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Abstract. In this paper the concept of (m, a, n)-fuzzy neutrosophic set is introduced and its basic operations
are studied. It is shown by examples that the class of (m, a, n)-fuzzy neutrosophic sets properly contains the
class of g-rung orthopair neutrosophic sets. Moreover, a topological structure on (m, a, n)-fuzzy neutrosophic
sets is created, and the topological notions such as closure, interior, subspace, connectedness, and separation
axioms, are extended to (m, a, n)-fuzzy neutrosophic sets and explore their properties in (m, a, n)-fuzzy neu-

trosophic topological spaces.
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1. Introduction

The traditional methods relying on crisp sets are unsuitable for decision-making involving
incomplete and inconsistent information, given the inherent challenges posed by vagueness, hes-
itancy, and uncertainties. Consequently, researchers have devised various set-theoretic models
to tackle real-life problems characterized by uncertainty. These models aim to manage in-
consistent information in a more effective manner. Zadeh [28] in 1965 proposed FSs as a
generalization of crisp sets. Since the advent of Zadeh’s paper [28] paper, many generaliza-
tions of F'S such as IFS [3], PyFS [26] FFS [18Jand ¢-ROFS [27]and (m,n)-FS |1] have been
introduced by imposing certain conditions on PMD and NMD for each member of universe
of discourse. Topological structures on these classes of F'Ss have been studied by different

authors [5],6,(11,/12,/15,123]. Smarandache [19]defined neutrosophic set on a non empty set by
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TABLE 1. Abbreviations and their description

Abbreviation Description Abbreviation Description

PMD Positive membership degree Oy (v) PMD of v to H

IMD Indeterminacy degree wy (v) IMD of v to H

NMD Negative membership degree Oy (v) NMD of v to H

FS Fuzzy set IFS Intuitionistic fuzzy set

PyFS Pythagorean fuzzy set FFS Fermatean fuzzy set

q-ROFS q-rung orthopair fuzzy set (m,n)-FS (m,n)-fuzzy set

NS Neutrosophic set PyNS Pythagorean neutrosophic sets

FNS Fermatean neutrosophic set q-RONS g-rung orthopair neutrosophic set
(m,a,n)-FNS (m,a,n)- fuzzy neutrosophic set (m,a,n)-FNS(V) Family of (m,a,n)-FNSs on V
(m,a,n)-FNT (m,a,n)-fuzzy neutrosophic topology (m,a,n)-FNTS (m,a,n)-fuzzy neutrosophic topological space
(m,a,n)-FN point (m,a,n)-fuzzy neutrosophic point (m,a,n)-FNC(V) Family of (m,a,n)-FN closed sets on V

considering three components, namely PMD, IMD and NMD whose sum lies between 0 and 3.
Some more properties of neutrosophic sets are presented by Smarandache [19-H21], Salama and
Alblowi |16] , Lupianez [14],Wang [25]. Smarandache’s Neutrosophic concepts have wide range
of real time applications for the fields of Information systems, Computer science, Artificial In-
telligence, Applied Mathematics and Decision making. In 2008, Lupidnez |14] introduced the
neutrosophic topology as an extension of intuitionistic fuzzy topology. Recent work in neu-
trosophic topology can be seen in [2,8,|9,|16,|17] Recently the concepts of PyFS | FFS, and
g-ROF'S have been extended to neutrosophic environments and studied their topological struc-
tures [4,22,24]. In this work we introduce the concept of the (m,a,n)-fuzzy neutrosophic set
focusing on fundamental properties of this kind of set and on (m,a,n)-fuzzy neutrosophic topo-
logical spaces. The rest of the paper is formulated as follows: Section 2 contains the necessary
mathematical background for the understanding of the paper. The concept of the (m,an)-
fuzzy neutrosophic set is presented in Section 3 together with basic properties of these sets.
In Section 4 the classical notion of topological space is extended to (m,a,n)-fuzzy neutrosophic
topological spaces together with fundamental properties and concepts like ,connectedness and
separation axioms in (m,a,n)-fuzzy neutrosophic topological spaces. The paper closes with the

final conclusions and some hints for further research included in Section 5.

