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Abstract. The basic of bipolar soft set theory stands for a mathematical instrument that brings
together the soft set theory and bipolarity. Its definition is based on two soft sets, a set that
provides positive information and other that gives negative. This paper mainly aims at defining
a new bipolar soft generalized topological space; setting out of the point that the collection of
bipolar soft sets forms the basis for the definition of the new concept is defined. Added to that,
an investigation has been made of the four concepts of bipolar soft generalized, namely g-interior,
g-closure, g-exterior and g-boundary. Furthermore, the main properties of bipolar soft generalized
topological space (BSGTS) are established. This paper also attends to the discussion of the
relations between these new definitions and the application of the given bipolar soft generalized
topological spaces in a decision-making problem where an algorithm for this application has been
suggested. Finally, to clarify and substantiate what the current work subsumes, some examples
have been provided.
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1. Introduction

For formal modeling, reasoning, and computing, the majority of the traditional tools
are characterized by being crisp, deterministic, and precise. Yet in the domains of eco-
nomics, engineering, environment, social science, medical science, etc., many complicated
problematic issues exist. As such, to solve or model them, the typical methods based
on the case, in particular, may lack suitability. On this basis, a set of theories has been
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proposed to tackle these issues. In 1999, Molodtsov [27] adopted the soft set theory that
was designed to solve sophisticated problems.

Molodtsov’s theory has been implemented in several branches of mathematics. Exam-
ples are decision making problems, medical science, social sciences, operation research etc.
The theory has been further improved by other researchers like Maji et al. [24] in terms of
defining the operation family of special information systems. Based on this, the operations
of the soft set were redefined by Cagman and Enginoglu [14] who further constructed,
by using the soft set theory, a uni-int decision making method. Finally, the soft sets were
compared to both fuzzy and rough sets by Aktas and Cagman [1].

Later on, some properties and applications of the soft set theory have been investigated
by many researchers (see [9], [13], [32], [34], [35], [37], [41], [42]). For the time being, two
definitions of the soft topological spaces exist. The concept of soft topological spaces on
a universe set was first defined by Shabir and Naz [37]. Likewise, for the demonstration
of the notion of soft topological spaces, the soft sets were also, Cagman [15]. This was
followed by a excess of researches that tackled the soft topological spaces (see [2], [3], [4],
[5], [6], [7], [8], [10], [11], [12], [18], [19], [22], [23], [25], [26], [33], [38], [40]).

The notion of generalized neighborhood system and generalized topological spaces was
defined by Csaszar ([16],[17]) who further studied a set of its basic properties, namely con-
tinuous functions, associated by interior and closure operations on generalized topological
spaces, and compared his findings to those of the usual topology. On their part, Thomas
and John [39] constructed the notion of soft generalized topological spaces (SGT Ss) via
soft generalized open sets over an initial universe with a fixed set of parameters, and stud-
ied some of their properties such as compactness and separation axioms. The generalized
topology differs from that based on its axioms. According to Csaszar, a family of subsets
of () stands for a generalized topology on 2 when the empty set and arbitrary union of
its members are included. It is worth noting that soft sets theory, not sets, forms the
basis for the soft generalized topological spaces. In 2013, the bipolar soft set structure
which may form the source of more general and clear results than the soft set structure
was investigated by Shabir and Naz [38]. Varied definitions of the bipolar soft set and
the basic operations such as intersection, union and complementation were put forward by
Shabir and Naz [38] and Karaaslan and Karatas [22]. Based on Dubois and Prada [18],
decision making is constructed on two sides, namely negative and positive. A number of
definitions, operations, and applications on bipolar soft sets have been investigated in ([4],
[22], [23], [40]). Added to that, Oztiirk [31] studied the concepts of closure and interior
operations, basis and subspace in bipolar soft topological spaces.

There has been an expansion of the definition of bipolar soft topological spaces defined
in [36] by Fadel and Dzul-Kifli [20] who have attended to the key concepts and properties
and put forward some illustrative examples. Additionally, there has been further works
on the topological structures on bipolar soft sets, (see [21],[22]). For instance, Musa and
Asaad ([28], [29], [30]) introduced a new idea concerning bipolar soft sets by extending the
hypersoft sets named bipolar hypersoft sets. They further investigated bipolar hypersoft
topological spaces and some of their operations and properties.

The coming parts are organized as follows: In Section 2, some related preliminaries
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are briefly recalled. In Section 3, the new concept of bipolar soft topological spaces called
bipolar soft generalized topological spaces have been firstly defined. This has been followed
by the presentation of the basic properties of bipolar soft generalized topological spaces
on an initial bipolar soft set. In addition, the definitions of the notions of bipolar soft
g- open sets, bipolar soft g-close sets, bipolar soft g-closure, bipolar soft g-interior, bipolar
soft g-exterior and bipolar soft g-boundary have been provided along the study of their
properties and the investigation of the relation between such concepts. In Section 4, this
has been followed by presenting the application of bipolar soft generalized topological
spaces in a decision making problem. Finally, a binary information table has been utilized
in our attempt to analogously represent the bipolar soft generalized topological spaces.
Section 5 concludes this paper.

2. Preliminaries

In this section, we introduce some basic concepts about bipolar soft sets. In this paper,
let €2 be an initial universe, T(€2) be denoted the collection of all subsets of Q2 and w be a
set of parameters. Let ¢,0 C w and BSS(Q2) be the set of all bipolar soft sets over {2 with
parameters w. Now, we mention the main definitions of bipolar soft sets and its related
topics that we need through the paper.

Definition 1. [2/] Let ¢ = {01, 02, .., 0n} be a set of parameters. The Not set of ¢ denoted
by ¢ = {=01,702, ..., mon} for all i, —o; = Not ;.

