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Abstract

In this paper, we introduce and study new classes of soft open 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-w-open sets, soft (1,2)*-pre-o-
opensets, soft (1,2)*-b-w-open sets, and soft (1,2)*-B-w-open sets. Moreover;
some basic properties and the relation among these concepts and other concepts also
have been studied.
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w-open set, soft (1,2)*-b-w-open set and soft (1,2)*-B-w-open set.

ALY A gl sl il Liadl) gﬁ Spal) (1,2)%—81ay) dagiiall Gle granall Al dall
8yl

gilgdlae Jale anad ¥ agana asd)y daua
LG@hadl calany (A patill daslal) c(:}l:d\ L calualyyll (.\.u§

duadal)

Cleliaill bS] Angiball legenal o uan Cilical liyyy Led ad Gl 33
Al ol Bpesall (162)*=Sseg) Gagiball  Sleganall Wil 3yl ZalE) dunglsll
ad) (L2)*—0m0 - dagid) Glegaadl Jie spndl (1,2)*- 1Sy dagisdl Clegranal
s baall (1,2)*-b- — dasiall Glegand) 5 syl (1,2)*—pre-m —dagiial Cle sanall
O Ay sl ailiadl) (mny Glld Y ALY spesal) (1,2)* B — dasiiall Sl sandl)
oy 35 Lyl (g )a) aanlies asaliall 534

Introduction

The concept of soft set theory was firstly introduced by Molodtsov [1] in 1999. He successfully
applied the soft set theory into several directions such as Operations research, Game theory, Theory of
Probability, Theory of measurement, Smoothness of functions and Riemann integration, etc., Shabir,
and Naz [2] in 2011 introduced and investigated the notion of soft topological spaces. Senel and
Cagman [3] in 2014 introduced and study soft bitopological spaces over an initial universe set with a
fixed set of parameters. Senel and Cagman [4] in 2014 and Revathi and Bageerathi [5] in 2015
introduced and study soft (1,2)*-a-open sets, soft (1,2)*-pre-open sets, soft (1,2)*-semi-open sets, soft
(1,2)*-b-open sets and soft (1,2)*-p-open sets in soft bitopological spaces respectively. In this paper
we introduce and study new classes of soft open 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-w-open sets,
soft (1,2)*-pre-w-open sets, soft (1,2)*-b-w-open sets, and soft (1,2)*-B-w-open sets. The fundamental
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properties as well as the relationships between these concepts and other concepts also have been
studied.
1. Preliminaries:

Throughout this paper U is an initial universe set, P(U) is the power set of U, P is the set of
parametersandC c P.
Definition (1.1) [1]:

A soft set over U is a pair (H,C) , where H is a function defined by H:C — P(U) and C is a non-
empty subset of P.
Definition (1.2) [6]:

A soft set (H,C) over U is called a soft point if there is exactly one ee C such that H(e) ={u}
for some ue U and H(e") = ¢ V ¢’ € C\{e} and is denoted by u = (e,{u})
Definition (1.3) [6]:

A soft point u = (e,{u}) is called belongs to a soft set (H,C) if eeC and
u e H(e), and is denoted by u € (H,C).
Definition (1.4) [6]:

A soft set (H,C)over U is called countable if the set H(e)is countableV ee C. A soft set
(H,C) is called uncountable if it is not countable.
Definition (1.5)[2]:

A soft topology on U is a collection T of soft subsets of U having the following properties:
() €T andUET,
(ii) If (Hy, P),(H,,P) € T, then (Hy,P) N (H,,P) E T .
(iii) If(H;,P)&7,VjeQ, then | J(H;P)E7.

jeQ

The triple (U,7,P) is called a soft topological space over U. The members of T are called soft

open sets over U. The complement of a soft open set is called soft closed.

Definition (L.6)[3]:

Let U be a non-empty set and let 7; and 7, be two different soft topologies over U.Then
(U, 71, 10, P) is called a soft bitopological space over U.

Definition (L.7) [3]:

A soft subset (H,P) of a soft bitopological space (U,7,7,,P) is called soft 7,7, -open if
(H,P) = (Hq,P) D(HZ,P) such that (Hy,P) € 7y and(H,,P) € T, . The complement of a soft 7 T, -
open setin U is called soft T;7,-closed.

