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Abstract

In this article we introduce and characterize new types of soft sets in soft bitopological spaces,

namely, soft (1,2)*-omega difference sets (briefly soft (1,2)*-D

»-Sets) and weak forms of soft

(1,2)*-omega difference sets. Moreover we use these soft sets to study new types of soft separatlon
axioms, namely, soft (1,2)*-o- D--spaces soft (1,2)*-a-- D, j-spaces, soft (1,2)*-pre-o- D -spaces,

soft (1,2)*-b-0)-D j-spaces and soft (1,2)*—B-m-D j-spaces, for j=01,2. Furthermore we investigate
the characterizations and the relations between these types of soft separation axioms and other soft

separation axioms.
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Introduction

Shabir and Naz [1] introduced and studied
the concept of soft topological spaces by using
the notion of soft sets which is introduced by
Molodtsov [2]. Senel and Cagman [3]
investigated the concept of soft bitopological
spaces over an initial universe set with a fixed
set of parameters. Mahmood and Abdul-Hady
[4,5] introduced and studied new types of soft
sets in soft bitopological spaces called soft
(1,2)*-omega open sets and weak forms of soft
(1,2)*-omega open sets such as soft (1,2)*-a-
®-open sets, soft (1,2)*-pre-m-open sets, soft
(1,2)*-b-m-open sets and soft (1,2)*-B-w-open
sets and we use them to define and study new
classes of soft separation axioms called soft
(1,2)*-omega separation axioms and weak soft
(1,2)*-omega separation axioms in soft
bitopological spaces. The purpose of this paper
is to define and study new types of soft

separation axioms called weak soft (1,2)*- D

-separation axioms in soft bitopological spaces
by using weak soft (1,2)*- D, -sets such as soft
(12)*-0-Dj-spaces, soft (1,2)*-a-0-D;-
spaces, soft (1,2)*-pre-o- D j-spaces,
(1,2)*-b-co-]5 j-spaces, and soft (1,2)*-[3-03-]5 i
-spaces, for j=0,2. Moreover we study the
basic properties and the relationships between

soft
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these types of soft separation axioms and other
soft separation axioms.

1. Preliminaries:
Throughout this paper X is an initial
universe set, P(X) is the power set of X, P is

the set of parametersand Ac P.

Definition (1.1)[2]: A soft set over X is a pair
(U,A), where U is a function defined by

U:A—P(X) and A is a non-empty subset of
P.

Definition (1.2)[6]: A soft set (U,A) over X
is called a soft point if there is exactly ae A
such that U(a)={x} for some xeX and
U@")=¢,Va'eA\{a} and is denoted by
X =(a,{x}).

Definition (1.3)[6]: A soft point X = (a,{x})
is called soft belongs to a soft set (U,A) if
aeA and xeU(a), and is denoted by
x € (U,A).

Definition (1.4)[6]: A soft set (U,A) over X
is called countable (finite) if the set U(a) is
countable (finite) VaeA.



Definition (1.5)[1]: A soft topology on X is a

family T of soft subsets of X having the
following properties:

(i) peTtand XeT.
(i) If (Uy,P),(U,,P) €T, then
(U, PN, P)ET
(iii) If (U;,P) €T,VjeA,then
Jw,pez.
jeA
The triple (X,T,P) is called a soft
topological space over X. The elements of

T are called soft open sets in X. The
complement of a soft open set is called soft
closed.

Definition (1.6)[3]: Let X be a non-empty set
and let 7; and 7, be soft topologies over X.

Then (X,7,T,,P) is called a soft
bitopological space over X.

Definition (1.7)[3]: A soft subset (U,P) of a
soft bitopological space (X, T, T,,P) is called
soft 7,7,-open if (U,P)=(U,,P)U(U,,P) such
that (U;,P)eT; and (U,,P)eT,. The
complement of a soft 7,7,-open set in X is
called soft 7; 7, -closed.

Definition (1.8)[4]: A soft subset (A,P) of a
soft bitopological space (X, 1y, T,,P) is called
soft (1,2)*-omega open (briefly soft (1,2)*-w-
open) if for each X € (A, P), there exists a soft
T,7T,-open set (U,P) in X such that
xe€(U,P) and (U,P)—(A,P) is countable.
The complement of a soft (1,2)*-w-open set is

called soft (1,2)*-omega closed (briefly soft
(1,2)*-w-closed).

Definitions (1.9)[4]: A soft subset (A,P) of a
soft bitopological space (X,T;,7,,P) is
called:
(i) A soft (1,2)*-a-m-open set if (A,P)
(1,2)*- wint(ty Toc1((1,2)*- wint(A, P))).
(ii) A soft (1,2)*-pre-w-open set if (A,P) C
(1,2)*- wint(ty Tocl(A, P)).
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(iii) A soft (1,2)*-b-w-open set if (A,P)
(1,2)*- 0int(4,T,cl(A, P)) U
7 Tocl((1,2)*- wint(A, P)).

