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Abstract

In this study, the concept of neutrosophic soft tri-topological space is defined as a generalization
of neutrosophic soft bitopological space. Then neutrosophic soft tri-open and tri-closed sets are
defined and in this space. Also, some basic properties of these new types of open and closed sets
are investigated and supported by many examples to further clarify the study.

Keywords: Neutrosophic set; Neutrosophic soft set; Soft bitopological space; Neutrosophic soft
bitopological space; Neutrosophic soft tri-topological space.

1. Introduction

Our world contains a lot of ambiguity, neutrality, and complexity, as looking at any issue in this universe is
characterized by lies sometimes, truthfulness at times, and ambiguity and neutrality at other times, and this matter is
not studied by normal classical logic. For this reason, a new logic was defined that evaluates only the cases that are
examined as true (1) or false (0) as true, indeterminate or false, each of which takes a value in the range of [0,1] by
Smarandache[15] in 1999, He presented the concept of neutrosophic logic as an extension of the theory of logic which
was defined by Zadeh[17] in 1965.

Molodtsov [24], carried out several successful types of research in many different branches of mathematics using
the theory of soft sets in 1999. Many researchers have also showed great interest in the soft of the elastic group and
many different types of research have been conducted on this theory.

Neutrosophic topological soft set theory was defined by Maji [22]. In 2015, for the first time. Later, Deli and
Broumi [8] reconfigured this theory. In 2017, Bera [4] provided soft topological spaces. Still researchers show a keen
interest in soft group theory.

In 1965 Kelly [13] defined the concept of bitopological space using two independent topological structures
defined on a topological space. In 2019, this concept was extended to neutrosophic spaces by Oztiirk et al. [27].

In 2020, the concept of bitopology was extended and studied by Dadas and Demiralp [9] to neutrosophic soft
topological spaces
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In this study, the concept of neutrosophic soft tri-topological space is defined as a generalization of neutrosophic
soft bitopological space. Then new types of open and closed sets have been introduced in neutrosophic soft
bitopological spaces.

2. Preliminary

In this section, basic definitions and theorems are given about neutrosophic set theory and neutrosophic soft set
theory.

2.1. Neutrosophic sets

Let X be a space of points (objects), with a generic element in X denoted by x, A neutrosophic set A in X is
characterized by a truth-membership function T, an indeterminacy-membership function I and a falsity-membership
function F [15] . Thatis: T,I,F: X -] — 0, 1*[ where T(x),1(x), and F(x) are real standard or non-standard subsets
of]70,1"[. In general, there is no restriction on the sum of T(x),I(x) and F(x), so =0 < T(x) +I(x) + F(x) <
3%.T,Iand F are called neutrosophic components, the set of all neutrosophic sets in X is denoted by N (X).

2.1 Definition [15]: Let R, Q € N(X).

1. Subset: Q € RifTy(2) < Tr(2),15(2) < Iz(2), Fy(2) = Fr(2) forall z € X.
2. Equality: Q =RifQ cRandR c Q.
3. Union:
Q UR = {<z max{TQ(z),TR (z)}, max{IQ(z),IR(z)}, min{FQ(z),FR(z)} >:z € X}

4. Intersection:
QNR=1{z min{TQ (2), T (z)}, min{IQ (2), I (z)}, max{FQ (2), Fg (z)} >:z € X}

More generally, the intersection and the union of a collection of neutrosophic sets {Q;} € N(X) are defined by:
Nig Qi = {< z,inf inf {TQi(z)} Jnf inf {IQi(z)} ,SUp sup {FQi(z)} >:zZ € X},

Ui, Q; = {< Z,Sup sup {TQi(z)} ,SUp sup {IQi(z)} Jinf inf {FQi(z)} >:z € X}.

5. The neutrosophic set defined as Tp(z) = 1,15(2z) = 1 and Fy(z) = 0 forall z € X is called the universal NS
denoted by 1x. Also, the neutrosophic set defined as Ty (z) = 0,1,(z) = 0 and Fy(z) = 1 for all z € X is
called the empty NS denoted by Oy.

