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Abstract: In this paper we introduce the notion of neutrosophic-b-open set, pairwise
neutrosophic-b-open set in neutrosophic bitopological spaces. We have investigated some of their

basic properties and established relation between the other existing notions.
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1. Introduction

Smarandache (1998) introduced the notion of neutrosophic set as a generalization of
intuitionistic fuzzy set. The concept of neutrosophic topological space was introduced by Salama
and Alblowi (2012a). Salama and Alblowi (2012b) introduced the concept of generalized neutrosophic
set and generalized neutrosophic topological space. Thereafter Ozturk and Ozkan (2019) introduce
the concept of neutrosophic bitopologoical space. The concept of b-open sets in topological space
was introduced by Andrijevic (1996). Ebenanjar, Immaculate, and Wilfred (2018) introduced
neutrosophic b-open sets in neutrosophic topological spaces. Thangavelu and Thamizharsi (2011)
introduce the concept of bi-open sets in bitopological spaces. In this paper, we introduce the notion

of pairwise neutrosophic b-open set in neutrosophic bitopological spaces.

2. Preliminaries and some properties

Definition 2.1. [Smarandache, 2005] Let X be a non-empty set. Then H, a neutrosophic set (NS
in short) over X is denoted as follows:
H = {(y, Tu(y), In(y), Fu(y)): yeX and Tu(y), Iu(y), Fu(y)e ]0,1*[}, where Tu(y), In(y) and Fu(y) are the
degree of truthness, indeterminacy and falseness respectively.

There is no restriction on the sum of Tc(y), Fo(y) and Ic(y), so
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0 < Tu(y) + In(y) + Fu(y) < 3.

Definition 2.2. [Smarandache, 2005] Let H= {(y, Tu(y),Iu(y),Fu(y)): yeX } be a neutrosophic set over X.
Then the complement of H is defined by He= {(y, 1-Tnu(y), 1-Iu(y), 1-Fu(y)): yeX }.

Definition 2.3. [Smarandache, 2005] A neutrosophic set H= {(y,TH(y),Ix(y),Fu(y)): yeX } is contained
in the other neutrosophic set K= {(y, Tx(v),Ix(y),Fx(y)): ye X } (i.e. HCK) if and only if Tu(y) <Tk(y), In(y)
> Ix(y), Fu(y) 2Fx(y), for each yeX.

Definition 2.4. [Smarandache, 2005] If H= {(y,Tu(y),Iu(y),Fu(y)): yeX } and K= {(y, Tx(y).Ix(y),Fx(y)):
yeX } are any two neutrosophic sets over X, then HUK and HNK is defined by

HOK={(y, T ())VTr(y), In(y)A Ik (y), Fry) AF(y)): yeX};

HAK={(y, Tu(y) A Tx(y), In @)V Ix(y), Fu(y)V Fx(y),): yeX].

Here we can construct two neutrosophic set Ov and 1~ over X as follows:

1) On={(y,0,0,1): yeX);

2) 1In={(y,1,0,0): yeX}.
The neutrosophic set Ov is known as neutrosophic null set and neutrosophic set 1n is known as
neutrosophic whole set over X. Also, On and 1~ over X have three other types of representation too.

Clearly, On < 1n.

The neutrosophic topological space is defined as follows:
Definition 2.5. [Salama & Alblowi, 2012a] Let X be a non-empty fixed set and t be the family of some
NSs over X. Then 1t is said to be a neutrosophic topology (NT in short) on X if the following
properties holds:

1. Oy INn€eT,

2. T, T2 et =>TinTze 7,

3. uvieATiern, forevery {Ti:ieA} c 1.

Then the pair (X, 1) is called a neutrosophic topological space (NTS in short). The members of t are
called neutrosophic-open set (NOS in short). A NS D is called a neutrosophic-closed set (NCS in

short) in (X, 1) if and only if D¢ is a neutrosophic-open set.

Example 2.1. Let X={ z1, z2}Jand let

G={(21,0.6,0.5,0.3), (22,0.6,0.7,0.3): z1, z2€ X }

H={(z1,0.5,0.6,0.8), (22,0.4,0.9,0.8): z1, z2€X }

K={(21,0.6,0.6,0.3, (22,0.4,0.8,0.6): z1, z2e X } be three NSs over X.
Then clearly the family =={O~,In, G, H, K} isa NT on X.