Definition 2. [38] A triple (©, A,<) is called a bipolar soft set on , where © and A are
mappings defined by © : ¢ — T(Q) and A : =¢ — T(Q) such that ©(0) N A(—p) = ¢ for
all o € ¢ and —p € —0.

In other words, a bipolar soft set (©,A,<) can be written as

(©,A,¢) ={(0,0(0), A(—0)) : 0 €5,0(0) N A(—0) = ¢}.

Definition 3. [38] For any two bipolar soft sets (01,A1,<) and (©2,A2,0), we say that
(©1,A1,5) is a bipolar soft subset of (O2,Aa,0) if:

(i) s C o and,
(i) ©1(0) C Oz(0) and A2(—0) C A1(—0) for all p € ¢ and —p € .

This relationship is denoted by (©1, A1, <) E(@g, Ao, ). Simalarly, we say that (©1,A1,9)

is a bipolar soft superset of (Q2, A, a), denoted by (01,A1,¢) D (O2,As,0), if (O2,Az,0)
is a bipolar soft subset of (©1,A1,5).

Definition 4. [38] Two bipolar soft sets (01,A1,5) and (O2, A2, 0) are said to be equal,
denoted by (01, A1,¢) = (O2, A2, 0), if (O1,A1,5) is a bipolar soft subset of (O2, A9, o) and
(©2, A9, 0) is a bipolar soft subset of (©1,A1,¢).
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Definition 5. [38] The complement of a bipolar soft set (©, A, <) is denoted by (O, A, )¢
and defined by (0, A,¢)°=(0° A ) where ©° and A° are mappings given by O°(p) =
A(—p) and A°(—p) = O(p) for all p € ¢ and —p € —g.

Definition 6. [38] A relative null bipolar soft set (®,9,<) is a bipolar soft set (O, A\,<) if
O(0) = ¢ for all o € s and A(—p) = Q for all —p € —.

Definition 7. [38] A relative absolute bipolar soft set (Q, ®,<) is a bipolar soft set (O, A, )
if ©(0) = Q for all p € ¢ and A(—p) = ¢ for all —p € —s.

Definition 8. [38] The bipolar soft intersection between two bipolar soft sets (01, A1,5)
and (©2, Ao, 0) is the bipolar soft set (x,V, k) where Kk =N o is a nonempty set and for
all o € K,

x(0) = ©1(0) N Oz(e) and ¥(=g) = Ai(—e) U Az(=0).
It is denoted by (©1,A1,) A (O2,A2,0) = (x, ¥, k).

Definition 9. [38] The bipolar soft union between two bipolar soft sets (01,A1,5) and
(©2, Ao, 0) is the bipolar soft set (x, ¥, k) where k = ¢ U o is a nonempty set and for all
0 ER,

x(0) = ©1(0) UBz(e) and ¥(—o) = A1(—0) N Az(0).
It is denoted by (©1,A1,<) 6 (©2,A2,0) = (x, U, k).

Definition 10. [38] The bipolar soft union between two bipolar soft sets (©1,A1,<) and
(©2, Ao, 0) is the bipolar soft set (x, ¥, k) where kK = ¢ U o is a nonempty set and for all
0 €K,
©1(0), 0ES—oO,
x(e) = { ©2(0), 0ET—q,
O1(0) UB2(0), o€cNo.

@1(_'9)7 -0 € °¢ — 70,
\Il(ﬂg) = @2(ﬁ9), P € 0 — G,
©1(—0) N O2(—p), —p € -cN-o.

It is denoted by (©1,A1,<) ¥ (©2,A2,0) = (x, U, k).

Definition 11. [38] The bipolar soft intersection between two bipolar soft sets (01, Aq1,5)
and (©2, Ao, 0) is the bipolar soft set (x,V, k) where k = ¢ U o is a nonempty set and for
all o € K,

©1(0), 0ES—0O,
X(Q) = GZ(Q)a 0 €T —g,
O1(0) NO2(0), e€sno.
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©1(—0), —p € ~¢ — 0,
\II(_‘Q) = @2<_‘Q)7 -0 € 70 — G,
O1(—0) UBO2(—p), —p € ~cN-o.

It is denoted by (©1,A1,5) 3 (O2,A2,0) = (x, ¥, k).

Definition 12. [38] Let g be the family of soft sets of Q, then g is said to be soft
generalized topology (SGT) on Q if

(i) (®,s) belong to g.
(i1) The union of any members of soft sets in g belongs to g.

Then (,9,<) is called a soft generalized topological space (SGTS) over Q. Every member
of g is called a soft g-open set. The complement of a soft g-open set is soft g-closed.

Proposition 1. [38] If (O1,A1,5),(02, Ay, o) € BSS(Q), then:
(i) ((©1,A1,5) U (O3, A9,0)) = (O1,A1,)° 1 (O, As, 7).
(ii) ((©1,A1,5) A (©2,MA2,0))¢ = (O1,A1,6)° ¥ (O3, Ao, 0)°.
(iti) ((@1,A1,€)C)C = (©1,A1,5).
(iv) (3,9,¢) C (O1,A1,¢) 1 (On, Ao, 0)° T (O1,A1,5) U (O, Ao, o) T (0, B,5).

Definition 13. [20] The bipolar soft difference between two bipolar soft sets (©1,A1,<)
and (O, Ao, 0) is the bipolar soft set (O, A, k) where k = ¢ U o is defined as

(617A1a ) \ (@2aA2> ) (617A17§) ﬁ (@2’1\2’0.)0‘

3. Main Results

In this section, we introduce the bipolar soft generalized topological spaces and we
investigate some concepts and properties such as bipolar soft g-interior, bipolar soft g-
closure, bipolar soft g-exterior and bipolar soft g-boundary.