6. Complement: Q€ = 1,\Q

2.2 Definition [14]: Let ' € N(Y). Then I' is named a neutrosophic topology on Y if the following conditions hold:

1. Oxand 1y belongtoT,

2. Union of any number of neutrosophic sets in I' again belongs to T,

3. The intersection of finite number of neutrosophic sets in I' belongs to T
Then the pair (Y, ") is named neutrosophic topology onY.

2.2 Neutrosophic soft sets
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2.3. Definition [22]: Let P be an initial universe set and E be a set of parameters. The pair (L,E) is called a
neutrosophic soft set (NSS) over P, where L is a mapping from E to N (P).
The set of all NSS over P is denoted by NSS(P). A neutrosophic soft set (L, E) can be written as:

(LE) = {(e,{< %, Tyey (%), Iy (%), FL (o) (x) >}:x € Pe € E}.

2.4 Definition [27]: Let X be an initial universe set and E be a set of parameters. Then the neutrosophic soft set
X° (¢,py)defined as

X (up)(€VW) = {(a,By) if e= eandx =y (0,01)if e#eandx £y
forallx € X,0 < a,B,y < 1,e € E, is called a neutrosophic soft point.

2.5 Definition [3]: Let (L, E), (M,E) € NSS(P). Then for all x € P

1. Subset: (L,E) © (M,E) if Ty (%) < Tayey (%), Loy (%) < Iyey(x) and Fi ey (x) = Fy(e)(x) foralle € E,
2. Equality: (L,E) = (M,E) if (L,E) € (M,E) and (M,E) c (L,E),

3. Intersection:

(LLEyYNn(M,E) = {(e,{< x,min{TL(e)(x),TM(g)(x)}, max{IL(E)(x),IM(e)(x)}, max{FL(e)(x),FM(E)(x)} >}: e€ E},

4. Union:
(LLE)u (M,E) = {(e, {< X, max{TL(e)(x), TM(e)(x)},min{IL(e)(x), IM(e)(x)}, min{FL(e)(x),FM(e)(x)} >}: eE E}.

More generally, the intersection and the union of a collection of {(L;, E)} € NSS(P) are defined by:
Ui, (Li, E) = {(e,{< X,Sup sup {TLi(E)(x)} ,SUp sup {ILi(e)(x)} Jinf inf {FLi(e)(x)} >} ‘e € E}

Nie;(Li, E) = {(e, {< x,inf inf {TLi(E)(x)} Jinf inf {I,ey ()} sup sup {Fy,)(x)} >} e € E}

5. The NSS defined as Ty (x) = 1,1 (x) = 1 and Fy .y (x) = 0, for all e € E and x € P is called the
universal NSS denoted by 1(p ). Also, the neutrosophic set defined as T )(x) = 0,,¢)(x) = 0 and
Fiey(x) = 1forall e € E and x € P is called the empty NSS denoted by 0p ).

6. Complement: (L, E)° = 1p 5)\(L, E) = {&,{x, F1(y (%), 1 — I}y (%), Ty (x) >}: € € E}

Clearly, the complements of 1 gy and Oy gy are defined:
Aee) =1\l ={(e{<x001>}:e € E} =04y

O, = 1pn\0pr ={(e,{<x,1,00 >}e €E}=1pp

2.6 Definition [4]: Let ' ¢ NSS(Y). Then I is named a neutrosophic soft topology on Y if the following conditions
hold:

NST1)0p;pyand 1(p 5y Belong to T

NST2) Union of any number of NSSs in I" again belongs to .

NST3) Intersection of a finite number of NSSs in I" belongs to T".
Then the pair (Y, T') is named neutrosophic soft topology on Y. Elements of T is called as a neutrosophic soft open
set. An NSS whose complement is neutrosophic soft open is called a neutrosophic soft closed set.
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2.7 Definition [19]: Let I' € NSS(Y). Then I' is named a neutrosophic soft supra topology on Y if Oy,gy, 1(y,p) €T
and union of any number of NSSs in I again belong to I'.

