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1. INTRODUCTION

A fuzzy set is a class of objects with a continum of grades of memberships, such a
set is characterized by a membership function which assigns to each object a grade
of member ship ranging between zero and one [1], A definition of the concept ’intu-
itionistic fuzzy set’ (IFS) is given, the latter being a generalization of the concept
'fuzzy set’ and an example is described. Various properties are proved, which are
connected to the operations and relations over sets, and with modal and topologi-
cal operators, defined over the set of IFS’s [2], The soft set theory offers a general
mathematical tool for dealing with uncertain, fuzzy, not clearly defined objects.
The author introduced the basic notions of the theory of soft sets, to present the
first results of the theory, and to discuss some problems of the future [3]. Theories
which participate in solution of thorny problems such as decision making and uncer-
tainty. Lots of mathematicians tried their hands sophisticatedly on these theories
[4, 5, 6, 7].

In the past years, [8] and [9] defined bipolar soft set in variety of ways. Obviously,
bipolar soft sets gratify more sharpening results in contrast to soft sets. Therefore
the concept of bipolar soft sets exceeds soft sets dramatically. One can confidently
say that bipolar soft topology is more effective in practical problems as compared
to soft topology.

In this article, we define a short symbolism for writing simplicity in the application
of bipolar soft sets and search the linkage between the soft topological structures
and the bipolar soft topological structures. soft a-connection, soft a-dis-connection
and soft a-compact spaces in bi-ploar soft topological spaces are discussed with
respect to ordinary points.The basis theorems of these notations are reflected and
supported with suitable examples.

We generate models of realism that are improvement of aspects of the genuine
world. These scientific models are excessively convoluted and we cannot locate the
analytic solutions. The vulnerability or instability of information while modeling
issues in social sciences, medical sciences, artificial intelligence, engineering, natural
sciences, etc., makes the utilization of conventional old methods successful. There-
fore, traditional set theories, which were based on the crisp and exact case may
not be completely suitable for looking after of issues of ambiguity/vagueness. To

kick out these instabilities, the soft theory have been proposed [1, 10, 11]. Yet,
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all these speculations have their natural difficulties. The reason behind these diffi-
culties is, potentially, the insufficiency of the parameterizations instrument of the
theory as stated by [12] publicized the notion of the theory of soft sets as a new,
effective and powerful mathematical techniques for dealing with instabilities, which
is freed from the above challenges. In this article, we exhibited the crucial after
effects of the new theory and effectively cemented it to a few headings; for instance
game theory, Riemann integration, probability, smoothness of function, and so on.
Soft frameworks guide an exceptionally broad system with the contribution of pa-
rameters that is attributes or characteristics. Lots of work on soft set theory and
its application in different areas have been discussed by a number of researchers
[13, 14, 15, 16, 17, 18, 19, 20]. If we review the history of soft topological spaces,
the foundation of which was laid by [7], we find many notable authors following
them [5, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31].

The notion of bipolar soft sets (a hybridization of the structure of soft set and bipo-
larity) with its application in decision making was initiated and discussed in detail
by [8] and studied deeply by [9]. A bipolar soft set is acquired by viewing not only a
precisely chosen set of parameters, but also an associated set of oppositely meaning
parameters called the (not set of parameters)that is, it enjoys the properties of both
directions at a time. Due to the quality of providing positive and negative aspects
of information at a time, the notion of the bipolar soft set exceeds soft sets. Due to
this reality it booms up and got momentum among researchers. [32] applied techni-
cally the notion of bipolar soft sets to hemirings. Recently, Shabir and Bakhtawar
supposed the study of bipolar soft topological structures. They defined bipolar
soft topology as a assembly <& of bipolar soft sets over the universe of discourse
U. Consequently, they defined basic concepts of bipolar soft topological structures,
bipolar soft open and bipolar soft closed sets, bipolar soft subspace, bipolar soft
closure, bipolar soft interior, bipolar soft neighborhood of a point and addressed
their several properties. Further, Shabir and Bakhtawar explored and studied in
detail bipolar soft separation axioms.

A. M. Khattak et al. [34, 35] continued work on soft bi-topological structures.
The authors discussed weak separation axioms and other separation axioms soft
bi-topological space with respect to crisp points and soft points of the spaces re-

spectively.
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A. M. Khattak et al. [36, 37, 38] continued has work on another structures known
as neutrosophic soft topological structures. The authors introduced generalized and
most generalized neutrosophic soft open sets in neutrosophic soft topological struc-
tures. They discussed different results with respect to soft point of the space.

In the present situation we inked some newly notion in bipolar soft topological
spaces such as bipolar soft a-connected spaces, bipolar soft a-disconnected spaces,
bipolar soft a-compact spaces.This article is devoted in to four phases,namely sec-
tion 1 which is just explained above and section 2, which is devoted to preliminaries
on basic concepts related to soft sets, soft topological spaces, bipolar soft sets and
bipolar soft topological spaces. Section 3, is devoted to the idea of bipolar soft
a-disjoint sets, bipolar soft a-separation of a set, bipolar soft a-connected spaces,
bipolar soft a-disconnected spaces and bipolar soft a-hereditary property, and some
examples are supposed in favor of these ideas. Section 4, studies the concept of bipo-
lar soft a-compact spaces and some results related to these concepts are exhibited.
These newly launched notions in bipolar soft topological spaces will hopefully up-
grade the future work and studies to be held in the bipolar soft topology and can
be applied beautifully and effectively to push out ambiguities.

2. PRELIMINARY

In this section, we will suppose some preliminary statistics about bipolar soft
sets and bipolar soft topological spaces. Let X be an initial universe of discourse
and E be a set of parameters(or data or attributes). Let P(X) signifies the power
set of X and A, B, C C FE.

Definition 2.1. [8] E = {\, A2, A3, ... \"} be a set of parameters. The not set of
E denoted by —E is defined by ~E = {=\',=\2,=\3, ..., =\"} where for all i, =\

= not \".

Definition 2.2. [8] A triplet (F,G,A) is called a bipolar soft set over X, where F
and G are mappings, F : A — P(X) and G : =A — P(X) such that F (A\)NG(—A)
=0 for all X € A and =\ € —A.

Definition 2.3. [8] For two bipolar soft sets (F1,G',A) and (F2,G? B) over X,
(F1,GY,A) is called a bipolar soft subset of (F?,G? B) if
1. AC B and
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2. FY(A) € F2()\) and G*(=)) € GH(=)) for all X € A

This relationship is denoted by (F',G', A) § (F2,G?,B).

(F1, G A) and (F%,G?,B) are said to be equal if (F1, G, A) is a bipolar soft subset
of (F2,G?,B) and (F2,G?,A) is a bipolar soft subset of (F*,G*,B).

