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Abstract
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1 Introduction

Topology between two sets is said to be the binary topology as it is the binary structure from X to Y which
is defined to be the ordered pairs (A, B) where A C X and B C Y. This binary topology was initiated
by S.N.Jothi and P.Thangavelu® in 2011. The concept of neutrosophic sets was presented by Smarandache®
which is a generalisation of intuitionistic fuzzy sets. Using this sets, A.A.Salama'” in 2012 introduced the
neutrosophic topological spaces. The neutrosophic set contains the degree of membership, the degree of in-
determinancy and the degree of non-membership of each components of X. In continuation, by combining
these topologies, S.S.Surekha, J.Elekiah and G.Sindhu!! in 2022 formulated neutrosophic binary topological
spaces. Again, in 2022, S.S.Surekha and G.Sindhut'? defined NV;-ags closed sets in neutrosophic binary topo-
logical spaces. In this paper, we have introduced a new concept called neutrosophic binary ags-neighborhood
points and discussed some of its properties. Also, we discussed about the neutrosophic binary a.gs interior and
closure operators and proved some theorems which is analyzed using the examples.

2 Preliminaries

Definition 2.1. X' A Neutrosophic binary topology from X to Y is a binary structure My C P(X) x P(Y)
that satisfies the following conditions:

1. (Ox,()y) € My and (1x,1y) e My.
2. (A1 N Ay, By N By) € My whenever (A1, By) € My and (As, B2) € My.

3. If (Aa, Ba)aca is a family of members of My, then (UpeaAn, UncaBa) € Mny.
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The triplet (X, Y, M) is called Neutrosophic Binary Topological space. The members of M y are called the
neutrosophic binary open sets and the complement of neutrosophic binary open sets are called the neutrosophic
binary closed sets in the binary topological space (X,Y, My).

Definition 2.2. "' (0, 0y) can be defined as

(01) 0x ={<2,0,0,1 > 2z€ X},0y ={<y,0,0,1 >y €Y}
(02) 0x ={<z,0,1,1>2z€ X},0y ={<y,0,,1 >:y€Y}
(03) O0x ={<z,0,1,0>:2€ X},0y ={<9,0,1,0>:y €Y}
(04) 0x ={<2,0,0,1 > 2z€ X},0y ={<9,0,0,0>:y€Y}

(1x,1y) can be defined as

(11) 1x ={<z,1,0,0>2€ X}, 1y ={<y,1,0,0>:y €Y}
(12) Ix={<=z,1,0,1>2e X} 1y ={<y,1,0,l >:yeY}
(13) Ix={<z,1,1,0>:2e X}, 1y ={<y,1,1,0>:y €Y}
(Iy) Ix={<z,,,1>zeX}1ly ={<y,1,1,1>:y€Y}

Definition 2.3. "' Let (4, B) = {< pa,04,74 >,< up,0p,7s >} be a neutrosophic binary set on
(X,Y, My ), then the complement of the set C'(A, B) may be defined as

(C1) C(A,B)={z,<1—pa(x),0a(x),1 —ya(x) >z € X,
<y, 1 —pp(y),o8(y),1 -8y >y €Y}

(C2) C(A,B) ={z,<va(z),04(x),pa(z) >z € X,
<y,78(Y),08(),uB(y) >:y €Y}

(C5) C(A,B) ={z,<va(x),1 —oa(z),palz) >z e X,
<y,78Y),1—0op(y),upy) >y €Y}

Definition 2.4. W Let (A4, B) and (C, D) be two neutrosophic binary sets which is in the form
(A,B) ={< pa,04,74 >, < piB,0B,yB >} and

(Cv D) = {< uc,oc,Yc >, < UDs0D,YD >}~

Then (A, B) C (C, D) can be defined as

Alz) <oco(x),va(z) > yo(x)Vr € X

)
),78(Y) > 7p(
(

t
Q
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Q
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Definition 2.5. W Let (A4, B) and (C, D) be two neutrosophic binary sets which is in the form
(A,B) ={< pa, 04,74 >, < pu,0B,yp >} and