The collection of all soft 7,7, -open sets inU need not form a soft topology over U we can see by
the following example:

Example (1.8): Let U={12,345} andP ={p;,p,}, and let T, ={U,¢,(Hy,P)} and T, ={U,,
(H,,P)} be soft topologies over U, where (Hq,P) ={(p;.{1L2,3}),(p2.{U})} and (H,,P) ={(p1,
{34,5}),(p2,{U})}. The soft sets in {ﬁ,?p,(Hl,P),(HZ,P)} are soft 7;7,-open sets inU .Since
(Hl,P)h(HZ,P) ={(p1,{3}).(p2.{UD)} = (H,P), but (H,P) is not soft t;7,-0pen set in U. Thus
(U, 71, 19, P) is not soft topology over U.

Definition (1.9)[3]:

Let (U, 7, Ty, P) be a soft bitopological space and (H,P) < U. Then:

(i) 7Tocl(H,P) = ﬁ{(K, P): (H,P) = (K,P) and (K,P) is softT t,-closed set inU} is called the
soft 7y T, -closure of (H,P).

(i) yTp int(H,P) = D{(O, P): (O,P) < (H,P) and (O,P) is soft Ty T, -open set inU } is called the soft
Ty T, -interior of (H,P).
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Proposition (1.10)[7]: Let (U, 7y, T, P) be a soft bitopological space, and (H,P), (K,P) U. Then:
(i) ;T int(H,P) € (H,P) and (H,P) € 1y tocl(H,P).
(ii) If {(H;,P)}jeq is a collection of soft 7; T, -open sets in U, then so is U(Hj,P) :
j€Q
(iii) If {(H;,P)};cq s a collection of soft 7, T, -closed sets in U, then so is ﬂ(HJ—,P) :
jEQ
(iv) 7T, int(H,P) is soft 7,7, -open setinU and T, T,cl(H, P) is soft 7,7, -closed setin U .
(v) (H,P) issoft 7y7,-open iff (H,P) =11, int(H,P).
(vi) (H,P) is soft 7,7, -closed iff (H,P)= 7 1,cl(H,P).
(vii) 7Tocl(TTocl(H, P)) = Ty Tocl(H, P) and 775 int(z T, int(H, P)) = 7 7, int(H, P) .
(viii) U- %%, int(H, P) = T, 7,¢l(U - (H,P)) and T,%, intU- (H,P)) = U - 7, T,cl(H, P).
(ix) If (H,P) E (K,P), then T T,cl(H,P) & T Tocl(K, P).
(x) If (H,P) < (K,P), then 77, int(H,P) 715 int(K,P).
Definition (1.11): A soft subset (H,P) of a soft bitopological space (U, 7j,75,P) is called:
(i) Soft (1, 2)*-a-open [4] if (H,P) 7 1, int(ty Tocl(Ty 75 int(H, P))).
(i) Soft (1, 2)*-pre-open [4] if (H,P) 7T, int(7y Tocl(H, P)).
(iii) Soft (1, 2)*-semi-open [4] if (H, P) < 7 Tocl(7y T, int(H, P)).
(iv) Soft (1, 2)*-b-open [5] if (H,P) < 1 T, int(t; Tocl(H, P)) U 7 Tocl(7 Ty int(H, P)).
(v) Soft (1, 2)*-B-open [5] if (H,P) c 7y Tocl(7y T, int(zy Tocl(H, P))).
2. Soft (1,2)*-Omega Open Sets
Definition (2.1):

A soft subset (H,P) of a soft bitopological space (U, T, 75,P) is called soft (1,2)*- omega open
(briefly soft (1,2)*-w-open) if for each X € (H, P), there exists a soft 7; T, -open set (O,P) in U such
that x € (O,P) and (O,P)—(H,P) is a countable soft set. The complement of a soft (1,2)*-w-open set
is called soft (1,2)*-omega closed (briefly soft (1, 2)*-w-closed).

Clearly, every soft ) T, -open set is soft (1, 2)*-w-open, but the converse in general is not true we
can see in the following example:

Example (2.2): Let U={12,3} andP ={p;,p,}, and let T, ={U,¢,(Hy,P)} and T, ={U, ¢, (H,,
P)} be soft topologies over U, where (Hq,P) ={(p1,{U}),(p>.{L2})}and (H,,P)={(p1.{U}),(p>,
{1,3})}. The soft sets in {fj,?p,(Hl,P),(HZ,P)} are soft T, T, -open sets in U. Thus (U, T, 1p,P) isa
soft bitopological space and (H,P) ={(p;.{U}),(po.{8})} is a soft (1,2)*-w-open set in U, but is not
soft T, T, -open.

