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Abstract
The purpose of this paper is to introduce the concept of soft pair-wise neighborhood system in soft
bitopological spaces. The notions of soft pair-wise contunity, soft pair-wise open (closed) mappings
and soft pair-wise homeomorphism on soft bitopological space are introduced and their basic

properties are investigated.
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1 Introduction

Many practical problems in economics, engineering,
environment, social science, medical science etc.
cannot be dealt with
classical methods have inherent difficulties. The
reason for these difficulties may be due to the
inadequacy of the theories of parameterization tools.
Molodtsov [15] initiated the concept of soft set theory

classical methods because

as a new mathematical tool for dealing with
uncertainties. Since soft set theory has a rich
potential, researchs [11], [12], [2] on soft set theory
and its applications in various fields are progressing
rapidly. Recently, Shabir and Naz [19] have initiated
the study of soft topological spaces. Theoretical
studies of soft topological spaces have also been
researched by some authors in [1], [3], [4], [6], [7],
[14], [16], [17], [20], [21].

The concept of bitopological spaces was introduced
by Kelly [10] as an extension of topological spaces in
1963. In later years, many researchers studied
bitopological spaces and pair-wise open (closed) sets.
Subsequently, Mashhour A. S. et al., [13] introduced
supratopolological spaces as another extension of
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topological spaces. Therefore, handling of these
spaces in soft concept is important and actual (e.g.

(5], [8], [9], [18)).

In section 2 of the present paper, some preliminary
definitions and theorems about soft topological
spaces, soft bitopological spaces soft
supratopological spaces are given. Section 3, we
introduce the concept of soft pair-wise neighborhood
system in soft bitopological spaces. The properties of
these concept and some important results related to

and

soft supratopology are obtained. Section 4, is given
soft pair-wise contunity on soft bitopological spaces
and its properties has investigated. Finally, soft pair-
wise open (closed) mappings and soft pair-wise
homeomorphism are defined and some examples are
derived.

2 Preliminaries

this introduce necessary
definitions and theorems for soft sets. Molodtsov [15]
defined the soft set in the following way:

In section we will

Let X be an initial universe set and E be a set of
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parameters. Let P(X) denotes the power set of X and
A,BCE.

Definition 2.1 [15] A pair (F, A) is called a soft set
over X, where F is a mapping given by F: A — P(X).
In other words, the soft set is a parameterized family
of subsets of the set X. For e € A, F(e) may be
considered as the set of e —elements of the soft set
(F,A), or as the set of e —approximate elements of
the soft set, i.e.,

(F,A) ={(e,F(e)):e€e ACE,F:A-> P(X)}.

Definition 2.2 [12] For two soft sets (F,A) and (G, B)
over X, (F,A) is called soft subset of (G, B) if

1. Ac B and
2. Ve € A,
approximations.

F(e) and G(e) are identical

This relationship is denoted by (F,A) € (G,B).
Similarly, (F,A) is called a soft superset of (G,B) if
(G,B) is a soft subset of (F,A). This relationship is
denoted by (F,A) 3 (G, B). Two soft sets (F,A) and
(G,B) over X are called soft equal if (F,A) is a soft
subset of (G, B) and (G, B) is a soft subset of (F, A).

Definition 2.3 [12] The intersection of two soft sets
(F,A4) and (G,B) over X is the soft set (H,C), where
C=ANB and Ve €, H(e) =F(e) nG(e). This is
denoted by (F,A) N (G,B) = (H, ().

Definition 2.4 [12] The union of two soft sets (F, A)
and (G, B) over X is the soft set, where € = A U B and
Ve € C,

F(e), if ee A—B,
H(e) =<G(e), ifee B—A,
F(e)uG(e) if e€e AUB.

This relationship is denoted by (F,A)CJ(G,B) =
(H,0).

Definition 2.5 [12] A soft set (F,A) over X is said to
be a NULL soft set denoted by @ if for all e € 4,
F(e) = 0(null set).

Definition 2.6 [12] Asoft set (F,A) over X is said to

be an absolute soft set denoted by X if for all e € 4,
F(e) =X.

414

CBU J. of Sci., Volume 13, Issue 2, p 413-422

Definition 2.7 [19] The difference (H,E) of two soft
sets (F,E) and (G,E) over X , denoted by (F,E)\
(G,E), is defined as H(e) = F(e)\G(e) forall e € E.

Definition 2.8 [19] Let Y be a non-empty subset of X,

then Y denotes the soft set (Y,E) over X for which
Y(e)=Y,foralle € E.

In particular, (X, E') will be denoted by X.

