Neutrosophic Sets and Systems, Vol. 48, 2022

University of New Mexico

e N

Generalized Open Sets in Neutrosophic Soft Bitopological

Spaces

Sibel Demiralp'*, Hasan Dadas®
'Department of Mathematics, University of Kastamonu, Turkey; sdemiralp@kastamonu.edu.tr
2Department of Mathematics, University of Kastamonu, Turkey; hsn.dad@gmail.com

*Correspondence: sdemiralp@kastamonu.edu.tr

Abstract. In this study, some generalized neutrosophic soft open sets are defined in neutrosophic soft bitopo-
logical spaces. Also, some theorems related to the subject have been given with their proofs and supported

with examples for a better understanding of the subject.

Keywords: Neutrosophic set; Neutrosophic soft set; Neutrosophic soft bitopological space; Generalized neu-

trosophic soft closed (open) set.

1. Introduction

Neutrosophy was defined by Smarandache in 2013 for the first time [15]. After that, this
topic became very popular in the scientific world, and many studies have been done in this
area to date. Salama and Alblowi developed topological structure on neutrosophic sets in
2012 [14]. The concept of neutrosophic bitopological space was defined in 2019 by Ozturk
and Alkan [13]. Then in 2020, neutrosophic interior, closure and boundary were defined in
neutrosophic bitopological spaces by Mwchahary and Bhimraj |12]. Some generalized open
sets were defined in neutrosophic bitopological spaces [5,6]. In 2013, neutrosophic soft set was
defined by Maji [10]. The concept of neutrosophic soft topological space was defined in 2017
by Bera and Nirmal [2]. Neutrosophic soft bitopological space was defined in [4].

In this study some generalized open sets are defined in neutrosophic soft bitopological spaces.

2. Preliminiaries

[1] Let X be a space of points. A neutrosophic set (NS) A in X is characterized by a falsity-

membership function F, a indeterminacy-membership function I and a truth-membership
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function T" where F, I,T : X — [0,1], 0 < T(z)+I(xz)+ F(z) < 3. The set of all neutrosophic
set in X is denoted by NX.

Definition 2.1. [14] Let B,D € NX. Then
(1) Subset: D C B if Tp(z) <Tg(z),Ip(z) < Ip(z),Fp(z) > Fp(z) for all z € X .
(2) Equality: D=Bif DC Band BC D .
(3) Intersection:
DNB={<z,min{Tp(z),Te(z)},min{Ip(z), Ip(z)},max{Fp(z), Fp(z)} >z € X}
(4) Union:
DUB = {< z,max{Tp(2),Ts(2)}, maz{Ip(x), Ip(x)},min{Fp(z), Fp(z)} >z € X}

The intersection and the union of a collection of NSs {D;} € I are defined by:

ﬂ D; = {< z,inf{T,(2)},inf{Ip,(2)},sup{Fp,(z)} >: z € X}
i€l

U D; = {< z,sup{Ip,(2)},sup{Ip,(2)},inf{Fp,(z)} >z € X}
el
(5) The neutrosophic set defined as Tp(z) = 1,Ip(z) =1 and Fp(z) =0 for all z € X is
called the universal NS denoted by 1x . Also the neutrosophic set defined as Tp(z) =
0,Ip(z) =0 and Fp(z) =1 for all z € X is called the empty NS denoted by Ox .
(6) Difference: D/B = {< z,Tp(z) — Tp(z),Ip(z) — Ip(2), Fp(z) — Fp(z) >: z € X}
(7) Complement: D¢ =1x/D

Clearly, the complements of 1x and Ox are defined:
(1x)=1x/1x ={<2,0,1,1 >: 2 € X} =0x
(0x)°=1x/0x ={<2,1,0,0>: z€ X} = 1x

Proposition 2.2. Let Dy, Dy, D3, Dy € N(X). Then the followings hold:
(1) Dy N D3 C D3N Dy and Dy U Dy C DyU Dy if Dy C Dy and D3 C Dy
(2) (DS)° = Dy and Dy C Dy if DS C DS
(3) (Dy N Ds)¢ = DS U D and (Dy U Do)¢ = DS N DS

Definition 2.3. Let I C N(Y). Then I'” is named a neutrosophic topology (NT) on Y if

the following conditions hold;

(1) 0x and 1x are belong to I'™.
(2) Union of any number of NSs in I'" is again belong to I'".

(3) Intersection of any two NSs in I'" is belong to I'".

