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ABSTRACT

In this paper, we introduce the notion of p -separated soft sets

based on the soft space (X, Nirs E ) which generate by soft

bitopological space (X ,771,772,E) and study some of its

properties. Based on this notion we introduce the notions of p
-soft connected(disconnected) spaces and study some of their
characterizations and properties. Also, we study the connected

of p -soft sets by using the soft space (X,T]lz, E) . Some

examples have given to support these concepts.
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1. INTRODUCTION

Molodtsov [19] initiated a novel concept of soft set theory,
which is a completely new approach for modeling vagueness
and uncertainty. He successfully applied the soft set theory to
several directions such as smoothness of functions, game
theory, Riemann Integration, and theory of measurement. In
recent years, development in the fields of soft set theory and
its application has been taking place in a rapid pace. This is
because of the general nature of parameterized expressed by a
soft set. Shabir and Naz [26] introduced the notion of soft
topological spaces which are defined over an initial universe
with a fixed set of parameters. I. Zorlutuna et al. [28] studied
some new properties of soft continuous mappings and gave
some new characterizations of sot continuous, soft open, soft
closed mappings and also soft homeomorphisms. In 2012, E.
Peyghan, B. Samadi and A. Tayebi [?] introduced and explore
the notions of soft connectedness in soft topological spaces.
Also, in 2014, M. Al-Khafaj and M. Mahmood [1] introduced
and studied some properties of soft connected spaces and soft
locally connected spaces. Ittanagi [10] introduced the concept
of soft bitopological space and studied some types of soft
separation axiom for soft bitopological spaces from his point
of view. Kandil et al. [[13],[16]]introduced some structures of
soft bitopological spaces. Recently, Kandil et al. [15]
introduced some types of pairwise soft open (continuous)
mappings and some related results.

The purpose of this article is to introduce and study the
concept of soft connectedness in soft bitopological spaces. We
study the concepts of pairwise separated soft sets, pairwise

soft connected (disconnected) spaces and pairwise connected
soft sets. The rest of this paper is organized as follows. In
section (2) we introduced briefly the notions of soft set, soft
topology, soft bitopological spaces, soft mapping and some
related topics. In Section (3), we introduce the notion of
pairwise separated soft sets and give some characterizations of
these soft sets. In Section (3), we introduce the notions of
pairwise soft connected (disconnected) spaces and investigate
some of their properties. In section (5), we give the concept of

P connected soft sets and some related properties are
studied. The last section summarizes the conclusions.

2. 2. PRELIMINARIES

In this section, we briefly review some concepts and some
related results of soft set, soft topological space and soft
bitopological space which are needed to used in current paper.
For more details about these concepts you can see [[10], [5],
(61, [71, [8], [9], [11], [13], [14], [19], [20], [21], [25], [26],
[31, [271].

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

Definition 2.1 [21] A pair (I, E) is called a soft set over

X , where I is amapping givenby F 1 E —> P(X). A
soft set can also be defined by the set of ordered pairs

(F,E)={(e,F(¢)):ecE, F:E—>P(X)}.

From now on, SS(X)E denotes the family of all soft sets

over X with a fixed set of parameters FE .

For two soft sets (F,E),(G,E)eSS(X),. (F,E)
is called a soft subset of (G,E), denoted by
(F,E)Z(G,E).if F(e)cG(e), Vee E . In this
case, (G,E) is called a soft superset of (F,E). In
addition, the union of soft sets (F,E) and (G,E),
denoted by (F,E)O(G,E), is the soft set (H,E)
which defined as H(e)= F(e)UWG(e), VeekE.
Moreover, the intersection of soft sets (F', E)) and (G, E)
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, denoted by (F, E)F\(G, E), is the soft set (M,E)
which defined as Ve € E. The complement of a soft set
(F,E), denoted by (F,E)", is defined as
(F,E)C = (FC,E), where F°:E —>P(X) is a
mapping given by F(e)=X\F(e), Vec E. The
difference of soft sets (F,E) and (G, E), denoted by
(F,E)\(G,E), is the soft set (H,FE), which defined
as H(e)=F(e)\G(e), VeeE. Clearly,
(F,E)\(G,E)=(F,E)N(G,E)". A soft set
(F,E) is called a null soft set, denoted by (5,E) , if
F(e)=¢, Vee E. Moreover, a soft set (F,E) is
called an absolute soft set, denoted by ( )Z LE), if
Fle)=X,
(¢7,E)C = (X,E) and ()?,E)C = (5, E). Moreover,
asoft set (G, E) is said to be a finite soft set if G(e) is a

VeecE. Clearly, we have

finite set forall e € E . Otherwise, it is called an infinite soft
set. A soft set (G, E) over X is called a proper soft subset

of (X,E)it(G,Eye(X, E).

Definition 2.2 (,,,) A soft set (F',E) € SS(X) . is said to

be a soft point in (f, E) ifthere exist X € X and
e € E such that F(e) ={x} and F(e') = ¢ for each
e'eE\ {e}. This soft point is denoted by (xe ,E) or X,

Le.,

X, : E — P(X) is a mapping defined as

{x} if e=a,

xe(a)= forall ae & .

@ if e#a

A soft point (xe, E) is said to be belonging to the soft set
(G, E), denoted by X, = (G, E), if xe(e) - G(e),
ie, {x} = G(e). Clearly, X, € (G,E) if and only if
(xe, E) é (G, E) . In addition, two soft points xel , ye2
over X are said to be equal if X =Yy and €, = é€,. Thus,

xel * ye2 iff XAy ore #e,.
The family of all soft points in (X, E) is denoted by

(X))

Proposition 2.1 [3] The union of any collection of soft points
can be considered as a soft set and every soft set can be
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expressed as a union of all soft points belonging to it, i.e.,

(G,E)=| Ji(x..E): x, E(G,E)}.

Proposition 2.2 [3] Let (G, E), (H, E) be two soft sets
over X . Then,

hx, €(G,E)=x, #(G,E).

@ x, €(G,E)O(H,E) < x, &(G,E) or
x,€(H,E).

3)x, €(G,E)N(H,E) < x, €(G,E) and
x,€(H,E).

@ (G.E)S(H,E) <=
[x, €(G,E)=x, €(H,E)].

For more details for soft point you can see [[20],[3],[22]].

Definition 2.3 /26], [23] Let 1] be a collection of soft sets
over a universe X with a fixed set of parameters E | i.e.,
nc SS(X)E The collection 1] is called a soft topology

on X ifit satisfies the following axioms:

M (X,E),(p.E)en.
(2) The union of any number of soft sets in 77 belongs to 77,

(3) The intersection of any two soft sets in 7] belongs to 77 .

The triple (X ,77, E) is called a soft topological space. Any
member of 77 is said to be an open soft set in (X ,77, E). A
soft set (F',E) over X is said to be a closed soft set in
(X,n,E), if its complement (F', E) is an open soft set
in (X,7, E) . We denote the family of all closed soft sets

by 7]0.