Definition (2.3):

Let (U, 7, Ty, P) be a soft bitopological space and (H,P) < U. Then:

(i) The soft (1,2)*-omega closure (briefly soft (1,2)*-w-closure) of (H,P), denoted by (1,2)*-
wcl(H, P) is the intersection of all soft (1,2)*-w-closed sets in U which contains (H,P).
(ii) The soft (1,2)*-omega interior (briefly soft (1,2)*-w-interior) of (H,P), denoted by (1,2)*-
oint(H,P) is
the union of all soft (1,2)*-w-open sets in U which are contained in (H,P).
Theorem (2.4): If (U, T, T0,P) is a soft bitopological space, and (H, P),(K,P) = U. Then:
(i) 7T, int(H,P) C (1,2)*- wint(H,P) C (H,P).
(ii) If {(H;,P)};cq is a collection of soft (1,2)*-c-open sets in U, then so is U(Hj,P) .
jeQ
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(iii) (1,2)*- wint(H, P) is the largest soft (1,2)*-m-open set in U which contained in (H,P).
(iv) (H,P) is soft (1,2)*-w-open iff (1,2)*-wint(H,P)=(H,P).
(V) (1,2)*-wint ((1,2)*- wint(H,P) ) =(1,2)*- wint(H,P) .
(vi) U -(1,2)*- oint(H, P) = (1,2)*-ocl (U - (H,P)).
(Vi) X € (1,2)*- wint(H, P) iff there is a soft (1,2)*-c-open set (O,P) in U st X & (O,P) & (H,P) .
(viii) If (H,P) Z (K,P), then (1,2)*-wint(H,P) < (1,2)*-0int(K,P).
(ix) (1,2)*-wint( (H, P) N (K, P)) & (1,2)*- wint@, P) N (1,2)*- oint(K, P).
® (@2 *-oint@;,P) S (1.2)*-wint(|_J(H;,P)).
jeQ jeQ
Proof: (ii) Let {(H;,P)}jcq be a collection of soft (1,2)*-w-open sets in U. To prove that
JH;,P)is soft (1,2)*-w-open. Let Xx& | J(H;,P) = X&(H; P) for somej,eQ. Since
jeQ jEQ
(HjO,P) is a soft (1,2)*-w-open set ian, then there is a soft 7;7,-open set (O,P) in U st

x € (O,P) and (O,P)—(H;,,P)is a countable soft set. Since (H; ,P)c U(HJ,P) = U-

jeQ
(Jw;ppe -y, = ©OP)NU-(JwH;P))E ©PMN (U- H,P) =
jeQ jeQ
(O,P)—(U(Hj,P))é (O,P)—(H;,,P). Since (O,P)—(H, ,P) is a countable soft set, then so is
jEQ
(O,P)—(U(Hj,P)) . Therefore U(Hj,P) is soft (1,2)*-m-open.
j€Q jeQ

(iii) It is obvious.

(iv) (=) Suppose that (H,P) is a soft (1,2)*-w-open set inU. To prove that (1,2)*-
oint(H,P) = (H,P).

By (i), we have (1,2)*- wint(H,P)  (H,P), to prove that (H,P) < (1,2)*- wint(H,P) . Since (H,P)

is soft (1,2)*-w-open and (H,P) < (H,P), then by (iii), we get (H,P) < (1,2)*- wint(H,P). Thus
(1,2)*- wint(H,P) = (H,P) (<) Suppose that (1,2)*-wint(H,P) = (H,P). Since (1,2)*- wint(H, P)
is a soft (1,2)*-w-open set in U, then so is (H,P).

(v) Since (1,2)*-wint(H,P)is soft (1,2)*-w-open, then by (iv), we get (1,2)*-wint ((1,2)*-
oint(H,P)) = (1,2)*- wint(H,P).

(vi) Since (1,2)*-wint(H,P) =D{(O,P): (O,P) is soft (1,2)*-w-open inU and (O,P)c (H,P)}.
Hence U - (1,2)*- wint(H,P) = U-U{(O,P): (O, P) is soft (1,2)*-w-open in Uand (O,P) & (H,P)}.
=N{U-(0,P):U-(0,P) is soft (1,2)*-w-closed inU and U-(H,P) & U-(O,P) }=(1,2)*- wcl(U -
(H,P)).

