =(x,T,(x),I4(x),Fs(x)) , B=
(x,Tg(x),Ig(x), Fg(x)) be two fuzzy neutrosophic sets. Then

AU B=(x, max(T 4(x), Tp(x)), max(I4(x), 15 (x)), min(F 4 (x), F(x)))
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A 0 B=(x, min(T 4(x), Tp(x)), min(I,(x), Ig(x)), max(F 4 (x), F(x)))

Definition 2.4. [2] The difference between two fuzzy neutrosophic sets A and B is defined as
A\B(x)=(x, min(T4(x), Fg(x)), min(I4(x),1 — Iz (x)), max(F4(x), Tz (x))).

Definition 2.5. [2] A fuzzy neutrosophic set A over the universe X is said to be null or empty fuzzy
neutrosophic setif T,(x) = 0,1;,(x) = 0,F4(x) =1 forall x € X. Itis denoted by Oy

Definition 2.6. [2] A fuzzy neutrosophic set A over the universe X is said to be absolute (universe) fuzzy
neutrosophic set if Ty(x) = 1,[,(x) = 1,F,(x) = 0 forall x € X. Itis denoted by 1.

Definition 2.7. [2] The complement of a fuzzy neutrosophic set A is denoted by A° and is defined as
A€ = (x,Tpe (%), I4c(x), Fye(x))  where  Tye(x) = Fu(x), [4c(x) =1 — I,(x),Fge(x) = T4(x). The
complement of fuzzy neutrosophic set A can also be defined as A° = 1y — A.

Definition 2.8. [1] A fuzzy neutrosophic topology on a non-empty set X is a t of fuzzy neutrosophic
sets in X saisfying the following axioms.

() 0y 1y €T

(i) Ay NA, €T forany A, Ay €T

(iii) U A; € 7 for any arbitrary family {A;:i € JI€ T

In this case the pair (X, 1) is called fuzzy neutrosophic topological space and any fuzzy neutrosophic
setin 7 is known as fuzzy neutrosophic open set in X.

Definition 2.9. [1] The complement A° of a fuzzy neutrosophic set A in a fuzzy neutrosophic
topological space (X, ) is called fuzzy neutrosophic closed set in X.

Definition 2.10. [1] Let (X, t) be a fuzzy neutrosophic topological space and A = (x, T,(x), I4(x), F4(x))
be a fuzzy neutrosophic set in X. Then the closure and interior of A are defined by
int (A) =VU{G: G is a fuzzy neutrosophic open set in X and G € A}
cl(4) =N{G:G is a fuzzy neutrosophic closed set in X and A < G}

Definition 2.11. [1] Let (X,7) be a fuzzy neutrosophic topological space over X. Then the following
properties hold. (i) cl(A°) = (int A)¢ , (ii) int (A)¢ = (cl A)°.

Definition 2.12. [10] A fuzzy neutrosophic set Ay in a fuzzy neutrosophic topological space (P, ty) is
called a fuzzy neutrosophic F, —setif Ay =V{2, Ay, where Ay € 1y for i €I.

Definition 2.13. [10] A fuzzy neutrosophic set Ay in a fuzzy neutrosophic topological space (P, ty) is
called a fuzzy neutrosophic Gs —setif Ay =AZ; Ay, where Ay, € Ty for i € I.

Definition 2.14. [10] A fuzzy neutrosophic set Ay in a fuzzy neutrosophic topological space (P, Ty)
is called a fuzzy neutrosophic dense if there exist no fnCS By in (P,7y) s.t Ay € By € 1x. That is,

fr(Ay)™ = 1y.

Definition 2.15. [10] A fuzzy neutrosophic set Ay in a fuzzy neutrosophic topological space (P, ty) is
called a fuzzy neutrosophic nowhere dense set if there exist no non zero fnOS By in (P,ty) s.t By ©

fn(Ay)~. Thatis, fn(((Ax)7)F) = 0y.

Definition 2.16. [10] Let (P,ty) be a fuzzy neutrosophic topological space. A fuzzy neutrosophic set
Ay in (P,ty) is called fuzzy neutrosophic one category set if Ay =V{Z; Ay, where Ay, 's are fuzzy
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neutrosophic nowhere dense sets in (P, Ty). Any other fuzzy neutrosophic set in (P,ty) is said to be
of fuzzy neutrosophic two category.