Definition 2.4 [26] Let (X,1,E) be a soft topological
space and (F,E)e€SS(X).. The soft closure of
(F,E), denoted by scl,,(F,E), is defined by
scl (F,E)=(Y(H,E)en®:(F,E)Z (H,E)})
. Definition 2.5 [1] The two soft sets (A, E),(B,E) ina

soft topological space (X, n, E) are called separated soft
sets if

sel, (A, E) A(B,E) = scl, (B,E) A (A, E) = (§, E)
.Definition 2.6 [/] A soft topological space (X,T], E) is

called soft connected space if X cannot be expressed as a
union of two separated soft sets.
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scl, (A, E) (B, E) = scl, (B, E) N(A,E) = (¢, E)

.Definition 2.7 [1] A soft set (G, E) in a soft topological
space (X,I],E) is called a disconnected soft set if there
exist two separated soft sets (A, E),(B,E) such that
(G,E)=(AE) O (B,E). otherwise, (G,E) s
called a connected soft set.

Definition 2.8 [17],/27] Let SS(X ) and SS(Y) be

two families of soft sets. Let W: X —>Y and
p: E— K be mappings. We define a soft mapping

f,m SS(X)E —)SS(Y)K as:

() 1f (G, E) € SS(X) . . Then, the image of (G, E)
under f ,writenas f, (G, E)=(f,,(G), p(E)).is
asoft setin SS (Y)K such that

U ulG@] if p'tk) =4,
S (G, E)(K) =4 ecp )
¢ if p(k)y=¢

forall k € K .
2 If (H, K) € SS(Y)K . Then, the inverse image of
(H,K) under fpu, written as
fou(H,K)=(f,,(H),E).isasoftsetin SS(X),

such that

Fl(H K)e)=u"'[H(p(e)] VecE.

Theorem 2.1 [17] Let SS(X ), and SS(Y) ;. be two
families of soft sets. For a soft mapping

f[m : SS(X)E —> SS(Y)K we have the following:
W f,.(@.E)=($.K) and f,(X,E)E(Y,K).

@ f,U,_, G.EN=_ f,.(G,.E) ana
FolNey G ENE(,, /(G E).

3 (GEEWM.E)= f,(GEC f,(M,E)

. Theorem 2.2 [17],[18] Let SS(X ), and SS(Y) . be
two families of soft sets. For a soft mapping

fpu : SS(X)E —> SS(Y)K we have the following:

W) fra(@.K)=($.E) and £,/ (V. K)=(X,E).
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@ frll,, H KOV=,, /(. K) and

Lol (H K= (), fou (H, K).

@ (H,.K)&(N.K)= f,,(H,K)Z f,!(N,K)
. Definition 2.9 /27] Let SS(X ) and SS(Y) be two
Sfamilies of soft sets. A soft mapping

f[m : SS(X)E —> SS(Y)K is called soft surjective(soft
injective) mapping if W, P are surjective (injective)

mappings, respectively. A soft mapping which is a soft
surjective and soft injective mapping is called a soft bijection
mapping.

Theorem 2.3 [27] Let SS(X ), and SS(Y) be two
Sfamilies of soft sets. For a soft mapping

f[m : SS(X)E —> SS(Y)K we have the following:

W [l [V, KONH, K] = (X, E)\[f,)(H,K)]

u u

for any (H,K)ESS(Y)K.

@ (G,E)CZ fp_ul[fpu(G, E)] for any

(G, E) € SS(X)E JIf fpu is a soft injective, the equality
holds.

O ful fr (H K E (H,K) forany

(H,K)e SS(Y)K JIf fpu is a soft surjective, the
equality holds.

Definition 2.10 /28] Let (X ,77, E) and (Y,0,K) be
two soft topological spaces. A soft mapping

fpu : (X,T],E) —)(Y,O',K) is said to be a soft
continuous if the inverse image of any open soft set in

(Y,0,K) is an open soft set in (X,T], E),ie,
fp;l(H,K)Eﬂforany (H,K)EO'.

Definition 2.11 /4] A triple (X ,T,,T,) is called a
bitopological space [briefly, bts], where T, T, are
arbitrary topologies on X . The collection T 12 is a supra

topology on X , where
7,={G= X :G=G,UG,;G e1,,i =12}

Definition 2.12 /4] Let (X, 75 2'2) be a bts. The sub
A, B of X are said to be P -separated sets in

(X,TI,TZ) if where Clrlz(A)={FETlC23AgF}.

Definition 2.13 /4] A bts (X, 7,,T,) is called P -

disconnected if X can be expressed as a union of two
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nonempty D -separated sets. Otherwise, (X »T1,T 2) is

called p -connected.

Definition 2.14 [/0] A quadrable system (X, n,1n,, E) is
called a soft bitopological space [briefly, sbts], where 1],

1], are arbitrary soft topologies on X with a fixed set of

parameters E .

Definition 2.15 [13] Let (X ,17,,1,, E) be a sbts. A soft
set (G, E) over X is said to be a pairwise open soft set in
(X, 1, E) [briefly, D -open soft set] if there exist an
open soft set (Gl, E) in 1], and an open soft set (GZ’ E)
in 1], such that (G, E) = (Gl, E) O (Gz’ E) . A soft set
(G, E) over X is said to be a pairwise closed soft set in
(X,T]l N E) [briefly, D -closed soft set] if its
complement is a P -open soft set in (X,T]l N E) .
Clearly, a soft set (F,E) over X isa P -closed soft set
in (X,f]l,ﬂz, E) if there exist an 1, -closed soft set
(E,E) and an 1], -closed soft set (FZ,E) such that
(F,E)=(F,E)N(F,, E).

The family of all p -open ( p -closed) soft sets in a sbts

(X, 1, E) is denoted by M (77102)’ respectively.

Theorem 2.4 [13] Let (X, n,1n,, E) be a sbts. The family

of all p -open soft sets 1], is a supra soft topology on X,
where

7712 = {(GlaE)Q(Gz’E) : (GlsE) € 77i7i = 1a2}
The triple (X N E ) is the supra soft topological space
associated to the sbts (X, m,1n,, E) .

Lemma 2.1 [11] For any sbts (X, nsn,, E) , we have

(X, 7716 , 7];) is an ordinary bitopological space, for all

ec E where i ={G(e):(G,E)en,}, i=1,2,

and 11{, =m,,(e)={H(e):(H,E)en,,}.

Definition 2.16 /3] Let (X, m-1n,, E) be a sbts and let
(G, E) € SS(X)E . The pairwise soft closure of (G, E)

, denoted by SCl,712 (G, E) is defined by

scl, (G,E)=(Y(F,E)en;,:(G,E) E(F,E))
.Clearly, SCl]]12 (G,E ) is the smallest P -closed soft set
contains (G, E) .
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Theorem 2.5 [13] Let (X ,17,,17,, E) be a sbts and

(G,E)e SS(X) . Then,

x, Escl, (G,E) = (O, ,E)A(G,E)#(4,E),
¥ (O, ,E) €ny5(x,) whete (O, ,E) isany p-

open soft set contains X, and 77,,(X, ) is the family of all p-

open soft sets contains X, .

For more details about the properties of pairwise soft closure
operator see [13].

Definition 2.17 [13] Let (X ,17,,17,, E) be a sbts and let
(G, E) S SS(X)E . The pairwise soft kernel of (G, E)
[briefly, Skel’;hZ (G, E) 1, is the intersection of all D -open

soft supersets of (G, E) , e,

sker, (G.E)=(((H.E)en,:(G.E)E (H.E))
Definition 2.18 [13] A soft set (G, E) is said to be a

pairwise A- soft set in a sbts (X, msm,, E) [briefly,
P -soft set] if Skel;hz (G,E)=(G,E).