Definition 2.4. [8] Bipolar soft complement of a bipolar soft set (F,G,A) over X
is denoted by (F,G,A)° and is defined by (F,G,A)° = (F°,G° A) where F¢ : A
— P(X) and G¢ : =A — P(X) are given by F°(=)\) = G(=A) and G¢(=\) = F ()
forall X € A and -\ € -A.

Definition 2.5. [8] Bipolar soft union of two bipolar soft sets (F',G',A) and
(F2,G?,B) over X is the bipolar soft set (H,I,C) over X where C = ALB and for
all X € C,

FYA) if \e A-B
(1) H(A) = F?(A) if AeB—A
FEAUF2(N) ifA € ANB.

GL(=)) if-\ € (=A) — (—B)
(2) I(=)) = G*(=\) if=A € (-B) — (-A)
G(=A\) M G2(=)) if -\ € (~A) 1 (=B).

It is denoted by (F',G*,A) U (F2,G?,B) = (H,I,0).

Definition 2.6. [8] Bipolar soft intersection of two bipolar soft sets (F 1, G, A) and
(F2,G?,B) over X is the bipolar soft set (H,I,C) over X where

C = AUB is non-empty and for all X € C,

HN) = FYOO)NF2 ()

and

I(=) = G (=A\)UG? (-])).

It is denoted by (F*,G,A) 11 (F2,G*,B) = (H,1,0).

Definition 2.7. [8] Let (F*, G, A) and (F2,G?%,B) be two bipolar soft sets over X.
Then

1 ((FYGYLA) O (F2,G2B)) = (FY G AT (F2,G2,B),

2. (FY,GYA) N (F2,G%B))c = (F',G* A U (F2,G?,B)°.
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Definition 2.8. [8] A bipolar soft set (F,G,A) over X is said to be relative null
bipolar soft set, denoted by (@,)?,A), if for all X € A, F(\) = 0 and foe all =\ €
-A, G(-)\) = X.

The relative null bipolar soft set with respect to the universe set of parameters FE is
called a NULL bipolar soft set over X and is denoted by (@,X,E).

Definition 2.9. [8] A bipolar soft set (F,G,A) over X is said to be relative absolute
bipolar soft set, denoted by ()~(, O A), if for all A € A, F(N\) = X and for all -\ €
-A, G(-\) = 0.

The relative absolute bipolar soft set with respect to the universe set of parameters
E is called a ABSOLUTE bipolar soft set over X and denoted by ()~(, O F).

Definition 2.10. [33] Let S be the collection of bipolar soft sets over X with E as
the parameters. Then S is said to be a bipolar soft topology over X if
. (®,X,E) and (®, X, E) belong to 3

the bipolar soft union of any number of bipolar soft sets in S belongs to S

g\*;N

the bipolar soft intersection of finite number of bipolar soft sets in S belongs to

QU

. Then (X, g, E,—FE) is called a bipolar soft topological space over X.

Definition 2.11. [33] Let (X, S, E, —FE) be a bipolar soft soft topological space over

X ,then the member 0f§ are said to be bipolar soft open sets in X.

Definition 2.12. [33] Let (X, %,E, —F) be a bipolar soft topological space over X.
A bipolar soft set (F,G, E) over X is said to be a bipolar soft closed set in X, if its
bipolar soft complement (F ,G, E)¢ belong to 3.

Definition 2.13. [33] Let (X, §,E, —E) be a bipolar soft topological space over X.
A bipolar soft set (F,G, E) over X is said to be a bipolar soft clopen set in X, if it

is both a bipolar soft closed set and a bipolar soft open set over X.

3. BIPOLAR SOFT WEAK-(CONNECTED AND DISCONNECTED STRUCTURES)

In this section is confined to discussion over the most important characteristics of
bipolar soft topological spaces called the bipolar soft a-connectedness and bipolar

soft a-disconnectedness.

Definition 3.1. Two bipolar soft sets (F*,G', E), (F%,G?, E) are said to be bipolar
soft disjoint if FY(A\)F2(XN)=p for all X € E.
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Definition 3.2. Let (U, E,—E) be a bipolar soft topological space over U. A
bipolar soft a-separation of (v,0, E) is a pair (F*,G', E), (F2,G?, E) of non-null
disjoint bipolar soft a-open sets over U such that F1(A\)NF2(\)=U for all A € E.

Definition 3.3. A bipolar soft topological space (U, S, E,—FE) is said to be a bipolar
soft a-disconnected space if there exists a bipolar soft a-separation of (v, 0, E).
Further, (U,S, E,~FE) is said to be a bipolar soft a-connected space if and only if it

is mot a bipolar soft a-disconnected space.

Example 3.4. Let U = {m',m? m? m*} be the universe set representing "mar-
kets”.Let E = {\',\?} = {hand embroidery dresses, formal dresses} and

—E = {-\,-)\%} = {machine embroidery, causal dresses}. Let (F!,G', E),
(F2,G? E) represents the preferences of markets for selection of clothes by two
women. Then the bipolar soft topology over U generated by (F*, G, E), and (F2,G?,E)
is given by S = {(®,u, E),(v,0,E), (FY,GYE), (F2,G? E),(F?,G3 E)} where
(FL,GYLE), (F2,G? E),(F3,G3, E)} are bipolar soft sets over U defined as fol-
lows:

FYO) = {ml}, FLO2) = {m?mt} and G (-N) = {m?}, GY(-3?) = {m},
F2Y) = {m?,m3,m1}, F2(0%) = {m',m?} and G*(-\!) = ¢, G?(=)?) = {m?},
F3NY) = ¢, F3(A%) = ¢, and G3(=\) = {m?}, G3(=\) = {m!,m?}. Then
(U,S, E,—E) is a bipolar soft a-disconnected space because (F 1, G, E), and (F 2,G?, E)

=1
=1

form a bipolar soft a-separation of (v,0, F).

Example 3.5. Let U = {w*, w?, w3} be the universe set representing”wedding mar-
ques”. Let E = {\',\2,\3} = {Expensive, best food service, ideal decoration facility}
be the set of parameters and

—E = {=AY,-)2 -)\3} = {cheap, average food service, poor decoration facility}

be the not set of parameters. Let (F1,G',E), (F2,G? E) represents the choices
made by two different families for the selection of wedding marques.