(iv) A soft (1,2)*-B-o-open set if (A,P)C
T, T,cl((1,2)*- 0 int(z,T,cl(A, P))) .

Proposition (1.10)[4]: If (X,T;,7,,P) is a
soft bitopological space. Then:
(i) Every soft T, T, -open set is soft (1,2)*-w-
open.
(i) Every soft (1,2)*-m-open set is soft
(1,2)*-a-w-open.
(iii) Every soft (1,2)*-a-w-0pen set is soft
(1,2)*-pre-w-open.
(iv) Every soft (1,2)*-pre-m-open set is soft
(1,2)*-b-m-open.
(v) Every soft (1,2)*-b-w-open set is soft
(1,2)*-B-w-open.

Definitions (1.11)[5],[7]: A soft bitopologi~cal
space (X, T, 1,,P) is called a soft (1,2)*- T, -
space (resp. soft (1,2)*-03-T0 -space, soft
(1,2)*-a-o-Ty-space, soft (1,2)*-pre-co-Ty-
space, soft (1,2)*-b-w- TO -space, soft (1,2)*-p-
- TO -space) if for any two distinct soft points
Xand yof X, there exists a soft7;T,-open
(resp. soft (1,2)*-w-open, soft (1,2)*-a-o-
open, soft (1,2)*-pre-om-open, soft (1,2)*-b-c3-
open, soft (1,2)*-B-w-open) set in X

containing one of the soft points but not the
other.

Definition (1.12)[5],[7]: A soft bitopological
space (X, 7;,T,,P) is called a soft (1,2)*-T,-
space (resp. soft (1,2)*-co-f1-space, soft
(1,2)*-a-o)-fl-space, soft (1,2)*-pre-m-f1-
space, soft (1,2)*-b-o- Tl-space, soft (1,2)*-p-
®- Tl-space) if for any two distinct soft points
X and yof X, there are two soft?;7,-open
(resp. soft (1,2)*-w-open, soft (1,2)*-a-w-
open, soft (1,2)*-pre-m-open, soft (1,2)*-b-o-
open, soft (1,2)*-B-w-open) sets (U,P) and
(V,P) in X such that X&(U,P),y & (U,P)
and Y€ (V,P),X&(V,P).
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Definition (1.13)[5],[7]: A soft bitopol0g~ical
space (X, T, 7,,P) is called a soft (1,2)*-T, -
space (resp. soft (1,2)*-o- Tz -space, soft
(1,2)*-0-0- fz -space, soft (1,2)*-pre-o- Tz -
space, soft (1,2)*-b-o- Tz -space, soft (1,2)*-p-
- TZ -space) if for any two distinct soft points

x and y of X, there are two soft 7;7,-open
(resp. soft (1,2)*-w-open, soft (1,2)*-a-w-
open, soft (1,2)*-pre-w-open, soft (1,2)*-b-o-
open, soft (1,2)*-B-m-open) sets (U,P) and

(V,P) in X such that X&(U,P),y&(V,P)
and (U,P)N(V,P)=5.

Proposition (1.24)[5]: Every soft
bitopological space is a soft (1,2)*-w- T; -space

(resp. soft (1,2)*-a—oa-fj -space, soft (1,2)*-
pre-m- :l:j -space, soft (1,2)*-b-w- :l:j -space, soft
(1,2)*-B-o- Tj -space), for j=0,1.

Definition  (1.15)[5]: A soft function
f:(X,7,7,,P)>(Y,64,6,,P) is called
strongly soft (1,2)*-w-continuous (resp.

strongly soft (1,2)*-a-w-continuous, strongly
soft (1,2)*-pre-m-continuous, strongly soft
(1,2)*-b-w-continuous, strongly soft (1,2)*-p-
w-continuous) if £71((U,P)) is a soft TTy-
open set in X for each soft (1,2)*-w-open
(resp. soft (1,2)*-a-w-open, soft (1,2)*-pre-m-
open, soft (1,2)*-b-w-open, soft (1,2)*-B-w-
open) set (U,P) inY .