Theorem 2.6 [13] Every D -open soft set is a pA -soft set.
Theorem 2.7 [13] Let (X ,77,,7,, E) be a sbts. Then, the
class of all pA -soft sets is an Alexandroff soft topology on
X . This soft topology we denoted by pa - The triple

(X /P% E ) is the soft topological space associated to the
sbts (X, msm,, E) , induced by the family of all pA -soft

sets.

Theorem 2.8 [13] Let (X,T]l,ﬂz,E) be a sbts. Then,
M9, S S, S SS(X)

Definition 2.19 [14] A sbts (X ,17,,7,, E) is said to be a
pairwise soft T, [briefly PST, ] if for each
Xoys Yy €E(X) with X, # Yy, there  exist
(G,E),(H,E)en,, suh ta x,&(G,E),
Vs €(G,E) and y,E(H,E), x, & (H,E).
Theorem 2.9 [11] A sbts (X,7,,7,,E) isa PST, iff

every soft point either P -open soft set or D -closed soft set.
(X,T]],UZ,E) and
(Y ,0,,0,, K ) be two soft bitopological spaces. A soft
mapping fpu : (X,771,772,E) —> (Y, 0,,0,, K) is

said to be a pairwise soft continuous [briefly, D -soft

Definition 2.20 [16] Let
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continuous] if the inverse image of any P -open soft set in
(Y,O'],Gz,K) is a p -open soft set in (X,77],772,E),
. -1

Le., fpu (H, K)e 1, for any (H, K) €0,

Theorem 2.10 [13] Let (X ,77,,7,, E) be a sbts and let
Y < X . Then, (Y, My sy E) is also soft bitopological

space where

ny ={(Y,E)N(G,,E):(G.,E)en,}.i=12
and ?(6) =Y, V e € E . This soft bitopological space we
will called soft bitopological subspace of (X, nsn,, E ) .

Theorem 2.11 [16] Let (X ,7,,7,, E) and
(Y, 0,,0,, K) be two soft bitopological spaces and let
fp” : (X,771,772,E) —>(Y,O'1,O'2,K) be a soft

mapping. Then, the following statements are equivalent:

@))] fpu isa P -soft continuous.
@) f,.(F,K)en, forall (F,K)€oy,.

3 fpu[Sd,,lz (G,B)]C SClo.lz[fpu (G, E)] for any
(G.E) e SS(X), .

@scl, [f,.(H,KIE f,,[scl, (H,K)] forany
(H,K)eSS(Y),.

) foulsint, (H,K)]E sint, [f,,(H,K)] for
any (H,K) ESS(Y)K

3. PAIRWISE SEPARATED SOFT SETS
Definition 3.1 Let (X,77,,7,, E) be a sbts and let
(G,E),(H, E) are non-null soft sets over X . The soft
sets (G, E) and (H, E) are said to be pairwise

separated soft sets [briefly, separated soft sets] if
sel, (G,E)™(H,E)=(¢,E),

(G.E)Ascl, (H,E)=($,E).

Proposition 3.1 Ler (X, n-1,, E ) be a sbts. Then, every

D -separated soft sets are disjoint soft sets.

Remark 3.1 The converse of Proposition 3.1 may not be true
as shown by the following example.

Example 3.1 Let X ={x,y,z,w}, E={e,e,} and

let
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m ={(¢.E).(X.E).(G.E).(H.E)}
1, ={(¢.E).(X,E),(M,E),(N,E))
(G.E) = {(e,,{x, w}). (e, {z.w})}.
(H,E)={(e;,{y,z}).(e,,{x, yD}.

(M, E)={(e;,{w}).(e,,{y,wh},

(N, E) ={(e;,{x,w}),(e;, X) }.

It is easy to verify that

M, = (@, E),(X,E),(G,E),(H,E),(M,E),
(N, E), (Pl , E), (PZ’ E)} where

(R, E) ={(e;,{x,w}),(e,,{y, 2. w})}.

(B, E)={(e;,{y,z,w}),(e,.{x, y,wh}.
Therefore, the family of all p -closed soft sets is
n, ={($.E).(X,E).(G.E),(H,E)" ,(M,E)‘,
(N.E),(R.E)".(P,E)'}

where

(G.E) ={(e.{y.zD).(er.{x, yD}.
(H,E)" ={(e;,{x,w}),(e;.{z,wD}.
(M, E) ={(e;.{x,y,2}).(e,,{x.2})}
(N,E) ={(e;.{y,z}).(e;,h)}.

(B, E) ={(e;.{y.2}). (e, {x})},

(P, E) ={(e,,{x}),(e,,{z})}. Now, let
(F, E) ={(e;,{x}),(e;,{x})}.

(Fy, E)={(e;,{yD.(e,,{yD} and
(Fy, E) ={(e;,{x}),(e;,{wD)}.

It is clear that (FZ,E) and (F3,E) are P -separated soft
sets. Although the soft sets (E,E) and (FZ,E) are

disjoint, we find that their are not p -separated soft sets

because
scl, (Fy, E)A(F,E) = {(e,§). (e, {x})} # (8. E)

Proposition 3.2 Let (X ,77],772,E) be a sbts and let
(G,E),(H,E) are non-null soft sets over X . If
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scl, (G,E) a scl, (H,E)= (#.E), then
(G,E) and (H,E) are D -separated soft sets.

Proof. Straightforward.

Note: From Propositions 3.1 and 3.2 we deduce that the
concept of P -separated soft sets is a weaker than of the

condition of disjoint pairwise soft closure of soft sets, but it is
a stronger than of the concept of disjoint soft sets.

Remark 3.2 The converse of Proposition 3.2 may not be true
as shown by the following example. Example 3.2 Let

X :{x,y,z}, E={€l,€2} and let
m =@, E),(X,E),(G,,E),(G,,E),(G,,E)},

1, ={($.E).(X.E).(H,,E),(H,,E),(Hy,E)}
such that

(G, E)={(e;,{x,2}),(e,,{x, y}}.
(G,,E)={(e,{y.2}).(e;.{y, 2D}

(G;,E) ={(e,,{z}),(e5,{y})}. and

(H,E) ={(e,{x, y}).(e,.{x,2})}.
(H,,E) ={(e;.{z}). (e, {x, y})}.
(H3, E) ={(e,9),(e,,{x})}.

It is clear that (X,UI,UZ,E) is a sbts. Moreover,
M, ={(@.E).(X.E).(G,.E).(G,.E).(G,. E),
(H]’E)’(stE)’(H?,’E)’(PaE)}

where

(P,E) ={(e,{y,2}).(e;, X)}.

Consequently,

nt, =14, E).(X,E),(G,E),(G, E), (G, E),
(H,E),(H,E),(HS,E),(P°,E)}

where

(G, E) ={(e.{y}.(e,.{z})}.
(G, E) ={(e;,{x}),(e,,{xD}.
(G5, E) ={(e;,{x, y}).(e,,{x, 2} }.
(Hy,E) ={(e;,{z}).(e;,{yD}.
(H,,E) ={(e;.{x, y}).(e;,{z)}.
(H;, E) ={(e;, X),(e,.{y. 2D}
(P, E) ={(e;,{x}).(e,,9)}.
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Now, let

(M, E) ={(e,{y})(e;,{y})} and
(N’E) = {(€I,¢),(€2,{X})} . Then,

scl,(M,E) = (H¢,E)and scl,(N,E) = (G, E)
Tt is clear that (M, E), (N,E) are p -separated soft
scl,,(M,E) N scl,,(N,E) =

{(e,,{x)),(e,, )} # (8, E).

sets but

Proposition 3.3 Let (X,77,,7,, E) be asbis. If (G, E),
(H,E) are P -separated soft sets, (M,E) é (G,E)
and (N, E) c (H,E), then (M ,E),(N,E) are also

D -separated soft sets.

