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Abstract

In this study, a new type of open sets is defined on neutrosophic-tri-topological space and named
as neutro- A -tri-open sets. This type of set is defined with the concept of intersection. Also, defined
neutro- A -tri-closed sets, neutro- A -tri-t-open (closed) sets in this space with suitable example. Later the
interior and closure concept also defined. Some of their basic properties and theorems are stated with
proof.

Keywords: Neutro- A - tri-open (closed) sets, neutron- A -tri- t- open (closed) sets, neutro- A -tri-interior,
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1. Introduction

Fuzzy set was introduced by Lotfi A. Zadeh [1] in 1965 as an extension of the classical notion of sets.
The neutrosophic set (NS) was introduced by F. Smarandache [2] as an extension of fuzzy sets. The
topology was investigated by Leonhard Euler. The motivation insight behind topology is that some
geometric problems depend not on the exact shape of the object. From this, the concept of tri topological
space was extended by Martin M. Kovar in 2000.

The notion of neutrosophic Topological space (NTS) was developed by Salma and Albolwi [6] in 2012.
Thereafter the concept of neutrosophic bi-topological space was presented by Ozturk and Ozkan [4] in
2019. Later, on Das and Tripathy [17] introduced the pairwise neutrosophic b-open set via neutrosophic
bi-topological spaces. After that, the motivation to do research on neutrosophic tri topological space to
extend the neutrosophic bi- topological space.
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The concept of neutrosophic tri-topological space was extended by Suman Das and Surapati Pramanik
[16]. They introduced the different types of open sets and closed sets namely, neutrosophic tri- open sets,
neutrosophic tri-closed sets, neutrosophic tri- semi- open sets, neutrosophic tri- pre- open sets etc. Via
neutrosphic tri topological space.

1

The main purpose of this paper is to introduce a new type of open set on NTTS, so called as
neutron- A -tri- open sets. Its complement is named as neutron- A -tri- closed set. The concept of interior
and closure also defined the concept of neutron- A -tri-t-open (closed) set. Few fundamental properties
and theorems are given with proof.

This paper is divided as follows: The basic definitions are given in part-2. In part-3, neutro- A -tri-open
(closed) sets are defined with examples and few properties are given. Also, defined interior and closure.
In part-4, neutro- A -tri-t-open (closed) sets are defined and few of its properties are given with suitable
example. Finally, ended up with a conclusion in part-5.

2. Preliminaries
Definition 2.1. [3] A neutrosophic set M over a universe V is defined as follows:
M ={nT, ()1, (n)Fy(n)):neV}

when T,,(n),1,,(n) and F,, (n) are respectively denotes the truth, indeterminacy and falsity membership
values of neV , and such that ~0<T,, (n)+1,,(n)+F, (n)<3" forall neV .

Definition 2.2. [16] The neutrosophic null set (NSS) (0, ) and the neutrosophic whole set (NWS) (1,,)
over a universe V are defined as follows:

i) 0, ={(n,0,0,1):veV}
i) 1, ={(n, 1, 0,0):veV}. Obviously, 0, =1, .

Definition 2.3.[13] Let V be a universe and A be a collection of NSs over V. Then,z is called a
neutrosophic topology (NT) on V if the following conditions satisfied:

)01, 7.

iNA,Aer=ANA e

i){AieAjcr=UA er

In this case the pair (X ,r) is called a neutrosophic topological space.

Definition 2.4.[16] Let V be a universe and 7 be some NS over V. Then M an neutrosophic set over V is

called neutrosophic open if M is open in Neutrosophic topological space.

Definition 2.5.[16] A neutrosophic set M is said to be neutrosophic closed set iff M is an

neutrosophic open set is defined by M® ={n,F, (n),1-1,,(n) T,,(n)}.
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Definition 2.6.[16] Let V be a universe and r be a NTSs over V. Then M an NS over V is called

neutrosophic tri-open set (N-Tri-OS) if M ez, Uz, Uz,. A neutrosophic set M is said to be neutrosophic

tri-closed set (N-Tri-CS) iff M ¢is an N-Tri-OS in (V,7,,7,,7,).