(vii) If X €(1,2)*-wint(H,P) =D{(O,P) - (O,P) is soft (1,2)*-w-open inU and (O,P) S (H,P)},
then3 a soft (1,2)*-w-open set (O,P) in U st X & (O,P) & (H,P) . Conversely, suppose that there is
a soft (1,2)*-w-open set (O,P) inU such that X & (O,P) & (H,P) . But (1,2)*- wint(H, P) is the largest
soft (1,2)*-w-open set which contained in (H,P), thus (O,P) =(1,2)*- wint(H,P) . Therefore

X € (1,2)*- wint(H, P).

(viii) Let X € (1,2)*- wint(H, P) , then by (vii), there is a soft (1,2)*-w-open set (O,P) in U such that
X € (0,P) & (H,P) . Since (H,P) & (K, P), then there is a soft (1,2)*-w-open set (O,P) in U such
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that x € (O,P) < (K,P) . Thus X € (1,2)*- wint(K,P).

(ix) Since (H,P)ﬁ(K,P)é(H,P) and (H,P)ﬁ(K,P)é(K,P), then by (viii), we get(1,2)*-
mint((H,P)ﬁ(K,P))é(l,Z)*-mint(H,P) and (1,2)*-coint((H,P)ﬁ(K,P))é(l,Z)*—oaint(K,P).
Thus (1,2)*- wint((H, P) N (K, P)) & (1,2)*- wint(H, P) N (1,2)*- wint(K, P).

(x) Since (Hj,P)é(U(Hj,P)),VjeQ = (1,2)*-ooint(Hj,P)é(l,Z)*—coint(U(Hj,P)),

j€Q j€Q
V jeQd.
Thus | J(1.2)*- wint@;,P) S (1,2)*- wint(|_J(H;,P)).
jeQ jeQ

Theorem (2.5): If (U, T, 70, P) is a soft bitopological space, and (H,P),(K,P) = U. Then:
(i) (H,P) S(1,2)*-wcl(H,P) S 7 T,cl(H,P).
(ii) If {(H;,P)};cq is a collection of soft (1,2)*-w-closed sets in U, then so is ﬂ(Hj,P) .
jeQ

(iii) (1,2)*- wcl(H, P) is the smallest soft (1,2)*-w-closed set in U which contains (H,P).
(iv) (H,P)is soft (1,2)*-o-closed iff (1,2)*- wcl(H,P) = (H,P).
V) (1,2)*-0cl((1,2)*- wcl(H, P) ) = (1,2)*-wcl (H, P)..
(vi) U -(1,2)*- ocl(H, P) = (1,2)*-oint (U - (H, P)).
(vii) xe(1,2)*-wcl(H,P) iff for every soft (1,2)*-w-open set (O,P) containingx,
(O,P) N (H,P) .
(viii) If (H,P) c (K,P), then (1,2)*- wcl(H,P) < (1,2)*- wcl(K,P).
(ix) (1,2)*- wcl((H, P) N (K, P)) = (1,2)*- wcl(H, P) N (1,2)*- ocl(K, P).
® (J@2)*-ocl(H;,P) & (1.2)*- wel(|J(H,P)).

jeQ jeQ
Proof: (vii) (=) Assume that X € (1,2)*- wcl(H,P) and (O,P) ﬁ(H,P) = ¢ for some soft (1,2)*-w-
open set (O,P) containingX. Hence (H,P)< U-(O,P), since U-(O,P) is soft (1,2)*-w-closed,
then by (iv), we get (1,2)*- wcl(H,P) & (1,2)*- wcl(U—-(O,P)) = U—(O,P). Since X & U—(O,P),
then X & (1,2)*-wcl(H,P). This contradicts with the hypothesis, therefore (O,P)ﬁ(H,P);tZ;S for
every soft (1,2)*-w-open set (O,P) containingx .
(<) To prove that X &(1,2)*-wcl(H,P). If not, then X & (1,2)*-wcl(H,P) = X& U- (1,2)*-
ocl(H,P)and U- (1,2)*-ocl(H,P) is soft (1,2)*-w-open set. Since (H,P) & (1,2)*- wcl(H,P) =
(H,P) N (U - (1,2)*- wcl(H, P)) = ¢ . This is a contradiction. Therefore X & (1,2)*- wcl(H, P).
By definition (2.3), we can prove other casses.