Proof. From Theorem 3.11 in [13], we have
sclnlz(M, E)C Sdnlz(G’ E) . Since

(N,E)Z (H,E). then

scl, (M,E)A(N,E)E scl, (G,E)A\(H,E)= (8.E)

Therefore, .S‘Cl”12 (M, E) A (N, E) = (¢ , E) .By
similar we can prove that

scl, (N,E)A(M,E)= (#,E) . Hence,
(M ,E),(N,E) are p -separated soft sets.

Proposition 3.4 Let (X,7,,77,, E) be a sbts and let
(G,E) and (H,E) are P -open soft sets. Then,
(G,E) and (H,E) are p -separated soft sets if and
only if (G, E) and (H , E) are disjoint. Proof. The first

direction is obvious from Proposition 3.1. Now, suppose that
(G,E) and (H, E) are disjoint p -open soft sets, then

(G,E) i (H, E)C € 77f2. It follows that
SCIUIZ(G’ E) é (H, E)C implies

SCl’llz(G’ E) A (H, E)= (5, E) . By similar way we
can show that SClﬂ12 (H, E) ﬁ(G, E) = (5, E).
Hence, (G, E),(H,E) are p -separated soft sets.

Proposition 3.5 Ler (X, n1,, E) be a sbis and let
(F,E) and (M ,E) are D -closed soft sets. Then,
(F,E) and (M ,E) are P -separated soft sets if and
onlyif (F,E) and (M ,E) are disjoint.

Proof. Straightforward.
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Theorem 3.1 Let (X’771,7727 E) be a PSTI* and let
(G, E), (H, E) be two finite and disjoint soft sets. Then
(G,E) and (H,E) are P -separated soft sets.

Proof. Since (X, m,1n,, E) isa PSTI* , then every soft
pointis a p -closed soft set. Therefore, every finite soft set is

a p -closed soft set. Since (G, E) and (H, E) are finite
soft sets, then (G, E) and (H, E) are p -closed soft sets.

It follows by Proposition 3.5 that (G, E) and (H, E) are
D -separated soft sets.

Theorem 3.2 Let (X’771,7727E) beasbrs, Y € X and
let (G,E),(H,E)E (Y,E)E (X, E). Then,

if (G,E),(H,E) are p -separated soft sets in
(X, m,1n,, E) , then their are p -separated soft sets in

(Y, 771Y,772y,E) where
ny ={(Y.E)A(G.E):(G,E)en,}.i=12.

Proof. SCl’712Y (G,E)=

(Y(F.E):(F,E)enfy :(G,E) E(F,E)}
=(V,E)AM.E):(M.E)en;,.(G.E) E
(Y.E)A(M,E)}
ENV.EYAWM.E):(M.E)en,:(G.E)E
(M ,E)}

=(V,E)AI[{(M,E):(M,E)ent,: (G,E) &
(M,E)}] =(Y,E)A scl, (G,E). Hence,

scl, (G,E)E(Y,E)Ascl, (G,E).itfollows
that scl,  (G,E)A\(H,E) & (Y,E)A(H,E)
A SCZU12 (G, E) . Therefore,

scl, (G,E)A(H,E)E

(H, E) A SCln]2 (G, E)= (5, E) . Consequently,

Sd’h oy (G,E) A (H,E)= (5, E) . By similar way we
can prove that Sd’hzy (H, E) ﬁ(H, E) = (&, E) .
Hence, (G, E),(H, E) are p -separated soft sets in
Y.y .1y, E).

Theorem 3.3 Let
fp” : (X,771,772,E) —)(Y,O'I,O'2,K) bea D -soft

International Journal of Computer Applications (0975 — 8887)
Volume 169 — No.11, July 2017

continuous and soft surjective mapping. If
(M, K), (N, K) are D -separated soft sets in

-1 -1
(Y,O'I,GQ,K), then fpu (M,K),fpu (N, K) are p
-separated soft sets in (X NI E ) .

Proof. Since (M, K),(N, K) are p -separated soft sets
in (Y, 0,,0,, K) , then
scl, (M,K)A(N,K)=($,K) and

(M,K)Asel, (N,K)=($,K).since £, isa
P -soft continuous mapping, then we deduce by Theorem

201 thatsel, [f,, (M, KNE f,,[scl, (M.K)]

which implies that

fod(N.K)Ascl, 1f 0 (M, K]S
[ (N K)YAf,sel, (M, K))]

— f;;ul [(N,K) A sclalz (M, K)] [by Theorem 2.2 (2)]
= £, K)]
= (5, E) [by Theorem 2.2 (1)].

Hence, [, (N, K) Ascl, [, (M, K)]=(.E)
.Similarly, we can prove that
foa M K)Ascl, [f,,(N,K)]=($,E) . since

u

fp . 18 a soft surjective mapping, then

fol (M ,K) #($,E) and f,/(N,K)#(¢,E).
Consequently, fp;l (M,K), fp;l (N,K) are p -
separated soft sets in (X, m-1n,, E) .

Theorem 3.4 Let (X, 1, E) be a sbts. Then,

it (G,E),(H,E) are D -separated soft sets in
(X, n.1n,, E), then G(e),H(e) are D -separated sets
in (X,T]f,?];),forall eck.

Proof. For any sbts (X,77,,17,,E), e € E we have
77162 =1n,,(e)={G(e):(G,E) €n,,} [by Lemma 2.1].

Since
scl, (G,E)=((F,E)eni,:(G,E)E(F,E))
, then

scl, (G,E)e)=["F(e)eni(e):Gle) = Fle))
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. Therefore, SCl,712 (G,E)(e)=cl . G(e) . Now, since
M2

(G,E),(H,E) are p -separated soft sets in
(X,T]l ,772,E) , then
scl, (G,E)A\(H,E)= (§,E) and

scl, (H,E)A(G,E)= (#,E) implics

[scl,]12 (G,E)"N(H,E))(e) = ¢ and

[scl, (H,E)A\(G,E)l(e) = §. Therefore,
sclnlzG(e) NH(e)=¢ and

sclﬂle (e) MG(e) = ¢ . It follows by Definition 2.13

that, G(e), H(e) are p -separated setsin (X,77,,775).
Theorem 3.5 Let (X, My, E) be a sbts. Then,

If (G,E),(H,E) are p -separated soft sets in
(X ,771,772,E), then their are soft separated sets in

(X,17,0.E).

Proof. It follows from the fact that

scl, (G,E)csc, (G,E), V(G,E)eSS(X),
pA 12

4. PAIRWISE SOFT DISCONNECTED
(CONNECTED) SPACES

Definition 4.1 Let (X,17,,77,,E) be a sbts. A p -
separated soft sets (G,E),(H,E) in (X,n,,n,,E)
are said to be pairwise soft separation of ()? ,E) [briefly,
p -soft separation ] if (X,E)=(G,E)J(H,E). In
this case we say that (f ,E) has a p -soft separation.

Definition 4.2 A sbts (X ,77],772,E) is said to be a
pairwise  soft  disconnected space [briefly, D -soft

disconnected] if (X,E) has a P -soft separation.

Otherwise, (X,?]l,ﬂz,E) is called pairwise soft
connected space [briefly, D -soft connected], i.e., a sbts

(X,T]l,ﬂz, E) is a p -soft connected if (55, E) cannot

be represented as the union of two P -separated soft sets.