Definition  (1.16)[5]: A soft function
f:(X,1,1,,P)>(Y,04,65,P) is called
strongly soft (1,2)*-w-open (resp. strongly soft
(1,2)*-a-w-open, strongly soft (1,2)*-pre-o-
open, strongly soft (1,2)*-b-w-open, strongly
soft (1,2)*-B-w-open) if f((U,P)) is a soft
5,6,-open set in Y for each soft (1,2)*-o-
open (resp. soft (1,2)*-a-m-open, soft (1,2)*-
pre-m-open, soft (1,2)*-b-w-open, soft (1,2)*-
B-w-open) set (U,P)in X.
2. Weak Soft (1,2)*- D, -Sets

In this section, we introduce and study new
concepts called soft (1,2)*-f)m-sets, soft
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(1,2)*- f)a_m -sets, soft (1,2)*- ﬁpre_m -sets,
soft (1,2)*']51)-@ -sets and soft (1,2)*-]53_0)-

sets in soft bitopological spaces. Further we
investigate the relationships between these
types of soft sets and other soft sets.

Definition (2.1): A soft subset (A,P) of a soft
bitopological space (X,7;,T,,P) is called a
soft (1,2)*-[~)w-set (resp. soft (1,2)*-f)a_w-
set, soft (1,2)*- Dy, -SeL, SOt (1,2)*-Dyy_, -
set, soft (1,2)*-I~)B_m-set) if there exists two
soft (1,2)*-w-open (resp. soft (1,2)*-a-m-open,
soft (1,2)*-pre-w-open, soft (1,2)*-b-m-open,
soft (1,2)*-p-w-open) sets (Aq,P) and
(Ay,P) in X such that (Al,P);ef( and
(A,P)= (Ay,P)\(A,,P).

Example (2.2): Let X=R, P={p;,p,} and
let T, ={X,$,(U,P)} and T, ={X,$} be soft
topologies over X, where (U,P)={(p;.,{4}),
(p,.{4)}. The soft sets in {X,,(U,P)} are
soft T,T,-open sets in X. Then (A,P)=
{1 {3).(p2.{8N} is a soft (1,2)*-D,,-set,
since. 3 (A1, P)={(p1, R —-{2}).(p2,
R-{2h} and (Az,P)={(pr, R-{3}. (P2,
R—-{3})} are soft (1,2)*-w-open sets in X

such that (A, P)=®R and (AP)=
(A1, P)\(A2,P).
Remark (2.3): In definition (2.1), if

(A;,P)=X and (A,,P)=, then each
proper soft (1,2)*-wm-open (resp. soft (1,2)*-a-
w-open, soft (1,2)*-pre-m-open, soft (1,2)*-b-
®-open, soft (1,2)*-B-w-open) subset of X is a
soft (1,2)*-D,-set (resp. soft (1,2)*-D,_,-
set, soft (1,2)*-I~)pre_w-set, soft (1,2)*-f)b_0J -
set, soft (1,2)*- f)B_(0 -set).

The converse of Remark (2.3) is not true in
general as shown in the following examples.
Example  (2.4): Let X=9R, P=

{P1.p2,P3,pa} and let T ={X,(U,P)} and
Ty ={5(,(TJ} be soft topologies over X, where



(U, P)={(p1.{1}). (P2, {}). (p3.{1}), (p4.{1H}.
The soft sets in {X,, (U,P)} are soft 7,7,-
open sets in X. Then (A,P)=
{P142).(02.{2). (p3.{2). (P4 {2} Is a
soft (1,2)*- f)a_m -set and a soft (1,2)*- f)(,J -set,
but is not soft (1,2)*-a-m-open set.

Example (2.5): Let X=R, P={p;,p>} and

let T, ={X,$,(U,P)} and T, ={X, 3} be soft
topologies over X, where (U,P)=

{(p1,. R—-{B),(p>, R—{1})}. The soft sets in

{X,$,(U,P)} are soft T;7,-open sets in X.
Then (A P)={(p. 1), (p2 I} is a soft
(1,2)*- Dpre_qy-set (resp. soft (1,2)*-Dy,_, -set,
soft (1,2)*- f)B—m -set), but is not soft (1,2)*-B-
®-open set.

Proposition (2.6): If (X,7;,7,,P) is a soft
bitopological space. TheD:
(1) Every soft (1,2)*-D -set is a soft (1,2)*-
D, -set.
(ii) Every soft (1,2)*- f)w -set is a soft (1,2)*
-D,_,, -Set.
(iii) Every soft (1,2)*- ]5(1_&, -set is a soft
(1,2)*- I~)pre_w -set.
(iv) Every soft (1,2)*-D
(1,2)*- f)b_m -set.
(v) Every soft (1,2)*- f)b_w -set is a soft
(1,2)*- f)B—m -set.

-set is a soft

pre—o

Proof: Follows from proposition (1.10).