2.8 Definition [9]: If (X, t,, F)and (X, 7,, E) are two neutrosophic soft topological space, then (X, 7, T,, E) is named
as neutrosophic soft bitopological space. The sets belong to 7; They are called neutrosophic soft i —open sets for i =
1,2.

3. Neutrosophic soft tri-topological spaces

In this part, the concept of neutrosophic soft tri-topological space is defined. Furthermore, new types of open and
closed sets have been introduced in neutrosophic soft tri-topological spaces.

3.1 Definition: If (X,7,,E), (X, 7, E) and (X,73,E) are three neutrosophic soft topological spaces, then
(X, 11,72, 73, E) is named as neutrosophic soft tri-topological space. The sets belonging to T; are called neutrosophic
soft i —open sets fori = 1,2,3.

3.2 Example: Let (X, 7, 7,, T3, E') be a neutrosophic soft tri-topological space, where X = {x1,x,,x3}, E = {e1,e,}
and T; = {Ox.g), L(xm) (L1, E), (L, E)},

T, = {O(X,E)! 1xg), (Ny, E), (No, E)} >
73 = {06 Lixpy (Q1, E), (Qy, E)}. The NSSs are defined as

faom(er) = (< x,,080.3,0.2 >, < x,,0.4,0.4,0.4 >, < x3,0.3,0.4,0.2 >}
faom(€2) = {< x1,0.6,02,0.3 >, < x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}
f,m(er) = (< x1,0.6,0.3,04 >, < x,,0.3,0.5,0.4 >, < x3,0.2,0.5,0.3 >}
fom(€2) = {< x1,0.5,0.4,0.3 >, < x,,0.4,0.6,0.2 >, < x3,0.3,0.6,0.4 >}
fovpm (e1) = {< %1,0.2,0.6,0.6 >, < x,,0.2,0.6,0.6 >, < x3,0.1,0.6,0.4 >}
fovp (€2) = {< 1,0.2,0.6,0.5 >, < x,,0.2,0.7,0.6 >, < x3,0.1,0.5,0.5 >}
vy (€1) = {< %1,0.7,0.2,0.1 >, < x5,0.3,0.4,0.4 >, < x3,0.2,0.4,0.2 >}
gy (€2) = {< 1,0.5,0.2,0.3 >, < x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}
foum (@) = {< %;,0.2,0.5,0.6 >, < x;,0.2,0.5,0.4 >, < x5,0.1,0.5,0.4 >}

foum (€2) = {< %;,0.4,0.4,0.3 >, < x,,0.2,0.6,0.3 >, < x3,0.1,0.6,0.4 >}

f(QZ'E)(el) = {< Xl, 0.2,0.4’,0.5 >, < xz, 0.2,0.5,0.4’ >, < X3, 0.1,0.5,0.3 >}

fiopm (€2) = {< %,,0.5,0.4,0.3 >,< x,,0.2,0.6,0.2 >, < x3,0.1,0.5,0.4 >}.
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Then (Ly,E) N (Ly, E) = (L, E) , (L, E) N (N, E) = (N, E) , (L1,E) N (Q,E) = (Qu, E), (L, E) N (Qz, E) =
(Qz:E): (LpE) n (Nz:E) = (Nz:E)s (Lz;E) n (NpE) = (NpE): (NpE) n (Nz;E) = (Nl:E)» (NpE) n (Ql!E) =
(N, E), (N, E) N (Q2,E) = (N, E), (Lg, E) N (Np, E) = (Lg, E), (L, E) N (Q2, E) = (Q2,E), (L, E) N (Q, E) =
(Q,E), (@1, E) N (QE) = (Q,E) and (Ly,E) VU (Ly,E) = (Ly,E) , (L, E) U (N, E) = (L,E) , (L, E) U
(QuE) = (L, E), (L, E) U (Q2, E) = (L, E), (L, E) U (N, E) = (Ly, E) , (L, E) U (N, E) = (Lp, E), (N, E) U
(Nz:E) = (NZ!E): (NLE) U (Ql!E) = (QpE);(NpE) U (Qz;E) = (Qz:E): (LzyE) u (Nz:E) = (Nz;E);(LzyE) U
(Q2,E) = (Ly, E), (L, E) U (Q,E) = (Ly, E), (Q, E) U (Q4, E) = (Q,, E) Therefore T, ,T, and 75 are neutrosophic
soft topologies on X and so (X, T4, T,, T3, E) is a neutrosophic soft tri-topological space.