Then S = {(®,u, E), (v,0,E),(FY,GY, E), (F2,G* E),(F3 G E), (F*G* E)} is

the bipolar soft topology over U generated by (F*,G', E), (F?,G? E) where

FI) = {whw?)}, 1) = {w?, w?)}, F1V) = {w!,w?)}

and
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GH N = {u}, G (W) = {w,wt}, G (W) = {u'),

F2AY) = {w?,w'}, F2(02) = {w!,w?, w3}, F2(\3) = {w!,w!}
and
G2oN) = {wh )}, GAHN) = {w'), G2(N) = ¢

PN = ), P8 = (), PO = o)
and
GB(_‘AI) = {w17w2}7 GB(_‘AQ) = {w3’w4}7 GS(_‘A:S) = {w3}7

FAOY) = {wh,wd, wh}, FA2) = {w!,w?, w3}, FO3) = {w!,w?, wi)
and
GH-A) = {w2), GH-N2) = {wt), GH(-NY) = 6.
We note that the bipolar soft topological space generated by (F',G', E), (F?,G? E)
is a bipolar soft a-connected space because there does mot exist a bipolar soft a-

separation of (v,0, E).

Proposition 3.6. Let (F,G, E) be a bipolar soft set. Then

1) (F,G,E) U (F¢,G% E) = (H,I,FE), where HX) = F(\) U F¢(A\)E U for each
A€ Eand

I(=X\) = G(=\) N G°(=\) = ¢ for each =\ € —E.

2)(F,G,E) N (F¢,G% E) = (H,I,E), where HX) = F(\) N F¢(X) = ¢ for each
A€ Eand

I(-X) = G(=\) U G°(=\) € U for each =\ € —E.

Further (F,G, E), (F¢, G E) will always satisfy F (A\) U F¢(\) = G(=\) U G¢(=))
for all X € E.

3)(F,G,E) T (v,0,E) = (F,G,E) and (F ,G,E) T1 (v,0,E) = (v,0,E).

Proof. Straight forward. O

Theorem 3.7. A bipolar soft topological space (U, E,—E) is bipolar soft a-
disconnected space if and only if there exist two bipolar soft a-closed sets (F1,G', E),
(F2,G?, E), with G (=) # ¢, G*(=)\) # ¢ for some X\ € E, such that G*(=)\) U
G?*(=A) = U for all =\ € =E and G*(—=\) 1 G%*(=\) = ¢ for all =\ € —E.
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Proof. First, suppose (U, S, E,—F) is a bipolar soft a-disconnected space. Then
there exist a bipolar soft a-separation of (v,0,FE). Let (F,G,E) and (H,I,E)

forms a bipolar soft a-separation of (v, ©, E'). Then

(3) FUH\) =U forall \€ E
(4) F(\) # ¢ for some A€ E
(5) H()\) # ¢ for some A€ E
(6) FMH\) = forall A€ E

As F(A) = G°(=A) and H(\) = I°(—=)), therefore from equation (3) we have
G°(=A) U I°(\) = U. From equation (3), (4) and (5) we have G°(=A) M I°(\) = ¢
for all =\ € =\, where G(—\) # ¢ I(—A) # ¢ for some =\ € —E.

Further (F,G, E)¢ and (H, I, E)° are bipolar soft a-closed sets, since (F, G, E) and
(H,I,E) € 3.

Conversely, suppose that there exist two bipolar soft a-closed sets (F!,G, E),
(F2,G? E) with G*(=)\) # ¢, G*(=)\) # ¢ for some A € E, such that G(=))
U G2(=\) = U for all =\ € =E and G*(=)) M G?(=)\) = ¢ for all =\ € =E.

Then (F1,G', E)¢ and (F2,G?, E)¢ are bipolar soft a-open sets with (F1)¢(\) =
GL(=)) # o (F2)¢(X) = G%(=)\) # ¢ for some X € E such that (F1)¢(\) U (F2)¢(\)
= GY=A) U G*(=)\) = U for all A € E, and (F1H*(\) M (F2)¢(\) =y for all A
€ E. Therefore (F1,G', E)¢, and (F?,G?, E)¢ form a bipolar softa- separation of
(v,0,F). Thus (U, E,—E) is a bipolar soft a-disconnected space. a

Remark 3.8. The union of two bipolar soft a-connected spaces over the same

universe need not to be a bipolar soft a-connected space.

Example 3.9. Let U = {h',h%}, E = {\ )2}, =F = {-\!, =\2},

3! = {(®,4,FE),(v,0,E),(F',G",E)} and $* = {(®,u, E), (v,0,E), (F2,G? E)}
where FY(AY) = U, F1(\?) = ¢ and G1(-=\') = ¢, G} (=A\?) = U, F2(\') = ¢,
F2(0%) = U and G*(=\') = U, G*(=\?) = ¢.

Then (U, S, E,-E), (U,S2, E,=E) are bipolar soft a-connected spaces over U. But
we note that is not a bipolar soft a-connected space because (F1,G', E) , (F2,G* E)

form a bipolar soft a-separation of (®,u, E) in ItUSI2.
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Proposition 3.10. The intersection of two bipolar soft a-connected spaces over a

same universe is a bipolar soft a-connected space.

Proof. Let (U,3Y, E,=E) and (U, 32, E, =F) be two bipolar soft a-connected spaces.
Suppose to the contrary that (U, S 132, B, —F) is not a bipolar soft a-connected
space. Then there exist bipolar soft sets (F!,G', E) , (F2,G? E) belonging to
31US?, which forms a bipolar soft a-separation of (®, %, E) in (U, 3! MS$?, E, —F).
Since (F1,GY, E) , (F2,G? E) € $'N3? then (F1,GYLE) , (F2,G* FE) € §! and
(FYL,GYLE), (F?,G? E) € $'. This implies that (F!, G, E) , (F2,G? E) form a
bipolar soft a-separation of (®,u, E) in (U,St, E,~E) and (F!,G', E) , (F?,G* E)
form a bipolar soft a-separation of (®, %, F) in (U, 32, E, —~E) which is a contradic-
tion to given hypothesis. Thus (U, 3! M 32, E,—E) is a bipolar soft a-connected

space. O

Remark 3.11. The intersection of two bipolar soft a-disconnected spaces over the

same universe need not to be a bipolar soft a-disconnected space.

Example 3.12. Let U = {h*,h? h3}, E = {\}, \?}, =E = {-)\},-)\%},

St ={(®,u,E),(v,0,FE),(F',GYE),(F?,G* E),(F3 G* E)} and

32 ={(®,u, E),(v,0,FE),(H, I',E),(H? I* E),(H? I3 E)} where F Y(\') = {h'},
FIO) = (B2}, and GA () = {2} GA(-A%) = (1)

F2AY) = {230}, F2(N?) = {I7}, and G*(-AY) = ¢, G*(=\?) = {h'}

FSO) = o, F02) = and GYAY) = {12}, G3(-X2) = {1, %)

HY(A\'Y) = {p', 83}, HY (W) = {h',h%} and I'(-)\') = {h?}, I'(-?) = {h?}
H2(\Y) = {p?}, H*(N?) = {p?} and I*(=\") = {h'}, I?(=\?) = {h'}
H3(\Y) = o, H¥(A2) = ¢ and I3(=\Y) = {h', B2}, I3(=A2) = {h!, h?}.