Definition 2.17. [10] A fuzzy neutrosophic topological space (P,ty) is called fuzzy neutrosophic one
category space if the fuzzy neutrosophic set 1, isa fuzzy neutrosophic one category setin (P, ty). That
is, 1, =Vi2; Ay, where Ay/'s are fuzzy neutrosophic nowhere dense sets in (P,7y). Otherwise (P,7y)
will be called a fuzzy neutrosophic two category space.

Definition 2.18. [10] Let Ay be a fuzzy neutrosophic one category set in (P,7y). Then Ay is called
fuzzy neutrosophic residual set in (P, Ty).

Definition 2.19. [10] A fuzzy neutrosophic topological space (P,ty) is called fuzzy neutrosophic

Baire space if fn (V{’i1 (ANi))Jr = Oy ,where Ay,'s are fuzzy neutrosophic nowhere dense sets in (P, Ty).

Definition 2.20. [10] Let (P,ty) be a fuzzy neutrosophic topological space. Then the following are
equivalent.

(1) (P, y) is a fuzzy neutrosophic Baire Space.

(2) fn(Ay)* = 0y, for every fuzzy neutrosophic one category set Ay in (P, y).

(3) fn(By)* = 1y, for every fuzzy neutrosophic residual set By in (P, 7y).

Definition 2.21.[5] Let (Xy, Ty) be a fuzzy neutrosophic topological space. A fuzzy neutrosophic set 1y
in (Xy,Ty) is called a fuzzy neutrosophic ¢ —nowhere dense setif Ay is a fuzzy neutrosophic F; —set
in (Xy, Ty) such that int(dy) = 0y.

Definition 2.22. [5] Let (X, Ty) be a fuzzy neutrosophic topological space. A fuzzy neutrosophic set
Ay in (Xy,Ty) is called a fuzzy neutrosophic o —first category set if Ay =V{Z; (Ay,), where (dy,)'s are
fuzzy neutrosophic o —nowhere dense sets in (Xy, Ty). Any other fuzzy neutrosophic set in (X, Ty)
is said to be fuzzy neutrosophic o —second category sets in (Xy, Ty).

Definition 2.23. [5] Let Ay be a fuzzy neutrosophic o —first category setin (Xy,Ty). Then 1y — Ay is
called a fuzzy neutrosophic o —residual setin (Xy, Ty).

Definition 2.24. [5] A fuzzy neutrosophic topological space (Xy,Ty) is called fuzzy neutrosophic
o —first category space if the fuzzy neutrosophic set 1y, isa fuzzy neutrosophic o —first category set
in (Xy, Ty). That is 1x,=V;2; (4y,), where (ANi)'s are fuzzy neutrosophic o —mowhere dense sets in
(Xn, Ty). Otherwise (Xy,Ty) will be called a fuzzy neutrosophic ¢ —second category space.

Definition 2.25. [5] Let (X, Ty) be a fuzzy neutrosophic topological space. Then (Xy,Ty) is called a
fuzzy neutrosophic ¢ —Baire Space if int(ViZ; (Ay,)) = Oy, where (dy,)'s are fuzzy neutrosophic
o —nowhere dense sets in (Xy, Ty)-

Theorem 2.26. [5] Let (Xy,Ty) be a fuzzy neutrosophic topological space. Then the following are
equivalent.

(1) (Xy, Ty) is a fuzzy neutrosophic ¢ —Baire Space.

(2) int(Ay) = Oy, for every fuzzy neutrosophic o —first category set Ay in (Xy, Ty).

(3) cl(uy) = 1y, for every fuzzy neutrosophic ¢ —residual set uy in (Xy, Ty).

Definition 2.27. [4] FNS Ay in FNTS (X,1) is called Fuzzy Neutrosophic Regular-Open set (Briefly,
FNR-open) if Ay = FNInt(FNcl(Ay)).
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Definition 2.28. [4] FNS Ay in FNTS (X,7) is called Fuzzy Neutrosophic Regular-Closed set (Briefly,
FNR-closed) if Ay = FNInt(FNint(Ay)).