3.3 Theorem: Let (X, 1,,7,, 73, E) be aneutrosophic soft tri-topological space. Then T, N 7, N 73 is a neutrosophic
soft topology on X.

Proof: NST1 and NST3 are clear. For NST2, let {(L;,E);i € I} € T, N T, N T3. Then (L;, E) € 14, (L;, E) € 7, and
(L;,E) € 13. Since T, ,T, and 73 are neutrosophic soft topologies on X, U; (L;, E) € 71,U; (L;,E) €1, and

U; (L;, E) € 15. Therefore, U; (L;,E) ET, N T, N T3.

3.4 Remark: Let (X,7,,7,, 73,E) be a neutrosophic soft tri-topological space. Then 7; U T, U 73 need not be a
neutrosophic soft topological space on X.

3.5 Example: Let (X,74,7,, 73,E) be aneutrosophic soft tri-topological space X = {xy,x,,x3}, E = {ey,e,}, T, =
{O(X,E); 1(X,E)J (L1! E)! (Lz, E); (L?,! E)}»

Tl = {O(X,E)’ 1(X,E)’ (Nl' E), (Nz, E)} and T3 = {O(X,E)’ 1(X,E)’ (Ql’ E), (Qz, E)} The NSSS are deﬁned as

faom(e) = (< x,,080.3,0.2 >, < x5,0.4,0.4,0.4 >, < x3,0.3,0.4,0.2 >}

fap(e2) ={<x,0.6,0.2,03 >,< x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}
fu,p(e) ={<x,,0.6,03,0.4 >,< x,,0.3,0.5,0.4 >, < x5,0.2,0.5,0.3 >}
fuom(€2) = {< x1,0.5,0.4,0.3 >, < x3,0.4,0.6,0.2 >, < x3,0.3,0.6,0.4 >}
fuap(e) = {<x,,04,04,0.5 >,< x,,0.2,0.6,0.6 >, < x5,0.1,0.6,0.4 >}
faam(e2) = {< x1,0.3,0.6,0.4 >,< x,,0.3,0.7,0.3 >, < x3,0.1,0.7,0.5 >}
fovne (e1) = {< x1,0.2,0.6,0.6 >,< x5,0.2,0.6,0.6 >, < x3,0.1,0.6,0.4 >}
fovppy(€2) = {< %1,0.2,0.6,0.5 >,< x,,0.2,0.7,0.6 >, < x3,0.1,0.5,0.5 >}
fovppy (1) = {<x1,0.7,0.2,0.1 >,< x,,0.3,0.4,0.4 >,< x5,0.2,0.4,0.2 >}
fouppy(€2) = {< %1,0.5,0.2,0.3 >,< x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}.
foup (e1) = {< x1,0.2,0.5,0.6 >, < x5,0.2,0.5,0.4 >, < x3,0.1,0.5,0.4 >}

fioum (€2) = {< %1,04,0.4,0.3 >,< x,,0.2,0.6,0.3 >, < x3,0.1,0.6,0.4 >}.

fionm (e1) = {< %1,0.2,04,0.5 >, < x,,0.2,0.5,0.4 >, < x3,0.1,0.5,0.3 >}
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fiopm (€2) = {< %,,0.5,0.4,0.3 >,< x,,0.2,0.6,0.2 >, < x3,0.1,0.5,0.4 >}.