Then (U, S, E,-E), (U,3% E,~E) are bipolar soft a-disconnected spaces over U.
Now $'M$? = {(@,4, E), (v,0,E)}. We note (U,3' M32, E,~E) is not a bipolar
soft a-disconnected space because there do no exist any two non null disjoint bipolar
soft a-open sets (F, G, E) and (H, G, E) belonging to M2 such that F (\) U H()\)
= U forall X € E.

Proposition 3.13. The union of two bipolar soft a-disconnected spaces over the

same universe is a bipolar soft a-disconnected space.

Proof. Straight forward. O
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Theorem 3.14. Let (U,S, E, —F) be a bipolar soft topological space over U and let
the bipolar soft sets (F1,GY, E) and (F%,G?,E) form a bipolar soft a-separation of
(v,0,E). If (Y,SY, E,—E) is a bipolar soft a-connected subspace of (U, S, E,—FE)
then Y S FY(\) forall X € Eor Y C [F2()) for all A € E.

Proof. Since (F!,G', E)and (F 2, G%, E) form a bipolar soft a-separation of (v, ©, E),

we have

(7) Un(FYANUF%\) =U for each A\€ E
(8) FY(\) # ¢ for some A\ € E

(9) F2(\) # ¢ for some A\ € E

(10) FXO)NF2\) =g foral A€ E

AsY € U, we have (Yfl,Y G!, E) and (Yr27Y G2, E) are a-open in (U, Y E, ~E).
From equation (7)

Y 1 (FYA)UF2(N) =Y for each \ € E.

This implies

(11) YO (F' )UK TF2N) =Y forall \€ E.

Also from equation (10)

Y (FYA) N (YNF2(\) =g forall A € E.

As (Y,SY, E,=E) is soft a-connected, so either Y M f1(\) = ¢ forall A\ € Eor Y
M F2(A\) = for all \.

IfY M FY(A) = ¢ for all A € E then from equation (11) Y 1 F2(\) = Y for all A €
E and this implies Y € F2(\) for all A € E.

IfY M F2(A\) = ¢ for all A € E then from equation (11) Y T F1(X) =Y for all A €
E and this implies Y € £ 2()) for all A € E. O

Remark 3.15. The converse of Theorem 8 does not hold in general.

Example 3.16. Let U = {h', h% h3 h*}, E = {\1, )%}, =E = {-\',=\?}, and

S ={(®,u,E),(v,0,E),(F},G" E),(F2,G* E),(F3,G3 E),(F*,G* E),(F5 G° E),(F¢,G% E)},
where

FYOY ={h'}, FY(\2?) = {h'} and G*(=\Y) = {h%, B3, b1}, G (=A?) = {h? K3, h*},
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F2AY) ={r?}, F2(V) ={h?} and G*(=\") = {h', 1®, h*}, G*(=N?) = {h', h®, h*},
F3OY) = {3, h%}, F3(N2) = {13, 1%} and G3(-\Y) = {h', h?}, G2(=\?) = {h!, h?},
FAOY) = {hY R2Y, FA(02) = {hY R%) and GH(-A\Y) = {h3,h*}, GH(=)2) = {h3, b},

FS5OY) = {hY 3, h%Y, F3(N%) = {h',h3, A%} and GO(=AY) = {R%}, GO(-)\?%) =
{r?},

FSOY) = {h% h3, b1}, FO(N%) = {h2 k3, h*} and GOS(-A\Y) = {h'}, GS(-)\?) =
{n'}.

Then (Y,S, E,—~E) is a bipolar soft topological space over U. Also, note that (F 3,G3, E),
(F*,G* E) from a bipolar soft a-separation of (R, 0, E)

Now let Y = {hY, h2} then {h', h2} then SY = {(®,Y,E),(Y,0,E), (Y F1.Y G1, E),
(YF2Y G2 E), (YF3Y G3E),(VFAY GLE), (YF5Y GO, B),(YF%Y GS,E),E)} is
a bipolar soft topology over Y, where

VEYAY = {R'y Y FY ) = {A} and VG (RAY) = {R?}, VG (=N?) = {R2),
Y2\l = {h2}, YF2(/\2) _ {h2} and YGQ(—\)\l) _ {hl}, YGQ(—\)\Q) _ {hl},

)
YF3 )\1) =, YFS()\2) = and YG?’(ﬁ)\l) — {h17h2}, YGS(ﬁ/\2) — {h17h2},
YF )
VFPOM) = (B, YE0%) = (b1} and YR = (B2, Y GRA) = (),

(
(
AL = (B B2, YFAO) = (B 07} and YGHENY) =, YGHN) = ¢,
(
(

YF6 /\1) — {h2}, YFG(/\2) — {h2} and YGG(_\)\l) — {hl}, YGG(_‘)\Q) — {hl},
One can easily note that Y C F4(\) for all A € E. But (Y, Y, E,~E) is not a bipo-
lar soft a-connected space because (Y F1,Y GY, E) and (Y F2Y G?, E) form a bipolar

soft a-separation of ()N/, 0, F)

Remark 3.17. If there exist a non null, non-absolute bipolar soft a-clopen set over

U, then (U, S, E,—E) need not be a bipolar soft a-disconnected space.

Proposition 3.18. Let (U, S, E,—E) be a bipolar soft topological spaces over U.
If there exist a non-null, non-absolute bipolar soft a-clopen set (F,G,E) over U
such that F(A\) U F¢(A) = U for each A € E then (U, E,—E) is a bipolar soft a-

disconnected space.

Proof. Since (F,G, E) is a bipolar soft a-clopen set over U then (F,G, E)° is a
bipolar soft a-clopen set over U. Now, by given hypothesis and by proposition 4,
we have [ (A\) LU F¢(A\) = Ufor all A € E and G(=\) M G¢(=\) = ¢ for each =\ € E
and

F(A) M Fe(A) = ¢ for each A € E and G(A\) U G(A\) = U for each X € E.
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Therefore, (F,G, E) and (F,G, E)¢ form a bipolar soft a-separation of (v, 0, F).
Thus (U, S, E,—FE) is a bipolar soft a-disconnected space. O

Example 3.19. Let U = {h',h? h3}, E = {\},\?}, =E = {=\!,=\?}, and
S ={(®,% E), (v,0,E), (F',G", E),(F?,G* E), (F*,G°, E), (F",G", E)} where

FIOD) = A{n}, F1O2) = {hL, 1P} and GT (=AY = (B2}, GH(=N%) = {h?},
F2AY) = {2}, F2(0?) = {h?} and G*(-A) = {h'}, G2(=A%) = {hn', h%},
F2AY) = {ht,h%}, FP(A?) = Uand G*(=A1) = ¢, G3(=\%) = ¢,

)

FAAY) =, FA(0?) = p and G*(=\Y) = {h',h%}, G4(=A\?) = U.
Then (U, S, E,—~E) is a bipolar soft topological space over U. Note that (F!,G', E)
is a non-null, non-absolute bipolar soft a-clopen set over U but (U, S, E,—=E) is not a
bipolar soft a-disconnected space since there do not exist a bipolar soft a-separation
of (v,0,F).