2. Preliminaries

This section contains some basic definitions and preliminary results which will be needed in
the sequel. Throughout this paper V denotes a universe of discourse and N refers to the set

of all natural numbers.

Definition 2.1. Let V be a non empty set, Uy : V — [0,1] and Qy : V — [0,1]. A structure

H={<v,0n4), W) > veV}
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is called :
(a) IFS 3] in Vif 0 <Uy(v) +Qu(v) <1, V veV.
(b) PyFS [26] in V if 0 < U%,(v) +Q%(v) <1, V v e V.
(c) FFS [18] in Vif 0<% (v) +Q3,(v) <1, V v e V.
(d) ¢-ROFS [27] in Vif 0 < U (v)+Q3,(v) <1, ¥V veVandgeN.
(e) (mn)-FS [1] in Vif 0 <UY(v) +Q(v) <1, V ve€Vand m,n € N.

Remark 2.2. [1] The definition of (m,n)-FS can be reduced to the definition of:
(i) ¢-ROFS, if m=n=q.
(i) FFS, if m=n=3.
(iii) PyFS, if m=n=2.
(iv) IFS, if m=n=1.
Remark 2.3. [1] Let V be a non empty set:
(i) If m > g and n > ¢ then every q-ROFS is a(m,n)-FS.
(ii) If m > 3 and n > 3 then every FFS is a (m,n)-FS.
(iii) If m > 2 and n > 2 then every PyFS is a (m,n)-FS.
(iv) Every IFS is an (m,n)-FS.

Definition 2.4. [19] Let V be a non empty set. A Neutrosophic set (NS) H in V is a structure
H={<v,0n4v),wyv), Uy (v) > veV}

where Uy : V —=]70,17[, wy : V —=]70,17[, and Qy : V —]70,17[ denotes the PMD, IMD,
and NMD of H which satisfies the condition if ~0 < Uy (v) + wy(v) + Qu(v) <37, Vo € V.

In the real life applications in scientific and engineering problems it is difficult to use neutro-
sophic set with value from real standard or non-standard subset of |0, 17[. Hence we consider

the neutrosophic set which takes the value from the closed interval [0,1] and sum of MD, IMD,

and NMD of each element of universe of discourse lies between 0 and 3.

Definition 2.5. Let V be a non empty set and Uy : V. — [0,1] ;oo : V — [0,1] , and
Q3 :V—10,1] . A structure

H={<v,0x(v),wy(v), (v) > v eV}

is called :
(a) PyNS [4] in Vif 0 <3, (v) + Qf(v) <1,and 0<wj(v) <1, ¥V veV.
(b) FNS [22] in V if 0 < U3, (v) +Q3,(v) <1,and 0 <@} (v) <1, V veV.
(¢) ¢-RONS [24] in V if 0 < U%,(v) +9Qf,(v) <1,and 0 < wj,(v) <1, Yo eVand

q € N.

Here Uy (v) and Qy(v) are dependent components and wy (v) is an independent component.
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3. (m,a,n)-fuzzy neutrosophic sets

In this section we introduce a new class of orthopair neutrosophic sets which is properly

contains the classes of -RONS, FNS, and PyNS and explores its studied.

Definition 3.1. Let V be a non empty set. A (m,a,n)-fuzzy neutrosophic set ((m,a,n)-FNS)
‘H in V is an object of the form

H={<v,0x(v),wy(v), Qy(v) > v eV}

where Uy : V = [0,1] ;o : V = [0,1] , Qy : V = [0,1], 0 < UYj(v) + Q) (v) < 1, and
0<w§(v) <1, VveVand m,a,n € N. Here Uy(v) and Qz(v) are dependent components

and wy(v) is an independent component.

Theorem 3.2. If H = {< v,0y(v),wy(v), Qy(v) >: v € V} is a (m,a,n)-FNS over V then
0 <Oy (v) + o (v) +Q3(v) <2, YoeV and m,a,n € N.