(Cv D) = {< mc,oc,vc >, < kD, 0D, VD >}~

(1) (A, B) N (C, D) can be defined as

(A,B)N(C,D) ={ < z,pa(zx) A pc(z),0a(x) ANoc(z),valz) V ye(z) >
<y, uB(Y) A up(y)
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(2) (A, B) U (C, D) can be defined as
(A, B)U(C,D) ={ <z, pa(x) V po(x),0a(x) V oc(z), ya(r) Ayo(z) >

<y, 18V up(y),o5(y) Vop(y),v8y) ANvply) >}

(A,B)N(C,D) ={ <z, pa(x)Vpuc(x),ca(x) Noc(x), valxz) Ave(z) >
<y,u8Y) Vup(y),o5(y) ANop(y),v8(y) ANvply) >}
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Definition 2.6. ' Let (X, Y, M) be a Neutrosophic Binary Topological Space. Then,
(A, B)'~ =n{A, : (A4, B,) is neutrosophic binary closed and (A, B) C (A4, Ba)}

(A, B)®>N = N{B, : (A4, B,) is neutrosophic binary closed and (4, B) C (Aq, Ba)}.
The ordered pair ((A, B)'~, (A, B)*V) is called the neutrosophic binary closure of (4, B).

Definition 2.7. W Let (X, Y, M) be a Neutrosophic Binary Topological Space. Then,
(A, B)'~ = U{A, : (Aq, B, ) is neutrosophic binary open and (A, By) C (A, B)}

(A, B)2N = U{B, : (Aq, B, ) is neutrosophic binary open and (A, B,) C (A, B)}.

The ordered pair ((A, B)'V, (A, B)2%) is called the neutrosophic binary interior of (A, B).

Definition 2.8. "'? Let (X, Y, M) be a Neutrosophic Binary Topological Space. Then (A, B) is called

1. Neutrosophic binary « open if (A, B) C Nyint(Npcl(Npint(A, B))).
2. Neutrosophic binary semiopen if (A, B) C Nycl(Npint(A, B)).

Definition 2.9. '“ Let (X, Y, My ) be a Neutrosophic Binary Topological Space. Then,

(A, B)'N =n{A, : (As, B,) is neutrosophic binary « closed and (A, B) C (Aq, Ba)}

(A, B)>» =N{B, : (A4, B,) is neutrosophic binary o closed and (4, B) C (Aq, Ba)}.

The ordered pair ((A, B)'~, (A, B)?V) is called the neutrosophic binary « closure of (A, B) and is denoted
by Nyacl(A, B).

Definition 2.10. "% Let (X, Y, M) be a Neutrosophic Binary Topological Space. Let (4, B) C (X,Y).
Then (A, B) is called a Neutrosophic Binary « generalised semiclosed set (shortly Nyags-closed set) if
Nyacl(A, B) C (U, V) whenever (U, V) is Neutrosophic Binary Semiopen.

Definition 2.11. ¥ Let 2 be a point of a topological space (X, 7). A set U C X is called an a-neighborhood
of x in X if there exists an a-open set A containing x and A C U.

3 Neutrosophic Binary ags neighbourhoods

Definition 3.1. Let (X,Y, M) be a neutrosophic binary topological space. Let My (X) be the set of all
neutrosophic binary sets over X and My (V) be the set of all neutrosophic binary sets over Y. A neutrosophic
binary set

(S, 7)={<z,T(x),I(z), F(x) > x € X,<y,T(y),I(y),Fly) > yeY}

is called the binary point if and only if for any element (P, Q) € (X,Y),

T(P) = a1; T(Q) = o T(P) = 0;T(Q) =0
I(P) = p1; 1(Q) = Ba; for(P,Q) = (X,Y) I(P)=11(Q)=1; for(P,Q)# (X,Y)
F(P) =v;F(Q) = F(P)=1LF(@Q) =1

The neutrosophic binary point

(5, T) = {<,T(x), [(z), F(x) >:x € X, <y,T(y), [(y), Fly) >y €Y'}
will be denoted by ( Zl,ﬁl,’}/l ) Ti’?:ﬁ%’ﬁ) or (S <z, a1, /Bla " >, T < Yy, aa, BZa V2 >) or Slmply
(Tay,B1,791> Yoz, o,y )- FoOr the neutrosophic binary point (Za, 8, 415 Yas,82,72)» (£, ) is said to be the binary
support. The complement of the neutrosophic binary point is denoted as (Za, 8, v1 s Yas,B2,72 ) -

Definition 3.2. Let (X,Y, M) be a neutrosophic binary topological space. Let (A, B) be the neutrosophic
binary subset of the Neutrosophic Binary Topological sapce. The subset (A, B) is called as neutrosophic
binary ags- neighborhood of a neutrosophic binary point (Za, 8, 715 Yas,8.,4.) if and only if there exists an
neutrosophic binary ags open set (C, D) such that (2o, 8, 715 Yas,82,42) € (C. D) C (A, B).