Definition 2.7.[4] Let (V,rl,rz,r3) be a neutrosophic-tri-topological space. The neutrosophic interior of

N, denoted by int ’F‘,(N) is the neutrosophic union of all neutrosophic open sets of N,
ie., int"(N)=N{Ce(z")*:NcC |.
Itis clear that int r;,(N) is the smallest neutrosophic closed set containing N.

Definition 2.8.[4] Let (V,z,,7,,7,) be a neutrosophic-tri-topological space. The neutrosophic closure of

N, denoted by CIS(N ), is the neutrosophic intersection of all neutrosophic closed sets of N,
ie.cl’(N)=N{Ce(")°:NcC |.
Itis clear that cI;(N) is the smallest neutrosophic closed set containing N.

Definition 2.9.[9] Let V be a non-empty set and 7, z, and z, are the three topologies on V. The set V

together with three topologies is called a tri-topological space and is denoted by (V,rl,rz,rg).

Definition 2.10.[16] Let (V,7,),(V,7,) and (V,z,) be any three different NTSs. Then, the structure

(V,rl,rz,r3) is called a neutrosophic tri-topological space (NTTS).
3. Neutro- A -tri open sets

Definition 3.1 Let (V, 7,, 7,, 7,) be a NTTS over a universe V. Then aNS M " over V is said to be a

neutro- A -tri-open set (N*TOS) if M* belongs to the collection of finite intersection of NOSs
€7, ,, respectively.

el

(ie.,) M* e 7, N7, Nz,

where 7,,7,,7, are three different topologies. A NS M " is said to be neutro- A -tri closed set N* TCS if
(M*) isaN*TOS

in(V, 7,, 7,, 74).

Definition3.2 Let (V,7,,7,,7,) be a NTTS over a universe V. Then its union is defined by,

M = {(V’T/% (W1, () F, (v)):vev.
where,
T, (v):max{TAi V)T, ()T, (v)}

1, (v)=min {1, (v).1,, ()1, (v)} and
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F,, (v)=min {F, (v),F, (v),F, (v)}.
Definition3.3 Let (V,7,,7,,7,) be a NTTS over a universe V. Then its intersection is defined by,
M = {(V'T/-\ (W) 1, (V) Fy (v)):vev|

where,

T, (v)=min {I’,\ (V). Ty ()T, (v)},

Definition 3.4 Let {M Miel } be a collection of NTTS over a universe V. Then,

Um? :{(v,max T, (v).min 1, (v),min F, (V))} ;

iel

M = {{v,min T, (v),max 1, (v),max F,, (v)).

el
Definition 3.5 In a NS M over V and the null set (0,,) and the whole set (1,,) is given by
0,={(v,0,0):veV}
1, ={V.1,0,0)veV}
Therefore, 0,, 1.
Example 3.6 Let V = {r, s, t} be a non-empty set and the NSs A, A,, A, be defined as
A ={(r, 0.8,0.2,0.5), (s, 0.9, 0.1, 0.1), (t, 1.0, 0.7, 0.2)},
A,={(r, 0.6, 0.9, 0.1), (s, 0.8, 0.9, 0.5), (t, 0.3, 0.2, 0.1)} and
A,={(r,0.2,0.6,0.8), (5, 0.2, 0.3, 0.4), (t, 0.4, 0.9, 1.0)}.
Then 7, ={0,,, 1., A}, 7, ={0,..1.., A}, 7, ={0,,.1,,, A} are three different NTs over V.
Thus (V, z,, 7,, 7,) isa NTTS.
Then the collection of N* TOSare M* ={M,*, M}, M/},
where
M= ANA,={(r 0.6,0.9,0.5), (s, 0.8,0.9,05), (t 0.1,0.7,0.2)},
M, = ANA={(r0.20.6,0.8),(s,03,0.3,04),(t0.1,0.9, 0.1)} and
M>=A NA ={(r,0.2,0.9,0.8), (s,0.2,0.9, 0.5), (t, 0.3, 0.9, 1.0)}.