For simplicity a (m,a,n)-FNS H = {< v, Oy (v),wy(v), Yy (v) >: v € V} over V will be
denoted by (U, wy, Qx).

Remark 3.3. (m,a,n)-FNS is coincide with:
(i) ¢-RONS ;| if m=a=n=q.
(ii) FNS, if m=a=n=3.
(iii) PyNS, if m=a=n=2.

Remark 3.4. Let V be a non empty set:
(i) If m > q, a > q, and n > g then every g-RONS is a(m,a,n)-FNS.
(ii) If m >3, a > 3, and n > 3 then every FNS is a (m,a,n)-FNS.
(iii) If m > 2, a > 2, and n > 2 then every PyNS is a (m,,a,n)-FNS.

Example 3.5. Let V = {vj,v2}. Then the structure &€ = {< v1,0.8,0.2,0.9 >, <
v2,0,8,0.5,0.7 >} defined over V is (4,5,6)-FNS but not 4-RONS , and hence not FNS,and
PyNS over V.

Definition 3.6. The whole (m,a,n)-FNS and empty (m,a,n)-FNS over universe of discourse

V are defined as follows
®={<v,0,0,1 > veV}
V= {<v,1,1,0 >:v € V}.
Definition 3.7. Let H = (UH,W;L[,QH) y 7—[1 = (UHl,le,le) and 7‘[2 = (UHQ,WH2,QH2)

be three (m,a,n)-FNSs in V. Then the subset, equality, complement, union, and intersection

operations over (m,a,n) — FNS(V) are defined as follow:
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7‘[1 = 7‘[2 = 6?—[1 = UHZ, WH, = WHy, and Q’H1 = Q?—[g-

)
)
¢) HE = (3,1 —wy, U ).
)
)

HiUHe = (max{Uy, On, b, max{wy, , oy, b, min{Qu,, Qx, })

Example 3.8. Let V = {vy,v9,v3} and (m,a,n)-FNS &, F,G over V (for m=4,a=5n=06)
bedefined as follows:

& ={<11,0.8,0.2,0.9 >, < v9,0,8,0.5,0.7 >, < v3,0.6,0.4,0.9 >}.

F ={<v1,0.9,0.3,0.9 >, < v2,0.8,0.5,0.6 >, < v3,0.7,0.5,0.8 >}.

G = {< v1,0.6,0.5,0.8 >, < 12,0.9,0.4,0.9 >, < v3,0.5,0.5,0.9 >}.

Then,
i) ECF,but £ZG.
(il) EUF ={<v1,0.9,0.3,0.9 >, < v2,0.8,0.5,0.6 >, < v3,0.7,0.5,0.8 >}.
(iii) FNG = {<v1,0.6,0.3,0.9 >, < v2,0.8,0.4,0.9 >, < v3,0.5,0.5,0.9 >}.
< v1,0.8538149682,0.8,0.8617738754 >,
(iv) €°= < < v9,0.5856629186,0.5,0.8617738754 >,
< v3,0.8538149682,0.6,0.7113786597 >

Theorem 3.9. Let H = (Oy, oy, Uy), H1 = (Onys oy, ), He = (Onyy oy, Opy,) €
(m,a,n) — FNS(V). Then
(a) H¢ € (m,a,n) — FNS(V).
(b) H1UHa € (m,a,n) — FNS(V).
(c) HiNHz € (mya,n) — FNS(V).
The Proof of Theorem 3.9 is obvious and left to the readers.

Theorem 3.10. Let Hi = (O, @y, Q1) Hoe = (Orty, @iy Q1) Ha = (Ongg Wiy, Q) €
(m,a,n) — FNS(V). Then:

(a) Hi UHo = Ho UH;.

(b) Hy N Ha = Ha N H,.
(¢) (H1UHa) UMz =H1 U (HaUHs).
(d) (H1NHa) NHz = Hi N (Ho N Hs).