Then the pair (Y,T™) is named neutrosophic topology on Y.
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2.1. Neutrosophic Soft Sets

Definition 2.4. Let U be an initial universe set and E be a set of parameters. Then the
pair (H, E) is called as neutrosophic soft set (N.SS) over U, where H is a mapping from E to
N(U).

The set of all NSS over U is denoted by NSS(U, E). A neutrosophic set (H, FE) can be
written as: (H,E) ={(e,{< z,Tu(x),Iu(x), Fy(x) > x € X}):e € E}.

Definition 2.5. Let X be an initial universe set and E be a set of parameters. Then the

3 e
neutrosophic soft set Tlo8) defined as

(a,B,7) ife=eandy=y
(0,0,1) ife#e andy#y

forall x € X,0 < a, 8,7 <1,e € E, is called a neutrosophic soft point.

Definition 2.6. |[2] Let (H, E),(G,E) € NSS(U, E). Then for all z € U
(1) Subset: (H,E) C (G,E) if Th(e)(z) < Tae)(2), Iue)(®) < Ige(z) and Fy)(z) >
Fee)(x) for alle € E .
(2) Equality: (H,F) = (G,FE)if (H,E) C (G,FE) and (G,E) C (H,E) .

(3) Intersection:

(H, EYN(G, E) = {(e, {< &, min{Ty ) (), Te(e) ()}, max{Ipe) (), Lae) ()}, maz{ Fpy ) (2), Fee) ()} >} e € B}
(4) Union:

(H,E)J(G,E) = {(e;{< z,maz{Ty()(x), Te(e)(x)}, min{Ine)(2), Lo ()}, min{ Fie)(x), Fae) ()} >} e € B}

The intersection and the union of a collection of {(H;, E)} C NSS(U, E) are defined
by:

N(H, E) = {(e (< @ inf{Tr,, (2)}, sup{ Iz, (o) ()} sup{ Fpry (o) ()} >}) e E}
el

U, B) = {(e (< @, sup{Tu,,, (0}, inf{Tp,, (2)}, nf{Fa, ()} >}) ee E}
el
(5) The NSS defined as T () () = 1,1 ) (r) = 0 and Fgey(z) = 0, for alle € E
and x € U is called the universal NSS denoted by 1y gy . Also the neutrosophic set
defined as Ty(e)(7) = 0 Ig(ey(7) = 1 and Fy(e)(x) = 1foralle € E and = € U is called
the empty N.SS denoted by 0, -
(6) Complement:

(H¢E)c = 1()(,E')/(qu E) = {(€> {< x7FH(e)('1‘)> 1- IH(e)(x)aTH(e)(:U) >} ree E}
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Clearly, the complements of 1(x g) and 0(x,g) are defined:
(1x.p) = lxp/lxe ={(e{<2,0,1,1 >} e € E} = 0x g
Ox,E)° = 1(x,5)/0x,p) = {(e;{<2,1,0,0 >} r e € B} = 1(x g

Definition 2.7. [1] Let 7 € NSS(Y,E) . Then 7 is called as a neutrosophic soft topology
on Y if the following conditions hold:

NSTl) O(Y,E’)a 1(Y,E) eET

NST5,) Union of any number of NSSs in 7 is belong to 7.

NST3) Intersection of finite number of NSSs in 7 is belong to 7.

Then (Y, E, 7) is called as neutrosophic soft topological space. Any element of 7 is called as
T-neutrosophic soft open (7-NSO) set. A NSS is called as T-neutrosophic soft closed (7-NSC)

if the complement of the set is 7-INSO. The set of all neutrosophic soft closed sets is denoted
by (7)¢.

Definition 2.8. [1] Let (Y, E,7) be a neutrosophic soft topological space and (M, E) €
NSS(Y,E). Then the intersection of all 7-NSC sets containing (M, F) is called as closure of
(M, E) and denoted by cl; (M, E), i.e. cl.(M,E)={(N,E) € (1)¢: (M,E) C (N,E)}

Theorem 2.9. [I] Let (Y, E, ) be a neutrosophic soft topological space and (M, E), (N, E) €
NSS(Y,E). Then

clh) (M,E) C cl (M, E)

cly) (M,E) C (N, E) then cl.(M,FE) C cl.(N, E)
clg) c (M,E)N(N,E)) Cecl.(M,E)Necl (N, E)
cly) cly (M,E)U(N,E)) =cl;(M,E)Ucl.(N,E)
Definition 2.10. Let 7 € NSS(Y, E). Then 7 is called as a neutrosophic soft supra topology
on Y if it satisfies just NST}) and NST3).