Definition 14. Letﬁ be the collection of bipolar soft subsets over €2, thenﬁ is said to be
a bipolar soft generalized topology (BSGT) on 2 if it satisfies the following conditions:

(i) (@,9,5) €5
(it) If (©;,A;,5) = Efor all j € J, then Ojej(@j,[\j,c) = E

Then (Q,E, ¢, 6) is called a bipolar soft generalized topological space (BSGTS) over €.
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Definition 15. Let (Q,E,g, =) be a BSGTS, ifﬁ s the collection of all possible bipolar
soft sets which can be defined over §, then g is called the discrete BSGT on €.

Definition 16. A BSGT g is said to be strong if (Q, ®,<) € g.

Deﬁpition 17. Let (Q,E, S, 6) be a BSGTS, then the members ofﬁ are said to be bipolar
soft g-open sets in Q.

Clearly (®, Q, ¢) is bipolar soft E—open.
Definition 18. Let (Q,é,g,ﬁg) and let (Q,gzz,g, =) be a BSGTSs. Then:

(i) Ifﬁl C EQ then EQ is bipolar soft finer than El.

(i) If either El E 32 or EQ E El, then El is bipolar soft comparable with EQ.
Example 1. Let Q = {w1, w2, ws, ws, ws, wes, w7, ws} be the universal set which are eight
categories of people that are living in Duhok city. It can be defined by:
Q ={Syrian Re fugees, Turkish Re fugees, Iranian Re fugees, Host Community, I DPs,
Residents, Returnees, Foreigners}.

Let ¢ = {01, 02, 03, 04, 05, 06, 07, 08} be the set of parameters, where o;, 1 = 1,2,...7,8,
stands for parameters "Hard Working”, ”Negligent”, ”Flexibility”, ” Rigidity”, ”Self-Confidence”,

7 )

”Shyness”, 7Skillful” and 7 Unskillful” respectively. It is regarded as positive description
and non positive description which belong to each category. The eight categories of people
wish to find a job, to employ in government institute or work in a company in Duhok city.
Now, we can divide the set < into two parts 1 = {01, 03, 05,07} and 2 = {02, 04, 06, 08}
and the bijective function f: ¢ — o can be defined as
f(oi) = =0i = 0i+1 fori=1,3,5,7.
Here the notion —o; means Not g; for alli =1,3,5,7. Now, we can describe the following
BSGTS E = {(®,9,9),(01,A1,9), (02, A2,<), (O3,A3,<)} offers to select some workers
and employ them in tourism companies in Duhok city, where
(©1,A1,¢) ={(01, {w1, w3, wa}, {w2, we}), (03, {w2, w5, w7}, {w1, w3, ws}),
(05, {ws, wa}, {wr, wa, w5, ws}), (07, {ws, we, w7, ws}, {wa, ws})},
(©2,A2,¢) ={(01, {w1, wa, wa}, {ws, ws, we, wr}), (03, {w2, ws}, {w1, w3, wa, ws}),
(05, {w1,ws,wys}, {we, ws,wr,ws}), (07, {ws}, {we,ws,ws}) }and
(03, As,) ={(01, {w1, w2, w3, wa}, {we}), (03, {w2, w5, wr}, {wr, w3, ws}),
(05, {w1, w3, wa}, {wa,ws,ws}), (07, {ws, we, w7, ws }, {wa, w3 }) }.
Each (©,A,¢) inﬁ can be depicted as a table. Each category includes positive description
a; and negative description [; and it can be represented by (o, B;). If the description
exists in a category, then it is considered as 1, otherwise, it is 0.

Tabular representation of bipolar soft sets (©1,A1,5), (O2,A2,¢) and (O3, A3, <) are given
i Tables 1,2 and 3.
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Table 1: Tabular form of the bipolar soft set (01, A1,5)

(©1,A1,6)  (©1,A1)(01) (©1,A1)(03) (O1,M1

~—

(05)

(©1,A1)

(o7)

w1 ( 1 ,0
w9 (
w3 (
w4y (
ws (
We (
wr (
ws (

—~
o o
—

— o ohr~o o~
S N e e e e N N

N N N N S S
cooc o+

Table 2: Tabular form of the bipolar soft set (02, A2,<)

(©2,M2,6) (©2,A2)(01) (©2,A2)(03) (O2,A2)(05) (O2,A2)(07)
w1 (1’0) (071) (1,0) (070)
w2 (1’0) (170) (071) (0’1)
w3 (071) (071) (170) (071)
w4 (LO) (0’1) (170) (0’1)
Ws (071) (070) (071) (170)
We (071) (0’0) (070) (070)
wry (071) (070) (071) (070)
ws (070) (071) (071) (070)
Table 3: Tabular form of the bipolar soft set (O3, A3, <)
(©3,A3,6) (03,A3)(01) (O3,A3)(03) (©3,A3)(05) (O3,A3)(07)
w1 (170) (071) (170) (070)
w2 (1’0) (170) (071) (0’1)
w3 (170) (071) (170) (071)
w4 (LO) (O’O) (170) (070)
Wws (070) (170) (071) (170)
We (071) (0’0) (070) (170)
wr (070) (170) (070) (170)
wg (070) (071) (071) (170)

Theorem 1. Let (Q,E,g,—'g) be a BSGTS, then g = {(0,¢) : (©,A,) & E} is SGT.

652

Proof. Suppose that (Q,E, ¢,—¢) is a BSGTS. Then (<I>,§~2,§) E E implies that (®,6)€ g
Let {(©;,5) : i € T} belongs to g. Since (0;,A;,5) € g for all i € Z, so that Oiez(@iv Ai,)

€ g. Thus, U,;c7(04,<) € g. Hence g defines a SGT.