) Hi U (Ha NH3) = (H1 UHa) N (Hy UHs)

(e
(f) Hi N (Ha UHs) = (H1NHa) U (H1 N Hs)
(8) (H1UHM2)® =HSNHS.
(h) (H1NHg)® = Hs U HS.
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Proof. Follows on similar lines as the proofs of Theorem 1 and Theorem 2 [1]

Definition 3.11. Let {#; : i € A} be an arbitrary family of (m,a,n)-FNS in V. Then:

(a) UHi={< v,V O, (v), Vou,(v), AQuy,(v) > v eV}
(b) NH: = {< v, AV, (v), Ay, (v),V Q,(v) >0 €V}

4. (m,a,n)-fuzzy neutrosophic topological spaces

Definition 4.1. A subfamily T" of (m,a,n) — FNS(V) is called a (m,a,n)-fuzzy neutrosophic
topology ((m,a,n)-FNT) on V if:
(a) @,V eT.
(b) H,el', Vie A= UjeaH; €T
(¢c) Hi,Hoe'=H1NHa €T.
IfTis a (m,a,n)-FNTS on V then the structure (V,T") is called a (m,a,n)-fuzzy neutrosophic
topological space ((m,a,n)-FNTS) over V and the members of I' are called (m,a,n)-fuzzy neu-

trosophic open ((m,a,n)-FN open) sets. The complement of a (m,a,n)-FN open set is called

(m,a,n)-fuzzy neutrosophic closed((m,a,n)-FN closed).

Example 4.2. Let V = {v1, va,v3} be the universal set. Consider the following (m,a,n)-FNSs

for m=3,a=4, and n=5.

G = {< 11,0.8,0.4,0.8 >, < v5,0.7,0.3,0.9 >, < v3,0.9,0.4,0.6 >}.
Go = {< ©1,0.9,0.4,0.7 >, < v2,0.8,0.4,0.7 >, < v3,0.9,0.5,0.5 >}

Then I = {®,V,G;,Go} is a (2,3,4)-FNT on V.

Definition 4.3. Let (V,T) be a (m,a,n)-FNTS with T' = {®,V} then T is said to be the
indiscrete a (m,a,n)-FNT on V and (V,I") is called the indiscrete (m,a,n)-FNTS. The indiscrete
(m,a,n)-FNT is the smallest (m,a,n)-FNT on V.

Definition 4.4. Let (V,T') be a (m,a,n)-FNTS with I' = (m, a,n) — FNS(V) then I' is said to
be the discrete (m,a,n)-FNT on V and (V,T') is called the discrete (m,a,n)-FNTS. The discrete

(m,a,n)-FNT is the largest (m,a,n)-FNT on V.

Remark 4.5. The union of two (m,a,n)-FNTs over V is not a (m,a,n)-FNT over V.
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Example 4.6. Let V = {v1,v2}. Consider the following (m,a,n)-FNSs (for m=2,a=3, and
n=4)

G1 ={<11,0.8,0.2,0.4 >, < v2,0.6,0.1,0.5 >}
Go = {<11,0.7,0.2,0.5 >, < v2,0.5,0.1,0.6 >}
Hy = {<11,0.8,0.4,0.6 >, < v2,0.7,0.3,0.7 >}
Hi={<v1,0.9,04,0.5 >, < v3,0.8,0.3,0.6 >}.

Then I'y = {®,V,G1,Go} and T'y = {®,V,Hy,Ha} are two (m,a,n)-FNTs over V. Now I'; U
Iy = {®,V,G1,Go, H1,Ho}, and G UH; = {< v1,0.8,0.4,0.4 >, < v5,0.7,0.3,0.5 >}. Thus
Gi1,H1 €1 Uy, but Gy UH; ¢ T'y Ule. Therefore I't UT's is not a (m,a,n)-FNT on V.

However,
Theorem 4.7. The intersection of two (m,a,n)-FNTs on V is also a (m,a,n)-FNT on V.