Theorem 3.20. Let (U, 3%, E) be a soft topological space over U and (U, 3B, E,=E)
be a bipolar soft topological space over U constructed from (U, 37, E) as in Theorem
db. If (U,S%,E) is a soft a-disconnected space over U then (U, ISP, E,-E) is a

bipolar soft a-disconnected space over U.

Proof. Since (U, 3%, E) is a soft a-disconnected space, therefore there exist non soft
a-open sets (say) (F, E), (H, E) over U such thay

UF = (F,E) U (H,E) and (F,E) N (H,E) = ®F.

Further, (F,G, E), (H, I, E) are non-null bipolar bipolar soft a-open sets (because F (\) #
v, H(X) # ) where for all =\ € =E, G(=A) = U\F (A) and I(=A) = U\H(A) since
(F,E), (H, E) belongs to .

Now, F(A) U H(A) =Uforall A € E and G(=X) M I(=X) = (U\F (N\)) N (U\H(\))

= ¢ for each A € E. This implies that (f,G, E), (H,I, E) belonging to 3%, forms

a bipolar soft a-separation of (v,0, E). Thus (U,35, E,~E) is a bipolar soft a-

disconnected space. O

Proposition 3.21. Let (Y,S, E,—F) and (Z,3",E,—FE) be two bipolar soft sub-
spaces of (U, 3, E,—FE) and let Y & .Then (Y,
Of ( C\'// _‘E)

,E,~F) is a bipolar soft subspace

Proof. AsY S ZsoY =Y I Z. Moreover each bipolar soft a-open set (Y F,Y G, E)
of (Y,3', E,—~E) is of the form Y F(\) = Y I F()\) and YG(=A\) = Y 1 G(=)) for
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all A € E where (F,G, E) is a bipolar soft open set of (U, S, E, -E).

Now for each A € E,

YNFAN)=FnN2Z2)nFA) and YT G(=N) = (Y 112Z) 1 G(=N).

= YNFrA)=YN(ZNFWX)and YN G=A) =Y N (Z0OG(=N)).

= YNFA)=YN?r(\) and Y G(=N) =Y M 2G(=A) where (F,? G, E) is

!

a bipolar soft a-open set in (Z,3”, E, -F). d

Theorem 3.22. Let {(Y*,3Y", E,—~E)}*€/ be the collection of bipolar soft -
connected subspaces of a bipolar soft topological space (Y,S, E,—~E). If M€Yy #£
@, then L*€TY ™, SWEJY“, E,—E} is a bipolar soft a-connected subspace of (U, S, E, —E).

Proof. Let {(Y®,SY", E,=E)}* € 7 be a collection of bipolar soft a-connected sub-
spaces of (U, S, E,—~E), such that M*€/Y® £ ¢, Suppose that Y = U*€/Y* and
(Y,3Y, E,—~E) be a a-disconnected subspace of (U, S, E,-E). Let (YF1,Y G}, E),
(YF2,Y G2, E) be a bipolar soft a-separation of (Y, 0, E). Then

(12) Yrroyuwy r2) =y n(Ft\Nu(r2\) =Y forall X € E.
(13) Y Y\ # ¢ for some A € E.
(14) Y F2(\) # ¢ for some A € E.

(15) (YOO N2 =Yy n(rt W nF2(\) = ¢ forall X € E.

Consider a fixed Y. Then from equation (12)

YN (FYA) U F2(\) =Y forall A € E.

From equation (15)

Yo (FYN) N F2()\) = ¢ for all A € E.

Since (Y*,3Y", E,—E) is a bipolar soft a-connected subspace of (U, S, E,~FE) so
either

Yo fFi(A) =pforal A€ Eor Y*MF2(\) =¢p A€ E.

Now there are three cases:

(i) Y1 FY(\) = ¢ forall A € E and for all « € J

(it) YO 1 F2(\) = ¢ for all A € E and for all a € J

(ii7) for some a € J, Y* M F(\) = ¢ and for other some o € J, Y 1 F2(\) = .
Case: (7)
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IfY*M FYN) = ¢ forall A € E and for all a € J, then (L*€/Y ) 1 F1(N)) = ¢,
that is Y M F1(\) = ¢ for all A € E.

This is contradicts equation (13).

Case: (i1)

IfY*M F2(\) = ¢ forall A € E and for all a € J, then (L*€/Y) 11 F2(N)) = ¢,
that is Y 1M F2(\) = ¢ for all A € E.

This is contradicts equation (14).

Case: (7i1)

AS M*€7Y ™ £ ¢, so there exist some x € Y for all a € J. Now by equation (12)
x € F1(A) M F2(A) for all A € E, this implies x € F1(\) or x € F2(N).

If x € F1(A) then Yo 11 F1(A) # ¢ and if x € F2()\) then Y 1 F2(\) # . So the
case (iii) is not possible. Hence our supposition is wrong and (Y,3Y, E,-FE) is a

bipolar soft a-connected subspace of (U, S, E, ~F). O

Definition 3.23. A property P of a bipolar soft topological space (U, S, E,—E) is
said to be a bipolar soft hereditary iff every bipolar soft subspace (Y, Y, E,—E) of

(U, E,—E) also possesses the property P.

Remark 3.24. The bipolar soft a-connectedness (respect, bipolar soft a-disconnected)

is mot a bipolar soft hereditary property.

Example 3.25. Let U = {h',h? h3}, E = {\},\?}, =E = {=\',=\?}, and

S ={(®,u,E),(v,0,E),(F',G"E),(F*,G* E),(F* G E)}

where

PO = (A1), F1(2) = (1} and G1(-MY) = {2, %), G(=A?) = {h2, ¥),
F2Y) = {h?}, F2(A?) = {h%} and G*(-\') = {h',h*}, G*(=X?) = {h', K3},
F3OY) = {h',h2}, F2(0\%) = {hY, h%} and G3(=\Y) = {R3}, G3(=\?) = {Rn3}.
Then (U, S, E,—E) is a bipolar soft a-connected space.