Thus M*,M ;' and M/ are N*TOSs.
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Also, the collection of N* TCS are (M*)° = {(Ml")c,(MZA)C,(MgAY} ,

where

(MM ={(r,05,0.1,0.6), (s, 0.5,0.1,0.8), (t, 0.2, 0.3, 0.2)},

(M2 ={(r,058,04,0.2), (s, 0.4,0.7,0.3), (t, 0.1, 0.1, 0.1)} and

(MM° ={(r,0.8,0.1,0.2), (s, 0.5, 0.1, 0.2), (t, 1.0, 0.1, 0.3)}.

Thus (M})¢, (MZA)C, (M})¢ are N*TCSs.

Remark 3.7 Let (\/,rl ,2'2,1'3) be a NTTS. Then, the collection of N*TOS does not form a NTS over V.

Remark 3.7 is illustrated in the following example.

Example 3.8 Consider the Example 3.6,

Here M does not satisfies the axioms of NTS.

Since M;* UM, ={(r, 0.6, 0.6, 0.5), (s, 0.8, 0.3, 0.4), (t, 0.1, 0.7, 0.2)}eM *.
M;* M, ={(r, 0.2, 0.6, 0.8), (s, 0.3,0.9, 0.5), (t, 0.1, 0.9, 1.0)} ¢M *.
Hence the collection of N*TOS and M/ does not form a NTS over V.

Theorem 3.9 Let (V,z,,7,,7,) be a NTTS. Then, a neutrosophic null set (0,,) and a neutrosophic whole

set (1,,) are always N* TOS.
Proof Let (V,7,,7,,7,) beaNTTSand A,A,and A, be any three NOSs.
Suppose that NNS 0, is defined as
0, =ANANA,
where A =0,,,A, =0, and A, =0,,,.
Then A, A, and A,are NOSs.
Thus A e7,,A e7,,A €1,
Hence 0,, isa N" TOS.
Similarly, Let (V,7,,7,,7,) beaNTTSand A, A, and A, be any three NOSs.
Suppose that NWS 1, is defined as

Le=ANANA

where A =1, A, =1 and A, =1.
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Then A,A, and A, are NOS.
Thus A €7, A e7,, A eT,.
Hence 1,, isa N“TOS.

Preposition 3.10 Let (V,z,,7,,7,) be a NTTS over a universe V and A, A, and A, be any three NOSs.
Then,

)AUAUA =[AUA]JUA and
ANANA=[ANA]INA.
i) A U[A,NAT=[AUA]N[AUA]and
AN[AUA]=[ANAJU[ANA]
iii)A U0, =A and ANO, =0,
iv)A U1, =1, and AN, =0,,.
Proof Obvious.

Definition 3.11 Let (V,7,,7,,7,) be a NTTS over the universe V. Then the N* -interior and N* -closure

of M* and (M* f is defined by,
i) Union of all N*TOS contained in M*.
i) Intersection of all N*TCS contained in (M A)C.

Theorem 3.12 Every NOS need not be a N* TOS and vice versa.
Theorem 3.12 is illustrated in the following example.

Example 3.13 Consider the Example 3.6

Here, A is NOS but not N* TOS
Here, M2 is N* TOS but not NOS.
Theorem 3.14 Every NCS need not be an N* TCS and vice versa.

Theorem 3.14 is illustrated in the following example.

Example 3.15 Consider the Example 3.6
Here (M} is a N TCS but not a NCS.

Here A isaNCS butnota N* TCS.