Definition 2.11. Let (Y, E,7) be a neutrosophic soft topological space and (M,FE) €
NSS(Y,E). Then the union of all 7-NSO sets subset of (M, E) is called as interior of (M, E)
and denoted by int. (M, E), i.e. int.(M,E)=J{(N,E)e1:(N,E) C (M,E)}

Theorem 2.12. [1] Let (Y, E, ) be a neutrosophic soft topological space and (M, E), (N, E) €
NSS(Y,E). Then

inty) int-(M,E) C (M, E)

inty) (M,E) C (N, E) then int,(M,E) C int;(N, E)

int3) int; (M, E)N (N, E)) =int.(M, E) Nint.(N, E)

inty) int-(M,E)Uint.(N,E) Cint; (M,E)U (N, E))
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3. Neutrosophic Soft Bitopological Space

Definition 3.1. If (Y, 71, E) and (Y, 79, E) are two neutrosophic soft topological space, then
(Y, E, 11, 72) is named as neutrosophic soft bitopological space. The sets belong to 7; are called

as neutrosophic soft 7;-open set for i = 1, 2.

Definition 3.2. An operator C : NSS(X,FE) — NSS(X,FE) is called a neutrosophic
soft supra closure operator if it satisfies the following conditions for all (N, E), (M, E) €
NSS(X,E),

C1) C(0x,m)) = 0(x.p)

Cs) (N, E) C C(N, E)
Cy) C(N, E)UC(M, E) € C(N U M)
Cy) C(C(N,E)) =C(N, E).

Theorem 3.3. Let (X, E, 71, 72) be a neutrosophic soft bitopological space. Then, the operator
clig: NSS(X,E) - NSS(X, E) defined as clia(N,E) = cl; (N, E)Ncly, (N, E) is a neutro-
sophic soft supra closure operator on (X, E) and induces the supra neutrosophic soft topology
T12 = {(M,E) S NSS(X, E) s clyo ((M, E)C) = (M, E)C}
Proof. First let prove that clis is a neutrosophic soft supra closure operator.
C1) ch2(0¢x,m)) = clr, (0cx,5)) N el (0x,E)) = 0x,2) N Ox,) = O(x, k)
C2) (N,E) C cly (N, E)and (N, E) C ¢y, (N, E). Then (N, E) C cl (N, E)Ncly, (N, E) =
Cllg(N, E)
C3)
clig(N,E)Uclio(M,E) = el (N,E)Ncl,(N,E)|Ulcl, (M,E)Ncl., (M, E)]
= ¢y [(N,E)U (M, E)|N|cl., (N, E)Ucl, (M, E)]
Nlelr (N, E)Ucl, (M, E)|Ncy,[(N,E)U (M, E)]
C cy [(N,E)U(M,E)|Ncly, [(N,E)U (M, E)]
= clip[(N,E)U (M, E)].
04) From 03, Cllg(N, E) C Cllg(cllg(N, E)) Also

clia(clio(N,E)) = clis(cly, (N, E) O cly, (N, E))
= clyy ((clry (N, E) N elry (N, E)) N elry ((cly, (N, E) N clry (N, E))
C cly ((clry (N, E)) N el (clry (N, B)) O el (clry (N, E)) O €lny (clry (N, E))
C cly (N, E) Nl (N, E) = clis(N, E).

Therefore clia(N, E) = cli2(cli2(N, E)).
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Now let prove that 715 is a neutrosophic soft supra topology.

NSTl) Since Cl12 ((I(X,E))C) = CllQ(O(X,E)) = O(X,E)v then O(X,E) € T12. Also Cl12 ((O(XjE))C) =
CllQO(X,E)) C 1(X,E) and from (02), 1(X,E) C Cllg(l(X’E)). Therefore O(X,E) € T12.
NSTQ) Let (]\77,7 E) € 712. Then clio ((Nu E)C) = (Nu E)C

clia <U(N1,E)> = <U(NZ-,E)> Nl (U(Ni,E)>

i€l el i€l
= (ﬂ(Ni,E)C> Nl (ﬂ(NZ-,E)C>
i€l i€l
C () (elr, (N3, B)°) 0[] (cly (N3, E)°)
el 1€l
= [ (cln (Ni, E)° N clry (N, E)°)
el
= [)(cha(Ni, B)°) = () (N, B)° = <U(Ni,E)> :
i€l i€l el

Also from (C3), (U;e; (N, E))¢ C clia (U;e; (N, E)) . Therefore clia (U;e;(Ni, E))C =
(Uier(Ni, E))®, then U, (N, E) € T12.