Example 4.1 From Example 3.1, (X, msm,, E) isa p -
soft disconnected because (G, E) and (H, E) are form a
P -soft separation of (X,E)

where

(G.E) ={(e).{x.w}),(e;.{z.w})}.
(H,E)={(e;,{y,2}): (e {x, D)}
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Also, From Example 3.2, we deduce that (X, N1y, E) is
a p -soft disconnected because (Gs’ E) and (H 1 E) are
forma p -soft separation of (X, E).

Proposition 4.1 Let (X NI E ) be a sbts. Then,

M) 173, =77, = {(§, E),(X, E)}  then
(X,T]I,UZ,E) isa p -soft connected.

@) 1t 17,, =SS(X) ., | X > 1, then (X,7,,1,, E) is

a p -soft disconnected.

QI 77, = {(5, E), ()Z, E),(G,E)}, then
(X, n.1n,, E) isa p -soft connected.

Proof. (1): By  given we  deduce  that

UIZZ{(J,E),()?,E)}. So, for any two soft sets
(G,E),(H,E) over X we have

sclﬂlz(G, E)= sclﬂlz(H,E) =(X,E).

Consequently, we cannot represented (X, £) as a union of
two P -separated soft sets in (X’771a772’E)~ Hence,
(X9771’772’ E) isa p -soft connected.

(2): since N, = SS(X)E, | X |> 1, then every soft set

is a p -closed soft set. It follows that for every soft point
(x,,E) in ()?,E) we have SClnlz(XE’E) =(x,,E)
and scln]z(xe,E)C =(x,,E).So, (x,,E),(x,,E)

are P -separated soft sets and

(X,E)=(x,,E)O(x,,E)° . Hence, (X,1,,1,, E)

isa p -soft disconnected.

(3) . Assume that (X, n-1Ms, E) isa p -soft
disconnected. Then there exist two non-null soft sets

(M,E),(N,E) such that

scl,(M,E)N(N,E) = scl,,(N,E) N(M, E)
=(4,E)and (X,E) =(M,E)J(N, E). Therefore,
scl,(M,E)=scl,,(N,E) = (G, E)" . It follows that
(M,E) & (G,E) and (N,E) E (G, E) implies
(M,E)O(N,E)E (G, E). Thus,

()? ,E) =(G, E), a contradicts with that

(X,E) # (G, E) . Hence, (X,1,,1,, E) isa p -soft

connected space.
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Theorem 4.1 Let (X, m-1n,, E) be a sbts. Then the

following are equivalent:

€8 (X, nsn,, E) is p -soft connected.

(2) (X, E) cannot represented as a union of two non-null

disjoint P -open soft sets.

(3) (X, E) cannot represented as a union of two non null

disjoint p -closed soft sets.

4) (X, E) has no proper soft subset which is both p -open

and p -closed soft set other than (¢ E).

Proof. (1) = (2): Assume that there exist two non-null
p -open soft sets (G, E),(H, E) such that

(G,E)A(H,E)=($,E) and
(X,E)=(G,E)J(H,E).Since
(G,E)A(H,E)=(¢,E). then (G,E) & (H,E)
,(H,E)Z (G, E)" . Therefore,

scl, (G,E)A(H,E)=($,E) and

scl, (H,E)A\(G,E)=($,E). Itfollows that

()?, E) hasa P -soft separation, i.e., (X, msm,, E) is

D -soft connected which contradicts with (1).

(2) = (3) : Assume that there exist two non-null p-
closed soft sets (F', E), (M, E) such that

(F,E)AM,E)=(¢,E) and
(X,E)=(F,E)J(M,E). Then,

(F,E) ,(M,E)‘ are non-null p -open soft sets and
(F,E)* O(M,E) = (X, E), which contradicts with
().

(3) = (4) : Assume that there exists (G , E) &
(X ,E), (N,E)# (5,E) such that (IV, E) is both
P -openand P -closed soft set. Then (N, E), (N, E)*

are non-null disjoint P -closed soft sets and
()Z, E)=(N,E)J(N,E), this contradicts with (3)
.(4) = (1) : Assume that (X, msm,, E) isa p -soft

disconnected. Then there exists P -separated soft sets

(G,E),(H,E) such that
()2, E)=(G,E) O (H, E) . Therefore,
(G,E)° A(H,E)° =(¢,E) implies
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(H,E)° &(G,E) and (G,E)° & (H,E). Since
scl, (G,E)A\(H,E)=($,E). then
scl, (G,E)E(H,E)" (G,E) Hence, (G,E)

is p -closed soft set. Similarly, (H, E) is p -closed soft
set. On the other hand, by Proposition 3.1 we deduce that

(G,E) C (H,E)" . Therefore, (G,E)=(H,E) .1t
follows that (H , E )(" is p -closed soft set. Hence,
(H,E) isnon-null p -closed and p -open soft set, which
contradicts with (4) .

Corollary 4.1 A sbts (X, My, E) isa p -soft
connected space if and only if the only soft sets over X
which are P -open and P -closed soft sets are (X,E) and

(8.E).

Example4.2 Let X ={a,b,c,d}, E={e,,e,,e;}
and let

n ={(@,E).(X,E).(G,,E),(G,,E),
(G,,E),(G,,E)}

1, ={(¢,E),(X,E),(H,,E),(H,,E))

where,

(G, E) ={(e;.{a,c}).(e,.{a,b,c}).(e;,{c.d})}.
(G,, E) ={(e},9),(e3,{a,c}),(e;,{d})}.

(G3, E) ={(e,,{c}),(e,,{b}). (&5, P},
(G4’E) = {(el,{c}),(e2,{a,b,c}),(eS,{d})},

(HlsE) = {(61,{a,b}),(62,{a,C}),(e3,{a,d})},
(H,, E) ={(e.{b}).(e;.{c}).(e5.{a.d})}.

Then, (X, n,n,, E) is asbts and therefore

7712 = {(¢’E)a (X’E)’ (Gl 9E), (G27E), (G:;’E) 5
(G, B),(H,,E),(H,,E),(B,E),(F,, E),(B, E), (P, E),(F, E)}

where

(H’E) = {(61,{a,b,C}),(€2,{Cl,b,C}),(€3,{a,C,d})}
. (P, E) ={(e,,{b}). (e;.{a,c}),(e5,{a,d})}.
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(B, E) ={(e.{a.b,c}).(e;.{a,b,c}).(e.{a.d})}
. (B, E) ={(e,{b,c}).(e;.{b,c}).(e5,{a,d})}.

(I)S’E) = {(el’{bsC})’(ez’{a’b’c})’(e?,’{avd})} .

It is easily to seen that the only soft sets over X which are

P -open and p -closed soft sets are (X,E) and (¢ LE).
Consequently, by Corollary 4.1 we deduce that

(X, My, E) isa p -soft connected space.

Theorem 4.2 Ler (X, 1, E) be a sbts. Then the

following are equivalent:

€8 (X, nsn,, E) is p -soft disconnected.

(2) (X, E) can represented as a union of two non-null

disjoint P -open soft sets.

(3) (X, E) can represented as a union of two non null

disjoint p -closed soft sets.

4) (X, E) has a proper soft subset which is both p -open

and D -closed soft set other than (¢ JE).

Proof. Similar to the prove of Theorem 4.1.