Remark (2.7): The converse of proposition
(2.6) number (i),(it) and (iii) in general may
not be true. We see that in the following
examples:

Example (2.8): Let X=R, P={p;,p>} and

let T, ={X,$,(U,P)} and T, ={X, 3} be soft
topologies over X, where (U,P)={(p;,{2}),
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(p,.{2)}. The soft sets in {X,,(U,P)} are
soft T,T,-open sets in X. Then (A,P)=
{(p1AD), (p2 W)} is a soft (12)*-D,-set,
since 3 (A1, P) ={(p1. R—{Z}).(p2.
R—{Z} and (A2, P)={(p, R—{}). (P2,
R-{1})} are soft (1,2)*-w-open sets in X
such  that (Al,P);eﬁ?{ and (A,P)=
(A1,P)\(A,,P), but (A,P) is not soft (1,2)*-
D -set.

Example (2.9): Let X=R, P={p;,p,} and
let T, ={X,$,(U,P)} and T, ={X,$} be soft
topologies over X, where (U,P)={(p;.{3}),
(p,.{31)}. The soft sets in {X,,(U,P)} are
soft T,7T,-open sets in X. Then (A,P)=
{(p1,(03]), (P2, (0.3} is a s0ft (1,2)*- Dy, -
set, since (A,P) is a soft (1,2)*-a-w-open set,
but (A, P) is not soft (1,2)*-f)m-set.

Example (2.10): Let X=R, P={p;,p,} and
let T ={X(U.P)} and 7T,={X3
(U,,P)} be soft topologies over X, where
(U1, P)={(p1.{4}).(p2.{4D)} and (U;,P)=
{(p1, R-{4}), (p2,. R—{4})}. The soft sets in
{X,,(Uy,P),(U,,P)}are soft?,7,-open sets
in X. Then (A, P)={(p1,(04)), (P2, (04}
is a soft (1,2)*-Dy.,-set, since (A,P) is a
soft (1,2)*-pre-m-open set, but (A,P) is not
soft (1,2)*- f)a_w -set.

The following diagram shows the relation

between the types of soft open sets and each of
weak soft (1,2)*-w-open sets and weak soft

(1,2)*- D, -sets.
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soft 77,-open set *—— soft (1,2)*-0-openset ", soft (1,2)*D,-set

I i i

soft (1,2)*-u-open set *—— soft (1,2)*-u-0-open set +—— soft (1,2)*-D,__ -set

i i i

soft (1.2)*-pre-open set «— soft (1,2)*-pre-m-open set *‘—'—, soft (LQ)*-ﬁPrH -set

I i ]

soft (1,2)*-b-open set "_'_, soft (1,2)* b-w-open set +—— soft (1,2)*-Dy_, -set

—

I i I

soft (1,2)*-p-open set 5 soft (1.2)*-f-o-open set ¥ soft (1_.2)*-ﬁﬁ_t,-set

Theorem (2.11): Since (Ay,P)#Y and f is surjective, then

If f:(X!:E]_J’EZ!P)_)(Yral)SZ!P) is a -1 v -1 _
strongly soft (1,2)*-w-continuous  (resp. f 1((A1’P))¢Xl' Hence- f ((A’P)):
strongly soft (1,2)*-o-w@-continuous, strongly (A1, P)\ £7((A2, P)) is a soft (1,2)*-D
soft  (1,2)*-pre-w-continuous, strongly soft  _setjnX . By the same way we can prove other
(1,2)*-b-w-continuous, strongly soft (1,2)*-B- Cases.
o-continuous) surjective function and (A, P)
is a soft (1,2)*- D, -set (resp. soft (1,2)*-D,_,, Theorem (2.12):

= = If f:(X,%‘l,—’Ez,P)—)(Y,El,gz,P) is a

-set, soft (1,2)*-D -set, soft (1,2)*-Dy_, -

(1.2 pre=e _ (~ J*- Do strongly soft (1,2)*-m-open (resp. strongly soft
set, soft (1,2)*-Dg_g,-set) in Y, then the (1,2)*-0-c-open, strongly soft (1,2)*-pre-m-
open, strongly soft (1,2)*-b-w-open, strongly
soft (1,2)*-B-w-open) bijective function and
(A,P) is a soft (1,2)*-D,-set (resp. soft

inverse image of (A,P) is a soft (1,2)*-]5 -set
in X.

Proof: Let (A,P) be a soft (1,2)*-D-set in  (1:2)" Do -set, s0ft (1,2)* Dy ,-s€L, SOfL
Y, then there are two soft (1,2)*-o-open sets (1,2)*-Dy,_, -set, soft (1,2)*-Dg_,-set) in X,
(A{,P) and (A,,P) in Y such that then f((A, P)) is a soft (1,2)*-D-setin Y .
(A,P)=Y and (A,P)=(A;,P)\(A,,P).