Now take Y = {h*,h?}. ThenSY ={(®,Y,E),(Y,0,E), Y FLY GL E), (Y F2Y G2, E),
(YF3Y G3,E)Y,

where

Y Fl(Al) — {hl}, Y Fl()\? {hl} and Y Gl(_‘)\l) — {hQ}’ Y Gl(_‘AQ) — {hQ}}
Y F2()\1) — {hz}; Y FQ()\Q {hQ} and Y GQ(—\)\l) — {hl}, Y G2(ﬁ/\2) — {hl},
V) =Y, Y PPN =Yand Y G3(-AY) =, ¥ GP(-A?) = 0.

-
~{

) =
) =
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Then (Y, S, E, —FE) is a bipolar soft a-disconnected subspace of bipolar soft a-connected

space.

Example 3.26. Let U = {h',h? 13}, E = {\1, )%}, =E = {-\,=\?}, and

S ={(®,u,E),(v,0,E),(F',G"E),(F*,G*,E),(F* G* E)}

where
FYOL) = {h1}, FI2) = {12} and GI(-A1) = (A%}, G1(-)2) = {AL A%},
F2(AY) = { JR3Y F2(02) = {RY 1P} and GP(mAY) = @, G2(2A?) = {h?},
F3OY) =, F3(A?) = and G3(-\) = {h?}, G3(-)\?) = U.

Then (U, S, E, —FE) is a bipolar soft a-disconnected space.

Now take Y = {h3}. Then

gY — {(@,?,EL (?,G,E), (YF17Y Gl,E), (YFQ,Y GQ’E)7 (YF37Y G3,E)},

where

V) =0,V FH ) =g and Y GTM) =, Y GHN) = Y,

Y FQ(Al) — Y7 Y FQ()\Q) — Yandy G2(_‘A1) — (p} Y GQ(_|A2) — (p}

VSO =0, Y PR =g and Y G3(-AY) =@, Y GP(-N?) =Y.

Then (Y, S, E,—F) is a bipolar soft a-connected subspace of bipolar soft a-disconnected

space.

4. BIPOLAR SOFT WEAK-COMPACT STRUCTURES

In this section, we study one more eye catching property of bipolar soft topologi-
cal spaces called the bipolar soft a-compactness. Bipolar soft a-compact spaces are

traced and some results related to this notion are derived.

Definition 4.1. A family ¥ = {(F*,G%, E)}*€7 of bipolar soft sets is called the
bipolar soft cover of a bipolar soft set (F ,G,E) if (F,G,E) € U/ (F~ G, E).

Further, it is called the bipolar soft open cover of a bipolar soft set (F,G, E) if each
member of U is a bipolar soft c-open set. A bipolar soft subcover of ¥ is a subfamily

of U which is also a bipolar soft cover.

Definition 4.2. A bipolar soft topological space (U, S, E, —F) is called a bipolar soft
a-compact space, if each bipolar soft a-open cover of (v,0, E) has a finite bipolar

soft subcover.

Example 4.3. Let U = {h',h? h3}, E = {\} N2}, =FE = {-)\},-)\?}, and
(\\f = {(®7a’ E)7 (U7 97 E)7 (Fl’ G17 E)’ (F27 G27 E)? (F37 G37 E)’ (F47 G47E)7 (F57 G57 E)7
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(FS,GS, E),(F",G",E)} where (F*,GY,E), (F%,G*,E), (F3,G3 E), (F*, G4 E),
(F5,G5%, E), (F¢,G% E), (F",G", E) are bipolar soft sets over U degined as follow:
FY(AY) = {2}, F1(X%) = {h?} and G'(=X1) = {r®}, G1(=N?) = {I°},
F2(AY) = {n'}, F2(3%) = {h'} and G*(-X1) = {n%}, G*(=N?) = {I’},
F3OY) = {hY, 12}, F3(0\2) = {h',h2} and G3(=\') = {h3}, G3(=)\2%) = {3},
FAY) = {r% 83}, FA(A2) = {h?, B3} and G (=A\Y) = ¢, G (=A%) = o,
FP(AY) = {r1 B}, FP(N%) = {h',h%} and G°(-AY) = ¢, GH(=N?) = ¢,
FOAY) =@, F°(N?) = ¢ and GO(-A") = {h*}, GO(-X?) = {n%},
FTAY) = {r%}, FT(X) = {h%} and GT(-X\') = ¢, GT(=N?) = .

Then (U,S, E,~FE) is a bipolar soft topological space over U. Further, we can easily
observe that (U,, E,—FE) is a bipolar soft a-compact space because every a-open

cover of (v,0, E) has a finite subcover.

Example 4.4. Let U = N be the universe set of natural numbers, let E = {\', \?}
and ~E = {=\',=)\?} be the set of parameters and the not set of parameters, re-
spectively. Let & be the bipolar soft topology over N,consisting of all bipolar soft
sets defined on the parameter set E, generated by the bipolar soft sets (F*,G', E),
(F2,G%,E), (F3,G3 E),..., where

FYOY) ={1,2}, F1(\2) ={1,2} and G*(=A\Y) = U\ {1,2}, G} (=)\?) = U\ {1,2},
F2(0Y) ={2,3}, F2(\?) ={2,3} and G*(=\') = U\ {2,3}, G%(=)\?) = U\ {2,3},
F3OY) ={3,4}, F3(\%) ={3,4} and G3(-\) = U\ {3,4}, G3(-)\?) = U\ {3,4},
FrAY ={n,n+1}, F*(\?) = {n,n+1} and G*(=\') = U\ {n,n+1}, G"(—=\?)
=U\ {n,n+1}

Then the bipolar soft topological space (U, 3, E,~E) over U generated by the bipo-
lar soft sets {(F™,G™, E) :n € N} is not a bipolar soft a-compact space since ¥ =
{(F™,G™,E) : n € N} is a bipolar soft a-open cover of N with no finite bipolar soft

subcover.

Definition 4.5. Let (U, S, E,—E) and (U,S2, E,—~E) be two bipolar soft topolog-
ical spaces over the universe U. If ' C 32, Then 32 is said to be finer then .

IfF S € 32 or Q2 C Y, Then ' is comparable with 32
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Proposition 4.6. Let (U,S?, E,—E) be a bipolar soft a-compact space and It S

2. Then (U, S, E,—E) is a bipolar soft a-compact.

Proof. Let {(F%,G, E)}*€7 be the bipolar soft a-open cover of (v, 0, E) in (U, 3!, E, ~E).Since

3t C G2, then {(F*, G E)}*<7 is the bipolar soft a-open cover of (v, 0, E) by
bipolar soft a-open sets of (U, 32, E,—FE). But (U,$?, E,—E) is a bipolar soft a-
compact space.