3. Fuzzy Neutrosophic P-Spaces

Definition 3.1. [12] A fuzzy neutrosophic topological space (Xy,Ty) is called a fuzzy neutrosophic
P-Space if countable intersection of fuzzy neutrosophic open sets in (X, Ty) is fuzzy neutrosophic
open. That is, every non-zero fuzzy neutrosophic G5 —set in (Xy, Ty) is fuzzy neutrosophic open in

(X Ny TN ) .
Example 3.2. Let Xy = {x4, x;}. The fuzzy neutrosophicsets 4y and uy aredefined on Xy asfollows:

}'N:XN d [ON' 1N] is deflned as }.N(xl) = (1, 0. 2, 0. 1), ).N(xZ) = (0 6, 0. 3, 0. 1)[11\] XN d [ON, 1N] is
defined as py(x7) =1(0.8,0.1,0.1), uy(x;) =(1,0,0) . Then, Ty ={0,Ay, puy, Xy} is a fuzzy
neutrosophic topology on Xy.

Now, the intersection of fuzzy neutrosophic sets are Ay A py € Ty, then every fuzzy neutrosophic
G5 —set is fuzzy neutrosophic open. Hence, (Xy, Ty) is a fuzzy neutrosophic P-Space.

Example 3.3. Let Xy = {x1,x;}. The fuzzy neutrosophic sets ay and By are defined on Xy as
follows:

aN:XN d [ON’ 1N] iS deflned as aN(xl) = (1, 0. 2, 0. 1), aN(xZ) == (0 5, 0. 3, 0. 2)
ﬂN:XN d [ON! 1N] is defined as BN(xl) = (0 6, 0. 1, 0. 3), BN(xz) = (0 7, 0. 2, 0. 2).

Then, Ty = {0, Ay, py, Xy} is a fuzzy neutrosophic topology on Xy. Now, the fuzzy neutrosophic sets
are ay, By is Ny = ay A By is a fuzzy neutrosophic G5 —set. But gy € Ty in (Xy, Ty). Hence the
fuzzy neutrosophic topological space (Xy,Ty) is not a fuzzy neutrosophic P-Space.

Proposition 3.4. If Ay is a non-zero fuzzy neutrosophic F, — set in a fuzzy neutrosophic P-Space
(Xy, Ty), then Ay is a fuzzy neutrosophic closed setin (Xy, Ty).

Proof. Given that 4y is a non-zero fuzzy neutrosophic F, — set in (Xy,Ty), 4y =Vi2; (y,), where
the fuzzy neutrosophic sets (4y,)'s are fuzzy neutrosophic closed in (Xy,Ty). Then 1y — 4y =1y —
(Viz1 (An)) =AZ1 (Iy — 4y,). Now, (4y,)'s are fuzzy neutrosophic closed in (Xy,Ty), implies that
(1y — Ay,)'s are fuzzy neutrosophic open in (Xy,Ty). Hence we have 1y — 4y =A2; (1y — 4y,),
where 1y — Ay, € Ty. Then 1y — 4y is a fuzzy neutrosophic G5 —set in (Xy,Ty). Since (Xy, Ty)
is a fuzzy neutrosophic P-Space, 1y — Ay is a fuzzy neutrosophic open in (Xy, Ty). Therefore 4y is a
fuzzy neutrosophic closed setin (Xy, Ty).

Proposition 3.5. If the fuzzy neutrosophic topological space (Xy,Ty) is a fuzzy neutrosophic P-Space,
then cl(ViZy (A,)) =Vizq cl(Ay,), where (4y,)'s are non-zero fuzzy neutrosophic closed sets in
(X N> TN )

Proof. Let (4y,)'s be a non-zero fuzzy neutrosophic closed sets in a fuzzy neutrosophic P-space
(Xy, Ty). Then 4y =ViZ; (Ay,),is a non-zero fuzzy neutrosophic F, — set in (Xy, Ty). By proposition
3.1, Ay is a fuzzy neutrosophic closed set in (Xy,Ty). Hence cl(Ay) = Ay, which implies that
cl(Viz; (An,)) =Viz1 (Ay,) =Vizg cl(Ay,). [ Since (4y,)'s are(4y,)'s are fuzzy neutrosophic closed,
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cl(Ay) = Ay, 1. Therefore cl(viZ; (Ay,)) =Viz1 cl(Ay,) , where (4y,) 's are non-zero fuzzy
neutrosophic closed sets in (Xy, Ty).