Remark (2.6): The intersection of two soft (1,2)*-w-open sets in general is not soft (1,2)*-w-open we
can see in the following example:

Example (2.7): Let U=R,P ={p;,p,} and let 7, ={U,,(Hy,P)} and T, ={U,, (H,,P)} be soft
topologies over U, where (Hy,P)={(p1,(01]).(p2. (01D}, (Hz.P)={(p1.[L2)).(p2.[12))}, and
(Hz,P) ={(p1,(0,2)),(p>,(0,2))}. The soft sets in{U, ¢, (Hy,P),(H,,P),(H3,P)} are soft 7,7, -open.
Hence (Hy,P) and (H,,P) are soft (1, 2)*-w-open sets inU, but (Hl,P)ﬁ(HZ,P) = {(p1, {3, (p>,
{1})} is not soft (1,2)*-w-open.
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3. Weak Forms of Soft (1,2)*-Omega Open Sets

Now, we introduce and study new kinds of soft (1,2)*-omega open sets in soft bitopological spaces
called soft (1,2)*-a-w-open sets, soft (1,2)*-pre-m-open sets, soft (1,2)*-b-w-open sets and soft (1,2)*-
B-w-open sets which are weaker than soft (1,2)*-omega open sets. We discussed the fundamental
properties of these soft open sets and the relationships between these sets and other soft open sets.
Definitions (3.1): A soft subset (H, P) of a soft bitopological space (U, 7, To, P) is called:
(i) Soft (1, 2)*-a-w-open if (H,P) = (1, 2)*- wint(t; Tocl( (1,2)*- wint(H, P))).
(ii) Soft (1, 2)*-pre-w-open if (H,P) = (1, 2)*- wint(z;Tocl(H, P)).
(iii) Soft (1, 2)*-b-w-open if (H,P) = (1, 2)*- wint(z; Tocl(H, P)) U 7 1ocl( (1, 2)*- wint(H, P)).
(iv) Soft (1, 2)*-B-w-open if (H,P) < 7 1ocl( (1, 2)*- wint(z Tocl(H, P))).
Proposition (3.2): If (U, 7, T,,P) is a soft bitopological space, then the following hold:
(i) Every soft T t,-open (resp. soft (1, 2)*-a-open, soft (1, 2)*-pre-open, soft (1,2)*-b-open, soft
(1,2)*-p-open) set is soft (1, 2)*-w-open (resp. soft (1, 2)*-a-w-open, soft (1,2)*-pre-w-open, soft
(1,2)*-b- w-open, soft (1,2)*-p-w-open).
(ii) Every soft (1, 2)*-w-open set is soft (1, 2)*-a-w-open.
(iii) Every soft (1, 2)*-a-m-open set is soft (1, 2)*-pre-w-open.
(iv) Every soft (1, 2)*-pre-w-open set is soft (1, 2)*-b-w-open.
(v) Every soft (1, 2)*-b-m-open set is soft (1, 2)*-B-m-open.
Proof: (i) It is obvious. (ii) If (H,P)is a soft (1,2)*-w-open set, then by theorem (2.4), no. (iv), we
get (1,2)*- wint(H,P) = (H,P).
Since (H,P) S 1tocl(H,P), then (H,P) < mtocl((l, 2)*-wint(H,P)). Hence (H,P)cS (1,2)*-
oint(t tocl( (1, 2)*- wint(H, P))). Therefore (H,P) is a soft (1, 2)*-a-w-open set in U.
(iii) If (H,P)is asoft (1, 2)*-a-w-open set, then (H,P) = (1, 2)*-wint(yyTocl( (1, 2)*- wint(H,P))) S
(1,2)*- wint(t; Tocl(H, P)) . Therefore (H,P) s a soft (1,2)*-pre-o-open set in U.
(iv) If (H,P)is a soft (1, 2)*-pre-w-open set, then (H,P) < (1,2)*- wint(ty Tocl(H, P)) <
(1, 2)*- wint(zy Tycl(H, P)) U 7 1ocl( (1, 2)*- wint(H, P)). Therefore (H,P) is a soft (1, 2)*-b-o-
open set in U.
(v) If (H,P) is a soft (1, 2)*-b-w-open set in U, then (H,P) & (1,2)*- wint(ty Tocl(H, P)) U
%‘1%‘201( (1,2)*- coint(H, P))) é %‘17['2C1( (1,2)*- (oint(%ﬁzcl(H, P))) D TC‘]_?E'ZCI( (1,2)*
oint(t Tocl(H, P))) = 1 tocl( (1, 2)*- wint(zTocl(H,P))) . Therefore (H,P) is a soft (1,2)*-p-w-
open set in U.