Since f is strongly soft (1,2)*-w-continuous, Proof: Let (A,P) be a soft (1,2)*-D,,-set in
then by definition (1.15), f _1((A1,P)) and X, then there are two soft (1,2)*-w-open sets
£71((A,,P)) are soft T;T,-open sets in X. (A1,P) and (Ap,P) in X such that
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(A,P)=X and (A,P)=(A;,P)\(A,,P).
Since f is strongly soft (1,2)*-w-open, then by
definition (1.16), f((A,,P)) and f((A,,P))

are soft o,0,-open sets in Y. Since
(Al,P);ef( and f is injective, then
f((Al,P))¢§~(. Since f is bijective, then
f((A,P))=1((A1,P))\ f((A,,P)) is a soft

(1,2)*-D-set in Y. By the same way we can
prove other cases.

3. Weak Soft (1,2)*- D, -Separation Axioms

Now, we define and study new types of
soft separation axioms in soft bitopological

spaces, namely, soft (1,2)*-@-13 j-spaces, soft
(1,2)*-(1—0)-]5 j-spaces, soft (1,2)*-pre-oa-]5 i
spaces, soft (1,2)*-b-oa-1~)j-spaces, and soft
(1,2)*-B-o- D j-spaces, for j=01,2. Further we

study the relations between these types of soft
separation axioms and other types of soft
separation axioms.

Definitions (3.1): A soft bitopological space

(X,7,7,,P) is called a soft (1,2)*-o-Dg-
space (resp. soft (1,2)*-a-m-]50-space, soft
(1,2)*-pre-m- 130 -space, soft (1,2)*-b-w- f)o -
space, soft (1,2)*-B-oa-]~)0-space) if for any
two distinct soft points X and § of X, there
exists a soft (1,2)*-1~)w-set (resp. soft (1,2)*-
Dy, -set, soft (1,2)*- Dy, -set, soft (1,2)*-
f)b_w -set, soft (1,2)*-1~)B_w-set) in X

containing one of the soft points but not the
other.

Definitions (3.2): A soft bitopological space
(X,7,75,P) is called a soft (1,2)*-w-D;-
space (resp. soft (1,2)*-a-co-]31-space, soft
(1,2)*-pre-o- ﬁl-space, soft (1,2)*-b-c0-f)1-
space, soft (1,2)*-B-m-]31-space) if for any
two distinct soft points X and § of X, there
are two soft (1,2)*-1~)(D-sets (resp. soft (1,2)*-
D soft  (1,2)*-D soft

D, -Sets, -sets,

pre—o
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(1,2)*—f)b_0J -sets,  soft (1,2)*-]~)B_w-sets)

(U,P) and (V,P) in X such that X & (U, P),
y £ (U,P) and y€(V,P),X & (V,P).

Definitions (3.3): A soft bitopological space
(X,7,75,P) is called a soft (1,2)*-o-D,-
space (resp. soft (1,2)*-a-co-f)2-space, soft
(1,2)*-pre-o- ]32 -space, soft (1,2)*-b-o- f)2 -
space, soft (1,2)*-B-oa-]32-space) if for any
two distinct soft points X and § of X, there
are two soft (1,2)*-[~)m-sets (resp. soft (1,2)*-
D, -sets, (12)*Dpreqy soft
(1,2)*-f)b_0J -sets,  soft (1,2)*-I~)B_m-sets)
(U,P) and (V,P) in X such that X &(U,P),
J&(V,P) and (U,P)N(V,P)=¢.

soft -sets,

Theorem (3.4):
(i) Every soft (1,2)*-T;-space (resp. soft

(1,2)*-- Tj -space, soft (1,2)*-a-o- Tj -
space, soft (1,2)*-pre-m-:fj -space, soft
(1,2)*-b-o- Tj -space, soft (1,2)*-B-o- Tj -
space) is a soft (1,2)*-I~) j-space (resp. soft
(1,2)*—w-]5j-space, soft (1,2)*-a-co-]5j-
space, soft (1,2)*-pre-w-1~)j-space, soft
(1,2)*-b-o- D j-space, soft (1,2)*-B-o- D i
space), j=01,2.

(ii) Every soft (1,2)*-0)-]5 j-space (resp. soft
(1,2)*-a-co-l~)j-space, soft (1,2)*-pre-o-
]5j-space, soft (1,2)*-b-co-]5j-space, soft
(1,2)*-B-co-l~)j-space) is a soft (1,2)*-w-
]5j_1-space (resp. soft (1,2)*-a-co-]5j_1-
space, soft (1,2)*-pre-m-]5j_1-space, soft
(12)*-b-o-Dj -space, soft (1,2)*-B-o-
]5j_1 -space), j=12.

(iii) Every soft (1,2)*-D;-space is a soft
(1,2)*-0-Dj-space, j=01,2.
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(iv) Every soft (1,2)*-03-I~)j-space is a soft
(1,2)*-0-0- D j-space, j=012.