Proposition 3.6. If (4y,)'s are fuzzy neutrosophic regular-closed sets in a fuzzy neutrosophic P-space
(Xn, Ty), then cl(ViZ; (Ay,)) =Vi2q (An))-

Proof. Let (4y,)'s are fuzzy neutrosophic regular-closed sets in a fuzzy neutrosophic P-space (Xy, Ty).
Then (4y,)'s are fuzzy neutrosophic closed sets in (Xy, Ty), which implies that (1y — 4y,)'s are fuzzy
neutrosophic open sets in (Xy,Ty) . Let py =AjZ; [1y —Ay,] . Then py is a non-zero fuzzy
neutrosophic Gg —set in (Xy, Ty). Since the fuzzy neutrosophic topological space (Xy,Ty) is a fuzzy
neutrosophic P-space, int(uy) = py, which implies that int (AjZ; [1y — An,]) =AiZ1 [1n — An,]. Then
1y —cl(ViZ; (Ay)) = 1y —Vi2; (Ay,). Hence we have cl(ViZ; (4y,)) =ViZg (An))-

Proposition 3.7. If the fuzzy neutrosophic topological space (X, Ty) is a fuzzy neutrosophic P-space
and if Ay is a fuzzy neutrosophic first category setin (Xy, Ty), then Ay is a fuzzy neutrosophic dense
setin (Xy, Ty)-

Proof. Assume that the contrary. Suppose that Ay is a fuzzy neutrosophic first category setin (Xy, Ty)
such that cl(4y) = 1y. Then Ay =V, (4y,), where the fuzzy neutrosophic sets (dy,)'s are fuzzy
neutrosophic nowhere dense sets in (Xy, Ty). Now,1y — cl(4y,) is a fuzzy neutrosophic open set in
(Xn,Ty). Let py =A72; [1y — cl(Ay,)]. Then py is a non-zero fuzzy neutrosophic G5 —set in
(X, Ty) . Now, we have (AZq[1y—cl(Ay)]) = 1y —ViZ; (cl(Ay)) < 1y —VZ; (Ay) = 1y — Ay
Hence py <1y —A4y .Then int(uy) <int(ly—Ay) =1y—cl(Ay) =1y —1y =0y . That is,
int(uy) = Oy. Since (Xy,Ty) is a fuzzy neutrosophic P-space, py = int(uy) which implies that
iy = Oy, a contradiction to uy being a non-zero fuzzy neutrosophic G5 —set in (Xy,Ty). Hence
cl(dy) # 1y.

Proposition 3.8. If the fuzzy neutrosophic topological space (Xy,Ty) is a fuzzy neutrosophic P-space
and if Ay is a fuzzy neutrosophic first category setin (Xy, Ty), then 4y is not a fuzzy neutrosophic
nowhere dense set in (Xy, Ty).

Proof. Let Ay be a fuzzy neutrosophic first category set in a fuzzy neutrosophic P-space (Xy, Ty).
Then, we have Ay = V{Z; (4y,), where (4y,)’s are fuzzy neutrosophic nowhere dense setsin (Xy, Ty).
Now, intcl(4y) = intcl(ViZ; (Ay,)) = int[ViZ1cl(dy,)] and [ViZ1cl(4y,)] is a fuzzy neutrosophic F,—set in
(Xy, Ty). Since (Xy,Ty)is a fuzzy neutrosophic P-space, by proposition 3.1, [V;2;cl(4y,)] is a non-zero
fuzzy neutrosophic closed set in (Xy,Ty). Also interior of a fuzzy neutrosophic closed is a fuzzy
neutrosophic regular-open set, int[V;2;cl(4y,)] is a non-zero fuzzy neutrosophic regular-open set in
(Xy, Ty). Hence we haveOy # int[V{Z;cl(4y,)] < intcl(4dy), implies that intcl(dy) # Oy. Therefore Ay is
not a fuzzy neutrosophic nowhere dense set in (Xy, Ty).

Proposition 3.9. If Ay is a fuzzy neutrosophic first category set in a fuzzy neutrosophic P-space
(Xy, Ty) such that uy < 1y — Ay , where puy is a non-zero fuzzy neutrosophic dense G5 —set in
(Xy, Ty), then Ay is a fuzzy neutrosophic nowhere dense setin (Xy, Ty).