Here T; U T, Uts = {Oxp), 1ixg), (L1, E), (L2, E), (L3, E), (N1, E), (N3, E), (Q1, E), (Q4, E)} is not a neutrosophic
soft topology on X, since

(L3, E)U (N, E) = {(e1,{< %,,0.4,0.4,0.6 >, < x,,0.2,0.6,0.6 >, < x5,0.1,0.7,0.5 >}),
(e5,{< x,0.3,0.6,0.6 >,< x,,0.3,0.7,0.4 >, < x5,0.1,0.7,0.6 >})}
isnotinT; U, UT3.

3.6 Definition: Let (X, 74, T,, 73, E) be a neutrosophic soft tri-topological space. Then an NSS
(N,E) = {(e, {< %, Ty ey (%), Iney (%), Fiyey () >}):x el,e€ E}

is called a neutrosophic soft tri-open set if there exists a neutrosophic soft open set (N;, E) in T, , a neutrosophic soft
open set (N,, E) in T, and a neutrosophic soft open (N3, E) in T3such that for all x € U
(N,E) = (N1, E) U (N, E) U (N3, E)

= {(e’ {< X, max{TNl(e) (x), TNz(e) (x), TNg(e) (x)}: min{’Nl(e) (x), INz(e) (x), INg(E)(x)}’ min{FNl(e) (), FNz(e) (), FN3(e) (X)}
>}):e € E}

The set of all neutrosophic soft tri-open sets in (X, 74, T,, 73, E) is denoted by NSTO(X, 74, 7,, 73, E).

3.7 Definition: Let (X, 74, 7,, 73, E) be a neutrosophic soft tri-topological space. Then an NSS
(NE) ={(e,{< x, Ty (%), In(e) (%), Fyey(x) >}):x € U, e € E}

is called a neutrosophic soft tri-closed set if (N, E)€ is a neutrosophic soft tri-open set. It is clear that (N, E) is a
neutrosophic soft tri-closed set if there exists a neutrosophic soft closed set (N, E') in T, and a neutrosophic soft closed
set (N,, E) in T, and a neutrosophic soft closed set (N3, E) in T4 such that for all x € U

(N,E) = (N3, E) N (N, E) N (N3, E)

= {(e, {< %, min{Ty, (&) (0), Ty (0) (), Ty (o) (0} max{ Iy, () (50, Iy ey (), Iy (o) (O}, max{ Fy ey (%), o) (0} >}): e
€ E}

The set of all neutrosophic soft tri-closed sets in (X, 74, T,, T3, E) is denoted by NSTC(X, 14, T2, T3, E).

3.8 Example: Let (X, 7,,7,, T3, E) be a neutrosophic soft tri-topological space. X = {x;, x5, x3}LE = {e1,e,}, T; =
{0x.ry Lx.5) (L1, E)}, Ty = {0x.6) Lix.E) (L, E)},

T3 = {Ox g, 1(xp), (L3, E)}. The NSSs are defined as

faom(e) = (< x,,080.3,0.2 >, < x;,0.4,0.4,0.4 >, < x3,0.3,0.4,0.2 >}

f(Ll'E)(ez) = {< xl, 0.6,0.2,0.3 >, < xz, 0.5,0.5,0.1 >, < x3, 0.5,0.3,0.4’ >}
fa,m(er) = (< x1,0.60.2,04 >, < x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}

fu,m(€2) = {< x1,0.6,0.3,0.4 >, < x,,0.3,0.5,0.4 >, < x3,0.2,0.5,03 >}.
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fasp(er) = {<x1,0.2,0.5,0.6 >,< x,,0.2,0.5,0.4 >, < x3,0.1,0.5,0.4 >}

fam(€2) = {< x1,0.4,0.4,0.3 >, < x,,0.2,0.6,0.3 >, < x3,0.1,0.6,0.4 >}.