Remark 3.16 The union of two N * TOSs need not be a N* TOS.
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Example 3.17 Let V={r, s, t} be a non-empty set and NSs A, A,,B,,C, and C, can be defined as,
A ={(r,1.0,0.2,0.5), (s,0.9, 0.4,0.3), (t, 0.8, 0.2, 0.5)},

A, ={(r,0.7,0.4,0.6), (s, 0.8, 0.6, 0.5), (t, 0.8,0.7, 0.9)},

B, ={(r,0.4,0.2,0.2), (s,0.7,0.3,0.1), (t, 0.9, 0.2, 0.4)},

C, ={(r,0.9,0.3,05), (s,0.8,0.2,0.5), (t, 1.0, 0.1, 0.1)},

C, ={(r, 0.8,0.4,0.9), (s, 0.4, 0.7, 0.6), (t, 0.1, 0.4, 0.3)} and
C,={(r,0.9,03,0.1),(s,0.9,0.1,0.3), (t, 1.0, 0.1, 0.1)}.

Then 7, ={0,.1.,, A, A}z, ={0,.1,.B} 7 ={0,.1,.C,,C,,C,} are the three different NTs over V.
Thus (V,7,,7,,7,) isa NTTS.

Thus the collection of N* TOS are M* ={M*, M}, M}'}.

where

M} = {(r, 0.4,0.2,0.5), (s, 0.7, 0.4, 0.3), (t, 0.8, 0.2, 0.5)},

M, = {(r,0.4,0.4,0.6), (s, 0.7, 0.6, 0.5), (t, 0.8, 0.7, 0.9)},

M2 = {(r, 0.9,0.3,0.5), (s, 0.8,0.4,0.5), (t, 0.8, 0.2, 0.5)},

M} = {(r,0.1,0.4,0.9), (s, 0.4,0.7,0.6), (t, 0.1, 0.2, 0.5)},

M2 ={(r,0.9,03,0.5), (s, 0.9, 0.4, 0.3), (t, 0.1, 0.2, 0.5)},

Mg ={(r, 0.7,0.4, 0.6), (s, 0.8, 0.6, 0.5), (t, 0.8, 0.7, 0.9)},

M2 ={(r, 0.7,0.4,0.9), (s, 0.4, 0.7, 0.6), (t, 0.1, 0.7, 0.9)},

Mg = {(r,0.4,0.3,0.5), (s,0.7,0.3,0.5), (t, 0.9, 0.2, 0.4)},

M2 = {(r, 0.4,0.2,0.9), (s, 0.4, 0.7, 0.6), (t, 0.1, 0.4, 0.4)} and

MA = {(r, 0.4,0.3,0.2), (s, 0.7, 0.3, 0.3), (t, 0.9, 0.2, 0.4)}.
Thus MM}, MM MM ME,ME, M2 MM, M and M} are N4 TOSs.
Also, the collection of N* TCS are,

(M) = (M), (M), (M2}
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where
M/ S ={(r,0.5,0.8,0.4), (s, 0.3,0.6,0.7), (t, 0.5, 0.8, 0.8)},
M2 S ={(r, 0.6, 0.6, 0.4), (s, 0.5,0.4,0.7), (t, 0.9, 0.3, 0.8)},
MY ={(r,05,0.7,0.9), (s, 05, 0.6, 0.8), (t, 0.5, 0.8, 0.8)},
M2 Y ={(r,0.9,0.6,0.1), (s, 0.6, 0.3, 0.4), (t, 0.5, 0.8, 0.1)},

MY ={(r,05,0.7,0.9), (5,03, 0.6, 0.9), (t, 0.5, 0.8, 0.1)},

M2 ={(r,09,06,0.7), (5,06, 0.3, 0.4), (t, 0.9, 0.3, 0.1)},
M2 ={(r,05,0.7,0.4), (5,05,0.7,0.7), (t, 0.4, 0.8, 0.9)},

(
(
(
(
(
(M2 ={(r, 0.6,0.6,0.7), (s, 0.5,0.4,0.8), (t, 0.9, 0.3, 0.8)},
(
(
(M2 ={(r,0.9,038,0.4), (s, 0.6, 0.3, 0.4), (t, 0.4, 0.8, 0.9)} and
(

Mfg)c ={(r,0.2,0.7,0.4), (s,0.3,0.7,0.7), (t, 0.4, 0.8, 0.9)}.
Thus (M}), (M2)°, (M2)", (M2)", (M2)°, (M), (M), (M2)°, (Mg )°and (M3)° are N TCSs.
Remark 3.18 Union of any two N * TOS need not be a N * TOS.