Proof. Suppose that I'y and T’y are two (m,a,n)-FNTs on V. Since ®,V € T'y and ¢,V € T'y,
then @, Ve T'1NTy. Let G1,Go € T1NTy = G1,G2 €T and (G1,G2 €Ty = Gi1NGy ey
and G1 NGy €'y = GiNGy eIy NIs.

Let G, e 'y NIg,i € A, an index set = G, €'y and G; € 'y, Vi € A = U;eaG; € 'y
and U;enG; € T'y, = U;jepaG; € T'1 N9, Thus I'y N I'y satisfies all the requirements to
(m,a,n)-FNT on V.

Definition 4.8. Let (V,I';) and (V,I'3) be (m,a,n)-FNTSs. Then:

(a) T’y is called finer than I'y if T9 C Ty .
(b) T’y is comparable with I'y if either I'y C T’y or T'y C I'y.

Definition 4.9. Let (V,I') be a (m,a,n)-FNTS and H € (m,a,n) — FNS(V). Then the
interior, closure, frontier and exterior of H denoted respectively by IntH , Cl(H) ,Fr(H) and
Ext(H) are defined as follows:

(a) Int(H) =U{K eI : K C H}.

(b) Cl(H) =n{F € (m,a,n) — FNC(V): H C F}.

(c) Fr(H)=CIl(H)NCI(H®).

(d) Ext(H) = Int(H°).

Theorem 4.10. Let (V,T') be a (m,a,n)-FNTS and H,F € (m,a,n) — FNS(V). Then:
(a) Int(®) = ® and Int(V) = V.
(b) Int(H) C H.
(c) HeT & Int(H) = H.
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) Int(Int(H)) = Int(H).
(e) HC F= Int(H) C Int(F).
(g) Int(H)U Int(F) C Int(HUF).
(h) Int(H)NInt(F) = Int(HNF).

Proof. Straightforward. g

Theorem 4.11. Let (V,T') be a (m,a,n)-FNTS and H,F € (m,a,n) — FNS(V). Then:

(a) Cl(®) =@, CI(V) =V.
(b) H C CIL(H).
(c) H € (m,a,n) — FNC(V) & Cl(H)=H.
(d) CUCIU(H)) = CL(H).
(e) H C F = CI(H) c CI(F).
(f) Cl(H)UCIU(F) =CI(HUF).
) Cl

(g) CU(HNF) C Cl(H) N CUF).

Proof. Straightforward.

Theorem 4.12. Suppose that (V,T) is a (m,a,n)-FNTS and (H) is a (m,a,n)-FNS over V.
Then

Proof. Obvious

Definition 4.13. Let (V,I') be a (m,a,n)-FNT on V and let Y C V. Then I'y = {H N Y :
H € TI'} is called the relative (m,a,n)-FNT on Y. The pair (Y,Iy) is known as the (m,a,n)-FN
subspace of the (m,a,n)-FNTS (V,T).

Example 4.14. Let V = {v;, v, v3} and I = {®, V, #1, Ho} where (#1), (H2) be (m,a,n)-FNS

(for m=3 a=4,and n=>5) over V, defined as follows:

Hy = {< v1,0.7,0.3,0.8 >< v3,0.7,0.2,0.9 >, < v3,0.6,0.1,0.5 >}
Hy = {< v1,0.8,0.3,0.7 >, < 12,0.9,0.2,0.5 >, < v3,0.8,0.1,0.4 >}
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Then (V,T') is a (m,a,n)-FNTS. Consider the (m,a,n)-FNS Y = {v;,v2}. Then I'y =
{®,Y, (H1)y, (H2)y} is a relative (m,a,n)-FNT over Y. Where

(H1)y = {< v1,0.7,0.3,0.8 >< v5,0.7,0.2,0.9 >}

(Ha2)y = {<v1,0.8,0.3,0.7 >, < 1v2,0.9,0.2,0.5 >}
Theorem 4.15. Let (Y,I'y) be a (m,a,n)-FN-subspace of a (m,a,n)-FNTS(V,T") and H €
(m,a,n) — FN(V), then:

(a) HeTyeH=YNE for some E €T.