(v) Every soft (1,2)*-(1—(0-13 j-space is a soft
(1,2)*-pre-o- D j-space, j=012.

(vi) Every soft (1,2)*-pre-m-1~)j-space is a
soft (1,2)*-b-w- D j-space, j=0212.

(vii) Every soft (1,2)*-b-m-1~)j-space is a
soft (1,2)*-B-o- D j-space, j=012.

Proof:
(i) Follows from Remark (2.3).
(ii) It is obvious.
(i), (iv),(v),(vi),(vii)
proposition (2.6).

Follows from

Remark (3.5): The converse of theorem (3.4),
no. (i) in general may not be true. We see that
by the following examples:

Example (3.6): Let X={a,b,c} and P={p}
and letT, ={X,$,(U;,P),(U,,P)} and T, =
{5(,(]3,(U3,P)} be soft topologies over X,
where  (Up,P)= {(p{ah)}, (U, P)=
{(p.{a,b})} and (Usz,P)={(p.{a.c})}. The
soft sets in {X,,(Uy,P),(U,,P), (U3, P)} are
soft 7, 7,-open sets. Thus (X,7,T,,P) is a
soft (1,2)*- D j-space, but is not soft (1,2)*- fj -
space, j=12.

Example (3.7): Let X=R and P={p;,p,}
and let T, ={(U,P)S X:(U,P)° is finite} U
{¢} and T, ={X, 3} be soft topologies over
X. Thus (X,%,7,,P) is a soft (1,2)*-o-D,-
space (resp. soft (1,2)*-a-co-f)2-space, soft
(1,2)*-pre-o- f)2 -space, soft (1,2)*-b-o- f)2 -
space, soft (1,2)*-B-m-]~)2-space), but is not
soft (1,2)*-B-w- Tz -space.

Remark (3.8): The converse of theorem (3.4),

no. (iii) in general may not be true. We see that
by the following examples:

55

Vol.22 (2), June, 2019, pp.49-58
Example (3.9): Let X={a,b} and P=
{p1.p2} and let T ={X,§,(Us,P)} and T,
={X,$,(U,,P)} be soft topologies over X,
where  (Uy,P)={(py,{a}), (p,.{a})} and
(Uz,P) = {(p1.{5}), (p,{b})}. The soft sets
in {X,¢,(U,P), (U,,P)} are soft 7,7, -open.
Thus (X,7,7,,P) is a soft (1,2)*-c0-l~)j-
space, but is not soft (1,2)*-f)j-space,
j=012.

Theorem (3.10): A soft bitopological space
(X,7,7,,P) is a soft (1,2)*-o-D;-space

(resp. soft (1,2)*-u-m-1~)j-space, soft (1,2)* -
pre-co-f)j-space, soft (1,2)*-b-co-f)j-space,
soft (1,2)*-B-m-1~)j-space) ifand only if itis a
soft (1,2)*-o- Tj -space (resp. soft (1,2)*-a-o-
T“j -space, soft (1,2)*-pre-m- T“j -space, soft
(1,2)*-b-o- Tj -space, (1,2)*-B-o- Tj -
space), for j=0,1.

soft

Proof: Follows from proposition (1.14) and
theorem (3.4), no. (i).

Theorem (3.11): A soft bitopological space
(X,7,7,P) is a soft (1,2)*-m-]51-space
(resp. soft (1,2)*-0-w- ﬁl-space, soft (1,2)* -
pre-m-ﬁl-space, soft (1,2)*-b-m-]31-space,
soft (1,2)*-B-w- f)l-space) if and only if it is a
soft (1,2)*-m-f)2-space (resp. soft (1,2)*-0-w-
f)z-space, soft (1,2)*-pre-w-f)2-space, soft
(1,2)*-b-- ]32 -space, soft (1,2)*-B-o- f)2 -
space).

Proof: Sufficiency. Follows from theorem
(3.4), no. (ii).

Necessity. Let X,7&X such that X7 .
Since (X,7,7,,P) is a soft (1,2)*-o-D;-
space, then there exists soft (1,2)*-[~)m-sets
(U,P) and (V,P) in X such that X &(U,P),
y€(U,P) and yE(V,P), X&(V,P). Let
(G,P)=(Uq,P)\(U,,P) and (V,P)=



(U3, P)\(Uy,P), where (U, P),(U,,P),
(U3, P),(Uy, P) are soft (1,2)*-w-open sets in
X and (Ul,P);ef(, (U3,P)¢)~(. By

X & (V,P) we have two cases:

(i) X (Us,P)

(i) x€(Us,P) and X € (U,,P).

In case (i): X &(Us,P). By y&(U,P) we
have two subcases:

(@) y€(Uy,P) and y € (U,,P)

(b) ¥ &(Uy,P).