Example 2.2. Let X={z1, z2, zs}and let
L={(21,0.6,0.7,0.4), (22,0.5,0.6,0.8), (25,0.5,0.5,0.4): z1, z2, zze X }
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K ={(21,0.4,0.9,0.8), (z2,0.3,0.7,0.8), (23,0.4,0.6,0.8): z1, z2, zZze X }
J={(z1,0.4,0.9,0.9), (22,0.2,0.8,0.9), (23,0.3,0.5,0.8): z1, 22, z3e X }
be three NSs over X.

Here the collection =={0~,In, L, K, ]} is not a neutrosophic topology on X because KnJet.

Definition 2.5. [Salama & Alblowi, 2012a] Let (X,t) be a NTS and H be a NS over X. The
neutrosophic-interior (in short Nixt) and neutrosophic-closure (in short N«) of H are defined by
Nint(H) = U{P : P is an NOS in X and PCH};

Na(H) =N{Q: Qisan NCS in X and HCQ)}.

Proposition 2.1. [Salama & Alblowi, 2012a] Let C, D are two neutrosophic subsets of (X, ). Then the
following properties hold:

1) CcNa(C);

2) Nin(C)c C;

3) Niu(C) < Na(C);

4) Cc D= Nu(C) c Nin(D);

5) Cc< D = Nu(C) < Na(D);

6) Na(On) = 0n;

7)  Nim(In) = 1n;

8) Nua(CUD) = Na(C)u Na(D);

9) Nin(CUD)> Nin(C)J Nim(D);

10) Nint(CnD) = Nint(C) Nint(D);

11) Na(CND) < Na(C)N Na(D);

12) Cis neutrosophic closed if and only if Na(C)=C;

13) Cisneutrosophic open if and only if Niut(C)=C.

The neutrosophic bitopological space is defined as follows:

Definition 2.6. [Ozturk & Ozkan, 2019] Assume that (X, 11) and (X, 1) be two different NTSs. Then
the triplet (X, 11, 12) is called a neutrosophic bitopological space (NBTS in short).

Example 2.3. Let X={z1, z2} and let

U1={(21,0.6,0.5,0.4), (z2,0.8,0.7,0.6): z1, z2€ X },

U>={(z1,0.4,0.6,0.5), (b,0.7,0.8,0.8): z1, z2e X },

Us={(z1,0.4,0.6,0.8), (22,0.6,0.9,0.8): z1, z2€ X },

U+={(z1,0.6,0.8,0.7), (22,0.4,0.6,0.7): z1, z2€ X },

Us={(21,0.8,0.4,0.5), (22,0.6,0.4,0.5): z1, z2€ X },

Ue={(21,0.7,0.5,0.6), (22,0.6,0.5,0.5): z1, z2e X } are six NSs over X.

Then clearly t11={0On, 1n, U1, Uz, Us} and ©={0n, 1n, Us, Us, Us} are two different NTs on X. So the

triplet (X, 11, 12) is a neutrosophic bitopological space.
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Definition 2.7. [Ozturk & Ozkan, 2019] Let (X, 11, 12) be an neutrosophic bitopological space. Then H, a
neutrosophic set over X is called a pairwise open set in (X, 11, 12) if there exist a open set G1in 11 and a

open set Gz in 12 such that H= GiUGa.

Remark 2.2. Let G be a neutrosophic subset of a neutrosophic bitopological space (X, 11, t2). Then we
shall use the following notations:

1) N/;(6)= 1 -neutrosophic-closure of G (i=1, 2);

2) Ni,(G)=ri -neutrosophic-interior of G (=1, 2).

3. ti -neutrosophic-b-open set:

Definition 3.1. Let (X, 11, 12) be an neutrosophic bitopological space. Then P, a NS over X is called
1) 1 -neutrosophic-semi-open if and only if P N5 N}, (P);
2) ti-neutrosophic-pre-open if and only if PS N}, N/;(P);
3) ti-neutrosophic-b-open if and only if P N/ Ni,.(P) U N, N (P).

Remark 3.1. In a neutrosophic bitopological space (X, 11, 12), a NS P over X is called a

t-neutrosophic-b-closed set if and only if its complement is t-neutrosophic-b-open set.