Consequently 719 is a neutrosophic soft supra topology on (X, E). g

Theorem 3.4. Let (X, E,7,72) be a neutrosophic soft bitopological space and (N, E) €
NSS(X,FE). Then (N,E) € 112 if and only if there exists a 71-NSC' set (N1, E) and 12-NSC
set (No, E) such that (N, E) = (N1, E) N (Ng, E).

Proof. 1If we take (N1, E) = cly (N, E) and (N, E) = ¢l (N, E), then proof is clear.

Theorem 3.5. Let (X,E,7,7) be a neutrosophic soft bitopological space and
(M,E),(N,E) € NSS(X,E). Then

1) if (M, E) C (N,E) then clia(M, E) C clia(N, E).

2) clia (M, E)N (N, E)) C clia(M, E)Nclio(N, E).

Proof. For any (M, E),(N,E) € NSS(X, E),

1) Let (M,E) C (N,E). Then ¢l (M,E) C cl; (N, E) and ¢l (M,E) C cly(N, E).
Therefore cl, (M,E) N cl,(M,E) C clr(N,E) N cl(N,E). So clio(M,E) C
clia(N, E).

9) (M,E) N (N,E) ¢ (M,E) and (M,E) N (N,E) C (N,E). Then from (1),
clig((M,E)N (N, E)) C clio(M, E) and cli2((M,E)N (N, E)) C cli2(N, E). Therefore
clig (M,E)N(N,E)) C clig(M,E) Ncha(N, E).
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Remark 3.6. Let (X, E, 71, 7) be a neutrosophic soft bitopological space. Then cli2(M, E)N
cli2(N, E) # clia (M, E) N (N, E)), in general.

Example 3.7. Let the neutrosophic soft bitopological space (X,U,71,72) be defined as
X = {1‘1,582,.563}, U = {61762}5 nn = {O(X7U),1(X7U),(A,U),(B,U),(C,U),(D,U)}, T2 =
{0x,0), Lx,v), (D, U), (F,U),(G,U), (H,U)} where the tabular representations of NSSs are

as follows:

X el €2

(AU) = 1 <0.2,0.3,0.8 > <0.9,0.1,0.3 >
T2 < 0.1,0.5,04 > <04,04,04 >
3 < 0.8,0.1,0.5 > <0.2,0.8,0.1 >
X el €9

(B,U) = x1 <0.1,0.3,0.8 > <0.3,0.1,0.7 >
2 <0.1,0.1,0.4 > <0.1,0.2,0.5 >
3 <0.3,0.1,0.5 > <0.2,0.1,0.3 >
X e1 )

(C.U) = T <0.2,0.3,04 > <0.9,0.1,0.3 >
T2 < 0.2,0.1,0.3 > <0.4,0.2,04 >
3 < 0.8,0.1,0.5 > < 0.6,0.1,0.1 >
X el €2

(D,U) = 1 <0.1,0.3,0.4 > < 0.3,0.2,0.7 >
2 < 0.2,0.1,0.3 > < 0.1,0.2,0.5 >
3 <0.3,0.7,0.8 > < 0.6,0.1,0.3 >
X el €2

(F.U) = 1 < 0.7,0.1,0.1 > < 0.2,0.5,0.5 >
T2 < 0.9,0.5,0.3 > < 0.3,0.8,0.1 >
3 < 0.1,0.8,0.1 > < 0.8,0.2,0.7 >
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X €1 €2

T <0.1,0.1,0.4 > <0.2,0.2,0.7 >
(G.U) = :

- <02,0.1,0.3 > <0.1,0.2,0.5 >

3 <0.1,0.7,0.8 > <0.6,0.1,0.7 >

X e1 €2

1 <0.7,0.1,0.1 > <0.3,0.2,0.5 >
(H,U) =

- <0.9,0.1,0.3 > <0.3,0.2,0.1 >

3 <0.3,0.7,0.1 > <0.8,0.1,0.3 >

Let two NSSs (X1,U) and (Xo,U) are defined as

X e1 €2

o1 <0.8,0.5,0.1 > <0.7,0.1,0.3 >
(Xb U) =

T2 < 0.5,0.9,0.1 > <0.8,0.1,0.1 >

T3 < 0.5,0.8,0.2 > <0.5,0.9,0.2 >

X e1 €2

T1 <0.9,0.7,0.1 > <0.9,0.9,0.1 >
(X27 U) =

T2 <0.4,0.5,0.1 > < 0.5,0.8,0.1 >

3 <0.7,0.9,0.3 > <0.3,0.9,0.1 >

Then Cllz((Xl,U) N (XQ,U)) = (B,U)C and Cllg(Xl,U) = Cl]_Q(XQ,U) = 1(X,U)' So
Cllg(Xl, U) N Clm(XQ, U) 04 Cllg((Xl, U) N (XQ, U))

Definition 3.8. An operator I : NSS(X, E) - NSS(X, E) is called a neutrosophic soft supra
interior operator if it satisfies the following conditions for all (N, E), (M, E) € NSS(X, E),
1) 1(0x,p)) = Ox,E)
I,) I(N,E) C (N, E)
Is) IIN,EYNI(M,E) C I(NNM)
1) I(I(N,E)) =I(N,E).