Definition 2.9 [19] The complement of a soft set
(F,E), denoted by (F, E)¢, is defined (F,E)° = (F€,E),
where F®:E - P(X) is a mapping given by F¢(e) =
X\F(e), Ve € E and F¢ is called the soft complement
function of F.

Definition 2.10 [19] Let 7 be the collection of soft set
over X, then 7 is said to be a soft topology on X if

1. @, X belongs to t;

2. the union of any number of soft sets in 7 belongs to
T;

3. The intersection of any two soft sets in T belongs to
T.
The triplet (X, 1, E) is called a soft topological space
over X.

Definition 2.11 [19] Let (X, 7, E) be a soft topological
space over X, then members of 7 are said to be soft
open sets in X.

Definition 2.12 [19] Let (X, 7, E) be a soft topological
space over X. A soft set (F,E) over X is said to be a
soft closed in X, if its complement (F, E)¢ belongs to
T.

Proposition 2.1 [19] Let (X, 7, E) be a soft topological
space over X. Then the collection 7, = {F(e): (F,E) €
7} for each e € E, defines a topology on X.

Definition 2.13 [19] Let (X, 7, E) be a soft topological
space over X and (F, E) be a soft set over X. Then the
soft closure of (F,E), denoted by cli(F,E) is the
intersection of all soft closed super sets of (F,E).
Clearly cli(F,E) is the smallest soft closed set over X
which contains (F, E).

Definition 2.14 [3] Let (F, E) be a soft set over X. The
soft set (F,E) is called a soft point, denoted by
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(%, E), if for the element e € E, F(e) = {x} and
F(e®) = @ for all e¢ € E — {e} (briefly denoted by x,).

Definition 2.15 [3] Two soft points (x.,E) and
(v, E) over a common universe X, we say that the
points are different points if x # y ore # e’.

Definition 2.16 [3] The soft point x. is said to be
belonging to the soft set (F,E), denoted by
x, € (F,E),if x,(e) € F(e),i.e., {x} S F(e).

Definition 2.17 [3] Let (X,7,E) be a soft topological
space over X. A soft set (F,E) in (X,7,E) is called a
soft neighborhood of the soft point (x,, E) € (F,E) if
there exists a soft open set (G,E) such that
(x.,E) € (G,E) € (F,E).

Definition 2.18 [6] Let (X,7,E) and (Y,7',E) be two
soft topological spaces, f:(X,7,E) = (Y,7",E) be a
mapping. For each soft neighbourhood (H,E) of
(f (%), E), if there exists a soft neighbourhood (F, E)
of (x,, E) such that f((F,E)) € (H,E), then f is said
to be soft continuous mapping at (x,, E).
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Let X be an initial universe set and E be a set of
parameters. The set of all soft points on the set X is
denoted by SS(X)g. It is obvious that each soft set can
be expressed as a union of soft points. For this
reason, to give the family of all soft sets on X it is
sufficient to give only soft points on X.

Definition 2.22 [8] A quadrable system (X, 71, 7,, E) is
called a soft bitopological space, where 7;, 7, are
arbitrary soft topologies on X and E be set of
parameters.

Definition 2.23 [9] Let (X,7,,75,E) be a soft
bitopological space. A soft set (G, E) over X is said to
be a soft pair-wise open set in (X, 7,7, E) (soft p-
open set, for short) if there exists a soft open set
(G1,E) in 7; and a soft open set (G, E) in 7, such that
(G,E) = (G,E) U (G,, E).

Definition 2.24 [9] Let (X,74,75,E) be a soft
bitopological space. A soft set (G, E) over X is said to
be a soft pair-wise closed set in (X, 74,7, E) (soft p-
closed set, for short) if its complement is a soft p-

If f is soft continuous mapping for all (x,, E),dpen fesicall¥drsofs dontleerly,maobisgt (F, E) over

Definition 2.19 [6] Let (X,7,E) and (Y, t ’, E) be two
soft topological spaces, f: X — Y be a mapping. If f is
a bijection, soft continuous and f~'is a soft
continuous mapping, then f is said to be soft
from X to Y. When a
homeomorphism f exists between X and Y, we say
that X is soft homeomorphic to Y.

homeomorphism

Definition 220 [1] Let {(¢¢s):(X,T,E) >
(Y, 75, Es)}ses be a family of soft mappings and
{(Y;, 75, Eg)}ses 1s a family of soft topological spaces.
Then, the topology t generated from the subbase § =
{(@s, ¥s)5es(F,E): (F,E) € 15,5 € S} is called the soft
topology (or initial soft topology) induced by the
family of soft mappings {(@s, ¥s)}ses-

Definition 2.21 [5] Let u be a collection of soft sets
over X. Then, u is said to be a soft supratopology on
X if it satisfies the following conditions:

1. (X,E), (p,E) En
2. the union of any number of soft sets in u belongs
to u.