We formulate the following results based on the above definitions.
Proposition 3.1. In a neutrosophic bitopological space (X, 11, 12), if P is t-neutrosophic-semi-open

(ti -neutrosophic-pre-open), then P is 1 neutrosophic-b-open.

Proposition 3.2. In a neutrosophic bitopological space (X, t1, 1), the union of two

t-neutrosophic-b-open set is a ti-neutrosophic-b-open set.

4. tij -neutrosophic-b-open set:
Definition 4.1. Assume that (X, 11, 12) be a neutrosophic bitopological space. Then P, a NS over X is
called

1) tj-neutrosophic-semi-open if and only if PS NcilNi{It(P);

2) tij-neutrosophic-pre-open if and only if PS Nl.{ltNCil(P) ;

3) 1 -neutrosophic-b-open if and only if PS N4N/. (P) U N] N} (P).

Remark 4.1. A neutrosophic set P over X is called a tij -neutrosophic-b-closed set if and only if P¢

(complement of P) is tij -neutrosophic-b-open set in (X, 11, 12).

Definition 4.2. Assume that (X, 11, 12) be a neutrosophic bitopological space. Then a neutrosophic set G
over X is said to be a

1) tj-neutrosophic-p-set if and only if N/;N ] (6) < N N jl(G) ;

int c
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2) Contra tj -neutrosophic-p-set if and only if leNl-int(G) c Ni"ntNle (@);
3) mj-neutrosophic-g-set if and only if N/ Ny(6) € NCilNl.J;lt(G).

int

4) Contra tj -neutrosophic-g-set if and only N},N, jl (@) c NcilNi];It(G).

int'Yc

Theorem 4.1. In a neutrosophic bitopological space (X, 11, 12),

1) if G is t-neutrosophic-closed and tij-neutrosophic-pre-open then G is
Ti-neutrosophic-semi-open.
2) if G is 1ti-neutrosophic-open and tj-neutrosophic-semi-open then G s

Ti-neutrosophic-pre-open.

Proof:

1) Let (X, 11, 12) be a neutrosophic bitopological space and G be a neutrosophic set over X, which is

both t-neutrosophic-closed and tij-neutrosophic-pre-open. So, we have

G= Ny (1)
and GENJ Ny(G) e @)
From eq (2) we have GES Ni],'ltNCil(G)

= NJ.(G)  [byeq(1)]
= GS N, (6) < NiNJ,.(6)
= GCS NyNJ,.(6)
Hence, G is a ti-neutrosophic-semi-open set in (X, 11, 12).
2) Let (X, 71, 12) be a neutrosophic bitopological space and G be a NS over X, which is both

t-neutrosophic-open and tij-neutrosophic-semi-open. So, we have

G=N..() 3)
and GE NyN2 (G . 4)
From eq (4) we have
GE NiNJ(6)
= Ni(G)  [byeq(3)]
= GES N;(G)
= N (6) € NJ, N&(6)

= G =N/ .(G) € N/ NL(G) [since G= N7,,(6)]

int int

= G S N/ N} (G)

int

Hence, G is a ti-neutrosophic-pre-open set in (X, 11, 12).

Theorem 4.2. Let (X, 11, 12) be a neutrosophic bitopological space. If A is tij-neutrosophic-semi-open
(ti-neutrosophic-pre-open), then A is tj-neutrosophic-b-open.

Proof: Let us assume that A is tij-neutrosophic-semi-open set in a neutrosophic bitopological space
(X,71,75). Then AC NiN7, (A).
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Now, AS NyNJ,(4)

= AC N4NJ,(A) U NJ Ny(A),

Therefore, A is ti-neutrosophic-b-open in (X, 11, 12).

Similarly, we can show that if A is tj-neutrosophic-pre-open set in (X, T, 12) then it is

ti-neutrosophic-b-open.

Theorem 4.3. Let (X, 11, 12) be a neutrosophic bitopological space.