(b) H € (m,a,n) — FNC(Y) < H =Y NF for some F € (m,a,n) — FNC(V).
Theorem 4.16. Let (Y,I'y) be a (m,a,n)-FN subspace of a (m,a,n)-FNTS (V,I') and H € T'y.
IfY el then H el
Theorem 4.17. Let (Y,I'y) be a (m,a,n)-FN subspace of a (m,a,n)-FNTS (V,I"). Then a
(m,a,n)-FNS Hy € (m,a,n) — FNC(Y) = Hy € (m,a,n) — FNC(V) & Y € (m,a,n) —
FNC(V).

Definition 4.18. Let ¢, 7, € [0,1]. A (m,a,n)-fuzzy neutrosophic point ((m,a,n)-FNP) v, o
of Vis a (m,a,n)-FNS in V defined by

(Cm6) fw=w
(0,0,1) ifw#wv

V(¢ ) (W) =

Definition 4.19. Let v ;) be a (m,a,n)-FNP in V and H = {< v, Oy/(v), wy (v
v € V}is a (m,a,n)-FNS in V. Then v, € H if and only if {( € Uy(v) , n € wy(v), and
$ 2 Qy(v).

IS
S

=
v

Definition 4.20. A (m,a,n)-FNP v, ) is said to be g-coincident with #, denoted by

V(e ) dTH i vie e € HE T v, ) s not g-coincident with H, we denote by |(v(cn.o)qH)-

Definition 4.21. Two (m,a,n)-FNSs H and G of V are said to be g-coincident (denoted by
HqG) it H € G°.

Lemma 4.22. If H,G € (m,a,n) — FN(V), then [(HqG) < H C G°., where |(HqG) means

H is not g-coincident with G.

Definition 4.23. Let (V,I') a (m,a,n)-FNTS and H be a(m,a,n)-FNS over V. Then H is said
to be a (m,a,n)-FN neighbourhood of the (m,a,n)-FNP v, yover V, if 3 (m,a,n)-FNS G € T'
such that v, ) € G CH.

Theorem 4.24. Let (V,I') be a (m,a,n)-FNTS . Then a (m,a,n)-FNS F € T if and only if v,
(m,a,n)-FN point v,y € F 3G €T such that v, € G C F.
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Definition 4.25. Let (V,I') be a (m,a,n)-FNTS and H be a(m,a,n)-FNS over V. Then #H
is said to be a (m,a,n)-FN neighbourhood of the(m,a,n)-FNS #, if 3 a G € T such that
HeG CH.

Theorem 4.26. Let (V,T') a (m,a,n)-FNTS. A (m,a,n)-FNS H € T if and only if V (m,a,n)-
FNS G such that G C H, H is a (m,a,n)-FN neighbourhood of G.

Proof. Suppose that(m,a,n)-FNS H € I'. Thus for each G C H, H is a (m,a,n)-FN neighbour-
hood of G. Conversely suppose that for each G C H, H is a (m,a,n)-FN neighbourhood of
G. Since H C H, H is (m,a,n)-FN neighbourhood of # itself. Therefore 3 F € I' such that
HCFCH=H=F=Hel.

Definition 4.27. Let (V,I') be a (m,a,n)-FNTS. A sub collection B of I" is referred as a
(m,a,n)-fuzzy neutrosophic basis((m,a,n)-FN basis) for I', if every nonempty (m,a,n)-FN open

set is the union of certain members of B.

Theorem 4.28. Let (V,T") be a (m,a,n)-FNTS. Let B = {G; : i € A} be a subcollection
of(mya,n)-FNT T'. Then B is a (m,a,n)-FN basis for T if and only if for any F € T and a
(m,a,n)-FN point V() € F, there exists a G; € B for some i € A, such that vy € Gi C F.

Now we extended the concept of connectedness to (m,a,n)-FNSs and explores its study in
(m,a,n)-FNTSs.