Theorem 3.9. Let (X, E, 1, 72) be a neutrosophic soft bitopological space. Then, the operator
intia : NSS(X,E) — NSS(X,E) defined as int12(N, E) = int; (N, E) U int; (N, E) is a
neutrosophic soft supra interior operator on (X, E) and induces the supra neutrosophic soft
topology 112 = {(M,E) € NSS(X,E) :int1o(M,E) = (M,E)}.
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Proof. First let prove that intqo is a neutrosophic soft supra interior operator.

L) ’intlg(O()QE)) =int, (O(X,E)) Uintr, (O(X,E)) = O(X,E) U O(X,E) = O(X,E)

Iy) int;, (N,E) C (N,E) and int,,(N,E) C (N,E). Then int. (N,E)Uint,(N,E) C
(N, E). Therefore int,,(N,E) C (N, E)

L)

int1a(N, E) Nintia(M,E) = [intr, (N, E) Uintr, (N, E)] O [inty, (M, E) Uint,, (M, E)]
= int,, [(N,E)N (M, E)] U [intr, (N, E) N int,, (M, E)]
Ulints, (N, E) Mint., (M, E)] Uint,, [(N, E) 0 (M, E)]
= intn, [(N,E) N (M, E)] U lint., (N, E) (int., (M, E)]
Ulints, (N, E) Nint,, (M, E)]
C int12 (N, E) N (M, E)].

I4) From (_[3), intlg(intlg(N, E)) C intlg(N, E) Also

inti1o(N, E) = inty (N, E)Uint,,(N,E)

= intr (int; (N, E)) Uint,,(int., (N

E))
E)) Uint,,(int; (N, E)) Uint,, (int., (N, E))

C intr (tntq (N,

)

(

Uintr, (int,, (N
E (

= inty (int12(N, E)) Uint,, (int12

(N, E)
(int7, (N

C inty (int;, (N, E
(intr (
(int1o( E))
(int1o

(
) (
) Uint,, (N, E)) Uint,, (int;, (N, E)) Uint,, (N, E))
N, E)) (N,
= mt12 Zntlz N, E )
Therefore inti2(N, E) = inti2(int12(N, E)).
Now let prove that 712 is a neutrosophic soft supra topology.

NSTl) From (Il), int12(0(X7E)) = O(X,E)a then O(X,E) € T12. Also Z"I”Ltlg((l(XjE))) =

intrl(l(X7E)) U intTQ(l(XE)) = 1(X,E)- Therefore 1(X,E) € T12.
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NSTQ) Let (NZ,E) € 7192. Then intlg((Ni,E)) = (Nl,E)
Ui B) = | Jintia(Ni, B)
el el

= | (int1(Vi, B) Uinty(N;, E))
el

= (U intl(Ni,E)> U (U int?(NivE)>

el el

C inty <U(Ni,E)> U inty (U(Ni,E)>

i€l i€l
= inty (U(Ni,E)) .
el
Also from (I3),

int1 (U(NZ-,E)> C <U(Ni,E)> :

el i€l
Therefore int12 (U;c;(Nis E)) = (U;er(Ns, E)), then U, (N;, E) € T2

Consequently 719 is a neutrosophic soft supra topology on (X, E). g

Theorem 3.10. Let (X, E,11,72) be a neutrosophic soft bitopological space and (N,E) €
NSS(X,E). Then (N, E) € 112 if and only if there exists a 71-NSO set (N1, E) and 15-NSO
set (No, E) such that (N, E) = (N1, E) U (No, E).

Proof. 1f we take (N1, E) = int,, (N, E) and (Ng, E) = int.,(N, E), then proof is clear.

Theorem 3.11. Let (X,E,7,7) be a neutrosophic soft bitopological space and
(M,E),(N,E) € NSS(X,E). Then

1) if (M, E) C (N, E) then int12(M, E) C int12(N, E).