1) If A is rtiyneutrosophic-b-open, contra tji-neutrosophic-p-set then A is
Tij -neutrosophic-pre-open set;

2) If A is +tjneutrosophic-b-open, contra Tj-neutrosophic-g-set then A is
i -neutrosophic-semi-open set;

3) If A is ti-neutrosophic-b-open, ti-neutrosophic-p-set and contra ti-neutrosophic-g-set then
A is tji-neutrosophic-b-open set;

4) If A is tij-neutrosophic-g-set (ti-neutrosophic-p-set) then A< is contra tji-neutrosophic-p-set

(contra ti-neutrosophic-g-set).

Proof:

1) Let A be both ti-neutrosophic-b-open and contra tji-neutrosophic-p-set in a neutrosophic

bitopological space (X, 11, 12).

Then, we have AC NN/ () UN/ Ny (5)
and N4N},(A) € N} N (A) ceeeeeenn(6)

From eqgs (5) & (6) we get
AC NGNJ,(A) U N NG (A)

S N/ N (A) UNJ,NL(A)
=N, Ny (A)
= AC N, Ny(4)

Therefore, A is ti-neutrosophic-pre-open set in (X, 11, 12).
2) The proof is analogous to the proof of part (1), so omitted.

3) Let A be tij-neutrosophic-b-open, tij-neutrosophic-p-set and contra ti-neutrosophic-g-set in a

neutrosophic bitopological space (X, 11, 12). Then we have

AC NiNL (A UNI NG, )
NiNL.(A) S NELNSGA ®)
and N Ni(A) € NINL,CAY . )
From eq (7) we get AC NN (A) U N],Ni(A)

C N NL(4) U N)NL.(A)  [byegs (8)& (9)]
= AC Niinthjz(A) U chlNiint(A)

Therefore, A is ti-neutrosophic-b-open set in (X, 11, 12).
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Theorem 4.4. In a neutrosophic bitopological space (X, 11, 12)

1) if A is tij-neutrosophic-semi-open and tj-neutrosophic-p-set then A s
Tji-neutrosophic-pre-open;
2) If A is +i-neutrosophic-semi-open and contra Tti-neutrosophic-p-set then A is

ti-neutrosophic-pre-open.

Proof:
1) Let (X, 11, 12) be a neutrosophic bitopological space and A is both ti-neutrosophic-semi-open and
ti-neutrosophic-p-set.
Since, A is ti-neutrosophic-semi-open, so we have
ACNLNI () (10)
Since, A is T]-i-neutrosophic-p-set, SO
NYND (A S NENLA) e, (11)
From eqgs (10) & (11), we've got
AC N} NJ(A).

Hence, A is tji -neutrosophic-pre-open in (X, 11, 12).

2) The proof is analogous to the proof of the first part, so omitted.

Theorem 4.5. Let (X, 11, 12) be an neutrosophic bitopological space.
1) If Ais tFneutrosophic-p-set and tji-neutrosophic-g-set then NiN/ [(A) € NleN-" (4);

m m

2) If A is contra tj-neutrosophic-p-set and contra tij-neutrosophic-g-set then chlNi"m(A) c

NNZ(A).

Proof:

1) Let (X, 11, 12) be a neutrosophic bitopological space and A be both ti-neutrosophic-p-set and

ti-neutrosophic-g-set. Then, we have

NLND (A) S NELNJA) (12)
and NL,NJ(A) S NJNL.(A) (13)

From eqs (12) & (13), we get
NN (A) € NiNG (4).

L L
2) Let (X, 11, 12) be a neutrosophic bitopological space and A be both contra ti-neutrosophic-p-set
and contra tj-neutrosophic-g-set. Then, we have
NINLL(A) € NELNSA) (14)

NLNJL(A) € NYND.() (15)

From eqs (14) & (15), we get
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N} N (A) € NcizNi]nt(A)

5. Pairwise 1 -b-open:

Definition 5.1. A neutrosophic set H is said to be pairwise tij-neutrosophic-semi-open set
(pairwise tij-neutrosophic-pre-open set) in a neutrosophic bitopological space (X, 11, 12) if H=KUL,
where K is a ti-neutrosophic-semi-open set (tj-neutrosophic-pre-open set) and L is a

tji-neutrosophic-semi-open set (ti-neutrosophic-pre-open set) in (X, 11, 12).