Definition 3.3. The neutrosophic binary neighborhood (A, B) of the neutrosophic binary point
(ay,B1,71> Yas, 82,72 ) 18 said to be neutrosophic binary ags- neighborhood of (za, 8, .41 Yas,ps,v.) if (A, B)
is a neutrosophic binary aegs open set.
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Definition 3.4. The family consisting of all the neutrosophic binary ags-neighborhoods of neutrosophic bi-
nary point (Tu, 8,15 Yas, 82,72 ) 1S called the system of neutrosophic binary aigs-neigborhoods. The family is
denoted by Nb(xOH B ya2,527’72)'

Proposition 3.5. A neutrosophic binary set (A, B) in a neutrosophic binary topological space (X,Y, My) is
said to be neutrosophic binary ags-open if and only if it is a neutrosophic binary ags-neighborhood of each
of its neutrosophic binary points.

Proof. Let (X,Y, My) be a neutrosophic binary topological space. Let (A, B) be a subset of Neutrosophic
Binary Topological Space. Suppose (A, B) is neutrosophic binary ags-open set. Then for every neutrosophic
binary point (Za, 8,415 Yas.B2,72) € (4, B) C (A, B). This implies that, (A, B) is a neutrosophic binary
ags-neighborhood of (x4, .8, 415 Yas,Ba.vs)- Thus, (A, B) is a neutrosophic binary a,gs-neighborhood of each
of its neutrosophic binary points.

Conversely, suppose that (A, B) is a neutrosophic binary ags- neighborhood of each of its neutrosophic binary
points.

If (A, B) = (0x,0y). Then, obviously (A, B) is a neutrosophic binary «gs open set.

If (A, B) # (0x,0y). Then for each (o, 8, v, Yas,B2.v2) € (A, B), there exists an neutrosophic binary
ags-open set (C, D) such that (Za, 8, 41+ Yas,Ba.) € (C, D) C (A, B).

Obviously, (A, B) = U(C(xal,ﬁl,’h)a D(ya2,52772))'

Hence, (A, B) is a neutrosophic binary aigs-open set. O

Proposition 3.6. Two neutrosophic binary topologies on the same set are identical if and only if they admit
the same neutrosophic bianry ags-neighborhoods.

Proof. The neccesary part is obvious.

Sufficient part: Let (X,Y, My, ) and (X, Y, My, ) be two neutrosophic binary topological spaces having the
same neutrosophic binary ags-neighborhoods of the neutrosophic binary points over (X,Y). Now,

let (A, B) be the neutrosophic binary ags-open set of (X, Y, My, ).

<= (A, B) is a neutrosophic binary a,gs-neighborhood of its neutrosophic binary points in (X, Y, My, ).
<= (A, B) is a neutrosophic binary a,gs-neighborhood of its neutrosophic binary points in (X, Y, My, ).
<= (A, B) is a neutrosophic binary ags-open set in (X,Y, My, ).

Therefore, M, = My,. O

3.1 Properties of a neutrosophic binary ags-neighborhoods

Let (X, Y, M) be a neutrosophic binary topological space and let (z,y) € (X,Y). H MN(Za, 81,791 Yoz, Ba,v2)
be the collection of all neutrosophic binary ags-neighborhoods of the neutrosophic binary point (Za, 8, v1 s Yas, 82,72 )
then