The following example shows that the converse of Theorem 1 is not true.

Example 2. Let Q = {wy,we,ws,wq} and ¢ = {01, 02}

Suppose that E = {(q)a §), (617 §)7 (627 §)> (637 <)> (647 §)} and
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=g = {(®,9), (A1, 9), (A2, ), (A3, —5), (Ag, 7<)} are two soft generalized topologies de-
fined on 2, where

(©1,5) = {(01, {w2}), (02, {w1})},
(©2,¢) = {(o1, {w1}), (02, {w3})},
(©3,<) = {(o1, {w2}), (02, {w1,ws})},
(©4,¢) = {(o1, {w1, ha}), (02, {w1,w3})},
and
(A17 _‘g) = {(_‘le {w17w37 w4})7 (_‘Q27 {w27 OJ4})},
(A2, —¢) = {(mo1,{ws}), (mo2, {wa}) },
(A37 —\§) = {(_'Qla {w?)? w4})7 (_‘Q27 {(UQ})},
(A47 _'§) = {(_'917 {(,L)3,CU4}), (_'927 {w27w4})}'

Thenﬁ = {(@7 67 §), (917 A17 §), (927 A27 §)7 (@37 A37 §), (@47 A47 <}7 where (617 A17 §>, (@27 A27 §)7
(©3,A3,¢) and (B4, A4,<) are bipolar soft sets defined as follows

(©1,A1,¢) = {(01, {w2}, {w1, w3, wa}), (02, {w1}, {wa, wa})}
(©2,A2,¢) = {(o1,{w1}, {ws}), (02, {ws}, {wa})},

(03,A3,5) = {(01, {w2} {ws,wa}), (02, {w1, w3}, {w2})},

(04, A4,6) = {(01, {w1,wa}, {ws,wa}), (02, {w1, w3}, {w2, wa})}.

Ihus; (@17 A1, §) 6 (627 A27 g) = {(Qh {w17w2}7 {(,U3}), (927 {(/.)1, w3}7 {W4})} % E Therefore,
g is not BSGT.

The following theorem shows when that converse of Theorem 1 is true.

Theorem 2. Let (2,9,5) be a SGT. Then the collectionﬁ consisting of bipolar soft sets
(0, A,5) such that (©,5) € g and A(—p) = Q\ O(p) for all —p € —s, defines a BSGT on
Q.

Proof.
(i) Since (®,c) € g, then Q(—p) = Q\ ®(p) = 2\ ¢ = Q and hence (P, ﬁ,q) E E
(i) Let {(©4,As,<) : i € T} € g. Then {(8;,¢) : i € T} € § and Ai(~0) = 2\ O;(0).
Now, since g is a SGT, then (J;c7(0i,¢) € §. Let (0,¢) = U,;ez(04,<) € g, then

5(=0) = Q\ (U;er©i(0)) = NicgAi(—0). Thus, U;e7 (i, Ai,s) € g. Therefore, the
proof is completed.

Theorem 3. Let Q9 g ¢, 6) be a BSQ’TS and {Ql}zez be an indexed family of BSGTs.
Then ﬂ eIg is a BSGT, where each gZ is bipolar soft finer than ﬂ Igl for each 1.
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Proof. Since each {El}, i € T is a BSGT over (2, the bipolar soft set (P, 5,§) E EZ-, i€l
and hence (@,6,0 e ﬁielﬁi' Let {(©;,A;,5) : j € J} be a family of bipolar soft sets
in ﬁieI EZ Then each (0;,A;,<) belongs to each EZ But EZ being BSGT is closed under
arbitrary bipolar soft unions. So Gjej(Gj,Aj,Q E ﬁiel EZ Hence ﬁiezﬁi is a BSGT
define on 2. Clearly each Ei, i € Z, is bipolar soft finer than ﬁieIEi‘

Remark 1. Let (Q,gtl,g,—'g) and (Q,gzz,g, =) be BSGTSs. Then (Q,El A EQ,g,—'g) may
not be a BSGTS as shown by the following example.

Example 3. Let Q = {wy, w2, w3, ws,ws} and ¢ = {01, 02}. Let (Q,El,g, =5), (Q,Ez,g, —5)
€ BSGTSs where

Elz{(Cba ﬁa §), (@h A17g)7 (@27A27§)};

and
92 = {(@,0,5), (3, A3,9), (O, As,5)},
where
(01, A1,6) = {(01, {w1, w2}, {ws }), (02, {w2}, {wr, wa, w5 }) },
(02, A2,6) = {(01, {w1, w2}, {ws}), (02, {w2}, {w1,wa})},
(03, A3,¢) = {(01, {ws,wa}, {ws}), (02, {ws}, {ws}) tand
(04, A4, ¢) = {(01,{ws,wa}, {ws}), (02, {ws}, {ws, w5 })}.

Now, El O EZ = {(‘I),Q,C), (@laﬁlaf)i(@%[\%g)v (937A§7£)7 ,(_VG:%?Alhg)}’ then El O EZ is
not BSGTS since (02, Aa,5) € gy U gy and (©3,A3,5) € gy U gy, but

(02,82,6) 5 (65, ,5) = {(on, o, w051}, {5 )), (02 o foah)} 31 0 B

Theorem 4. Let Z be a family of bipolar soft sets defined on a universal set 2, then there
exists a unique BSGT g such that it is the smallest BSGT containing E‘

Proof. Consider the collection of all BSGT s on € which contains ¢ (as subset of Y(£))
surely contains E . Now, let E be the intersection of the members of this collection. By

Theorem 3, E is a BSGT, it contains Z and clearly it is the smallest BSGT containing 5 )
for any such BSGT will be member of the collection of BSGT s just considered, and hence
bipolar soft finer than its intersections g. Uniqueness of g is trivial.