X is a soft p-closed set in (X, 7, 75, E) if there exists a
soft closed set (Fj,E) in 7f{ and a soft closed set
(F,, E) in t5 such that (F,E) = (F,,E) 0 (F,, E), where

¥ ={(G,E)° € SS(X): (G,E) € 1;},i = 1,2.
The family of all soft p-open (closed) sets in
X, 1,15, E) is denoted by POS(X,71,72)g

(PCS(X,71,7,)E), respectively.

Theorem 2.1 [9] Let
bitopological space. Then,

(X,74,75,E) be a soft

1. (X,E), (¢, E) are soft p-open sets and soft p-closed
sets.

2. An arbitrary union of soft p-open sets is a soft p-
open set.

3. An arbitrary intersection soft p-closed sets is a soft
p-closed set.

4. If (G,E)Et N1, and (H,E) E POS(X,T(,T3)E,
then (G,E) A (H,E) € POS(X, 71, 72) 5.

Corollary 2.1 [9] Let (X,74,7,,E) be a soft
bitopological space. Then, the family of all soft p-
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open soft sets is a soft supratopology on X. This soft
supratopology we denoted by 745, i.e.,

le =POS(X,T1,T2)E
={(G,E) = (G,E) U (G,,E): (G,,E) € 1;,i = 1,2},

and the triple (X,74,,E) is the soft supratopological
spaces associated to the soft bitopological space
(X, 11,72, E).

Theorem 2.2 [9] Let soft
bitopological space. Then,

(X,t4,75,E) be a

1. every soft 7;-open set is a soft p-open soft set,
i=12

2. every soft t;-closed set is a soft p-closed soft set,
i=12

Definition 2.25 [9] Let (X,74,75,,E) be a soft
bitopological space and (G,E) € SS(X)g. The soft
pair-wise closure of (G,E), denoted by cl3(G,E), is
the intersection of all soft p-closed super sets of
(G,E), i.e.,

cl$(G,E) =N {(F,E) € 15,: (G, E) € (F,E)}.

Clearly, cl3(G,E) is the smallest soft p-closed set
containing (G, E).

Definition 2.26 [9] Let (X,7.,7,,E) be a soft
bitopological space and (G,E) € SS(X)g. The soft
pair-wise interior of (G, E), denoted by int;(G,E), is
the union of all soft p-open subsets of (G, E), i.e.,

int$(G,E) =U {(F,E) € 1,5: (F,E) € (G, E)}.

Clearly, int;(G,E) is the largest soft p-open set
contained in (G, E).

3 Soft Pair-Wise Neighborhood System

Definition 3.1 Let (X, 17,, 75, E) be a soft bitopological
space, (F,E) be a soft set over X and x, € SS(X)g.
Then (F,E) is said to be a soft pair-wise
neighborhood (briefly soft p-nbd) of x,, if there exists
a soft p-open set (G, E) such that x, € (G,E) € (F,E).

Definition 3.2 Let (X, 1,7, E) be a soft bitopological
space and (H, E') be a soft set over X. A soft set (F, E)
over (X,E) is said to be a soft p-nbd of the soft set
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(H,E) if (F,E) is soft p-nbd of each soft point of
(H,E).

Theorem 3.1 A soft set (F, E) over X is soft p-open iff
(F,E) is a soft p-nbd of each its soft points.

Proof. Let (F,E) be a soft p-open set and x, € (F,E).
Then x, € (F,E) € (F,E). Therefore (F,E) is a soft p-
nbd of x, for each x, € (F,E).

Conversly, suppose that (F,E) is a soft p-nbd of its
each soft points and x, € (F, E). Then there exists soft
p-open set (G, E) such that x, € (G,E) € (F,E). Since

= U c O
(F,E) xggt(JF,E) e} _xe'ék(JF,E) )
€ U
xe€(F,E)

(F,E) =(F,E)
it follow that (F,E) is a union of soft p-open sets.
Hence (F, E) is p-open soft set. O

Let (X,7,,75,E) be a soft bitopological space and
Xe € SS(X)g. The family of all soft p-nbds of soft
point x, denoted by N, (x,).