Subcase (a): y € (Uy,P) and y € (U,,P).
We have x € (Uy,P)\(U,,P),ye(U,,P)
and  ((U,P)\(U,,P)N(U,,P)=. Observe
that (U,,P)#X since (U,P)#, thus by
Remarks (2.3), (U,,P) is a soft (1,2)*-130)-
set.

Subcase  (b): yé&(Uy,P). Since
€ (U;,P)\(U,,P) and X g (Us,P), then
X E (U, P)\((U,,P)U(U,,P)) . Since
ye(U3,P)\(Uy,P) and y&(Uy,P), then
v (Uy,P)\((U,,P)U(U,,P)). Observe that

(Uz,P)D(U3,P) and (U4,P)D(U1,P) are soft

(1,2)*-w-open sets in X. Hence
X € (U, P)\ (U, P)U(U;,P)),
Y E(Ug, P\ (Uy, PYU(UL,PY) and

(U, P\ (U, PYU(U,,P)) N
(Us, P\ (U, PYU(UL,P) =

In case (ii): X €(U3,P) and X € (U4, P).
We have ye(Ujz,P)\(U,,P),xe(Uy,P)
and  ((Us,P)\(U,,P))N(U,,P)=p. Observe
that (U,,P)#X since (V,P)=, thus by
Remarks (2.3), (Uy4,P) is a soft (1,2)*-]3m-
set. Hence (X,T;,7,,P) is a soft (1,2)*-0-D,
-space. Similarly, we can prove other cases.

Proposition (3.12):
(i) Every soft (1,2)*-a-w-D;-space is a soft
(1,2)*-0-Dj-space, j=012.
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(ii) Every soft (1,2)*-pre-m- ﬁj-space isa
soft (1,2)*-a-o- D j-space, j=012.

(iii) Every soft (1,2)*-b-o- I~)j -space is a soft
(1,2)*-pre-m- D j-space, j=0212.

(iv) Every soft (1,2)*-B-o- D j-space is a soft
(1,2)*-b-w- D j-space, j=012.

Proof: (i) If j=0, then let X,y € X such that
X #y. Since X —{x} is a soft (1,2)*-»-open
set in X, then by Remark (2.3), X—{x} is a
soft (1,2)*-f)w-set in X which contains y, but
not x. Hence (X, T, 7,,P) is a soft (1,2)*-o-
D, -space. If j=1, then let X,y & X such that
X#5. Since X—{x} and X—{3} are soft
(1,2)*-w-open sets in X, then by Remark
(2.3), X—={x} and X —{3} are soft (1,2)*-D,,
-sets in X such that )~(—{§/} containing X,
but not § and X —{X} containing ¥, but not
X . Therefore (X, T,7,,P) is a soft (1,2)*-w-
D, -space. If j=2, then let X,§ € X such that
X#y. Since K=X-FP\(X-{x}) and
G} =X-EH\(X-{3}) are disjoint soft
(1,2)*-D, -sets in X containing X and
respectively, therefore (X, T;,7,,P) is a soft
(1,2)*-0- D, -space.

(i), (iii), and (iv) similar to (i).

The following diagram show the relations
between the soft (1,2)*- ’I‘j -spaces and each of
soft (1,2)*-Dj-spaces, soft (1,2)*-o-D;-
spaces, soft (1,2)*-a-co-l~)j-spaces, soft (1,2)*-
pre-m- D j-spaces, soft (1,2)*-b-w- D j-spaces,
and soft (1,2)* -B-co-f)j -spaces, for j=0,12.
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Soft (1.2)%Ty-space  — Soft(l@*-i-space —>  Soft (1,2)*-T,-space
Soft (12D, -space  ¢—>  Soft (1L2)*D;space  — Soft (1,2)*-D, -space

l

Soft (1,
Soft (1,

S

S

Definition (3.13): Let (X,7;,7T,,P) be a soft
bitopological space. A soft point X € X which
has X as the only soft (1,2)*-w-neighborhood
(resp. soft (1,2)*-a-w-neighborhood, soft
(1,2)*-pre-w-neighborhood, soft (1,2)*-b-w-
neighborhood, soft (1,2)*-p-w-neighborhood)
is called a soft (1,2)*-m-neat (resp. soft (1,2)*-
a-o-neat, soft (1,2)*-pre-w-neat, soft (1,2)*-b-
o-neat, soft (1,2)*-p-w-neat) point.

Theorem (3.14): Let(X,7,1,,P) be a soft
bitopological space, then the following are
equivalent:

(i) (X,7,7,,P) is a soft (1,2)*-w- ]51-space
(resp. soft (1,2)*-a-o- ﬁl-space, soft
(1,2)*-pre-o- ﬁl-space, soft (1,2)*-b-w- ]31
-space, soft (1,2)*-p-o- ]31-space).