1. MN(Zay 1,91 Yoz, a2 ) 7 O for every neutrosophic binary point (Za, 8, 415 Yas,8s,72) € Mn(X,Y).

2. (A, B) € MN(Zay 810 Yaz,Bav2) = (Tar,prmsYas,B2,72) € (A, B).
3. (A,B) € MN(Zay 81715 Yas,Ba,ys) a0d (A, B) C(C,D) = (C, D) € Mn(Tay 81,715 Yas,Bs,72)-
4. (A,B) € Mn(Tay 81,715 Yas, B2, )-then there exists (C, D) € My (Zay 81,915 Yas,B2,7.) SUch that
(C,D) C (A,B) and (C,D) € MN(x;‘l”ﬁl”“/l”yaz/’62' v, ) for all (x/al”ﬁl’%”y%’ Byy) €
(C, D)
Proof. 1. Since (X,Y) is an neutrosophic binary ags-open set, it is a neutrosophic binary ags neigh-

borhood of every neutrosophic binary point (Za,,8,,v: s Yas,8.,7.)- Thus there exists atleast one neutro-
sophic binary ags-neighborhood for every neutrosophic binary point (4, 8, ~1 s Yas,8s,7.)- Therefore,
MN(Zay.B1 715 Yas,Barys) 7 0 for every neutrosophic binary point (Za, 8, 41 s Yas,Ba,s) € MN(X,Y).
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2. Let (4,B) € MN(xahﬂl:“/l ) yamﬂzﬁz)'
= (A, B) is a neutrosophic binary ags-neighborhood of (x4, 8, 715 Yoz, 8.2 )-

= (x(nﬁh’)’l’y@zﬁzﬁz) € (Aa B)

3. Let (A, B) € MN(Zay,81 715 Yaz 6272 )-
= (A, B) is a neutrosophic binary ags-neighborhood of (x4, g, 71 Yas,Ba.7s)-
= there exists an neutrosophic binary ags-open set (A, B1) such that (Ta, 8,.v1sYas,Bs,72) €
(A1, B1) C (4,B).
Since, (A, B) C (C, D),
= there exists an neutrosophic binary ags-open set (Ay, By) such that (Za, g, 415 Yas,B2,92) €
(A1, B1) C (C, D).
= (C, D) is a neutrosophic binary cgs-neighborhood of (Za, 8, .1 Yas,B2,72)-
= (C,D) € MN(Zay,8: 715 Yas,B2,72)-

4. Let (A, B) € Mn(Zay 81,91 Yas,B2,7.)- Then, there exists an neutrosophic binary ags-open (C, D)
such that (Za, 8,41 Yas,pa,72) € (Cs D) C (A, B). Since, (C, D) is a neutrosophic binary cgs-open
set and since (xa1,/31771 ) yotz,ﬁzfyz) € (Ca D) - (C’ D)’ we have (Ca D) e MN(xa1,61 10 yazﬁQﬂz)
and also (A, B) C (C, D). Further, since (C, D) is a neutrosophic binary «gs-open set, (C, D) is a
neutrospphic binary args-neighborhood 9f each of its neutrosophic binary points. Therefore, (C, D) €
MN(xa1/ ,,@1/ Yy ya2/ 752/ Vol ) for all (xal/ ,,61/ Yy yaz/ ,52/ o! ) € (Cv D)

O

4 Neutrosophic binary ags interior of a set

Definition 4.1. A neutrosophic binary point (24, 8, .~ Yas,8s,7.) il @ neutrosophic binary topological space
(X,Y, My) is said to be neutrosophic binary ags-interior point of (A, B) if and only if there exists an
neutrosophic binary ags-open set (U, V) in (X,Y) such that (U, V) C (A, B).

Definition 4.2. Let (X,Y, M) be a Neutrosophic Binary Topological Space. Then,
0
(A, B)})ﬁs = U{A4 : (Aq, By ) is neutrosophic binary ags-open and (4, B,) C (4, B)}

(A, B)i%,’s = U{Bq : (A4, B, is neutrosophic binary aigs-open and (A, B,) C (A, B)}.

The ordered pair ((A, B)!¥, (A, B)Q?V) is called the neutrosophic binary «gs interior of (A, B).

Remark 4.3. The set of all neutrosophic binary ags-interior points of (A, B) C (X,Y) is said to be the
neutrosophic binary ags-interior of (A, B). Equivalently, the union of all neutrosophic binary «gs-open
sets contained in (A, B) is called the neutrosophic binary ags-interior of (A, B) and is denoted by Nyags-
int(A, B).