Definition 4.29. A (m,a,n)-FNTS (V,I') is said to be (m,a,n)-fuzzy neutrosophic connected
((m,a,n)-FN connected), if # proper (m,a,n)-FN open sets A and B in V such that ](Ag) and
1(A%B°).

Example 4.30. Let V = {v;,v2} be universe of discourse and the (m,a,n)-FNSs (for m=2,
a=3,n=4) G and H on V be defined as follows:
G ={<11,04,0.3,0.8 >,<v,0.3,04,0.9 >}
H = {< v9,0.6,0.5,0.5 >, < v2,0.5,0.7,0.8 >
Let I = {®,V,G,H} be a (m,a,n)-FNT on V, then (m,a,n)-FNTS (V,T') is (m,a,n)-FN con-

nected

Theorem 4.31. A (m,a,n)-FNTS (V,I') is (m,a,n)-fuzzy neutrosophic connected if and only if
it has no proper (m,a,n)-fuzzy neutrosophic clopen ((m,a,n)-FN closed and (m,a,n)-FN open)

set.

Theorem 4.32. A (m,a,n)-FNTS (V,T) is (m,a,n)-fuzzy neutrosophic connected if and only if
it has no proper (m,a,n)-FN open sets G and H providing that Ug' (v) = Q, (v), Q5(v) = U} (v)
and w (v) + wy(v) = 1.
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Now we define (m,a,n)-FN separation axioms by using the concept of (m,a,n)-FN point,

(m,a,n)-FN open sets and (m,a,n)-FN closed sets.

Definition 4.33. A (m,a,n)-FNTS (V,I') is said to be (m,a,n)-FN Ty, if for every pair of

distinct (m,a,n)-FN points v and w(¢, m,.e) OVer V, 3 H, G € I such that v, ;) € H

¢1,m1,51)
but V(¢a,m2,s2) §é H or V(Caymass0) € g but U(¢ims1) ¢ g

Example 4.34. All discrete (m,a,n)-FNTSs are (m,a,n)-FN Tp, because for any two distinct

(m,a,n)-FN points v(¢, », ;) and wy over V, 3 a (m,a,n)-FN open set {v } such

C2,m2,52) C1,m1551)

that U(¢rmie) € {U(Chm,q)} but W(¢a,ma,52) ¢ {U(Cl,m,q)}'
Theorem 4.35. Every (m,a,n)-FN subspace of a (m,a,n)-FN Ty space is (m,a,n)-FN Tj.

Proof. Let (Y,T'y) be a (m,a,n)-FN subspace of a (m,a,n)-FN Tg space (V,I'). Let v, n .«

and w( y be two distinct (m,a,n)-FN points over Y. Then v, ,, ) and w, p,c,) are

C2:m2,52
distinct (m,a,n)-FN points over V. Since (V,T') is (m,a,n)-FN Ty, 3 a (m,a,n)-FN open set
containing one of the (m,a,n)-FN point but not other. Without loss of generality, let H € T’
Coman) & Ho Put Hy = HNY. Then Hy € I'y such that

y & Hy. Hence (Y, T'y) is (m,a,n)-FN Tp. g

such that Vi) € H but wy

U(cima) € Hy but W(¢a,m2,52

Definition 4.36. A (m,a,n)-FNTS (V,I") is said to be (m,a,n)-FN T3, if for every pair of

distinct (m,a,n)-FN points v ) and w(e, n, o) over V, 31, G € I' such that v, o) €H

C1,m1,81
but V(¢a,m2,52) ¢ M and U(¢amais2) € G but Y(¢1mi,s1) ¢g

Example 4.37. Every discrete (m,a,n)-FNTS is (m,a,n)-FN T, because, for any two distinct
C2.m2,52 )} and
{W(gma)} SUCh that vie, nyq) € {V(Gmant DU Vcima) & {Wcme)t a0d Weme) €
{w(camaiea) } PUL V(¢ ) E AW(Gomaian) T -

(m,a,n)-FN point v(¢, », ;) and wy y over V, 3 (m,a,n)-FN open sets {v

¢1,M1,81

Theorem 4.38. Fvery (m,a,n)-FN subspace of a (m,a,n)-FN T\ space is (m,a,n)-FN T;.