Remark 3.18 is illustrated in the following Example.

Example 3.19 Consider the Example 3.17.

Here M/ and M are N* TOS.

Then M2 UM/ ={(r,0.6,0.5,0.4),(s,0.7,0.8,0.8),(t,0.2,0.4,0.3)}.
Thus MAUMS isnotaN*TOS.

Remark 3.20 Intersection of two N * TOS need not be a N* TOS.
Remark 3.20 is illustrated in the following example.

Example 3.21 Consider the Example 3.17.

Here M2 and M/ are N* TOS.
Then MMM/ ={(r,0.6,0.7,0.9),(s,0.1,1.0,0.8),(t,0.1,0.8,0.9)}
Then M2 NMZ isnota N* TOS.

Therefore M2 MM is not N* TOS.
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Theorem 3.22 Every NCS need not be a N* TCS and vice versa.
Theorem 3.22 is illustrated in the following example.

Example 3.23 Consider the Example 3.17.

Here (M} is a N TCS but not a NCS.
Here A isaNCS butnota N* TCS

Remark 3.24 The union of any two N* TCSs need not be a N* TCS.

Example 3.25 Consider the Example 3.17.
Here (M2 f and (M) are N*TCSs.
Then (M2 ¥ U(MZ2f ={(r, 06,0.6,0.7), (5,0.5,0.4,0.8), (t, 0.9, 0.3, 0.1)}, is

nota N* TCS.

Remark 3.26 The intersection of any two N * TCSs need not be a N* TCS.
Remark 3.26 is illustrated in the following example.

Example 3.27 Consider the example 3.17.

Here (M2 ) and (MZ ) are N* TCSs.

Then (M2 f N(M2f ={(r, 0.5,0.7,0.9), (s, 0.3, 0.6,0.9), (t, 0.5, 0.8, 0.8)}, is

nota N* TCS.

Preposition 3.28 Let (V,7,,7,,7,) be a NTTS over a universe V and A’'and A{ be any two NTS. Then,
D(AUA) =ANA
i(ANA ) =AUA.

Proofi) Let (V,z,,7,,7,) be a NTTS over a universe V. Let veV . Then,

A UA, ={lv.max (T, (v)T,, (V) min (1, (v).1,, (v)) min (F, (v).F,, (v)))
(AUAY ={vmin (F, (v} F, (1)1 min (1, )1, (0)h max (T, )T, ()}

Now,

From this we can say that
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AN A ={v.min (F, (v), F,, (v))2-min (1, @)1, ()} mex(T, (V)T (v)))}
Hence, (A UA,) = A°NAS.

il) This can be proved by similar way.

4. A -Neutrosophic- t- open sets

Definition 4.1 Let (V,z,,7,,7,) be NTTS over the universe V and M}, M}, M be any three N*TOS .
Then, P" is said to be A - Neutrosophic-tri-t-open set (N* T-t-OS) if,

P* =M UMM UMY
Let (V,z,,7,,7,) be NTTS over the universe V. Then, P° is said to be A -
Neutrosophic-tri-t-closed set (N* T-t-CS) if Pisa N*T-t-0Sin (V,7,,7,,75).

Definition 4.2 Let (V,7,,7,,7,) be a NTTS over a universe V. Then the union of all N*TOS is defined
by,

P ={W T W) 1,0 () Fy (W) 1V eV,
11

where

Let (V,z,,7,,7,) be a NTTS over a universe V. Then the intersection of all N*TCS contained in P©.