Remark 4.1 Ler (X, msm,, E) bea p -soft connected
space and let € € E . Then (X,?]f, 77;) may not be p -

connected space as shown in the following example.

Example 4.3 Let X ={a,b,c}, E={e,e,} andlet
m ={(@,E),(X,E),(G,E))}.

1, ={($,E),(X,E),(H,E)},

Where,

(GaE) = {(el,{a}),(ez,{b,c})} and
(H,E)={(e,{b,c}),(e5.{a,c})}.

Then, (X’771’772’E) is a sbts. It is Clear that
1, ={(#,E),(X,E),(G,E),(H,E)}. Therefore,
(X,T]l,ﬂz, E) is a p -soft connected because we cannot

represented (X, E) as a union of two non-null disjoint p -
open soft sets. On the other hand,

7712(61) = {(¢,X,{a},{b,c} } . Hence, (Xa771€1 ’7751)

is a p -disconnected space because {a} is both p -open
and p -closed set.
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Remark 4.2 Let (X N E ) be a p -soft disconnected
space and let € € E . Then (X, 7716 , 7]5) may not be p -
disconnected space as shown in the following example.
Example 4.4 Let X ={a,b,c}, E={e,e,} and let
m =1($.E),(X,E),(M,E),(N,E)}
n, ={(@,E),(X,E),(K,E)},

Where,

(M, E) ={(e,{D}). (e, {D})},
(N,E)={(e;, X),(,,{b})} . and

(K,E)={(e;.9).(e;,{a,c}H)}.

Then, (X,UI,UZ,E) is a sbts. It is Clear that

7712 = {(59E)’(X’E)5(MaE)’(N’E)’(Ka E)’(P, E)}

where, (P, E) = {(e] , {b}), (62, X)} . Since
{(6l ,X), (62, {b})} is both p -open and p -closed soft
set, then by Theorem 4.2 (4) we have (X, nsn,, E) isa

P -soft disconnected.

Now, 771 = (4,0}, X} and 7 = {4, X}.

So, 772 = {¢, X,{b} } Obvious that (X,T]]el ,77261) is a

e, e,
P -connected space. We can show that (X, m 2 , 7722 ) is a

P -disconnected space.

Theorem 4.3 Let (X,17,,17,,E) be sbtsandlet Y < X
. Then, (Y, 1y, 1y, E) isa p -soft disconnected if and
only if there exist two D -separated soft sets (F" , E) and
(K",E) in (Y, 1y, E) such that
(Y,E)=(F",E)O(K",E), where
(F',E)=(Y,E)A\(F,E), (F,E)en,,.

Proof. Straightforward.

Definition 4.3 A property P of a sbts (X, 1, E) is
called hereditary property if every soft bitopological subspace

(Y’nlyanzy’E) Uf (X’UI’UZ’E) is also has the
property P

Remark 4.3 The pairwise soft connectedness does not
hereditary property as shown by the following example.

Example4.5 Let X ={x,y,z}, E={e,e,,e;} and
let
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m ={($,E),(X,E),(G,E)},
772 = {(5’E)9(X~’E),(H,E)}

Where,

(G, E) ={(e;,{x}), (e, {x}), (e5,{x})}.
(H,E) ={(e;,{z}),(e,,{z}), (e5,{z})}.

Then, (X NI E ) is a sbts. Moreover,

M, ={($.E).(X,E),(G,E),(H,E),(P,E)}
Where,

(P, E) ={(e,,{x,2}),(e,,{x, 2}), (e5,{x, 2D}
Since ()? , E) has no proper soft subset which is both p -
open and p -closed soft set other than (¢7 ,E), then
(X,1,,1m,,E) isa p -soft connected space.

Now, let Y ={x,z}. It is easily to seen that
(?,E) =(P,E) andso

My ={(@,E),(Y,E).(G,E)},
My ={($,E),(Y,E),(H,E)}.
Then,

(Y, My sy E) is a soft bitopological subspace of
(X S5 s E ) . Furthermore,

Moy ={(.E),(Y E),(G,E),(H,E)}.
Since (G, E),(H,E) are non-null disjoint p -open soft
.1y, E) and
(Y,E)=(G,E)J(H,E). Hence, by Theorem 4.2
(3) we deduce that (Y,7,,,70,y,E) is a p -soft

disconnected  space. Therefore, the pairwise soft
connectedness does not hereditary property.

sets in

Theorem 4.4 Let (X, 0,,0,, E) be a sbts finer than of a
sbts (X, nsn,, E) . Then,

) If (X, m-1n,, E) isa p -soft disconnected space, then
(X, 0,,0,, E) isa P -soft disconnected space.

QI (X, 0,,0,, E)isa P -soft connected space, then
(X, m,1n,, E) isa p -soft connected space.
Proof. (1) : Since (X,T]l N E)isa D -soft

disconnected space, then there exist

(G, E), (H, E) S SS(X)E such that
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scl, (G.E)A(H,E)=(¢,E).

scl, (H,E)A(G,E)=($,E) and

(G,E) Q(H,E) = ()?,E) . Now, since
(X,O'I,GZ,E) is a finer than of (X,?]l,ﬂz,E) , then

1,, < O, - It follows that for any soft set (G, E) we have
SClalz (G,E) i Sd’712 (G, E) [by Theorem

2.5].Consequently, SClO,12 (G, E) A (H, E) = (5, E) ,
scl, (H,E)A(G,E)=(§,E) and
(G,E)O(H,E)=(X,E) . Hence, (X,0,,0,,E)

isa p -soft disconnected space.

(2) : Suppose that (X, 0,,0,, E) isa p -soft connected
space. Assume that (X, 1, E) is a P -soft
disconnected space. Then, by (1), (X,O'I,GZ,E) is a
P -soft disconnected space, a contradiction.

Theorem 4.5 Let (X, My, E) be a sbts. Then,

If (X, n» E) or (X, n,, E) is a soft disconnected space,
then (X, m-1n,, E) isa p -soft disconnected space.
Proof. It is immediate from the fact that
scl,712 (G,E)= scln1 (G,E A scl,72 (G,E)
[Corollary 3.15in [13]].

Remark 4.4 Let (X, msm,, E) be a sbts. If (X,T]l, E)
and (X N E ) are both soft connected spaces, then
(X, m.1n,, E) may not be a p -soft connected space as

shown by the following example.

Example 4.6 Let X ={a,b}, E={e,e,} andlet
m={($,E),(X,E),(M,E)},

1, ={(¢, E),(X,E),(N,E))

where,

(M, E) ={(e,,{a}),(e,.{b})}.

(N,E)={(e,,{b}).(e,,{aD)}. Then, (X,m,E)

and (X,77,,E) are soft connected spaces. Obvious that

(X,1,,m,, E) is asbts. Moreover,

M, =1(@,E),(X,E),(M,E),(N,E)}. Since
(M ,E),(N,E) are non-null disjoint P -open soft sets
and ()‘Z, E)y=(M,E) CJ(N, E). Hence, by Theorem
42 (3) we deduce that (X, n-Ms, E) is a P -soft

disconnected space.
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Theorem 4.6 Let (X ,17,,17,,E) beasbts, Y = X and
let (Y, 1,1y, E) bea p -soft connected space. If
(G,E) and (H,E) are p -soft separation of (X, E).
then (Y, E) E(G,E) or (Y,E)E (H,E).