(i) (X,7,7,,P) has no soft (1,2)*-w-neat
(resp. soft (1,2)*-a-w-neat, soft (1,2)*-pre-

o-neat, soft (1,2)*-b-w-neat, soft (1,2)*-p-
®-neat) point.

l

-(.JD) -space  +—  Soft (1.2)* m-ﬁl-space

|
|

I
|
2
|
1,2)*-pre-- D, -space «—» Soft (1,2)*-pre--D; -space «—» Soft (1,2)*pre-w-D -space
|
)
|

|

oft (
Soft (1,2)%-b-0-D, -space «—> Soft (1.2)* b-a-D,-space «—» Soft (1,2)*-b <-D, -space
oft (

1,2)*-w-D; -space «—» Soft (1,2)*-p-0-D;space +—» Soft (1,2
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l

Soft (1,2)%-0-D  -space

|

+—>

-¢-0-D; -space «—> Soft (12)*-0-0-Dy-space «—>  Soft (1,)*t-0- DD space

|

|
|

J*.B 0D -space

.t

Proof:
(i)= (ii). Since (X, 7,1,,P)
(1,2)*-03-51-space, then each soft point

is a soft

X €X is contained in a soft (1,2)*- D, -set
(U,P)=(Uq,P)\(U,,P), where (Uy,P)
and (U,,P) are soft (1,2)*-w-open sets
and thus in (Uq,P). By definition (2.1),
(Ul,P);ef(. This implies that X is not a
soft (1,2)*-w-neat point.

(i) = (1) . Follows from proposition (1.14)
and theorem (3.4), no. (i).

Theorem (3.15):

Let f:(X,7,1,,P) > (Y,61,6,,P) be a
strongly soft (1,2)*-w-continuous  (resp.
strongly soft (1,2)*-a-w-continuous, strongly
soft (1,2)*-pre-w-continuous, strongly soft
(1,2)*-b-w-continuous, strongly soft (1 2)*-B-
- contlnuous) bijective function. If Y is a soft

(1,2)*-o- D -space (resp. soft (1,2)*-a-o- D~-
space, soft (1,2)*-pre-m-D j-space, soft (1,2)*-



b—(o-f)j-space, soft (1,2)*-B-(o-1~)j-space),
then X is a soft (1,2)*- ]5j -space, j=0.1,2.

Proof: Suppose that (Y,o4,6,,P) is a soft
(1,2)*-0-D,-space. LetX;,X, € X such that
Xy # X, . Since f is injective and (Y,61,6,,P)
is a soft (1,2)*-m-f)2-space, then there exists
disjoint soft (1,2)*-D,-sets (A4,P) and
(A,,P) in Y such that f(x1) € (A4,P) and
f(x,)e(A,,P). By theorem (2.11),
f71((A,P)) and f71((A,,P)) are soft (1,2)*-
D-sets in X. X, € (AL, P)),
X, €fH(A,P)  and  FH(ALP)N
f1(A,,P)=¢. Thus (X, T, T,,P) is a soft
(1,2)*-f)2-space. Similarly, we can prove
other cases.

Since

Theorem (3.16):

Let f:(X,T,7,,P)—>(Y,61,6,,P) be a
strongly soft (1,2)*-w-open (resp. strongly soft
(1,2)*-a-w-open, strongly soft (1,2)*-pre-o-
open, strongly soft (1,2)*-b-w-open, strongly
soft (1,2)*-B-w-open) bijective function. If X
is a soft (1,2)*-w- D;-space (resp. soft (1,2)*-
a-o-D j-space, soft (1,2)*-pre-o- D j-space,
soft (1,2)*-b-0)-f) j-space , soft (1,2)*-[3-co-]5 i
-space), then Y is a soft (1,2)*-I~)j-space,
j=0212.

Proof: Suppose that (X,7,T,,P) is a soft
(1,2)*-0-D,-space. Let ;,5, €Y such that
y; # Y, . Since f is surjective, then there exists
such that f(x;)=y; and
f(x,)=y,. But f is a soft function, then
X1 # X,, since (X, 1y, 15, P) is a soft (1,2)*-w-

X, %, EX

f)2-space, then there exists disjoint soft
(1,2)*-]5m-sets (Aq,P) and (A,,P) in X
such that x; € (A4,P) and X, €(A,,P). By
theorem (2.12), f((A4,P)) and f((A,,P)) are
(1,2)*-13-sets in Y that

soft such
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£(X1) =51 E£((A, P)) and
f(x,)=y, €f((A,,P)). Since f is injective,
then  f((A;,P)NF(A,P)=¢. Hence

(Y,5,,5,,P) is a soft (1,2)*-D,-space.
Similarly, we can prove other cases.
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