Proof. Let Ay be a fuzzy neutrosophc first category set in (Xy,Ty). Then, Ay =V;Z; (4y,),where
(4n;) s are fuzzy neutrosophic nowhere dense sets in (Xy,Ty). Now, 1y —cl(4y,) is a fuzzy
neutrosophic open set in (Xy,Ty). Let py =A7Z1 [1y — cl(Ay,)]. Then py is a non-zero fuzzy
neutrosophicdense Gs—setin (Xy,Ty). Now, wehave AZ; [1y — cl(Ay,)] =1y —ViZ1 cl(Ay) < 1y —
Vizi (A4y;) = 1y —Ay. Hence py < (1y —Ay ). Then, we have 4y <(1y — py ). Now, intcl(dy ) <
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intcl(1y — py ), which implies that intcl(dy) < 1y — clint(uy). Since (Xy, Ty) is a fuzzy neutrosophic
P-space, the fuzzy neutrosophic Gs—set py is fuzzy neutrosophic open in (Xy,Ty) and int(uy) = uy
. Therefore intcl(Ay) < 1y — cl(uy) =1y — 1y = Oy . (Since uy is a fuzzy neutrosophic dense). Then
intcl(Ay) = Oy and hence Ay is a fuzzy neutrosophic nowhere dense set in (Xy, Ty).

Proposition 3.10. If Ay is a fuzzy neutrosophic first category set in a fuzzy neutrosophic P-space
(Xy, Ty) such that puy < 1y — Ay , where py is a non-zero fuzzy neutrosophic dense Gg-set in
(Xy, Ty), then (Xy,Ty) is a fuzzy neutrosophic Baire Space.

Proof. Let Ay be a fuzzy neutrosophic first category setin (Xy, Ty). As in the proof of the proposition
3.6., we have intcl(Ay) = Oy . Then int(4y) < intcl(Ay), implies that int(4y) =0y and hence by Theorem
2.1., (Xy, Ty)is a fuzzy neutrosophic Baire space.

Proposition 3.11. If the fuzzy neutrosophic topological space(Xy, Ty) is a fuzzy neutrosophic P-space
and if Ay is a fuzzy neutrosophic dense and fuzzy neutrosophic first category set in(Xy, Ty), then there
is no non-zero fuzzy neutrosophic Gs—set py in(Xy,Ty) such that uy < 1y — Ay.

Proof. Let Ay be a fuzzy neutrosophic first category setin (Xy, Ty). As in the proof of the proposition
3.6., we have a fuzzy neutrosophic Gs—set py in (Xy,Ty) such that uy < 1y —Ay. Then int(uy) <
int(1y — Ay), implies that int(uy) < 1y —cl(dy)= 1y — 1y = Oy . [Since Ay is a fuzzy neutrosophic
dense, cl(Ay ) = 1y]. That is, int(uy) = Oy . Since (Xy, Ty) is a fuzzy neutrosophic P-space, int(uy) =
uy and hence we have uy = Oy . Hence, if 1y is a fuzzy neutrosophic dense and fuzzy neutrosophic
first category set in (Xy, Ty), then there is no non-zero fuzzy neutrosophic Gs—set uy in (Xy,Ty)
such that uy < 1y — 4y .

4. Weak Fuzzy Neutrosophic P-Spaces

Definition 4.1. A fuzzy neutrosophic topological space (Xy,Ty) is called a weak fuzzy neutrosophic
P-space if the countable intersection of fuzzy neutrosophic regular-open sets in (Xy, Ty) is a fuzzy
neutrosophic regular-open set in (Xy, Ty). That is, A2Z; (4y,) is fuzzy neutrosophic regular-open in
(Xy, Ty), where (4y,)’s are fuzzy neutrosophic regular-open sets in (X, Ty).

Example 4.2. Let Xy = {x4, x5}. The fuzzy neutrosophic sets, 4y , py are defined on Xy as follows:
Ay : Xy = [0y , 1y]is defined as Ay (x1)=(0.6,0.2,0.2), Ay (x2)=(0.3,0.5,0.2).

uy : Xy = [0y , 1y]is defined as py (x1)=(0.5,0.3,0.2), py (x2)=(0.2,0.2,0.6).

Then, Ty ={0y , Ay , Uy Ay V iy , Ay Ay , 1y} is a fuzzy neutrosophic topology on Xy .

Now, Ay , uy , Ay V uy and Ay A py are fuzzy neutrosophic regular-open sets in (X, Ty)

and (Ay) A (uy) A (AyViuy) A (Ay Apy) = Ay Apy is a fuzzy neutrosophic regular-open set in
(X, Ty). Hence (Xy, Ty) is a weak fuzzy neutrosophic P-space.