Proposition 3.1 If {N,
of soft p-nbds, then

(x0): x, € SS(X)g} is a system

12

1. For every (F,E) € N, (x.), x. € (F,E);
2. (F,E)eN,,(x.) and (F,E)E (G E)= (GE)€
erz(xe);

3. (F,E) € N, (x,) = 3(G,E) € N, (x,) such that
(G,E)E (F,E) and (G,E)€EN,, (), for every
yer € (G, E)

Proof. Proofs of 1 and 2 are straightforward.

3. Let (F,E) be a soft p-nbd of x,, then there exists a
soft p-open set (G,E) €1y, such  that
x. € (G,E) € (F,E). Since x, € (G,E) € (G,E) can be
written, then (G,E) € N;,(x.). From the Theorem
3.1, if (G, E) is soft p-open set then (G, E) is a soft p-
nbd of its each soft points, i.e., (G,E) € N, (ye 1), for
every y € (G, E). O

Remark 3.1 Generally, (F,E),(G,E) € N,(x.) =
(F,E)D (G,E) ¢ N;,(x.). Actually, if (F,E) and
(G,E) € Ny, (x.), there exist (Uy, E), (U, E) € 74, such
that x, € (U,E) € (F,E) and «x, € (U, E) € (G,E).
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But (U, E) N (U,, E) need not be a soft p-open set.
Therefore, (F,E) 0 (G, E) need not be a soft p-nbd.
Proposition 3.2 Let soft
bitopological space. Then

N‘rlz(xe) = N‘rl (xe) U N‘rz (xe)

(X,71,7,E) be a

for each x, € SS(X);.

Proof. Let x, € SS(X)g be any soft point and (F,E) €
N, (x.) be any soft p-nbd of x,. Then there exists a
soft p-open (G, E) € 1,, such that x, € (G,E) € (F,E).
If (G,E) € 145, there exist (G, E) € 7, and (G5, E) € 14
such that (G,E) = (G,E) U (G,,E). Since
X, € (G,E) = (G,E) U (G,,E), then x, € (G,E) or
X, € (G,,E). So x, € (G,E)E (G,E)E (F,E) or
X, € (G,,E) € (G,E) € (F,E). In this case, (F,E)€
Ny (x,) or (FE)EN,(x.) i e, (FE)E€
Np, (xe) U N ().

Conversly, suppose that (F,E) € Ny (x.) U N, (x,).
Then (F,E) € N (x,) or (F,E)€ N, (x.). Hence,
there exists x, € (G,E) € 1, or x, € (G, E) € 1, such
that x, € (G, E) € (F,E) and x, € (G, E) € (F,E). As
a result, x, € (G,E) U (G, E) = (G,E) € (F,E) such
that (G,E) € Ty, i. e, (F,E) € Ny, (x.).

Example 3.1 Let X = {x*, x% x3} and E = {e,, e,}. We
consider the following soft sets over X;

(FL,E) = {(e1, {x", x?}), (ez, {x*, x°}},

(F2, E) = {(e1, {x*}), (ez, {x, x* )},

(F3,E) = {(e1, {x*}), (e2, {x*}},

(F4—' E) = {(61, {xl' xz})' (62' X)}:

(Gl' E) = {(61' {xl})' (62, {xll xz})}!

(GZ' E) = {(81, {xz' xS})' (62' {xzi x3})}!

(G3,E) = {(e1, 8), (e, {x*}}.

Then, (X, t4,7,, E) is a soft bitopological space, where

T, = {(D,X, (FllE)' (FZlE)' (F3' E), (F4, E)}and
T = {(D' X! (Gll E)' (GZl E)' (G3, E)}

It is clear that,

T - {(D,X,(FI,E),(FZ,E), (F3,E), (F4,E), }
27 WGy, E), (G, E), (G, E), (Hy, E), (Hy, E), (H3, E)

Where,
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(Hy, E) = (Fy,E) LNL(GZ'E) = {(e1, X), (ez, {x%,x*})},
(Hz,E) = (FZ!E) Y (GliE):

= {(e, {x*,x?}), (e, {x", x* D)}
(H3,E) = (F2, E) U (G, E) = {(ey, {x% x3}), (2, X)}.

Consequently, for arbitrary soft point x; € SS(X)g
N‘L'12 (xgl)
_ {X (F1,E), (Fy, E), (Gy, E), (Hy, E), (Hy, E), }
{(er, Ix'), (€2, XD} (er, X), (2, {2, x* DY)

On the other hand,

N, (x2) = (X, (Fy, E), (F,, E), (H,, E)},
N, (xl) = {X.(F4.E).(61,E). (Hy, E), }
fzie {(el,{xl}), (ez:X)}'{(eLX)' (ez:{xl:xz})} .