The union of all neutrosophic binary cugs-open set in a Neutrosopic Binary Topological Space (X, Y, My) is
neutrosophic binary aigs-open. This implies that the Nyags-int(A, B) is the neutrosophic binary ags-open
set.

Remark 4.4. Since by theorem 5.32, every neutrosophic binary open set is neutrosophic binary ags-open
set, it follows that every interior point of (A, B) C (X,Y’) is a neutrosophic binary c«gs-interior point of
(A, B). Therefore, Ny-int(A, B) C Nyags-int(A, B). But the converse is not true as shown by the following
example.

Example 4.5. Let X = {a,b} and Y = {c,d}. The neutrosophic binary topological space is given by
MN = {(Ox, Oy), (1)(, 1y), (Vh I/Vl)7 (va, Wz)} where,

(Vi, W1) = {< z,(0.4,0.5,0.5), (0.3,0.5,0.6) >, < y, (0.3,0.5,0.5), (0.4,0.5,0.7) >} and

(Va, Wa) = {< 2, (0.3,0.5,0.6), (0.2,0.5,0.7) >, < y, (0.2,0.5,0.6), (0.3,0.5,0.7) >1.

Let (4, B) = {< z,(0.8,0.5,0.1), (0.8,0.5,0.1) >, < y, (0.7,0.5,0.2), (0.6,0.5,0.1) >1.

Here Ny-int(A,B) = {< x,(0.4,0.5,0.5),(0.3,0.5,0.6) >,< v,(0.3,0.5,0.5),(0.4,0.5,0.7) >} and
Nyags-int(A, B) = {< z,(0.2,0.5,0.9),(0.2,0.5,0.9) >, < y,(0.3,0.5,0.8), (0.4,0.5,0.9) >}, which
implies that Nyags-int(A, B) € Ny-int(A, B).
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Remark 4.6. Let (X,Y, My) be a neutrosophic binary topological space. The subset (A, B) is said to be
neutrosophic bianry aigs-open if and only if (A4, B) = Nyags-int(A, B).

Proposition 4.7. Suppose (A, B) C (C,D) C (X,Y) and (X,Y, M) is a neutrosophic binary topological
space. Then,

(i) Npyags-int(0x,0y) = (0x,0y)
Nyags-int(lx,1y) = (1x,1y)

(ii) Npags-int(A, B) C (A, B)
(iii) (A, B)ags C (C, D)alys
0 0
(iv) (A, B)ays C (C,D)als
(v) Npyags-int(A, B) C Nyags-int(C, D)
(vi) Npags-int(Nyags-int(A, B)) = Nyags-int(A, B)

Proof. (1) and (ii) are obvious.

(#1) (A, B);ng = U{A, : (A4, B.) is neutrosophic binaryags-open and (A, B,) C (A, B)}
C U{A, : (Aq, By) is neutrosophic binaryags-open and (A, B,) C (C, D)}
— (C, D)3,
Similarly, (iv) also holds.
(v) Noags — int(4, B) = (4, B)ifs, (A, B)ays)
C (€, D)ids, (C, D)2)
= Nyags —int(C, D).
(vi) It follows from the remark [4.6] O

5 Neutrosophic binary ags closure of a set

Definition 5.1. Let (X,Y, My) be a Neutrosophic Binary Topological Space. Let (4, B) C (X,Y). The
intersection of all the neutrosophic binary ags-closed sets in (X,Y’) which contains (A, B) is called the
neutrosophic binary ags-closure of (A, B).

Definition 5.2. Let (X,Y, My ) be a Neutrosophic Binary Topological Space. Then,

(A, B)es = N{Aq : (Aq, By) is neutrosophic binary ags-closed and (4, B) C (Aq, Ba)}

(A4, B)i’*;s = N{By : (Aq, By) is neutrosophic binary ags-closed and (A, B) C (An, Ba)}

The ordered pair ((A, B)'~, (A, B)?V) is called the neutrosophic binary ags-closure of (A, B) and it is
denoted by Nyags-cl(A, B).