Proposition 4.3. A fuzzy neutrosophic topological space (Xy,Ty) is a weak fuzzy neutrosophic P-
space if and only if Vi2; (uy,), where (uy,)’s are fuzzy neutrosophic regular-closed sets in (Xy, Ty) is
fuzzy neutrosophic regular-closed in (Xy, Ty).

Proof. Let (Xy,Ty) be a weak fuzzy neutrosophic P-space. Then intcl(AjZ; (4y,)) =Aj21 (4y,), where
(4n,)’s are fuzzy neutrosophic regular-open sets in (Xy, Ty). Now, 1y — [intcl(A2; (4y,))], implies
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that clint[(ViZ; (1y — 4n,))] = Vi2g (Iy — Ay,).Let py, = (1y — Ay,). Since Ay, is a fuzzy neutrosophic
regular-open setin (Xy,Ty)), Hy, isafuzzy neutrosophic regular-closed setin (Xy, Ty). Then we have
clint(ViZ; (in,)) =Viz1 (y,)- Hence ViZ; (uy,) is a fuzzy neutrosophic regular-closed in (Xy,Ty).
Conversely,suppose that clint( ViZ; (y,) ) = Viz1 (uy,) , where (py,)’s are fuzzy neutrosophic
regularclosed sets in (Xy,Ty). Then 1y — clint(Vi2; (un,)) = 1y —Vi21 (un,), which implies that
intcl(AZ21(1y — mw;)) = Ai21(Iy — my,), where (1y — py,)’s are fuzzy neutrosophic regularopen sets
in (Xy, Ty). Therefore (X, Ty) is a weak fuzzy neutrosophic P-space.

Proposition 4.4. If a fuzzy neutrosophic topological space (Xy,Ty) is a fuzzy neutrosophic P-space,
then (Xy,Ty) is a weak fuzzy neutrosophic P-space.

Proof. Let (4y,)’s be fuzzy neutrosophic regular-closed sets in (Xy,Ty). Since (Xy,Ty) is a fuzzy
neutrosophic P-space by propositionosition 3.3.,we have cl( ViZ; (dy,) ) = Vi2; (4y,) Now,
clint(viZy (Ay,)) < cl(Vi2g (An,)) = Viz1 (An,)- Thatis clint(ViZy (Ay,))<Viz1 (Ay,)....(1).

Since ( Ay, )'s are fuzzy neutrosophic regular-closed sets in (Xy,Ty) , clint( 4y, ) = Ay, .
Thenv2, clint(Ay,)= ViZ1 (Ay,), which implies that Vi2; (dy,) < clint(ViZ; (4y,)).....(2).

From (1) and (2), we have, clint(ViZ; (4y,)) = Vi24 (4y,). Hence by proposition 4.1., (Xy, Ty)is a weak
fuzzy neutrosophic P-space.

A weak fuzzy neutrosophic P-space need not be a fuzzy neutrosophic P-space. For consider the
following example.

Example 4.5. Let Xy = {a, b}. The fuzzy neutrosophic sets 4y and uy are defined on Xy as follows:
Ay: Xy =[Oy, 1y ]is defined as 4y = {(a,(0.5, 0.3, 0.4)),(b,(0.4, 0.6, 0.4))}

Uy - Xy = [0y, 1y ]is defined as uy ={(a,(0.5, 0.3, 0.3)),{b,(0.4, 0.5, 0.4))}

Then, Ty ={0y , Ay , Uy ,Any V Uy , Ay A uy 1y }is a fuzzy neutrosophic topology on Xy .Now,
the fuzzy neutrosophic sets py and Ay V py are fuzzy neutrosophic regular-open sets in(Xy, Ty) and
(uy ) A (Ay V py )= puy is a fuzzy neutrosophic regular-open set in (Xy, Ty)and hence (X, Ty) isa
weak fuzzy neutrosophic P-space. But (Xy, Ty) is not a fuzzyneutrosophic P-space, since the fuzzy
neutrosophic Gs—set (Ay Aty )A(Ay Vpy ) is not fuzzy neutrosophic openin (Xy, Ty).

5. Fuzzy Neutrosophic Almost P-Spaces

Definition 5.1. A fuzzy neutrosophic topological space (X, Ty) is called a fuzzy neutrosophic almost
P-space if for every non-zero fuzzy Gs—set Ay in (Xy, Ty), int(dy) # Oy in (Xy, Ty).