2) int12(M, E) Uint12(N, E) C int12 (M, E)U (N, E)).

Proof. For any (M, FE),(N,E) € NSS(X, E),

1) Let (M,E) C (N,E). Then int;,(M,E) C int, (N, E) and int,, (M, E) C int,, (N, E).
Therefore int. (M,E) N int,(M,E) C int, (N,E) N int;,(N,E). So intio(M,E) C
inti2(N, E).

2) (M,E) C (M,E)U(N,E) and (N,E) C (M,E)U (N, E). Then from (1), int12(M,E) C
intio (M, E)U (N, E)) and int12(N, E) C int1o (M, E) U (N, E)). Therefore intio(M, E) U
int12(N, E) Cintio (M, E)U (N, E)). g
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Remark 3.12. Let (X,E,7,72) be a neutrosophic soft bitopological space. Then
intlg(M, E) U ’intlg(N, E) 75 intio ((M, E) U (N, E)), in general.

Proposition 3.13. Let (X, E,m,72) be a neutrosophic soft bitopological space and (N, E) €
NSS(X,E). Then

1) T1,T2 C T12
2) Cllg(N, E) = (intlg(N, E)C)C
3) int1a(N, E) = (cl12(N, E)°)°

Proof. 1) Let (N, E) € 71. Then (N, E) = int,, (N, E). Therefore
int12(N, E) =int, (N, E) Uint,(N,E) = (N, E)

So 11 C Ty2. Similar for 75 C 7.

2)
cha(N, E) = clry (N, E) N elny(NE) = [ ((FLE) | n | ((FEE)
Jel jeJ
= U@ ey U@ ey
| el | J€J

= ||{UEFE B | v U EB)Y
| \ve! jeJ
= [int;, (N, E)° Uint,, (N, E)]° = (int12(N, E)°)°

where (N,E) C (FL,E), (FL,E)Y¢ e forall j€I,Jandi=1,2.
J J

3)
int12(N, E) = int, (N, E) Uint,(N,E) = || JW}.B)|u||JU},E)
J€el jed
= |(W},B)*| u|(U}E)
Ljel ] jet

= W) B) | n| (U E)
jel JjeJ
= [cln (N, E)°Nelry(N, E))° = (clia(N, E)°)°

where (U, E) C (N, E), (U},E) € 7 forall j € I, J and i = 1,2.
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4. Some Generalized Open Sets in Neutrosophic Soft Bitopological Spaces

Throughout this section, 7,7 = 1,2 and i # j.

Definition 4.1. Let (X, E,7,72) be a neutrosophic soft bitopological space and (N, E) €
NSS(X,E). Then (N, E) is called as

1) ij— neutrosophic soft preopen (ij — NSPO) if (N, E) C intr, (cl;;(N, E))

2) ij— neutrosophic soft semi-open (ij — NSSO) if (N, E) C cl, (int,,(N, E))

3) ij— neutrosophic soft b-open (ij — NSbO) if (N,E) C cl, (int;(N,E)) U
intr, (clr; (N, E)).

4) ij— neutrosophic soft S-open (ij — NSBO) if (N, E) C cl, (int, (cl7; (N, E))).

Example 4.2. Let the neutrosophic soft bitopological space (X,U,7i,72) be defined as
X = {.%'1,.152,.’,173}, U = {61762}7 T = {O(X,U)al(X,U)v(AvU)v(BaU)7(CaU)7(DaU)}7 2 =
{0x,00; Lix oy, (B,U0), (F,U), (G,U), (H,U)} where the tabular representations of NSSs are

as follows:

el €2

(A,U) = 1 < 0.2,0.1,0.9 > < 0.6,0.1,0.7 >
T2 < 0.1,0.8,04 > <0.1,0.1,0.8 >
3 < 0.3,04,0.8 > <0.5,0.1,04 >
X el €2

(B.U) = 1 <0.1,0.3,04 > <0.2,0.7,0.8 >
2 < 0.2,0.1,0.5 > < 0.5,0.6,0.7 >
3 <0.3,0.3,0.7 > < 0.1,0.8,0.8 >
X el €2

(C.U) = 1 < 0.2,0.1,04 > < 0.6,0.1,0.7 >
T3 < 0.2,0.1,0.4 > < 0.5,0.1,0.7 >
T3 <0.3,0.3,0.7 > < 0.5,0.1,0.4 >
X el es

(D.U) = 1 < 0.1,0.3,0.9 > < 0.2,0.7,0.8 >
9 <0.1,0.8,0.5 > <0.1,0.6,0.8 >
3 <0.3,04,0.8 > <0.1,0.8,0.8 >
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X el €2