Definition 19. Let (Q,E,g,ﬂg) be a BSGTS and (©,A,s) e BSS(RY). Then the bipolar
soft g-interior of (©,A,<), denoted by i;(@,A,g), is the bipolar soft union of all bipolar
soft E—open subsets of (©,A,<).

In other words, ig(@, A, <) is a largest bipolar soft E—open set contained in (0, A,<), so, we
can write as
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=(0,4,9) = U{00 4.9): (x6,6) €3 (1, :9) € (8, A,9)).

Here, are some properties of iﬁ(@’ A, q).
Theorem 5. Let (Q,E,g,—\g) be a BSGTS and (©1,A1,5),(02,A2,¢) E BSS (). Then
(i) (1, A1) € (1, A1),
(ii) (©1,A1,5) is bipolar soft E—open if and only if iﬁ(@l, A1,6) = (01,A1,9).
(1i1) iﬁ(iﬁ(@l,Al,g) = iﬁ(@l,Al,g).

(iv) If (©1,A1,5) C (O, As,¢), themg(@h!\lx) C iﬁ(@2,/\27<).

(U) iﬁ((@1,A1,§) ﬁ (627A2a§)) i iﬁ(@hAl?g) ﬁ iﬁ(@%A?vg)'

(vi) i=((©1, A1) U (02, A2,5)) 2 (01, A1,6) U iz(02, Az, <).

(vid) i (®,9,¢) = (D,9,¢).

Proof.

(i) Since i=(O1,A1,6) = U{(€;,A5,6) : (6, A5,6) €3, (6, A5,6) € (O1,A1,6),5 € T}.
Then ©;(¢) € ©1(0) and A1(—0) € Ag(—p) for all j € J. So, U;c7 O;(0) € O1(0)
and Aj(—p) C ﬂjej Aj(—p). Therefore iﬁ(@l,Al,g) C (©1,A1,9).

(ii) Let (©1,A1,5) be a bipolar soft E—open set. Then (O1,A1,¢) is the largest bipolar
soft E—open set contained in (01, A, ). From (i), we have Z'E (01,A1,5) C (01,A1,5).
Therefore, iﬁ(@l,Al,g) = (01,A1,9).

Conversely, assume that z'g(@l,Al,g) = (0©1,A1,5). Since z'; (©1,A1,5) is a bipolar

soft union of all bipolar soft E—open subsets of (01, A1,¢) and E is closed under arbi-
trary bipolar soft union, then ig(@l,Al, ¢) is bipolar soft g-open. Thus, (01, A1,<)

is bipolar soft E—Open.
(iii) Since iz (©1,A1,5) is a bipolar soft E—open set. Thus by (ii), = (iﬁ (©1,A1,9)) =
iz (01, A1, 9).

(iv) Suppose (©1,A1,<) C (Og,As,¢). From (i), i§(®1,A1,q) C (©1,A1,). Therefore,
iﬁ(Gl,Al,g) C (©2,A2,¢). Now, iﬁ(@l,Al,g) is a bipolar soft E—open set contained

in (©2,A2,¢). So, it is contained in bipolar soft E—interior, and since iﬁ (©2,Ag,¢) is
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the largest bipolar soft E—open set contained in (02, Ag,s). Therefore, iE (©1,A1,9)
é 'lﬁ (@27 A27 g)

(v) Since (©1,A1,¢) 7 (©2,A2,¢) C (81, A1,5) and (©1, A1, <) A (02, A, <) §~(@27A2,§)'
SO, by (iV)7 ZE ((617A17 §) N (@27A27§)) é ’LE (617A17§) and ZE ((617A17§) N (@27 A27§))

C iz (32, Mg, ). Hence, iz (01, A1,5) A1 (62, A2,6)) C iz (O1,A1,6) M (63, As, ).

(vi) We know that (©1,A1,5) € (01,A1,6) U (3, A2,) and (O3, As,s) € (01, Ay,5) U
(@27A27§)' Then by (V)a ZE (617A17 §) i 2: ((@17 A1,§) O (627‘/\27()) and 7‘3 (®2a A27§)

C ig((e)l,Al,C) 0 (©2,A2,5)). So, ’L~((917A1, ¢) U (©2,A2,6)) D i (©1,A1,5) U
iﬁ(@27A27§)‘

(vii) The proof is trivial.

In the next example, we will show that the equality of parts (v) and (vi) in Theorem
5 do not hold.

Example 4. Let ) = {wy,we, w3, wy,ws}, s = {03, 04} and
E = {(q)a ﬁ: §), (617 Ala §), (G)Qa A2> §)> (637 A37 §), (@47 A4> §), (657 A57 §)}, where

(©1,A1,6) = {(03, {w1, w3, w5}, {w2}), (04, {wr, w3, w5 }, {wa}) },

(©2,A2,¢) = {(03, {wa}, {w1,w2}), (04, {wa}, {w1,w2})},

((03,A3,¢) = {(03, {wa}, {w2, w3}), (04, {wa}, {w2, w3})},

(04, A4, 6) = {(03, {w1, w3, wa, w5}, {wa}), (04, {w1, w3, wa,ws }, {wa}) } and
(05, A5,¢) = {(

03, {wa}, {wa}), (04, {wa}, {w2})}.