Example 5.2. Let Xy = {a, b}. The fuzzy neutrosophic sets ay , By and yy are defined on Xy as
follows:

ay : Xy = [0y, 1y ]is defined as ay ={(a,(0.5, 0.6, 0.4)),(b,(0.6, 0.4, 0.5))}
By : Xy = [On, 1y ]is defined as By = {(a,(0.4, 0.7, 0.5)),(b,(0.5, 0.6, 0.5))}

Yn : Xy = [0y, 1y ]is defined as ¥y = {(a,(0.5, 0.8, 0.6)),(b,(0.8, 0.7, 0.5))}
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Then, Ty ={Oy , @n , By ¥n , On VBN , By VYN , N VYN , Ox ABy , By AVn , @y AYy , 1y tis
a fuzzy neutrosophic topology on Xy . Now, for the fuzzy neutrosophic Gs—sets (ay ABy ).(Bn AVN
)and (ay A Yy )in (Xy, Ty), int[(ay A By )A(By A ¥y ) A(ay A vy )l =By A vy ) # Oy Hence
(Xy, Ty) is a fuzzy neutrosophic almost P-space.

(1) Clearly every fuzzy neutrosophic P-space is a fuzzy neutrosophic almost fuzzy neutrosophic P-
space, since for every non-zero fuzzy neutrosophic Gs—set 6y in (Xy,Ty), we have int(8y ) = 6y #
0y . But the converse need not be true. For in example 4.2., for every nonzero fuzzy neutrosophic
Gs—set 8y in (Xy,Ty), we have int( 6y)# Oy in (Xy,Ty). Hence (Xy,Ty) is a fuzzy neutrosophic
almost P-space, but ((Xy, Ty) is not a fuzzy neutrosophic P-space, since the fuzzy neutrosophic Gs—set
{[Ay Vuy IA[Ay Vyy IA[uy VYa]) is not fuzzy neutrosophic openin (Xy, Ty).

(2) A fuzzy neutrosophic almost P-space need not be a weak fuzzy neutrosophic P-space. For, consider
the following example.

Example 5.3. Let Xy = {a, b}. The fuzzy neutrosophic sets Ay , By and Cy are defined on Xy as
follows:

Ay : Xy — [0y, 1y]is defined as Ay = {(a,(0.8, 0.6, 0.7)),{b,(0.7, 0.6, 0.6))}
By : Xy — [0y, 1y]is defined as By =1{(a,(0.9, 0.8, 0.6)),(b,(0.6, 0.5, 0.6))}
Cy : Xy = [0y, 1y]is defined as Cy ={(a,(0.7, 0.5, 0.9)),(b,(0.9, 0.6, 0.8))}

Then, Ty ={Oy, Ay , By , Cy , Ay VBy , By VCy , Cy VAy , Ay ABy , By ACy , Ay ACy , Ay V
By V Cy , 1y }is a fuzzy neutrosophic topology on Xy . In every non zero fuzzy neutrosophic G-
sets (By V Cy ) A (By A Cy ), we have int[(By VCy ) A (By A Cy )] # 0y in (Xy,Ty). Hence
(Xy,Ty) is a fuzzy neutrosophic almost P-space, but (Xy,Ty) is not a weak fuzzyneutrosophic P-
space.

(3)A weak fuzzy neutrosophic P-space need not be a fuzzy neutrosophic almost P-space. For, consider
the following example:

Example 5.4. Let Xy = {a, b}. The fuzzy neutrosophic sets 4y , puy and yy are defined on Xy as
follows :

Ay @ Xy — [0y, 1y] is defined as Ay ={{a,(0, 0.4, 0.5)),(b,(0.4, 0.5, 0.6))}
Uy : Xy — [0y, 1y] is defined as py = {{a,(0.6, 0, 0.4)),(b,(0.4, 0.6, 0.6))}
¥Yn : Xy — [0y, 1y]is defined as yy = {{(a,(0.5, 0.6, 0)),(b,(0.6, 0, 0.5))}