T < 0.2,0.6,0.3 > < 0.1,0.1,0.9 >
(E, U) =

To < 0.3,0.7,0.4 > < 0.3,0.4,0.6 >

T3 < 0.3,0.5,0.8 > < 0.6,0.1,0.8 >

X €1 €9

T < 0.1,0.1,0.8 > < 0.1,0.8,0.9 >
(F7 U) =

T < 0.3,0.2,0.5 > < 0.3,0.5,0.7 >

T3 < 0.7,0.5,0.6 > < 0.1,0.7,0.7 >

X €1 €9

< 0.2,0.1,0.3 > < 0.1,0.1,0.9 >

(G.U) = L

T < 0.3,0.2,0.4 > <0.3,0.4,0.6 >

T3 < 0.7,0.5,0.6 > < 0.6,0.1,0.7 >

X €1 €2

T < 0.1,0.6,0.8 > < 0.1,0.8,0.9 >
(Hv U) =

T < 0.3,0.7,0.5 > < 0.3,0.5,0.7 >

T3 < 0.3,0.5,0.8 > < 0.1,0.7,0.8 >

Let an NSSs (W, U) is defined as

X €1 €9

T < 0.3,0.7,0.2 > < 0.8,0.2,0.3 >
(W,U) =

To < 0.4,0.8,0.3 > < 0.6,0.4,0.6 >

T3 < 0.5,0.5,0.7 > < 0.7,0.2,0.3 >

Then int,, (W,U) = (A,U), int,,(W,U) = (E,U).

(W,U) C clpy (A, U) =

X

€1 €2
71 <0.8,0.9,0.1 > <0.9,0.2,0.1 >
o <0.5,0.8,0.3 > <0.7,0.5,0.3 >
3 <0.6,0.5,0.7 > <0.7,0.3,0.1 >

Then (W,U) is a 12 — NSSO set.
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(W,U) C clyy (E,U) =

cn(WU) =

cn(WU) =

X e1 €2
- <04,0.7,0.1 > <0.8,0.3,0.2 >
9 <0.5,0.9,0.2 > <0.7,0.4,0.5 >
T3 < 0.7,0.7,0.3 > <0.8,0.2,0.1 >
Then (W, U) is also a 21 — NSSO set.

X e1 es

T1 <0.4,0.9,0.2 > < 0.7,0.9,0.6 >

- <04,0.9,0.2 > <0.7,0.9,0.5 >

3 < 0.7,0.7,0.3 > < 0.4,0.9,0.5 >

X e1 €2

- <0.4,0.9,0.2 > <0.7,0.9,0.6 >

- <04,0.9,02 > <0.7,0.9,0.5 >

3 <0.7,0.7,0.3 > <0.4,0.9,0.5 >

Definition 4.3. Let (X, E,7,72) be a neutrosophic soft bitopological space and (N, E) €

NSS(X,E). Then (N, E) is called as

1) ij— neutrosophic soft preclosed (ij — NSPC) if (N, E)¢is a ij — NSPO set. Equiva-
lently (N, E) is called as ij — NSPC if (N, E) D cly, (int., (N, E))
2) ij— neutrosophic soft semi-closed (ij — NSSC) if (N, E)¢is a ij — NSSO set. Equiv-
alently (N, E) is called as ij — NSSC' if (N, E) D int,, (cl (N, E))
3) ij— neutrosophic soft b-closed (ij — NSbC') (N, E)¢ is a ij — NSbC set. Equivalently

(N, E) is called as ij — NSbC if (N, E) D int, (cly, (N, E)) N cly, (intr, (N, E)).

4) ij— neutrosophic soft S-closed (ij — NSBC) (N, E)¢ is a ij — NSBO set. Equivalently
(N, E) is called as ij — NSBC' if (N, E) D int, (clr,(int-, (N, E))).

Theorem 4.4. Let (X, E,71,72) be a neutrosophic soft bitopological space and (N, E) €

NSS(X,E). If (N, E) € 7§ and ij — NSPO then (N, E) is a ij — NSSO set.