Proof.  Assume that (Y, E)U(G, E) and

(¥, E)U(H,E) . Since (G,E) and (H,E) are p-
soft separation of (X,E). then
(Y,E)E(X,E)=(G,E)J(H,E)
(Y,E)A(G,E)J(H,E)]=(Y,E). 1t follows that
[(Y,E)~(G,E)]ONY,E)ANH,E)=(Y,E).

implies

On the other hand, since (f,E)fJ(G, E),
7, E)U(H,E) wa (V,E)E(G,E)D(H,E),
then (#,E)#(Y,E)N(G,E)# (Y,E).

(#.E)=(Y,EYNH,E)#(Y,E). Now,
(G,E)A(H,E)=($,E) and

since

scl, (G,E)E (Y, E)™ scl, (G,E),
then
scl, [(Y,E)A(G, DAY, E)A(H,E)]=(§,E)
and
scl, [(Y,E)AH,EIAY,E)A(G,E)l=(4,E)
. Therefore, (Y,E)AN(G,E), (Y,E)A(H,E) are
P -soft separation of (¥, E) which contradicts with that
Y.ny,1M,y,E) isa p -soft connected space. Hence, our
assumption is not true. Thus, (Y,E)E(G,E) or
(Y,E)E(H,E).

Theorem 4.7 Let (X, m-1n,, E) be a sbts. If
(X, m.1n,, E) isa P -soft disconnected, then
(X ST pas E) is a soft disconnected.

Proof. Straightforward.

Theorem 4.8 Let (X, m-1n,, E) be a sbts. If
(X,?]pA, E) is a soft connected, then (X, msm,, E) is

a P -soft connected.

Proof. Straightforward.

S. PAIRWISE SOFT CONNECTED
(DISCONNECTED) SOFT SETS
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Definition 5.1 A soft set (G, E) inasbts (X,n,,1,,E)
is said to be a pairwise disconnected soft set [briefly, D -

disconnected soft set] if there exist two non-null P -open soft
sets (O, E),(O,,E) such that

(G, E)A(O,E) # (4, E),

(G, E)A(O,, E) # (¢, E),
(G,E)Z(0,,E)J(0,,E) and
(0,,E)N(O,,E) Z(G,E)°. Inthis case we say that
(0,,E)O(0,,E) are p -soft disconnection of (G, E)
. Asoftset (G, E) iscalleda p -connected soft set if has

no P -soft disconnection.

Example 5.1 From Example 3.1, let
(F,E) ={(e;,{x, y}). (€, {y, W})}. Take

(0,.E)=(G,E). (0,,E)=(H,E). Itis clear that
(F,E)A\(0,,E) #($,E),
(F,E)™(0,,E)#($,E),
(F,E)&(0,,E)(0,,E)=(X,E) and
(0,,E)A(O,,E) = (§,E) & (G, E)° . Hence,
(F,E) isa p -disconnected soft set.

Theorem 5.1 Every p -connected soft set in a sbts
(X,1,,1m,, E) is a connected soft set in sbts
(X.1,4,E),

Proof. Straightforward.

Lemma 5.1 If (01 , E) O (02, E) are D -soft
disconnection of (G, E) in a sbts (X, msm,, E) , then
(G,E)"N(O,,E) and (G,EYN(O,,E) are p -
separated soft sets.

Proof. Since (O] LE) O (02, E) isa p -soft
disconnection of (G, E) , then

(G.E)A(0,.E) #(¢.E).

(G.E)N(0,,E) # (¢, E).
(G,E)Z(0,,E)I(0,,E) and

(0] , E) A (02 , E) § (G, E)C . We shall prove that
(O] , E) A (G, E), (02, E) A (G, E) are P -separated

soft sets.
Let X, € scl,[(O,, E) (G, E)]. Then, by Theorem
25 [0, E)AG, ENAO, ,E)#(¢,E),
Ay (0% JE)en,(x,).
x, €[(0,,E) "N (G,E)]. It

Now, assume that

follows that
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xgé(Oz,E). Therefore, (02’E)€771z(xe)‘ Thus,

[(0,, E)A(G,E)]N(0,,E)#($,E)  which a
contradicts with the given
(OI,E)ﬁ(OZ,E) é (G, E)C. Hence,
X, % [(02 , E) A (G, E)] . Consequently,

scl,[(0, EYA (G, E)IAI(0,, EYA (G, E)l = (4, E)
. Similarly,
5¢l,[(0,, E)A(G, ENAO,, EYA (G, E)l = (4, E)
. Hence, (01 , E) A (G, E), (02, E) A (G, E) are p -
separated soft sets.

Theorem 5.2 A soft set (G, E) in a sbts
(X, m,1n,, E) isa p -disconnected soft set iff there exist
two D -separated soft sets (S1 , E), (52 , E) such that
(G,E)=(S,,E)J(S,,E).

Proof. =>: Suppose that (G,E) is a p-
disconnected soft set in (X, m-1n,, E) . Then (G, E) has
a p -soft disconnection, say (OI,E)Q(OZ,E), ie.,

there exist two non-null  p-open  soft sets
(0,,E),(0,,E) such that
(G,E)™(O,,E)#($,E).
(G,E)™N(O,,E)#(¢,E).
(G,E) & (0,,E)(0,,E) and

(O,,E) A (0,,E) S (G, E)" . It follows by Lemma 5.1
tat (G, E)A(0,,E) and (G,E)A(O0,,E) are p-
separated soft sets. Since (G, E) é (01 , E) O (02, E) s

then

(G,E)N(0,,E)5(0,,E)=(G,E)

implies
[(G,E)N(O,, E)IOI(G, E) N\ (O,,E)] = (G,E).
Take (S,,E)=(0,,E)A(G,E) and

($,,E)=(0,,E)"(G.E).

& Let (S, E),(S,,E) betwo p -separated soft sets
and let (G, E) € SS(X) . such that
(G,E)=(S,,E)J(S,,E) . Then

scl, (S, E)A(S,, E) = (§,E) and

scl,(S,, E)A(S,, E) = (4, E) . Take

(0,,E) =[scl,,(S,, E)]° and

(0,,E) =[scl,,(S,, E)] . So. (O,,E),(O,,E) are

non-null P -open soft sets. Since

scl,(S,, E)AN(S,, E) = (4, E). then
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(S, E) E[scl (S, E)I = (0,, E) . By similar we
also have (S,, E) & (O, E) . It follows that
(G,E)E(0,,E)J(0,, E) . Now. since

[scl, (S, ) & (S,, E)°.

[scl,(S,,E)]° S(S,,E)°, then
(0,,E)A(O,,E) & (G, E)° . Furthermore, since
(S,,E),(S,,E) E (G, E) and (S,,E) E (0,,E),
(S,,E) E (0,,E). then

(S,,E) E(G,E)A(O,,E) and
(S,,E) E(G,E)N(O,,E). But, (S,,E) #(§,E).
(S,,E)#(,E). then (G,E)A(O,,E)#(¢,E)
amd  (G,E)A(O,,E)#($,E).
(G,E) isa P -disconnected soft set.

Consequently,

Corollary 5.1 Let (X,77,,17,, E) be a sbts. If
(Sl , E), (Sz, E) are two D -separated soft sets, then
(S1 ,E) O (52 , E) isa P -disconnected soft set.

Corollary 5.2 A soft set (G, E) inasbts (X,n,,1,,E)
is said to be a P -connected soft set iff cannot expressed as a

union of two P -separated soft sets.

Proposition 5.1 Ler (X,77,,7,, E) be a sbts. Then
(1) Every soft pointis p -connected soft set.