Therefore (U, 0, F) § (F1,G°1,E) U (F22,G*2,E)...0 (F*n,G%n, E), for some

al,a?,...,a™ € J. Hence (U, 3!, E,—FE) is a bipolar soft a-compact space. O

Theorem 4.7. Let (Y,SY,E,—E) be a bipolar soft subspace of (U,S, E,~E).
Then (Y,3Y, E,~E) is a bipolar soft a-compact space if and only if every cover

of ()7, O, E) by bipolar soft a-open sets in U contains a finite subcover.

Proof. Let (Y,SY, E,—FE) be a bipolar soft a-compact space and {(f ¢, G, E)}*<€/
be a cover of (Y, 0, E) by bipolar soft a-open sets in U. Now, Y € LI*€/ (YF %()))
for each A € E, and ? € (Y 1 G*(—FE)) for each =\ € —E.

Therefore, {(Y F@,Y G, E)}*€7 is a bipolar soft a-open cover of (Y, 0, E).

Since (Y, 3V, E,—E) is a bipolar soft a-compact space, therefore, we have
(V,0,B) S{("r Y6, B)}

H{Fe Y G EYO..O0{(YF*" Y G*", E)} for some a',a?,....a" € J.

This implies that {(F“i, Gai,E)} "_, is a bipolar subcover of (}7, O, E) by bipolar
soft a-open sets in U.

Conversely, suppose { (Y F %Y G, E)}*€” is a bipolar soft a-open cover of (§7, 6,FE).
It is easy to see that {(F*, G*, E)}*€7 is a bipolar soft a-open cover of (Y, 0, E)
by bipolar soft a-open sets in U. Therefore, by given hypothesis we have
(Y,0,B)S{(YF' Y Go' EVO{(Y Fe* Y G*°, ENO..O{(Y F",Y Go", E)} for some
at,a?....a™ € J. Thus, {(F%,G%,E)} ™, is a bipolar subcover of (}7, 6, F).

Hence (Y, 3Y, E,—E) is a bipolar soft a-compact space. O

Definition 4.8. Let (U,SY, E,—E) be a bipolar soft topological space over U and
let 8 € . If every element of S can be written as the union of the elements of 3,
then B is called a bipolar soft basis for bipolar soft topology . FEach element of B

is called a bipolar soft basis element.

Example 4.9. Let U = {h',h? k3 h*}, E = {\1,\?}, =E = {=\!,=)\?}, and
(\\f = {(¢7ﬂ7 E)7 (U7 97 E)’ (F17 G17E)7 (F27 G27 E)7 (F37 G37 E)7 (F47 G47 E)?
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(F°,G° E),(F° G E),(F",G",E),(F% G, E)} where (F? ,G* E), (F* G* E),
(F4,GYLE), (F5 G5 E), (FS, G5 E)(F",G",E), (F8 G® E) are bipolar soft sets
over U defined as follow:

) = (R 1Y, FL0) = (112 and G = (A, G () = (1%,

)=
%) =

PR = (B 12,04, F2(0%) = (B 17} and G2(-\1) = {1}, G2(-A >: i,
F3OY) = {h3,h*}, F3(A\?) = ¢ and G3(=\Y) = {h!,h?}, G3(=)?) =
FAO) = (B 1), FH0%) — (1,12) and GA) = (1040, G ):{h3,h4},
FP(AY) = {h3}, F5(\?) = ¢ and G®(=AY) = {h', k% h*}, GP(=\?) = U,

FOAY) ={n*}, FO(A?) = ¢ and GO(-A') = {n',h? h*}, GS(-A?) = U,
FTO\Y = U, FT(0%) = {h',h?} and GT(=\Y) = ¢, GT(=\?) = {h3,h'}

F3(A) :{ Ry, F8(A2) = {h3, h} and GB(-AY) = {h', h?}, GB(=A?) = {h!, h?}.

Then (U,S, E,—FE) is a bipolar soft topological space over U. Now if we take 8 =

{(@,U,E),(F4,G4,E),
(F5,G5% E),(F,G% E),(F",G",E), (F8 G® E)}, then 8 is a bipolar soft basis for

R

Neat, if we take 3/ C S where 8/ = {(®, 4, E), (F1,GY, E),(F*,G* E),(F5 G* E),(F¢ G5 E)}
then B’ is not a bipolar soft a-basis because (v, 0, E) con not be written as the union

of the elements of 3'.

Theorem 4.10. A bipolar soft topological space (U, 3, E,—E) is a bipolar soft a-
compact space if and only if there is a bipolar soft a-basis B for & such that every

bipolar soft cover of (v, 0, E) by the elements of 5 has a finite bipolar soft subcover.

Proof. Let (U, S, E,—-E) be a bipolar soft a-compact space. Obviously < is a bipo-
lar soft a-basis for &. Therefore, every bipolar soft cover of (v,©, E) by elements
of & has a finite bipolar soft subcover.

Conversely, to show (U, S, E,—FE) is a bipolar soft The credit of strengthening
the foundations in the tool box of bipolar soft topology will be given to these
newly defined concepts-compact, let {(L¥, M, E)}*€7 be a bipolar soft a-open
cover of (v,0,F). We can write (L%, M*, E) as a union of basis element for each
o € J. These elements form a bipolar soft a-open cover of (v,0, E) such that
{(F?,G? E)}?</. Now, by given hypothesis, for some 3',52%,,...,8" € I, we have
U=F"N\)UFF\) U rf’(A)...u FA (), for each A € E and

¢ = G (=\) N GF (=) M..N GF" (=) for each =\ € —E. That is (v,0, E) =

(Pgl,G'Bl,E) U (F52,G/327E) U...0 (F#n,GPn, E) for some B,52,...,3" € 1. Now,
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(F8',GP" E) C (L™, M®’,E), for each 1 < i < n. This implies that

{(Lo‘i,MO‘i,E) ?_, is a finite bipolar subcover of (v, ©, E). Hence (U, S, E,-F) is

a bipolar soft a-compact space. O

5. CONCLUSION

The characteristics of bipolar soft a-connected spaces, bipolar soft a-disconnected
spaces and bipolar soft a-compact spaces are addressed with respect to crisp points.
The findings and results which we have reflected can be applied to all these problem

which contain uncertainty.

6. COMPLETING INTERESTS

The authors declare that there are no competing interests.

REFERENCES

1
2
3
[4

Zadeh L. A., Fuzzy Sets, Inform. Control, 8, (1965), 338-353.
Atanassov K., Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20, (1986), 87-96.
Molodtsov D., Soft Set Theory-First Results, Comput. Math. Appl., 37, (1999), 19-31.