To show the converse of (v). Let

(le 1/}17 () = {(Q?n {w4,w5}, {whw?})a <Q47 {w47 w5}7 {wlv WQ})} and
(637 As, g) = (X2a o, g) = {(93’ {W4}, {w2a W3}), (947 {UJ4}, {WQ,CL}?,})}.
SO: iE(X17¢17§> = (@%A??g) and ig(m?%a?) = (@3,A3,§),

Hence, iz (x1,91,5) M1 iz(x2,¥2,5) = {(egs, {wa}, {wn,ws, ws}), (01, {wa}, {wr,wa,ws})}.
Also,
Zg((X1,1lJ1,§)F:7(X2,¢2,§)) = Z'E—{(Qs, {wa}, {wi, wa,w3}), (04, {wa}, {w1, w2, w3})}
— (®,0,9).

Therefore,

iz, ¥1,6) 0 iz (x2, 2, 6) # i (X1, ¥1,6) 1 (X2, ¥2,6))-
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Now, to show the converse of (vi). Let

(X1, ¥1,¢) = {(03, {wr,ws}, {wa}), (04, {w1, w3}, {wa})} and
(X2, %2, ) = {(e3, {ws, w5 }, {w1, w2, w3}), (04, {ws, w5}, {w1, w2, ws})}-

Then i=(x1,41,<) = (9,2,¢) and i=(x2,¥2,¢) = (€,9,4).
Hence,

Z.E(Xlawlag)ﬁ Z.E(X%w%g) = (¢797§>'

But (X17 1/]15 §)6(X27jz)27 §) = {(Q?ﬂ {wlu w3, OU4,(U5}, {w2})7 (Q47 {wlvw?n w4, W5}, {w2})}
While T:E((Xl,’l,bl,§)0 (X2a¢27§)) — (647A47§)‘

S0, iz ((x1,%1,6) U (x2,92,)) # iz(x1,91,) O i(x2, %2, 6).

Definition 20. Let (€,3,¢, <) be a BSGTS and (©,A,<) € BSS(R). Then (,A,¢)
is said to be bipolar soft g-closed if its bipolar soft complement (©,A,<)¢ is bipolar soft
g-open.

Theorem 6. Let (Q,E,g,—'g) be a BSGTS, then —g = {(A,—s) : (©,A,<) = E} is SGT

in terms of soft g-closed.
Proof. Similar to Theorem 1.

Theorem 7. Let (Q,E,g,ﬂg) be a BSGTS . Then the following properties hold
(i) (Q,®,<) is bipolar soft E-closed.

(ii) Arbitrary bipolar soft intersections of the bipolar soft E—closed sets are bipolar soft
g-closed.

Proof.

(i) Since the complement of the absolute bipolar soft set (Q,®,¢) is the relative null
bipolar soft set (P, §~2, ¢), and (P, Q,g)é E Thus, ((NZ, ®, <) is bipolar soft E—closed.

(i) Let {(©i,As;)}icz be a given collection of bipolar soft E—closedjets. To show
ﬁieI (04, A, <) is bipolar soft E—cl(z?ed. Now (ﬁiel ((©i,A,6))¢ = OieI (0, Aj, ).
Since (0;,A;,s) is a bipolar soft g-closed for each i € I. So (©;,A;,¢)¢ is bipo-
lar soft E—open sets and hence DieI (0, Aj, )¢ is bipolar soft E—open. Therefore,
(ﬁiGI (04, Ai,5))¢ is also bipolar soft E—open. This means that, ﬁiez(@i,Ai,g) is
bipolar soft g-closed.

Definition 21. Let (Q,3,c, <) be a BSGTS and (0, A,<) € BSS(Q). Then the bipolar
soft g-closure of (©,A,¢), denoted by Cg:(@,A, §), is the bipolar soft intersection of all
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bipolar soft E—closed sets containing (©, A, ).

In other words, = (©, A, <) is the smallest bipolar soft E—closed set containing (0, A, <), so
we can write as

e(0,A,6) = N {(x:¥,5) : (x,1,5) is bipolar soft g-closed; (x,v,5) 2 (©,A,6)}.
Theorem 8. Let (Q,E,g,ﬂg) be a BSGTS and (©1,A1,5),(02,A2,9) E BSS(R2). Then

(i) (@17 Alv C)

N

%(@1,A1,§).

(ii) (©1,A1,5) is bipolar soft g-closed if and only if ez (1, A1,<) = (O1,A1,<).
(iii) s (5 (O1,A1,5)) = 5 (O1,A1,9).

(iv) 1f (©1, A1) S(On, Az, then e (O1,A1,¢) & &= (02, A2,).

(v) Cﬁ((@l,l\l,dﬁ (©2,A2,¢)) C (01,A1,9) N ¢ (02, Ay, 6).

(UZ) O:(((_‘)17/&1?{) 6 (@2,A2,§) i) %(@171\17() O %(@%A%g)'

(vii) (Q<I>§) (Q,@,g).

Proof.

(i) Slncecg(@l,Al, ) = (1{(O1,Ai¢) ¢ (01, Ai,6)° € 3, (01, A1,<) T (04, Assc),i € T}
Then ©1(0) € O,(p) and A;(—e) € A1(—p) for all i € Z. So, O1(p) C ﬂ et Ni(0)
and U'LEI (_\Q) g A ( ) ThllS (@1,/\1, ) g %(@1,/\1, )

(ii) Let (01, A1,¢) be a bipolar soft E—closed set. Then (©1, A1,¢), is the smallest bipolar
soft g-closed set containing (61, A1,<). From (i), we have (01, A1,¢) C cs (©1,A1,9).
Therefore, %(@1,/\1,{) = (01,A1,9).

(iii) Since e (01, A1,¢) is a bipolar soft E—closed set. Thus by (ii), it is equal to its bipolar
soft g g closure Therefore c:( (@1, A1,9)) = cﬁ(@l,Al,g).