Definition 4.3 Let (V,z,,7,,7,) be a NTTS over a universe V. Then the intersection of all N*TCS is
defined by,

P :{V,TMI,\ W), 1, (), F (v): veV.
where

W) T,

2 3

(01,0 anc
(W), )]

2 3

T, (v)=min {I’MlA V)T,
I, (v)=max i w1,
F . (v)=max {FMIA (v).F,

Mi

Example 4.4 Consider the Example 3.17,
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Here M,*, M2 M/ are N* TOSs.
Then P* =M} UM} UM
={(r,0.9,0.7,0.4),(5,0.6,0.3,0.4),(t,0.5,0.6,0.9)} isa N* - T —t—0S .
Also, (P*)®={(r,0.4,0.3,0.9),(s,0.4,0.7,0.6),(t,0.9,0.4,0.4)} isa N* —T —t—CS.
Theorem 4.5 Let (V,z,,7,,7,) be NTTS over V. Then, the union of any two N* T-t-OS is a
N*T-t-OS.
Proof Let P and S be any two N* T-t-OSs in NTTS.
If P=R,UP,UP, and S=S,US,US,. Then,
PUS =(R,UP, UR,)U(S,US, US;)
12

= (RUS)U(R,US,)U(RUS;)
Since (P, US,),(P,US,)and (P,US,) are N* T-t-OS.
Hence, PUS isa N*T-t-OS.

Remark 4.6 The intersection of any two N * T-t-OS need not be a N* TOS.

Example 4.7 Consider the Example 3.17

Here P* and P, are N* T-t-OS.

‘Let B* =MAUMAUMZ and P =M UM UME.

Then P* NP ={(r,0.4,0.7,0.5),(s,0.6,0.3,0.5),(t,0.5,0.6,0.9)} is not a N* TOS.

Theorem 4.8 The union of any N * T-t-CS need not be N* TCS.
Theorem 4.8 is illustrated in the following example.

Example 4.9 Consider the Example 3.17.

Here (P*) and (P ) are NA T-t-CS.

Let (") =M*UMIUMZ and (P =M2 UM UME.

Then (R*)°U(P")¢ ={(r,0.9,0.7,0.4),(s,0.6,0.3,0.4 ),(t,0.5,0.8,0.8)} is not N* TCS.

Theorem 4.10 The intersection of any N* T-t-CS need not a N* TCS.
Theorem 4.10 is illustrated in following example.

Example 4.11 Consider the Example 3.17.
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Here (P* ) and (P, ) are N T-t-CS.
Let (P =M UMMUMZ and (P =M2UMSUME.
Here (P)°N(P)° ={(r,0.4,0.7,0.5),(s,0.6,0.3,0.5),(t,0.5,0.6,0.9)} is nota N* TCS.
Theorem 4.12 Every N* OS need not be a N* T-t-OS.
Theorem 4.12 is illustrated in the following example.
Example 4.13 Consider the Example 3.17.
13
Here P* isaN*T-t-OSand M* isaN"TOS.
Then P* ={(r,0.9,0.7,0.4),(s,0.6,0.3,0.4),(t,0.5,0.6,0.9)} is not a N* TOS.

Theorem 4.14 Consider the Example 3.17.
Here (P*) isaN*T-t-CSand (M")° isaN*TCS.

Then (P*)° ={(r,0.4,0.3,0.9),(5,0.4,0.7,0.6),(t,0.9,0.4,0.4)} is nota N* TCS.
5. Conclusion

In this paper, a notion of neutro- A -tri open set is introduced with the concept of intersection of NOSs
on NTTS. Also, defined its complement as neutro- A - tri-closed set, with appropriate examples. Later
neutro- A -tri- interior and neutro- A -tri-closure are defined. Few of their theorems are stated and proved.
Further, defined a new class of open sets called neutro- A -tri-t-open set. Also, discussed some of its
basic properties and theorems with suitable examples.
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