Proof. Let (N,E) €

J

7¢ and ij — NSPO.

intr, (clr, (N, E)). Therefore (N, E) C int,, (N, E) C cly, (int, (N, E)) . g

Then (N,E) = cl;,(N,E) and (N,E) C

Theorem 4.5. Let (X, E,7,72) be a neutrosophic soft bitopological space and (N, E) €

NSS(X,E). If (N,E) € 75 and ij — NSPO then (N, E) is aij — NSSO set.
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Proof. Let (N, E) be ij — NSPO. Then (N, E) C intr, (clr; (N, E)). Since (N, E) € 7§, then
(N, E) = clr; (N, E). Therefore (N, E) C int,, (N, E) C cl; (int,, (N, E)) . g

Theorem 4.6. Let (X,E,71,72) be a neutrosophic soft bitopological space and
(N,E),(M,E) € NSS(X,E). If (N,E) is ij — NSPO and (M,E) € 7 N 12 then
(N,E)U(M,E) isij — NSPO.

Proof. Let (N, E) is ij — NSPO and (M, E) € 71 N 7o. Then (N, E) C intr, (cl-,(N, E)) and
int.,(M,E) = (M,E). So

(N,E)U(M,E) C intr, (cl;(N,E)) Uint,,(M,E)
C inty, (cly;(N,E)U (M, E)) C intr, (cly;(N,E)Uclr, (M, E))
= inty, (clr, (N,E)U (M, E))).

Therefore (N, E) U (M, E) is ij — NSPO.

Theorem 4.7. Let (X, E,11,72) be a neutrosophic soft bitopological space. Then
1) Everyij — NSPO set is ji — NSbO.
2) Every ij — NSSO set is ji — NSbO.
3) Everyij — NSSO setisij — NSBO.

Proof.

1) Let (N,E) € NSS(X,E) be ij — NSPO set. Then (N,E) C int, (cl, (N, E)) C
cly,; (intr,(N, E)) Uint, (cl;(N, E)).
2) Let (N,E) be a ij — NSSO set. Then (N, E) C cl, (int;,(N,E)) C cl,; (int, (N, E)) U
intr, (clr, (N, E)).
3) Let (N, E) be aij — NSSO set. Then since (N, E) C cl., (N, E),

(N,E) C cly, (intr,(N,E)) C clr, (intr,(cl-; (N, E))) .

Theorem 4.8. Let (X, E,11,72) be a neutrosophic soft bitopological space. Then
1) Union of any ij — NSPO set is ij — NSPO.
2) Union of any ij — NSSO set is ij — NSSO.
3) Union of any ij — NSbO set is ij — NSbO.
4) Union of any ij — NSBO set is ij — NSBO.
5) Intersection of any ij — NSPC set is ij — NSPC.
6) Intersection of any ij — NSSO set is ij — NSSO.
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7) Intersection of any ij — NSbO set is ij — NSbC.
8) Intersection of any ij — NSBO set is ij — NSBC.

Proof.
1) Let (Ng, E) be ij — NSPO set in (X, E, 11, 72) for all k € I. Then

U@k, B) € | ints, (clr;(Nk, E)) C ints, (U (cls, (Nk,E))) = int,, (csz (U(Nk,E)>>

kel kel kel kel

2) Let (Ng, E) be ij — NSSO set in (X, E, 1, 72) for all k € I. Then

U@, B) € | elr; (intr,(Ni, E)) = cln, <U (int, (Nk,E))> C cly, (intn (U(Nk,E)>)

kel kel kel kel

3) Let (N, E) be ij — NSbO set in (X, E, 11, 72) for all k € I. Then

Uk, B) ¢ | (cx, (intr,(Ni, E)) Uinty, (clr, (Ng, E)))

kel kel
— (U cly, (intTj(Nk,E))> U (U intr, (clTi(Nk,E))>
kel kel

C dy (intTj (U(Nk,E)>> U int,, (cln (U(Nk,E)>>
kel kel

4) Let (Ng, E) be ij — NSBO set in (X, E, 7y, 72) for all kK € I. Then

U@k, B) € | elr; (intr,(clr; (Ni, E))) = cly, (U intTi(clT].(Nk,E))> C cly, (z’ntﬁ.(clTj (U(Nk,E))>>

kel kel kel kel

The rest of the theorem can be proved easily by taking the complement of 1-4.

5. Conclusion

In this paper, we defined neutrosophic soft supra closure operator in a neutrosphic soft
bitopological space and investigated some properties of it. Then we obtained a neutrosophic
soft topology with this closure operator. Also we defined neutrosophic soft supra interior
operator and obtained a neutrosophic soft topology with this interior operator. In the section
4, we defined some new generalized open sets in neutrosophic soft bitopological spaces such as
1j— neutrosophic soft preopen, ij— neutrosophic soft semi-open, ¢j— neutrosophic soft b-open,
1j— neutrosophic soft S-open set. We examined the relationships between these newly defined

open sets.
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