Therefore, N (x3,) U N, (x2,) = Ny, (xg,).
Definition 3.3 An operator ¢°:SS(X); = SS(X)¢ is
called a soft supra neighborhood operator if it
satisfies the following conditions for all soft sets
(G,E), (H,E) € SS(X)&

@i+ V(F,E) € ¢°(xc), X, € (F,E);

@3 : (F,E) € ¢5(x,) and (F,E)E (G,E)=> (G,E)€

O ¢ (xe);

@3 : (F.E) € °(x,) > 3 (G,E) € p°(x,) such that
(F,E) € (G,E) and (G,E) € P, y, € (G, E).

Theorem 3.2 Let (X, 7,7, E) be a soft bitopological
space. Then the operator ¢°:SS(X)g = SS(X)g which
defined by

(p‘flz (xe) = (p‘?l (xe) U (p‘?z (xe)

is a soft supra neighborhood operator and it is
induced a unique soft supratopology given by
{(F.E) € SS(X)g: Vx, € (F,E)for(F,E) € ¢, (x.)}
which exactly 7;,.

Proof. Straightforward.

Definition 3.4 Let (X, 1, 1,, E) be a soft bitopological
space and (G,E) € SS(X)g. Then x, € SS(X) is called
soft pair-wise limit point of (G,E) if ((G,E)\
x.) N (F,E) # @ for every soft p-open set (F,E). The
set of all soft pair-wise limit points of (G, E) is called
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soft p-derived set and denoted by d,,((G, E)).

Theorem 3.3 Let (X,1,,7,,E) be a soft bitopological
space and (F,E), (G,E) € SS(X)g. Then

1. cl5(F,E) = (F,E) U dS((F, E));
2. (F,E) € (G,E) = d((F,E)) € d5((G,E));
3. d3((F,E)) Uds((G,E)) € d5((F,E) U (G, E)).

Proof. Straightforward.

Remark 3.2 The equality of the Theorem 5.(3) is not
true in general as shown in the following examples.

Example 3.2 Let X = {x!, x2, x3} and E = {e}. We
consider the following soft sets over X;

(FlﬁE) = {(e' {xl'xz})};
(FZ'E) = {(e' {xS})};
(GlﬁE) = {(e' {xl'xS})};
(GZ'E) = {(e' {XZ'XS})};
(G, E) = {(e, {x*}}.

Then (X, 74, 75, E) is a soft bitopological space, where

7, ={®, X, (F,E),(F,,E)} and
7, = {®,X,(G1, E), (G, E), (G3, E)}.

It is clear that,

12 = {®,X, (Fy, E), (Fy, E), (G, E), (G2, E), (G3, E)}.
Now, let (H,E)={(e,{x?x%*})} and
{(e, {x'})} be two soft set over X. Then
dp((H,E)) = {(e, {(x'D},
dp((K,E)) = @,
dy((H,E) U (K, E)) = {(e, {x", x*})}.

(K. E) =

Therefore,

d;((F,E)) Udy((G,E)) # dy((F,E) U (G,E))

4 Soft Pair-Wise Continuity

We introduce a different kind of a definition of soft
continuity in a soft bitopological space, based on the
definition of a soft point given in [3].

Definition 4.1 Let (X,7,75,E) and (Y,n4,7m2,E) be
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two soft bitopological spaces and
(fi1g): (X, 11,72, E) > (Y, 1,1, E) (briefly denoted
by f) be a soft mapping. For each soft p-nbd (G, E) of
f(x.), if there exists a soft p-nbd (F,E) of soft point
x, € SS(X)g such that f((F,E)) € (G,E), then f is
said to be soft pair-wise continuous mapping (soft p-
continuous mapping, briefly) at x,.

If f is soft p-continuous mapping for all x, € SS(X)g,
then f is called soft p-continuous mapping.

Example 4.1 Let X = {x*, x% x3}, Y = {y*, y?, y3} and
E ={e,, e,}. Then 7, = {®,X, (F,,E), (FyE), (Fs, E)},
1, ={®,X,(G,E), (G, E), (G3,E), (G4, E)} are two soft
topological ~ spaces  over X and 71 =
(@,7,(Hy, E), (Hy, E), (Hs, E)}, n, =
{@,Y,(Ky,E), (K3, E), (K3, E)} are two soft topological
spaces over Y. Here the soft sets over X and Y
defined as follows:

(Fu, E) ={(ey, {xlt xz})t (ez, {xz' x3})};
(Fy E) = {(ey, {x', x%)), (e, {x"D};
(F3,E) = {(eq, {x'}), (e2, ®)};