(2) The null soft setis P -connected soft set.

Proof. (1): Let (x,, E) be a soft point in ()? , E) Then,
for any two non-null p -open soft sets (O,, E),(O,, E)
such that (x,,E)A(O,,E) #(§,E).
(x,,E)™N(0,,E) #(§,E). we have
(x,,E)E(0,,E)N(O,,E). 1t
(0,,E) A (0,, E)\(x,,E)° . Hence, (x,,E) isa p -

connected soft set.

follows that

(2) : Obvious.

Theorem 5.3 Let (F, E) bea p -connected soft setin a
sbts (X, msm,, E) and let

(F,EYC(M,E)C sclnlz(F, E) . Then
(M ,E), Sd’712 (F,E) arealso P -connected soft sets.
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Proof. Let (F', E) bea p -connected soft set in a sbts
(X,1,,1m,,E) and assume that (M, E) isa p -
disconnected soft set in (X NI E ) . Then, there exist
two non-null p -open soft sets (01 LE), (02 , E) such that
(M.E)A(0,.E) #(4.E).

(M,E)~(0,,E) #($,E).
(M,E)Z(0,,E)J(0,,E) and

(0, E)"(0,,E) & (M,E)" . Since

(F,E)Z (M,E), then
(F,E)Z(0,E)J(0,,E) and
(0,,E)N(O,,E) S (F,E) .But (F,E) isa p -

connected soft set, then either
(F,E)™(O,,E)=($,E) or

(F,E)A(O0,,E) = (¢, E) . 1f we claim that
(F,E)A(O,,E)=(§,E). then (O, E) isa p -
closed soft set contains (£, E) . It follows that

scln12 (F,E)Z (0,,E)" which implies that
(M,E)"N(O,,E) = (¢7, E) , a contradicts with our

assumption. Hence, our assumption is false. Consequently,
(M,E) isa P -connected soft set. In particular, put

(M,E)= Slellz(F’E) , then SCIUIZ(F’E) is also
P -connected soft set.
Remark 5.1 The soft subset of a D -soft connected space

need not be a P -connected soft set as seen in the following

example.

Example 5.2 Consider the D -soft connected space
(X, m,1n,, E) in Example 4.2. Let
(F’ E) = {(ep¢)’ (62, {a}),(e3, {Cl})} Take

(0,,E)=(G,,E) and (0,,E)=(H,,E).
Therefore,

(F,E)™(O,,E) = {(e,,9), (e, {a}).(e,, )} # (8, E)
(F,E)™(0,, E) = {(e,,8), (e, ), (e, {aD)} # (B, E)

(F,E) Z(0,,E)O(0,,E) = {(e,,{b}).(e,,{a,c})
,(e,,{a,d})} ana
(0,,E)N(0,,E) ={(e,, ), (e,,{c}), (e, {d )} &
(F,E)" . Hence, (F,E) isa p -disconnected soft subset
of (X,my,1,,E).

International Journal of Computer Applications (0975 — 8887)
Volume 169 — No.11, July 2017

Remark 5.2 The union of two D -connected soft sets need
not be a P -connected soft set as seen in the following

example.
Example 5.3 In Example 5.2, it is clear by Proposition 5.1
(1) that (Cle2 JE), (Cle3 LE) are P -connected soft sets.

Nevertheless,
(a, . E)O(a, . E)={(e,,§). (e, {a}) (e, lah } = (F, E)

isa P -disconnected soft set.

Theorem 5.4 Let (G, E),(H, E) betwo p -connected
soft sets in sbts (X, nsn,, E) f
(G.E)A(H,E)#($,E). then (G,E) O(H, E)

isa P -connected soft set.

Proof. Suppose that (G, E),(H, E) are p -connected

soft sets and (G, E)(H,E) # (5, E) . Assume that

(G, E) O (H, E) isa p -disconnected soft set. Then
there exist two non-null P -open soft sets

(0] , E), (02, E) such that
[(G.E)O(H,E)]A(O,.E)#($.E).
[(G.E)O(H,E)A(0,.E) #($.E).
[(G,E)O(H,E)]Z(0,,E)O(0,,E) and
(0,,E)™N(0,,E)E[(G,E)O(H, E)]° . since
(G,E)E(G,E)J(H,E), then
(G,E)E(0,,E)(0,,E) and
(0,,E)AN(O,,E) E(G,E)° . But (G,E) isa p -
connected soft set, then (G, E) (O, E) = (¢, E) or
(G,E)™(0,,E)=($,E) . Therefore,
(G,E)E(0,,E) or (G,E) & (0,,E) [for
(G,E)Z(0,,E)J(0,,E) . Similarly,
(H,E)&(0,,E) or (H,E) & (O,,E). Thus. it
(G,E)E(0,,E) and (H,E) & (0,,E). then
(G,E)A(H,E) & (0,,E)™N(0,,E) (G, E) AN(H,E)
which implies that (G, E) N (H,E)=($,E).a
contradiction. Similarly when (G, E) C (O, , E) and
(H,E) Z(0,,E) we have a contradiction.

Consequently, our assumption is not true. Hence,

(G, E) O (H, E) isa p -connected soft set.

Theorem 5.5 Let fpu be a D -soft continuous mapping
from a sbts (X,T]I,UZ,E) into a sbts (Y,O'I,Gz,K). If
(G, E) isa P -connected soft set in (X, msm,, E) R
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then flm (G,E) isa P -connected soft set in
Y,o0,,0,,K).

Proof. Let (G, E) bea p -connected soft set in
(X,1,,1m,, E) . Assume that fpu(G, E) isnot p -
connected soft set in (Y, 0,,0,, K ) . Then there exist two
non-null P -open soft sets (01 ,K), (02 ,K) in
(Y,O'I,Gz,K) such that
f,(G.EYA(0,.K) % ($.K).
£,(G.EYA(0,,K) % (4.K).

f,u(G,E) E(0,,K)D(0,,K) and

(0, K) A0, K) EIT K\ f,, (G E)]. 1
follows by Theorems 2.2 and 2.3 that
(G.E)Nf,,(0,,K)#($,E),

(G, E)A f,1(0,,K) # (8, E),
(G.E)Z [,,(0,,K)T f,.(0,,K) and

pu

= (g, E)\(G,E).since f,, isa p -soft continuous,
then fp;l (0,,K), fp;l (O,,K) are p -open soft sets in
(X,1,,17,, E) .Hence, f,,(0,,K)T f,1(0,,K)

forma p -soft disconnection of (G, E) which contrary to

the fact that (G, E) isa p -connected soft set in
(X, n-1,, E) . Hence, fpu(G, E) isa p -connected

soft set in (Y,O'],GZ,K).

Corollary 5.3 Let fp . be a p -soft continuous mapping

froma p -soft connected space (X ,771,772,E) onto a sbts
(Y,O'I,G2,K). Then (Y,GI,O'Z,K) isa p -soft

connected space.

6. CONCLUSION

Soft bitopological spaces based on soft set which is a
collection of information granules is the mathematical
formulation of approximate reasoning about information
systems. In this paper, we introduced and studied the notion of
pairwise separated soft. Based on this notion, we defined and
studied some properties and characterizations of pairwise
soft connected spaces and pairwise connected soft sets in soft
bitopological spaces. Some properties of such notions are
obtained. We expect that the _findings in this paper can be
promoted to the further study on soft bitopology to carry out
general framework for the practical life applications.
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