Definition 5.2. A neutrosophic set H is said to be pairwise ti-neutrosophic-b-open set in a
neutrosophic bitopological space (X, 11, 12) if H=KUL, where K is a tij-neutrosophic-b-open set and L

is a tji-neutrosophic-b-open set in (X, 11, 12).
j

Theorem 5.1. The union of two pairwise tj-neutrosophic-b-open set in a neutrosophic bitopological
space (X, 11, 12) is again a pairwise tij-neutrosophic-b-open set.

Proof: Let A, B be two pairwise i -neutrosophic-b-open set in a neutrosophic bitopological space (X,
11, 12). Then there exists two ti-neutrosophic-b-open set Gi, G2 and two ti-neutrosophic-b-open set Hi,
H> such that A= GiuH1 and B= G2\UH>.

Since, G1, G2 are ti-neutrosophic-b-open set so

G, SNLN! (GOUN. Ny (16)

and G, € N4N/ (G,) UN/ N)(G,) e (17)
Since, Hi, Hz are tji-neutrosophic-b-open set so

H, € N)Ni (H)UNLNS(HY (18)

and H, € N/NL. (H) UNLNS(HY) (19)

Now, we have
Gy U G, € N4N (Gy) UN] Ni(Gy) UNENL (Gy) UNL N (G,) [ using egs (16) & (17)]

int

=NcizNi]nt(G1) U NN, (G2) U Ni]nthiz(Gl) u Ni]mNciz(Gz)

int

S NY(NL (G UNL(G2)) UNL, (N (Gy) U NS(G))

int int

C Ni(NLL(GL U G)) U NL (N5 (Gy U G))

int

= G1UG2 is a T -neutrosophic-b-open set.
Further, we have
Hy U Hy © NJ N (Hy) U N NJ (Hy) U NS NG (Hz) U Ny N (Hy) - [using eqs (18) & (19)]

=N/,N}, (H,) UNSNE(Hy) U NG N (Hy) U N NG (H)

© NJ(NLe(Hy) U Nbe(Hy)) U NL (NJ(Hy) U N2 (H,))

mn m

S NY(Nine(Hy U H2)) U Njpe (N (Hy U Hp)
= Hi\UH: is a tj-neutrosophic-b-open set.

Hence, AUB=(G1UH1)uU (G2UH2)= (G1UG2)\U(H1\UH2)=G\UH.

Therefore there exists a ti-neutrosophic-b-open set G=(Gi1UG2) and a tji-neutrosophic-b-open set

H=(H1UH>) such that AAUB= GUH. Hence A\UB is a pairwise tij-neutrosophic-b-open set. Thus the
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union of two pairwise tj-neutrosophic-b-open set in a neutrosophic bitopological space (X, 11, 12) is

again a pairwise tij-neutrosophic-b-open set.

Theorem 5.2. In a neutrosophic bitopological space (X, 11, 12), every pairwise tj-neutrosophic-semi
open set (pairwise ti-neutrosophic-pre-open set) is a pairwise tij-neutrosophic-b-open set.

Proof: Let G be a pairwise tj-neutrosophic-semi-open set (pairwise tij-neutrosophic-pre-open set).
Then there exist a ti-neutrosophic-semi-open set A (ti-neutrosophic-pre-open set A) and a
ti-neutrosophic-semi-open set B (tji-neutrosophic-pre-open set B) such that G=AUB.

In theorem 4.2, it is clearly shown that every tj-neutrosophic-semi-open set
(ti-neutrosophic-pre-open set) is a ti-neutrosophic-b-open set and every ti-neutrosophic-semi-open
set (ti-neutrosophic-pre-open set) is a ti-neutrosophic-b-open set. So A be tj-neutrosophic-b-open
and B be tj-neutrosophic-b-open set. Therefore, there exist a tj-neutrosophic-b-open set A and a
ti-neutrosophic-b-open set B such that G=AUB. Hence, G is a pairwise tij-neutrosophic-b-open set.
Thus every pairwise tij-neutrosophic-semi-open set (pairwise tij-neutrosophic-pre-open set) is a

pairwise tij-neutrosophic-b-open set.
6. Conclusion

In this article, we studied neutrosophic-b-open set, pairwise neutrosophic-b-open set in
neutrosophic  bitopological spaces and investigate their basic properties. By defining
neutrosophic-b-open set, pairwise neutrosophic-b-open set, we prove some theorems on

neutrosophic bitopological spaces and some examples are given.
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