Definition 4.39. A (m,a,n)-FNTS (V,I') is said to be (m,a,n)-FN T3 or (m,a,n)-FN Hausdorff,
if for every pair of distinct (m,a,n)-FN points V(ermar) A0d W(gy ny o) Over V, 3 H, G € T such
that V(¢ymye) € H, W(Cymac2) € Gand HNG = P.

Theorem 4.40. A (m,a,n)-FNTS (V,I') is (m,a,n)-FN Ty if and only if for any two distinct
Cimist) A Wgymy ey over V.3 EF € (m,a,n) — FNC(V) such that
Vima) € E but W(¢y ma,62) ¢ &, V(C1me) ¢ F but W(¢yma,c2) € Fand EUF =V.

(m,a,n)-FN points v

Theorem 4.41. Every (m,a,n)-FN subspace of a (m,a,n)-FN Ty space is (m,a,n)-FN Ty.
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Definition 4.42. A (m,a,n)-FNTS (V,T") is said to be (m,a,n)-FN regular if for every F €
(m,a,n)—FNC(V) and every (m,a,n)-FN point v, o) over V such that v, o) € F,3G,H T
such that v, €G, F CH and GNH = .

Theorem 4.43. Every (m,a,n)-FN subspace of a (m,a,n)-FN regular space is (m,a,n)-FN

regular.

Definition 4.44. A (m,a,n)-FNTS (V,I') is said to be (m,a,n)-FN normal if for every pair
E,F € (m,a,n) — FNC(V) such that ENF = ®, 3 G,H € I such that £ ¢ G, F C H and
GNH=2.

Example 4.45. Let V = {v;,v2} and(3,4,5)-FNSs F; and F3 be defined as follows:
Fi = {<010.5,0.3,0.4 >, < 120.3,0.2,0.5 >}
Fo = {< v1,0.7,0.3,0.2 >, < v20.9,0.2,0.1 >}

Let I' = {&J,V, Fi, Fa} be a (3,4,5)-FNT over V. Then the (3,4,5)-FNTS (L, T, %) is (3,4,5)-

FN normal.

Theorem 4.46. Fvery (m,a,n)-FN closed subspace of a (m,a,n)-FN normal space is (m,a,n)-
FN normal.

Proof. Suppose (Y,I'y,¥) be a (m,a,n)-FN closed subspace of a (m,a,n)-FN normal space
(V,I). Let Fy, Fa € (m,a,n)—FNC(Y) such that FiNF, = ®. Since Y € (m, a,n)—FNC(V),
by Theorem [4.17, F1,F> € (m,a,n)—FNC(V). By (m,a,n)-FN normality of (V,T'), 3G1,G, €
I such that F; € G, Fo C Gy and G NGy = ®. Put (G1)y = G1 NY and (Go)y = G NY.
Then (G1)y, (G2)y € I'y. Clearly we have 71 C G1 = F1NY C GiNY = F; C (G1)y and
Fa C Gy = FoNY C GoNY = Fo C (G2)y. Moreover, (G1)yN(Ga2)y = (G1NG2)NY = ONY = P.
Hence (Y,I'y) is (m,a,n)-FN normal.

5. Conclusions

We introduced the concept of (m,a,n)-fuzzy neutrosophic set as a super class of g-rung
orthopair neutrosophic set and we created topological structure on (m,a,n)-fuzzy neutrosophic
set. The fundamental topological concepts closure,interior, subspaces,bases, connectedness
and separation axioms are extended to (m,a,n)-neutrosophic topological spaces. Examples
were also given to illustrate our results. It looks that proper combinations of the theories
developed for tackling the existing uncertainty is a promising tool for obtaining better results
in a variety of human activities characterized by uncertainty. This is, therefore, a fruitful area

for future research.
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