The converse of proposition (3.2) in general is not true we can see in the following examples.
Example (3.3): LetU={12,3,4}and P ={p1,po}and letty ={U, o, (H1,P)} and T, ={U, ¢,(H,,P)}
be soft topologies over U, where (Hy,P) = {(py 1), (p2. {3} (H, P) = {(p1 {2}, (02 {2} and
(H3,P) ={(p1. {12}, (p2,{L2})}. The soft sets in {U, ¢, (Hy,P),(H,,P),(Hs,P)} are soft 7,1, -open
sets. Thus (H,P) ={(p1.{12}), (po.{1})} is a soft (1,2)*-w-open (resp. soft (1,2)*-a-w-open) set, but
is not soft T, T, -open (resp. soft (1,2)*-a-open).
Example (3.4): Let U=N,P={p;,p,.ps} and let T, ={U,, (Hy,P),(H,,P)} and T, ={U,,
(Hj,P),(H3,P)} be soft topologies over U, where (Hy,P) ={(py {}). (p2.{}). (p3.{I)}. (H2. P)
={(p1 L), (02412, (p3. 12D} and (Hg,P)={(p1.{D).(p2 {2, (p3.{2}. The soft sets in
{U,,(Hy,P),(H,,P),(H3,P)} are soft T;7,-open sets. Thus (H,P) = {(p;, N—{B),(p>, N—-{1}),
(p3, N—{1})} is a soft (1,2)*-pre-w-open set, but is not soft (1,2)*-pre-open.
Example (3.5): Let U=N,P={p;,p,} and let T, ={U,,(H;,P)} and T, ={U,§, (H,,P)} be
soft topologies over U, where (Hy, P) = {(p {1). (p2. {1} and (Hy,P) ={(p1. {12}, (p2.{L2)}.
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The soft sets in {U, ¢, (Hq,P),(H,,P)} are soft 7, t,-0pen sets. Then (H,P) ={(p;, N—{1}), (p»,
N-—{1}} is a soft (1,2)*-b-m-open set, but is not soft (1,2)*-b-open.
Example (3.6): LetU=%R,P={p;,p,} and letT, ={U, ¢, (Hy,P)} and T, ={U, 3, (H,,P)} be
soft topologies over U, where (Hy,P) ={(p1.{1.2.3}), (p2.{45D)}, (H2.P) = {(p1, R— {10}, (p2.
R -{451} and (H3,P) ={(p1, R —{10}), (p2,R)}. The soft sets in {U, ¢, (Hy, P),(Hz,P),(H3,P)}
are soft 7, 7, -open sets. Then (H,P) ={(p1,R—{L2,3}),(p2,R—{4,5})} is a soft (1,2)*-B-w-open set,
but is not soft (1,2)*-B-open.
Example(3.7): LetU=R,P ={p;,p,} and let T, ={U, ¢, (H,P)} and T, ={U, ¢} be soft topologies
over U, where (H,P)={(p1,{8),(p2.{8)}. The soft sets in {fJ,E;S,(H, P)} are soft 7;7,-0open sets.
Then (K,P) ={(p1.{L2}),(p2.{L2})} is a soft (1,2)*-a-w-0pen set, but is not soft (1,2)*-w-open.
Example (3.8): LetU=R,P={p;,po} and let 7 ={U, 9, (Hy,P)} and 75 ={U, 9, (H,,P)} be soft
topologies over X, where (Hy,P) ={(p1, R—{@),(p2, R—{8)} and (H,,P) ={(p1,R-{L2}),(p>,
R-{L2D)}. The soft sets in {U,o, (Hy,P),(Hp,P)} are soft T;7,-open sets. Then
(H,P) ={(p1.{3}),
(p2, {341 }is a soft (1,2)*-pre-w-open set (since (H,P) is soft (1,2)*-pre-open), but is not soft
(1,2)*-0-m-open set.
Example (3.9): Let U=R,P={p} and let (R,,P) be the soft usual topological space over U and
(R, T,P) be the soft indiscrete topological space over U, then (U, p, i,P) is a soft bitopological space
over U and (H,P)={(p,(0,1])} is a soft (1,2)*-b-m-open set (since (H,P) is soft (1,2)*-b-open), but
is not soft (1,2)*-pre-w-open.
Example (3.10): Let U=R,P ={p} and let (R,,P) be the soft usual topological space over U and
(R, T,P) be the soft indiscrete topological space over U, then (U, p, i,P) is a soft bitopological space
over Uand (H,P) ={(p,QMN[01])} is a soft (1,2)*-B-w-open set (since (H,P) is soft (1,2)*-p-open),
but is not soft (1,2)*-b-w-open.