Gy, E) = {(e1, {x*}), (e2, {x', x*D};
(G2, E) = {(e1, {x", x°}), (ez, {x", x*D};
(G3,E) = {(e1,0), (e2, (x", x*D};

(64! E) = {(eliX)' (82, {xlixz})};

and

(Hy, E) = {(e, {y", ¥°D, (e2, ¥, ¥*D};
(HZ' E) = {(6’1, Y)' (82, {y3})},

(Hs, E) = {(er, 0" ¥*]), (e2, D)}
(K1, E) = {(er, D, (&2, ¥, ¥*DY;
(KZl E) = {(elt {yzl y3})l (62! {yl! yZ})};
(K3, E) = {(elt 0)) (621 {yl})}

Then (X,74,75,E) and (Y,nq,1m, E) are two soft
bitopological spaces where

(®.X, (F1, ), (Fy, E), (Fs, E), (Gy, E), (G5, E), (G3, E), (G, E), |
_ JWLE) = (F,E) T (G, E) = {(en, {x',x}), (2, X)},

| WU E) = (F5,E) U (G, E) = {(en, {x", 7)), (e, (1, 7).},
(Us, E) = (F3,E) U (Gs,E) = {(ex, {x']), (e, {x*, x?}).,}

and
®,Y,(H,,E), (Hy, E), (Hs, E), (Ky, E), (K2, E), (K3, E),
Vi, E) = (Hy, E) U (K, E) = {(e1, " y3}, (e, V)3,
Ty = (V2. E) = (Hy, E) U (K, E) = {(e1,Y), (e, ", ¥y D},

(V3,E) = (Hy, E) U (K3, E) = {(e1,Y), (e2, (y", ¥* D},
(Vo E) = (H3, E) U (K1, E) = {(es, ", ¥, (2, 05 ¥* D),
(VSIE) = (H3,E) G (K3,E) = {(91:{371;}’3}); (EZI{yl})} )
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If the mapping f:X — Y defined as f (xé].) = yei]. i=
1,3, j = 1,2, then f is soft p-continuous mapping at
xg, and is not soft p-continuous mapping at xg .
Therefore f is not soft p-continuous mapping on X.

Theorem 4.1 Let (X, 14,75, E) and (Y,n4,1,, E) be two
soft bitopological spaces and f:(X,74,7,,E) —
(Y,n1,m2,E) be a soft mapping. Then f is a soft p-
continuous mapping iff f71((G,E)) € 14, is soft p-
open set, for each soft p-open set (G, E) € n4,.

Proof. Suppose that f is a soft p-continuous mapping
and (G,E) € ,,. Let us show that f~1((G,E)) € 145.
For every soft point x, € f~*((G,E)) since
f(x.) € (G,E) and f is a soft p-continuous mapping,
then there exists a soft p-nbd (F, E) of the soft point
x, such that f((F,E)) € (G,E). Therefore,
x. € (F,E) € f~Y((G,E)) and f~*((G,E)) is a soft p-
open set from Theorem 3.1 .

Conversely, let x, be a soft point over X and
f(x.) E(G,E) be a soft p-open set in Y. Then
xe €Ef*((G,E)) is a soft p-open set and
f(f"X((G,E))) € (G,E). That is, f is a soft p-
continuous mapping.

Theorem 4.2 Let (X, 74,75, E) and (Y, 714,75, E) be two
soft bitopological spaces and f:(X,74,7,,E) —
(Y,n1,1m2,E) be a soft mapping. Then f is soft p-
continuous iff f71((G, E)) soft p-closed in X for every
(G,E) ESS(Y)g.

Proof. Let f:(X,74,75,E)—= (Y,n,n2,E) be a soft
mapping and (G, E) is any soft p-closed in Y. Since
(G,E)¢ is soft p-open in Y and f is a soft p-
continuous mapping, then f~1((G, E)°) is soft p-open
set in X. Morover, f~1((G,E)¢) = (f'l((G,E)))C. If
(F~X((G, E)))C is soft a soft p-open then f*((G,E)) is
soft p-closed set in X.

Conversely, suppose that f~1((G, E)) is soft p-closed
set in X whenever (G, E) is soft p-closed in Y. For any
soft p-open set (H,E) over Y, (H,E)° is soft p-closed
set. From the hypothesis, f ~((H, E)°) is soft p-closed
set in X. Since f~'((H,E)°) = (f"((H,E)))° and
(f~*((H, E)))C is soft p-closed set in X, then
f~*((H,E)) is soft open set in X. Therefore, f is soft

O
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p-continuous. O

Theorem 4.3 Let (X,74,7,,E) and (Y,n4,1,, E) be two
soft bitopological spaces and f:(X,74,7,,E) —
(Y,n1,1m2,E) be a soft mapping. Then f is soft p-
continuous iff f(clf,((F,E))) € cl3(f((F,E))) for
every (F,E) € SS(X)g.