Bayramov S, Gunduz C., Soft locally compact spaces and soft paracompact spaces, J. Math.
Sys. Sci., 3, (2013), 122-130.
[5] Cagman N., Karatas S., Enginoglu S., Soft topology, Comput. Math. Appl., (2011), 351-358.

6

Senel G. and Cagman N., Soft topological subspaces, Annals of Fuzzy Mathematics and
Informatics, 10.4, (2015), 525-535.

ShabirM., NazM., On soft topological spaces, Comput.Math.Appl., 61, (2011), 1786-1799.
Shabir M. and Naz M., On bipolar soft sets, Retrieved from https://arxiv.org/abs/1303.1344,
(2013).

Karaaslan F. and Karatas S., A new approach to bipolar soft sets and its applications, Discrete
Math. Algorithm. Appl., 07, (2015), 1550054.

[10] Gau, W.L., & Buehrer, D.J. (1993). Vague sets IEEE Transactions on systems, Man, and
Cybernetics, 23(2), 610-614.

[7
8

[9

[11] Pawlak, Z. (1982). Rough sets. International Journal of Information and Computer Science,
11,341-356.

[12] Molodtsov,D.(1999). Soft set theory first results. Computers and Mathematics with Applica-
tions, 37, 19-31.

[13] Aktas, H., and Cagman, N. (2007). Soft sets and soft groups. Information Sciences, 177,2726-
2735.

[14] Ali, M. I., and Shabir, M. (2010). Comments on De Morgan,s law in fuzzy soft sets. The
Journal of Fuzzy Mathematics, 18,679-686



[15]

[16]

(17]

18]

[19]

20]

(21]

(22]

23]

24]

[25]

[26]

27)

(28]

29]

30]

(31]

32]

(33]

SOFT a-STRUCTURES IN BI-POLAR SOFT... - JMMRC VOL. 9, NUMBERS 1-2 (2020) 21

Ali, M. I., Shabir,M.,and Naz,M.(2011). Algebraic structures of soft sets associated with new
operations. Computers and Mathematics with Applications, 61,2647-2654.

Ali, M. L., Feng,F.,Liu,X.Y.,Min, W.K., and Shabir, M. (2009) on some new operations in
soft set theory. Computers and Mathematics with, Applications, 57, 1547-1553.

Jun, Y.B., (2008). Soft BCK/BCI-algebras. Computers and Mathematics with Applications,
56, 1408-1413.

Jun, Y.B., and Park, C. H. (2008). Applications of soft sets in ideal theory of BCK/BCI-
Algrbras. Information Sciences, 178, 2466-2475.

Maji, P.K., Biswas, R., and Roy, R. (2003). Soft set theory. Computers and Mathematics
with Applications, 45,555-562.

Shabir, M., and Ali, M.I. (2009). Soft ideals and generalized fuzzy ideals in semigroups. New
Mathematics and Natural Computation,5, 599-615.

Aygunoglu, A., and Aygun, H. (2012). Some notes on soft topological spaces. Neural Com-
puting and Applications, 21, 113-119.

Hussain, S., and Ahmad, B. (2011). Some properties of soft topological spaces. Computers
and Mathematics with Application, 62, 4058-4067.

Hussain, S. (2014). A note on soft connectedness.Journal of the Egyptian Mathematical So-
ciety, 23, 6-11.

Khalil, O. H., and Ghareeb,A.(2015).Spatial object modeling in soft topology.Songklanakarin
Journal of Science and Technology, 37(4),493-498.

Lin, F. (2013). Soft connected spaces and soft paracompact spaces. International Journal of
Mathematical Science and Engineering, 7(2), 1-7.

Min, W.K. (2011). A note on soft topological spaces. Computers and Mathematics with
Applications, 62,3524-3528.

Peyghan, E ., Samadi, B., and Tayebi, A. (2013). About soft topological spaces. Journal of
New Results in Science, 2, 60-75.

Peyghan, E., Samadi, B., and Tayebi,A. (2014). Some results related to soft topological
spaces. Facta Universitatis, Series: Mathematics and informatics, 29(4), 325-336. Retrieved
from http://casopisi.junis.ni.ac.rs/index.php/FUMathInf/article/view/124 /pdf

Varol, B. P., Shostak,A., and Aygun, H. (2012).A new approach to soft topology. Hacettepe
Journal of Mathematics and Statistics, 41, 15-24.

Zakari,A.H., Ghareeb,A., and Omran, S. (2016). On soft weak structures. Soft
Computing.doi:10.1007/s00500-016-2136-8.

Zorlutuna, I., Akdag, M., Min, W.K., and Atmaca, S. (2012). Remarks on soft topological
spaces. Annals of Fuzzy Mathematics and Informatics, 3, 171-185.

Hayat, K., and Mahmood, T. (2015). Some applications of bipolar soft set: Characterizations
of two isomorphic Hemi-Rings via BSI-h-Ideals. British Journal of Mathematics and Computer
Science, 13, 1-21.

Shabir M. and Bakhtawar A., Bipolar soft connected, bipolar soft disconnected and bipolar
soft compact spaces, Songklanakari J. Sci. Technol., 39(3), (2017), 359-371.



22

(34]

(35]

(36]

37]

(38]

A. MEHMOOD, F. NADEEM, M. MUDASSAR, H. KALSOOM, SH. JABEEN

A. M. Khattak, M. Zamir, M. Alam, F. Nadeem, S. Jabeen, A. Zaighum,”Weak Soft Open
Sets in Soft Bi Topological Spaces’, Journal of Mathematical Extension, 14, 2020, 85-116.
A. M. Khattak, F. Nadeem, M. Zamir, G. Nordo, C. Park, M. Gul,’Other separation axioms
in soft bi-topological space’,Mayala Journal of Matematik, 2019, 7(4) 724-734.

A. M. Khattak, N. Hanif, F. Nadeem, M. Zamir, C. Park, G. Nordo, S. Jabeen,’Soft b-
Separation Axioms in Neutrosophic Soft Topological Structures’,Ann. Fuzzy Math. Inform.
18(1), (2019) 93-105.

A. Mehmood, F. Nadeem, G. Nordo, M. Zamir, C. Park, H. Kalsoom, S. Jabeen, M. L
Khan,’Generalized Neutrosophic Separation Axioms in Neutrosophic Soft Topological Spaces’,
Neutrosophic Sets and Systems, 32, 2020.

A. Mehmood, F. Nadeem, C. Park, G. Nordo, S. Abdullah, Neutrosophic soft topological
structure relative to most generalized neutrosophic soft open set, Communication in Mathe-

matics and Applications, [In press]