The following diagram shows the relation between the different types of soft 7, t,-open sets and
types of weak soft (1,2)*-w-open sets

Soft T,7, -open set ""—|7I soft (1.2 -cx-open set

I i

soft (1.2 -o-open set —..,"l soft (1.2)*-o-wm-open set

I i

-

soft (1.2 -preopenset — 5 soft(1.2) -pre-co-open set

i I

N - N
soft (1.2 -b-open set —» soft (1.2)-b-e-open set

i 1

soft (1.2)*-f-open set —..l soft (12 -p-o-open set
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Theorem (3.11): If (U, 7y, T, P) is a soft bitopological space and (H,P) is a soft (1, 2)*-pre-o-open
set inU such that (O,P) & (H,P) & 7 1ocl(O,P) for a soft subset (O,P) of U, then (O,P)is also
soft (1, 2)*-pre-w-open.

Proof: Since (H,P)c 1tocl(O,P) = T 1,ocl(H,P) S 1 1ocl(7yTocl(0O, P)) = 7 Tocl(O,P) =
(1,2)*- wint(ty Tocl(H, P)) € (1,2)*- wint(ty Tocl(O,P)). Since (H,P) = (1, 2)*-wint(t T,cl(H,P))
and (O,P) = (H,P) = (O,P) =(1,2)*-wint(y;T,cl(O,P)). Thus (O,P) is a soft (1,2)*-pre-m-open
setinU.

Theorem (3.12): A soft subset (H,P) of a soft bitopological space (U, 1, T, P) is soft (1, 2)*-semi-
open if and only if (H,P) is soft (1,2)*-B-o-open and (1,2)*-wint(t Tycl(H,P)) S
7 Tocl(T Ty int(H, P)).

Proof: If (H,P) is asoft (1, 2)*-semi-openset in U, then (H,P)C 7 Tocl(T Ty int(H, P)) S

7 1ocl( (1, 2)*-wint(r Tocl(H,P))) and hence (H,P) is a soft (1, 2)*-B-w-open set. Also, since
(H,P) € ;i tocl(ty 10 int(H, P)) = T3 Tocl(H, P) < 7 Tocl(7y 75 int(H, P)) = (1,2)*- wint(t; Tocl(H, P))
c fcl(r o int(H,P)). Conversely, let (H,P) be a soft(1,2)*-B-w-open set in U and
(1,2)*- wint(t Tocl(H, P)) € 7 Tocl(ty 1o int(H, P)). Then (H,P) € 1y tocl((1,2)*-
oint(t Tocl(H, P)))

c fcl(t tocl(ty To int(H, P))) = 7 Tocl(T 75 int(H, P)) and hence (H,P)is a soft (1,2)*-semi-open
setinU.

Remark(3.13): The intersection of two soft (1,2)*-a-w-open (resp. soft (1,2)*-pre-m-open, soft (1,2)*
-b-w-open, soft (1,2)*-p-w-open) sets need not be soft (1,2)*-a-w-open (resp. soft (1,2)*-pre-w-open,
soft (1,2)*-b-w-open, soft (1,2)*-B-m-pen) we can see in the following examples:

Example(3.14): Let U=R,P ={py,p,}and let7, ={U,, (Hy,P),(H,,P)} and T, ={U,, (H,,P),
(Hg,P)} be soft topologies over U, where (Hy,P) ={(p.{I}). (p2 £}, (H2.P) = {(p1.{1.2). (0.
{1,2})} and (H3,P)={(p1.{2}),(p>.{2})}. The soft sets in {[NJ,(T),(Hl,P),(HZ,P),(H3,P)} are soft
T 72 -0pen sets. Thus (K, P) ={(p1, R—{1). (p2. R—{1H} and (K2,P)={(p.{L.3}), (p2.{L3P}
are soft (1,2)*-a-w-open sets, but (K4,P) h(KZ,P) = (K, P) ={(p1.{3}). (p2 {3} } is not soft (1,2)*-
o-w-open, since (K,P) & (1,2)*- oint (T Tocl( (1,2)*- wint(K, P))) = (1,2)*- oint (T, Tocl(9)) = ¢ .
Example (3.15): LetU=R,P ={p} and let (R, u,P) be the soft usual topological space over U and
(R, T,P) be the soft indiscrete topological space over U, then (X, 11,1, P) is a soft bitopological space
over U. Observe that (K1,P) ={(p,Q)} and (K,,P) ={(p,Q° U{})} are soft (1,2)*-pre-w-open sets,