Remark 5.3. Obviously, Nyags-cl(A, B) is the neutrosophic binary ags-closed set and every neutrosophic
binary closed set is neutrosophic binary cgs-closed set. It is clear that Nyags-cl(A, B) C Np-cl(A, B). The
converse is not true.
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Example 5.4. Let F1 = {a1,a2,a3} and Fy = {b1, by, b3} be the universe of the neutrosophic binary topo-
logical space (X,Y, My) = {(0x,0v), (1x,1y), (A1, A2), (B1, B2), (C1, Cs), (D1, D2)}. Here

(A1, As) = { < B1,(0.4,0.5,0.2), (0.3,0.5,0.1), (0.9, 0.6, 0.8) >,
< E5,(0.2,0.5,0.5),(0.1,0.5,0.2), (0.6,0.5,0.8) >}
(By,Bs) = { < E1,(0.5,0.6,0.2), (0.4,0.5,0.1), (0.7,0.6,0.7) >,
< E»,(0.3,0.5,0.4), (0.3,0.5,0.1), (0.7,0.5,0.6) >}
(Ch,Co) = { < E1,(0.5,0.5,0.2), (0.4,0.5,0.1), (0.9,0.6,0.7) >,
< E»,(0.3,0.5,0.4),(0.3,0.5,0.1), (0.7,0.5,0.6) >}
(D1, Ds) = { < E1,(0.4,0.6,0.2), (0.3,0.5,0.1), (0.7, 0.6, 0.8) >,
< E»,(0.2,0.5,0.5), (0.1,0.5,0.2), (0.6,0.5,0.8) >}

(A,B) = { < E1,(0.4,0.5,0.2), (0.3,0.5,0.1), (0.9, 0.4,0.8) >,
< B5,(0.2,0.5,0.5), (0.1,0.5,0.2), (0.6,0.5,0.8) >}

be the Npags-closed sets in (X, Y, My ). Here,

Nyags — cl(A, B) = { < Ey,(0.4,0.5,0.2), (0.3,0.5,0.1), (0.9, 0.4,0.8) >,
< E»,(0.2,0.5,0.5), (0.1,0.5,0.2), (0.6,0.5,0.8) >}

and

Nycl(A, B) = { < E1,(0.5,0.5,0.2), (0.4,0.5,0.1), (0.7,0.4,0.7) >,
<(0.3,0.5,0.4), (0.3,0.5,0.1), (0.7,0.5,0.6) >}

Clearly, Ny-cl(A, B) € Nyags-cl(A, B).

Remark 5.5. Let (X,Y, M y) be a neutrosophic binary topological space. The subset (A, B) is said to be
neutrosophic binary ags-closed if and only if (A4, B) = Nyags-cl(A, B).

Proposition 5.6. Suppose (A, B) C (C,D) C (X,Y) and (X,Y, My ) is a neutrosophic binary topological
space. Then,
(i) Npags-cl(0x,0y) = (0x,0y)
Npags-cl(1x,1y) = (1x,1y)
(ii) (A, B) C Nyags-cl(A, B)
(iii) (A, B)ags C (C, D)as
(iv) (A, B)ays € (C, D)2
(v) Nyags-cl(A, B) C Nyags-cl(C, D)
(vi) Nyags-cl(Npags-cl(A, B)) = Nyags-cl(A, B)

Proof. (i) and (ii) are obvious.

: -
C M{B., : (A., B,) is neutrosophic binaryags-closed and (C, D) C (A,, Ba
{ p yag

1*

(#1) (A, B){gs = N{A, : (Aa, B.) is neutrosophic binaryags-closed and (A, B)
A,, B
= (C, D).

Similarly, (iv) also holds.

(v) Noags — cl(A, B) = (A, B)als, (A, B)ays)

C ((C, D)ajs, (C. D)aigs)
= Nyags — cl(C, D).

(vi) It follows from the remark [3.3] O
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6 Conclusion

Neutrosophic Binary aigs neighborhood points and neutrosphic binary a,gs interior and closure operators were
introduced in this paper. The properties are thoroughly analyzed and verified using the examples. Thus the
concept of neutrosophic a,gs neighborhood points and neutrosphic binary ags interior and closure operators
has been formulated. In future, more operators like neutrosphic binary ags border, neutrosphic binary ags
frontier and neutrosphic binary ags exterior will be defined.
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