(iv) Suppose (0©1,A1,5) E (©2,A9,5). From (i), (©2,A2,¢) é cs (©2,A9,5). Thus,
(©1,A1,9) é s (©2,A2,5). Now, cs (©2,A9,¢) is a bipolar soft E—closed set contain-
ing (01,A1,¢). So it is containing its bipolar soft g-closure, and since = (©1,A1,9) is
the smallest bipolar soft g-closed set containing (01, A1,<). Therefore, e (©1,A1,9)

C (02, A2,9).
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(v) Since (©1,A1,5) A (©2,A2,6) C (O©1,A1,¢) and (01, A1, <) A (02, A2,¢) C(O2,As,5).
So by (iv), we get

Cg((@l,Al,Q N (02,As,6)) C C’g(@lal\l,c)

and

%((@1,1\170 A (02,A2,5)) C %(@2,A2,§)-

Hence, cg:((@lvag) ﬁ (627A2;§)> i CE(@LAI,C) ﬁ Cg:(@QrA?vg)'

(Vl) Since (GlaAlag) i (@hAlag) 6 (@27§23§) and (@2,A3,§) i (@1,A1,§) 6 (@2,A2,§).
Then by (iV), we have C;g:(@l?Alag) 6 %((leAlag) G (@2’A2>§)) and %(62’A27§)

C < ((©1,41,¢) 0 (©2,A2,¢)). Thus,

N

%(@1,A1,§) O %(@27[\2’@ C5((617‘/\17§) G (@27A27§))'

(vii) The proof is trivial.

In the next example, we will show that the equality of parts (v) and (vi) in Theorem
8 does not hold.

Example 5. Let Q = {wy, w2, w3, wyq,ws}, A = {03,04} and

E: {((I)a ﬁag)a (617A1a g)’ (®2a A2,§), (637/\3’ g)a (@45 A4,§), (65,/\57 g)a (@67 A67§)}
where

(©1,A1,¢) = {(03, {w2,wa}, {w1, w3, ws}), (04, {wa, wa}, {w1, w3, ws})},
(©2,A2,5) = {(03, {wa, w5}, {w2, w3}), (04, {was, w5}, {wa, w3})},
(©3,A3,¢) = {(03, {w1, ws}, {w2, wa}), (04, {w1, w5}, {w2, wa})},
(04, A4, 6) = {(03, {w2,wa, w5}, {ws}), (04, {wa, wa, w5}, {ws}),
(©5,A5,6) = {(03, {w1,w2,ws,ws}, @), (04, {w1,w2,ws,ws}, @) } and
(06, Mg, ) = {(03, {w1,wa, w5}, {w2}), (04, {w1, wa, w5}, {wa}) }.

)

Then

Ec = {(Q7q)7§)7 (@17A17§)67 (627A27g)c7 (@37A37§)67 (647A47g)c7 (@57A57§)cv
(66,A67§)C}7

where

(01,A1,6)° = {(03, {w1, w3, ws }, {w2,ws}), (04, {wi, w3, ws }, {wa,wa})},
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(02, A2,¢)° = {(03, {w2, w3}, {wa, w5}), (04, {w2, w3}, {wa, w5 })},
(©3,A3,)° = {(03, {w2, wa}, {w1,ws}), (04, {w2, wa}, {w1, w5})}
(04, A4,)° = {(03, {ws}, {wa, wa, w5}), (04, {ws}, , {wa, wa, w5 }) },
(0©5,A5,6)¢ = {(03, ¢, {w1, w2, wa,ws}), (04, P, {w1, w2, ws,ws})} and
(©6, A6, ) = {(03, {wa }, {w1, wa, w5}), (0a{wa}, {wr, wa, w5})}

To show the converse of (v). Let

(x1,%1,¢) = {(03, {w2, wa,ws }, {w1,w3}), (04, {w2, wa, w5}, {w1,ws})} and
(X2, ¥2, ) = {(03, {w1, wa, wa}, {ws}), (04, {w1, w2, wa}, {ws})}-

SO7 %(Xlad)l’g) = (ﬁ,q),§) and CE(X27¢27§) = (ﬁvq)ag)'

Hence,

(Xlﬂ/}l §) (X27¢27 ) (Q,(I),C)-
Also,

660

& (001, 61, )2, ¥,6)) = ez ({(03, {wa, wal, {wr, w5}, (0, fw, i} {wr, ws, w5 1))

= (03,A3,9)".

Thus,

e (x1,%1,9) ﬁC’j(X27¢2,€) 7 e (s ¥, ) N (x2,v2,9)).

Now, to show the converse of (vi). Let

(x1, %1, ) = {(03, {w1, w5}, {wa, wa}), (04, {wr, w5}, {w2, wa})},

and

(x2,¥2,¢) = {(03, {w2, w3}, {w1,ws,ws}), (04, {w2, w3}, {wi,ws,ws})}.

Then CE (lewlag) == (ela A1,§)C and CE (X25 ¢27§) — (@27A25 g)c'
Thus,

& (x1,91,6) U s (x2,42,6) = (01, A1, 6)° U (O3, s, )°

= {(03, {w1, w2, w3, w5}, {ws}), (04, {w1, wa, w3, w5 }, {wa}) }-

But
(X1, %1:6) O (x2, 2, 6) = {(03, {wr1, wa, wg, ws s fwa})s (04, {wn, wa, wa, w5}, {wa})}-

Hence, c= ((x1,91.€) O (x2.2.)) = (@, @,5). Therefore,

%((@1,A1,§) G (@27A27§) 7é CE(@I?Ahg) O %(@27A27§)'
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Proposition 2. Let (Q,3,¢,—¢) be a BSGTS and (©,A,<) € BSS(Q). Then i= (6, A,9)
C (0.4,9) C(0,A9).