but (Kq,P) ﬁ (K,,P) =(K,P)={(p.{1)} is not soft (1,2)*-p-w-pen, since
(K, P) & 7['1’%201( (1,2)*- mint(%l%2C1(K, P))) = %17['201( (1,2)*- (Dint(K, P)) = TE']_’EZCI((&[;) = (B .
Theorem (3.16): If {(H;,P): je Q} is a collection of soft (1,2)*-a-c>-open (resp. soft (1,2)*-pre-m-
open, soft (1,2)*-b-w-open, soft (1,2)*-B-w-pen) sets in a soft bitopological space (U, 7, T,,P), then
U(H i+ P) is soft (1,2)*-a-w-open (resp. soft (1,2)*-pre-co-open, soft (1,2)*-b-w-open, soft (1,2)*-B-
jeQ
®-0pen).
Proof: Since (H;,P) < (1,2)*- oint(gTocl( (1,2)*- wint(H;, P))) for every je Q, we have:

;P S [ J1.2)*- oint@T,el( (1,2)*- oint@H;, P))).

jeQ jeQ

c (1,2)*-ooint(U?1?2((1,2)*-mint(Hj,P))). (By theorem (2.4), no. (x))
j€Q
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c (L2)*- wint(ry tocl( U(l,Z)*-coint(Hj,P)). (By theorem (2.5), no. (x))
j€Q
S (1L2)*- wint (7 Toel((L2) *- wint(|_J(H;,P)))). (By theorem (2.4), no. (x))
jeQ
Therefore U(H i+ P) is soft (1,2)*-a-w-open. Similarly, we can show other cases.
jeQ
Proposition (3.17): If (U, T, 7,P) is a soft bitopological spaces and (H,P) is a soft (1, 2)*-b--
open set in U such that (1, 2)*- wint(H,P) = ¢, then (H,P) is soft (1, 2)*-pre-m-open.
Proof: If (H,P) is a soft (1, 2)*-b-w-open set in U, then (H,P) & (1, 2)*-wint(t; Tycl(H, P)) U
7 Tocl( (1, 2)*- wint(H, P)). But (1, 2)*- wint(H,P) = ¢, then T 1ocl((1, 2)*- wint(H,P)) = ¢, thus
(H,P) = (1, 2)*- wint(zy Tocl(H, P)). Therefore (H,P) is a soft (1, 2)*-pre-w-open set in U.
Definition (3.18): A soft bitopological space (U, 7y, T, P) is called soft (1, 2)*-door space if every
soft subset of U is either soft 7,7, -open or soft 7,7, -closed.
Propositions (3.19): Let (U, 1y, 7o, P) be a soft (1, 2)*-door space, then:
(i) Soft (1, 2)*-a-w-open set is soft (1, 2)*-w-open.
(i) Soft (1, 2)*-pre-w-open set is soft (1, 2)*-a-m-open.
(iii) Soft (1, 2)*-p-w-open set is soft (1, 2)*-b-w-open.
Proof: (i) Let (H,P)be a soft (1, 2)*-a-w-open set inU. If (H,P) is soft 7,1, -open, then (H,P) is
soft (1,2)*-w-open. Otherwise, (H,P) is soft T, 1, -closed. Thus (H,P) < (1,2)*- wint(zy Tocl(H, P)) =
(1,2)*- wint(H,P), hence (H,P) = (1,2)*- wint(H,P). Since (1,2)*- wint(H,P) < (H,P), then
(1,2)*- wint(H,P) = (H,P) . Therefore (H,P) is a soft (1,2)*-w-open set in U.
(ii) Let (H,P) be a soft (1,2)*-pre-o-open set inU. If (H,P) is soft t;7,-0open, then (H,P) is soft
(1,2)*-a-0-open. Otherwise, (H,P) is soft 7 T, -closed. Thus (H,P) < (1,2)*- wint(t; tocl(H, P))
= (1,2)*- wint(H,P) . Hence (H,P) is a soft (1,2)*-w-open set and by proposition (3.2), no. (ii),
(H,P) is a soft (1,2)*-a-m-open set in U.
(iii) Let (H,P) be a soft (1,2)*-B-w-open set. If (H,P) is soft 7,7, -open, then (H,P) is soft (1,2)*-b-

o-open. Otherwise, (H,P) is soft 7, T, -closed. Thus (H,P) = 7 1ocl( (1,2)*- oint(ty Tocl(H, P)))

= 7 1ocl((1,2)*- wint(H, P)) € (1,2)*- wint(z; Tocl(H, P)) U 7 1ocl((1,2)*- wint(H, P)). Hence
(H,P) is a soft (1,2)*-b-w-open set.
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