Proof. Let f:(X,71,75,E) = (Y,n1,12,E) be a soft p-
continuous mapping and (F,E) € SS(X)g. Since
cly(f((F,E))) is soft p-closed set in 7Y,

f1 (cl;(f((F, E)))) is soft p-closed in X from the
Theorem 4.2. Then

i (£ (B F . Bm)) = £ (BT D). @D

We know that f((F, E)) € cl;(f ((F, E))), then
f(FED) € FHF(F ) E £ (cly (F(F,E)).

From 4.1,
(R, ) € iy (£ (s (. )
= £ (el (F(F. EDY)).

Therefore,

f(cly((F, B))) € cly(f ((F, ED)).

that

every

Conversely, suppose
£ (cL3((F E)) & cly (F(F, E)))
(F,E) € SS(X)g. Let (G, E) be any soft p-closed set in
Y, so that cl;,((G,E)) = (G, E). From the hypothesis,

for

£ (3 (£, EY))) E el (FF (G, E))))
€ c5((G,B)) = (G,E)

is satisfied. Thus, cl3 (f‘l((G,E))) € f1((G,E)) and
f1G ) E el (£71((6, E))). That is,
ety (£71((G.B))) = (G, E)) and so f((G,E)) is

a soft p-closed set in X. From the Theorem 4.2., it is
clear that f is soft p-continuous mapping. O

Theorem 4.4 Let (X, 74,75, E) and (Y,n4,1,, E) be two
soft bitopological spaces and f:(X,74,7,,E) —
(Y,11,m2,E) be a soft mapping. Then f is a soft p-
continuous mapping iff f:(X,74,E) = (Y,n1,E) and
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soft continuous

fr (X7, E) > (Y, E)
mappings.

are

Proof. Let f be a soft p-continuous mapping and
(G,E) be soft p-open set over Y. Then there exist
(G,E)em and (G,,E)En, that
(G1,E) U (G, E) = (G,E). Since f soft p-
continuous mapping, then

such
is a

f((G,E)) = f*((61,E) T (G, E))
= f_l((Gle)) U f_l((GZfE))

is soft p-open set. In this case, f _1((61, E )) € 1, and
f (G4, E)) € 1,. That is, f: (X, 74, E) = (Y, 11, E) and
f1(X,15,E) > (Y,1,,E) soft continuous
mappings.

are

Conversely, suppose that f: (X,7;,E) = (Y,1,,E) and
f:(X,15,E) > (Y,n,,E) is soft continuous mappings
and let (G, E) € 04, (G,, E) € 1, be two soft open sets.
Then there exists a soft p-open set (G,E) such that
(G,E) = (G, E) U (G,,E). Since f:(X,7,E) >
(Y,n,E) and f:(X,1,,E) = (Y,n,,E) is soft
continuous mappings, then f~1((G,,E)) €1, and
(G, B)) €7y Therefore,
fGLE) T (G E)) = f (G, E) U (G, E)) =
f~Y((G,E)). That is, f is a soft p-continuous
mapping.

Theorem 4.5 Let (X,74,7,E), (Y,n,15,E) and
(Z,04,0,,E) be soft topological spaces. If
fi(X, 1,72, E) = (Y., E) and  g: (Y, my, 12, E) =
(Z,04,0,,E) are soft p-continuous, then geo
f: (X, 14,72, E) = (Z, 04, 05, E) is soft p-continuous.

Proof. Let (W,E) € 0y, be a soft p-open and let us
show that (g o f)"*((W,E)) is a soft p-open set in X.
Since (g o )X (W,E)) = fY(g7*((W,E))) and the
mapping g is soft p-continuous, then g~*((W,E)) is
sopft p-open set in Y. On the other hand, since f is
soft p-continuous then f~'(g~*((W,E))) is sopt p-
openin X. Thatis, (g o f)"*((W, E)) is soft p-open set
in X and g o f is soft p-open continuous. O
Definition 4.2 Let (X,7,75,E) and (Y,n4,7m2,E) be
two soft bitopological spaces and f: (X, 74,7, E) =
(Y, 11,13, E) be a soft mapping. Then,
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a: f is called soft pair-wise open mapping (soft p-
open mapping, briefly) if f((F,E)) is soft p-open set
inY, for every soft p-open set (F, E) in X;

b: f is called soft pair-wise closed mapping (soft p-
closed mapping, briefly) if f((F,E)) is soft p-closed
setin Y, for every soft p-closed set (F, E) in X.