Then
(L, E) U (Ly, E) U (Ls, E) = {(e1,{(x1,0.8,0.2,0.2), (x;,0.5,0.4,0.1), (x5, 0.5,0.3,0.2)}),

(es,{{x1,0.6,0.2,0.3), (x;,0.5,0.5,0.1),(x3, 0.5,0.3,0.3)})}
is a neutrosophic soft tri-open set. Also
fape(er) ={<x,0.2,0.7,0.8 >, < x,,0.6,0.6,0.6 >,< x3,0.2,0.6,0.3 >}
faupe(er) = {<x4,0.3,0.8,0.6 >,< x,,0.1,0.5,0.5 >, < x3,0.4,0.7,0.5 >}

f,me(ez) = {< x1,0.3,0.80.6 >, < x,,0.1,0.5,0.5 >, < x3,0.4,0.7,0.3 >}

fu,me(er) = {< x1,04,0.7,0.6 >,< x,,0.4,0.5,0.3 >,< x3,0.3,0.5,0.2 >}

fasme(e) ={<x,0.6,05,0.2 >,< x;,04,0.5,0.2 >,< x3,04,0.5,0.1 >}
faspc(er) = {<x,0.3,0.6,04 >,< x,,0.3,04,0.2 >,< x3,0.4,0.4,0.1 >}.
Therefore
(L, E)° N0 (Ly, E)E N (Ls, E)E = {(eq, {(x4,0.2,0.8,0.8), (x;,0.1,0.6,0.6), (x5, 0.2,0.7,0.3)})
(e3, {{x4,0.3,0.8,0.6), (x5, 0.1,0.5,0.3), (x5, 0.3,0.7,0.5) )}
is a neutrosophic soft tri-closed set.

3.9 Theorem: Let (X,t,,7,, 73, E) be a neutrosophic soft tri-topological space. In this case

O(X,E)’ 1(X,E) E NSTO (X, Tl’ Tz, T3, E).
If {(N;,E)|i € I} € NSTO(X, 71, T,, T3, E) then U;¢;(N;, E) € NSTO(X, 74,74, T3, E).
If {(G;,E)|i € I} € NSTC(X, Ty, Ty, T3, E) then N;g;(G;, E) € NSTC(X, 71, T4, T3, E).

Proof:
1. Since O pyUOxp UOxr =0k and 1ixp Ulxe Ulxe = 1xg then Opy and 1xp are
neutrosophic soft tri-closed sets.
2. Since (N;,E) € NSTO(X, 14,75, 75, E), there exist (N},E) € t; , (N?, E) € 1, and (N3, E) € 15 such that
(N, E) = (N} E) U (N2 E)U (N3 E) forall i € I. Then

Ui/ (N, E) = Uy, (NS E) U (NE E)U (N E)) = (Uiey(NLE)) U (Ui (NE E)) U (U (NZ, ED).

As T4, T, and 4 are neutrosophic soft topologies on X, U;e;(N} E) € 7, ,U;; (N2 E) € T, and (N3, E) €
T3 .
Therefore U;¢;(N;, E) € NSTO(X, 14,7, E).
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3. Since (G;, E) € NSTC(X, 14,75, T3, E), there exist (G}, E)° € 11, (G, E)° € T, , (G3,E)° € 15 such that
(G, E) = (G} E)n (G2, E)Nn (G3,E) forall i € I. Then

Nier(Gi, E) = Ni/((G1, E) 0 (G2, E) 0 (GF,E)) = (Niey (G1L E)) N (Niey (G, E) 0 (N (GF, ED)).