Then, Ty ={Oy , Ay , N VYN, ANV BN , BNV VN, ANV VN, AN Ay, By AN YN, Ay AYN , Ay
VuyV Yy, Ay Ay AYy, 1y }is a fuzzy neutrosophic topology on Xy . Now, (Ay A py ),(Ay
AYn ) (Ay A uy A Yy )(Ay V ¥y ) are fuzzy neutrosophic regular-open sets in (Xy, Ty) and[(Ay A
U INAy A Yy )A(An A uy A Yy )A(Ay V ¥x )]=(Ay A Yy )is a fuzzy neutrosophicregular-open
setin (Xy,Ty) and hence (X, Ty) is a weak fuzzy neutrosophic P-space. But(Xy, Ty) is not a fuzzy
neutrosophic almost P-space, since for the non-zero fuzzy neutrosophic Gs—set {(Ay V py ) A (y V
Yn)A@Ay V Yy )A(Ay A py )}, wehaveint{[(Ay V py )A (B VYN )A (AN V YN )A (A A py )]} =
Oy -
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Proposition 5.5. If a fuzzy neutrosophic topological space (Xy,Ty) is a fuzzy neutrosophic almost P-
space if and only if the only fuzzy neutrosophic F,—set 4y such that cl(dy) = 1y in(Xy, Ty) is 1x,.

Proof. Let Ay(# 1y) be a fuzzy neutrosophic F,—set such that cl(Ay) =1y in (Xy,Ty).Then, 1y —Ay
is a non-zero fuzzy neutrosophic Gs—set in (Xy,Ty). Now, 1y —cl(dy) = Oy ,implies that int(1y —
Ay ) =0y , which is a contradiction to (Xy,Ty) being a fuzzy neutrosophic almost P-space in which
int(6y) # Oy for any non-zero fuzzy neutrosophic Gs—set 8y in (Xy, Ty). Hence our assumption that
cl(Ay) = 1y does not hold. Therefore there is no non-zero fuzzy neutrosophic Fs—set (other than 1y,)
in (Xy,Ty) such thatcl(dy) = 1y.

Conversely, let us assume that the only fuzzy neutrosophic F,—set 4y in (Xy, Ty) such that cl(4y) =
1y is 1y, . Let Ay be a fuzzy neutrosophic Gs—set in (Xy,Ty). Then Ay =AjZ; (dy,), where (dy,)'s
are fuzzy neutrosophic open sets in (Xy,Ty). Now, 1y —4y =V{Z; (1y —A4y,). Then 1y — 24y is a
fuzzy neutrosophic F, —setin (Xy, Ty).By hypothesis, cl(1y — 4y ) # 1y . Then, 1y —int(dy )# 1y
, this implies that int(4y) # Oy . Hence for the non-zero fuzzy neutrosophic Gs—set Ay in (Xy,Ty),
we have int(dy) # Oy and therefore (X, Ty) is a fuzzy neutrosophic almost P-space.

If a fuzzy neutrosophic topological space (Xy,Ty) has non-zero fuzzy neutrosophic nowhere
dense fuzzy neutrosophic Gs—sets, then (Xy,Ty) is not a fuzzy neutrosophic almost P-space. For
consider the following proposition.

Proposition 5.6. If Ay is a non-zero fuzzy neutrosophic nowhere dense fuzzy neutrosophic Gs—set in
a fuzzy neutrosophic topological space (Xy,Ty), then (Xy,Ty) is not a fuzzy neutrosophic almost P-
space.

Proof. Let 4y be a non-zero fuzzy neutrosophic nowhere dense fuzzy neutrosophic Gs—set 1y in
(Xn, Ty). Then int(4y) < intcl(dy) and intcl(Ay) = Oy , implies that int(4y) =0y .Hence for the non-zero
fuzzy neutrosophic Gs—set Ay in (Xy,Ty), int(dy) = Oy in (Xy,Ty).Therefore (Xy,Ty) is not a
fuzzy neutrosophic almost P-space.

6. Applications

They can be applied in medical diagnosis to represent uncertain symptoms and test results,
helping doctors make better decisions. In decision-making and management systems, fuzzy
neutrosophic weak P-spaces help analyze situations where information may be incomplete or
inconsistent. They are also useful in artificial intelligence and expert systems for representing
knowledge and reasoning under uncertainty.

7. Conclusions

In conclusion Fuzzy neutrosophic P-space — Fuzzy neutrosophic weak P-space S/ Fuzzy neutrosophic
almost P-space. The systematic development and analysis of these fuzzy neutrosophic spaces enhance
our ability to model and study complex systems under uncertainty, supporting advancements in
applied Mathematics, artificial intelligence and decision support systems.
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