Example 4.2 Let X = {x*, x% x3}, Y = {y*, y?, y3} and
E={e, e} Then 1,={0,X (FE)}, 1,=
{®,X,(G,E)} are two soft topological spaces over X
and n, = {®,Y,(H,E)}, n, = {®,7, (K, E)} are two soft
topological spaces over Y. Here the soft sets over X
and Y defined as follows:

(F,E) = {(e, {x", x*}), (e2, (x>, x°D};

(G, E) = {(e, {x*, x®}), (e, {x", x*P};
and

(H,E) = {(er, ", ¥*D, (e2, %, ¥ D}

(K, E) = {(er, (> ¥}, (e2, ", ¥y* D}

Then (X,74,75,E) and (Y,nq,7m,,E) are two soft
bitopological spaces. It is clear that,
{®,X,(F,E), (G E)}and ny, = {®,Y,(H,E), (K, E)}.
If the mapping f: X — Y defined as

T12 =

f(xe,)) = Yey f(xe,) = ve,
f(xezl) = ygl'f(xezz) = y€32
f(x€31) = yezl'f(xgz) = yezz
then f is both soft p-open and soft p-closed mapping.

Theorem 4.6 Let (X,74,7,,E) and (Y,n4,1,, E) be two

soft bitopological spaces and f:(X,74,7,,E) —
(Y, 11,13, E) be a soft mapping. Then,

a: f is soft p-open mapping iff
f (intf,((F, E))) € int3(f((F,E))) for every
(F,E) E SS(X);

b:  f is  soft p-closed mapping  iff
cl3(F((F,E)) € £ (cl3((F,E))) for every

(F,E) € SS(X);.

Proof. a: Let f be a soft p-open mapping and
(F,E) € SS(X)g. We know that int,((F, E)) is soft p-
open and int;((F,E)) € (F,E). From the hypothesis,
since f is a soft p-open mapping then f (int; ((F,E )))

is a soft p-open set in Y and
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this case,

f(mt;,((p, E))) E f((F,E)).
f (ints((F,E))) € int3(F((F, E))) is obtained.

Conversely, suppose that (G,E) is any soft p-open
set. Then int,;((G,E)) = (G,E). From the hypothesis,

f (intf,((G,E))) € int3(f((G,E))) is satisfied.
Therefore,

(6. B)) = f (int3((6. ED))
€ int3(f((G,E)) € f((G,E))
= f((G, E)) = int3(f (G, E))).

That is, f((G,E)) is a soft p-open set and so f is soft
p-open mapping.

b: The proof is similar the proof of a.

Theorem 4.7 Let (X, 74,75, E) and (Y, 714,75, E) be two
soft bitopological spaces and f:(X,74,7,,E)
(Y,11,m2, E) be a soft mapping. Then, f is soft p-open
(closed) mapping iff f:(X,7,E) > (Y,n,E) and
fi(X,12,E) = (Y,n,,E) soft open (closed)
mappings.

are

Proof. It is easily obtained similar to the proof of
Theorem 4.4.

Definition 4.3 Let (X,74,7,,E) and (Y,nq,7n,, E) be
two soft bitopological spaces and f:(X,7y,7,,E) =
(Y, 11,13, E) be a soft mapping. Then f is called a soft
pair-wise homeomorphism(soft p-homeomorphism,
briefly), if

i. f is a soft bijection,
ii. f is a soft p-continuous,
iii. £~ is a soft p-continuous.

Theorem 4.8 Let (X,1,,7,,E) and (Y,n4,1,, E) be two
soft bitopological spaces and f:(X,74,7,,E) —
(Y,n1,m2,E) be a soft bijection mapping. The the
following conditions are equivalent:

1. f is a soft p-homeomorphism,
2. f is a soft p-continuous and soft p-closed mapping,
3. f is a soft p-continuous and soft p-open mapping.
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Proof. It is easily obtained.

5 Conclusion

A study of soft bitopological spaces is a
generalization of the study of soft topological space.
Therefore =~ we  intoroduce  soft  pair-wise

neighborhood system in soft bitopological spaces
and their some properties. Finally, we define the soft
pair-wise continuity and soft pair-wise open (closed)
mapping in soft bitopological spaces and their basic
theorems are proofed. We hope that the results of
this study may help in the investigation of soft pair-
wise seperation axioms in soft bitopological spaces.
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