Then N;¢;(G;, E) € NSTC(X, 14, T,, T3,E) as (ﬂie,(Gil,E))C €Ty, (ﬂie,(Giz,E))c € 1, and
c
(Nie1(G3,E)) €75

3.10 Corollary: Let (X, 14, 7,, T3, E) be a neutrosophic soft tri-topological space. Then NSTC (X, t,,T,, 735, E) is a
supra neutrosophic soft topology on X. This topology is denoted by 7,,3.

3.11 Theorem: Let (X, 7,7, 75, E) be a neutrosophic soft tri-topological space. Then every neutrosophic soft
i —open set is a neutrosophic soft tri-open set.

Proof: Let (N, E) be a neutrosophic soft i — open set where i = 1,2,3. Since (N,E) = (N,E) U Oy gy U O(x ),
then (N, E) € NSTO (X, 74,75, 73,E) .

3.12 Corollary: Let (X, 74, 75, T3, E) be a neutrosophic soft tri-topological space. Then T, U 7, U T3 C T;,3.
The following example shows that the inverse of Theorem 3.11 does not hold.

3.13 Example: Let (X, 74, 75, T3, E) be aneutrosophic soft tri-topological space. X = {x,x,, %3}, E = {e1, €3}, T; =
{{O(X,E)’ 1(X,E)’ (Ll’ E)}, TZ = {O(X,E)’ 1(X,E)’ (Lz, E)} T3 = {O(X,E)’ 1(X,E)’ (L3, E)} The NSSS are deﬁned as

faam(e) = (< x1,0.8,03,0.2 >, < x,,0.4,0.4,0.4 >,< x3,0.3,0.4,0.2 >},
fim(e2) = {< x1,0.6,0.2,0.3 >, < x,,05,0.5,0.1 >, < x3,0.5,0.3,0.4 >}
fam(e) = (< x1,0.6,0.2,0.3 >, < x,,0.5,0.5,0.1 >, < x3,0.5,0.3,0.4 >}

fm(€2) = {< x,,0.6,03,0.4 >, < x,,0.3,0.5,0.4 > < x3,0.2,0.5,0.3 >}

fiam(e) = {< x1,0.6,05,0.2 >, < x,,0.4,0.5,0.2 >, < x3,0.4,0.5,0.1 >}

fiam(€2) = {< x1,0.3,0.6,0.4 >, < x,,0.3,04,0.8 >, < x3,0.4,0.4,0.1 >}.

Then T3 =17, UT, UT3 U{(Ly,E) U (Ly, E) U (L3, E)} because the neutrosophic soft set (L, E) U (L, E) U
(L3, E) Ts not a neutrosophic soft i-open set for all i=1,2,3.

3.14 Theorem: Let (X, 7, 75, E') be a neutrosophic soft tri-topological space. Then every neutrosophic soft i —closed
set is a neutrosophic soft tri-closed set.

Proof: The proof is similar to the proof of Theorem 3.11.

3.15 Theorem: Let (X, 7,,7,, 73, E) Be a neutrosophic soft tri-topological space. If 11 < 13 and 12 < 73, then

T123 = T3.
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Proof: Let 11 < 13 and 12 < t3 and (N, E) € 14,3. Then there exists a neutrosophic soft open set (N, E) in T, ,
a neutrosophic soft open set (N,, E) in T, and a neutrosophic soft open set (N3, E) in T3 such that (N,E) = (N;,E) U
(N5, E) U (N3, E). Since 71 © t3and 12 c 13, (N, E) € 13 and (N,, E) € 5. Therefore T,,3 € 7, C 75. From
Theorem 3.11, 73 C T4,3.

3.16 Definition: Let (X,7,,7,, 735, E) be a neutrosophic soft tri-topological space and (N,E) € NSS(X). The
neutrosophic soft tri-closure of (N, E), denoted by cI¥SS(N, E), is the intersection of all neutrosophic soft tri-closed
sets containing (N, E), i.e.,

cl¥SS(N,E) =n {(L,E) € PNSC(X)|(N,E) c (L,E)}.

It is clear that cI¥SS(N, E) is the smallest neutrosophic soft tri-closed set containing (N, E).

3.17 Example: Let (X, Ty, T, T3, E) be the same as in Example 3.13 and
(G,E) ={(e1,{< x4,0.3,0.6,0.7 >, < x,,0.3,0.4,0.4 >, < x4,0.2,0.4,0.4 >})
(e3,{< x4,0.2,0.5,0.6 >, < x,,0.1,0.3,0.7 >, < x5,0.3,0.3,0.4)})
be a neutrosophic soft set over X. Now, we need to determine neutrosophic soft tri-closed sets
in (X, 71,7y, T3, E) to find cI¥S5(G, E). Then,

funm(er) = (< x1,0.6,0.3,0.4 >, < x,,0.3,0.5,0.4 >, < x3,0.2,0.5,0.3 >}
{< x,,0.5,0.4,0.3 >,< x3,0.4,0.6,0.2 >, < x3,0.3,0.6,0.4 >}

and

(Ly, E)E = {(ey, {< x1,0.4,0.7,0.6 >, < x,0.4,0.5,0.3 >, < x3,0.3,0.5,0.2 >}),
(e5,{< %4,0.3,0.6,0.5 >, < x,,0.2,04,0.6 >, < x3,0.4,0.4,0.3 >}}.
The neutrosophic soft tri-closed sets which contain (G, E) are (L,, E) and 1y ). Therefore
cl¥S5(G,E) = (L, E)° N 1y py = (Ly, E)©.

3.18 Theorem: Let (X, 74,75, T3, E) be a neutrosophic soft tri-topological space and (N, E), (L, E) € NSS(X).

L cl¥S5(0xr)) = Oxey and S (1ixpy) = Lixp) -

2. (N,E) € cl¥S5(N,E).

3. (N,E) is a neutrosophic soft tri-closed set if cI¥SS(N,E) = (N, E).

4. cI¥SS(N,E) © cI¥S (L, E) if (N,E) < (L, E).

5. cl¥SS(N,E) U cl¥SS(L,E) < cl¥*S((N,E) U (L,E)) .

6. cl¥SS(cl¥SS(N,E)) = cl¥SS(N,E), i.e., cI¥SS(N, E) is neutrosophic soft tri-closed set.
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Proof. It is obvious.

3.19 Theorem: Let (X, 7,7, T3, E) be a neutrosophic soft tri-topological space and (N,E) € NSS(X). Then,

X’ (apy) € cly**(H,E) if and only if for all U gy € T123 (x®(apy)) where U %€ ey 1 @NY neutrosophic soft tri-

open set that contains x°(, 5., and Ty, (xe(a, B:V)) is the family of all neutrosophic soft tri-open sets contains x°(4,5,),

U ﬂ (N,E) i O(X,E)'

x%(ay)

Proof: Let xe(a,ﬁly) € cl?SS(N, E) and suppose that there exists U,e € 1123(xe(aﬁ,y)) such that U,e N

(@By) (@.By)

¢ NSS NSS ¢ €
) . Thus cl7>>(N,E) c cly (Uxe(a,ﬁ,y)) = (Uxe(a,ﬁ,y)) which implies

(N, E) = 0x.5)- Then (N, E) < (U
clNSS(N,E) N U e

x%(a,By)

@y = Ocx,p), & contradiction.

c
Conversely, assume that x°(,5.) & cl¥**(N,E), then X (apy) € (cl¥55(1v, E)) € 1123(xe(aﬁ'y)). Therefore, by
hypothesis, (cI¥SS(N, E))C N (N,E) # O(x ), a contradiction.

4. Conclusions and future work

In this study, the concept of tritopological is expanded to neutrosophic soft set theory. Neutrosophic soft tri-open and
neutrosophic soft tri-closed sets are given. Also, supra neutrosophic soft topology is defined by neutrosophic soft tri-
open sets. For future work, neighborhood structures will be study and some separation axioms will be given on
neutrosophic soft tri-topological spaces.
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