Theorem 9. Let (Q,§,c, <) be a BSGTS and (0, A,<), (x,,<) € BSS(Q). Then
(i) e (0. A,9)¢ = (i (6,A,9))".

(ii) (0, A, ) = (5 (0, A )"

(
(iii) iz (0, A,5) = (¢ (6, A,6)°)"
(

g
(iv) e 0,A,¢) = (iﬁ (©,A,¢)9)°.

(1) =((0,4,6) \ (. ¥,)) € = (0,A,6) \ iz (x,9,).

Proof. Tt is enough to prove only parts (i) and (v) since the proof of other parts are similar.

(i) Since (i (0, A,¢))° = ({01, Ai,6) : (01, Ass<) € 30 (01, Mis6) T (O, M), i € T}

= ﬁ {(@iaAhg)c: (@i7Aiv§) EE, (®7A7<)C i (@iaAivg)cv (RS I} = 65(67A7 g)c.

(v) Since

=((0, 8, NG, 6)) = i=((0, A, )N (X, ,)%)
éiﬁ (@,A,g)ﬁiﬁ (x, ¥, )¢ (by Theorem5(v))

= i=(0,A,9) N(es (x,9,9))°

Ci=(0,A,6) A= (x:1,<))°

= i (6, A, 9)\iz (x: ¥, ).

Definition 22. Let (Q,:g:,c,—() be a BSGTS and (0, A,5) E BSS(Q2). Then the bipolar
soft g-boundary of (0, A,<), denoted by bﬁ (©,A,5), is defined as

bﬁ(@,A, §) = %(@,A, S) A CE(@,A,§)C.
Proposition 3. It is clear that bﬁ (©,A,¢) = bﬁ (©,A,¢)°.
Theorem 10. Let (Q,E,g,—'g) be a BSGTS and (0, A,¢) E BSS(Q2). Then
(i) b=(0.4,6) € ¢ (,A,0).

(ii) (©.A,6) U b= (0. A,6) € ¢ (6,A,6).
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(i) i (©,A,6) € (©,A,6) \ b= (6, A,9).
(iv) b(i= (0, A,)) € b=(6, A, ).
(v) b (8,A,9)) € b(O, M),
Proof.
(i) Since b= (€, A,¢) = & (0, A,¢) A & (6, A,¢)°. Then b (8, A,¢) € (0, A,¢).
(if)
(8:4,6)085(6,4,) = (B, 4,90 (5 (6, 4,6)715 (6. 4,6)")
= (04,90 (O A, NA((O: A, )z (O,4,5)")
== (0, A, g)ﬂ((@ A g)U (@,A,g)c)

(iii)

(0,A §)\b~ (0,A,¢) =

662
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C(e5(0. A.6))ex(O, A o)°
= b= (0, A,5).
The following example shows that the equality of (ii), (iii), (iv) and (v) in Theorem 10
does not hold in general.
Example 6. Let Q = {wy,wo,ws,wq}, ¢ = {01, 02} and
E: {(®, 5,(), (©1,A1,9),(O2,A2,5),(03,As3,6)}, where

(©1,A1,¢) = {(01, {ws}, {w1}), (02, {ws}, {w1,wa})},

(G)Qa Ag, C) = {(Qla o, {W2a W3}), (Q27 {w1}> {W3})} and

(©3, A3, <) = {(e1, {ws}, ¢), (02, {w1, w3}, @)}
Let (®7A>§) = {(Qla {w1}> {Ldg}), (927 {w1}> {W3})} Now, %(67‘/\?{) = (@17A17§)Cf %(@7A7 g)c =
(©2,A9,¢)¢ and iE (©,A,¢) = (©2,As,5). Thus, bﬁ(@,A,g) = (©3,A3,5)¢. Hence

bﬁ(@,A,C) 6 (@7A7§) = {(917 {wl}ﬂ {WS})7 (927 {W1}7 {MS})} = (67A7§)'
Therefore, %(@,A,g) # hg:(@,A,g) ¥ (©,A,9).

Also, (0, A,6)\b: (0, A,6) = {(e1.6. {wa)). (e2. {er}. {ws})}.

Thus, iz (8, A, <) # (€, 4,6)\b= (O, A, ).

Now, if we take (x,v,<) = {(01, ¢, {w2}), (02,0, {ws})} is a bipolar soft set. Then Z'E (x,¥,¢) =
(@,é,g). Hence

b= (i= (X, ¥,5)) = {(e1, ¢, {ws}), (02, ¢, {wr,ws})} = (O3, A3, 6)°

and

b (v ,6) = (. ;).

Thus, b (ix (X, ¥,)) # bs (X, ¥,5)- Also, es(x,¥,¢) = (5@&)-

Hence, bz (¢ (X, 9,5)) = (03.A3,9)°. Therefore b (5 (O ,9)) # b5 (1, 9).-

Theorem 11. Let (5,5, ) be a BSGTS and (6, A,<) € BSS(Q). Then b= (6, A,<)
iﬁ (©,A,6) = (D,A9).

Proof. We start by
b= (0, A,6)0i= (6, A, <)

= (5 (0,A,9)\ix (0, A,))Fiiz (€, A,)
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(04,5 (6,4,6) Tz (6.4,)

all

= (0, A, ¢)N(P, A, <)
= (P,A,5).

all

Theorem 12. Let (Q,E, ¢,—) be a BSGTS and (©,A,¢) e BSS(QY). Then the following
hold:

WU@A@EEMm@A@ﬁ%@A@Z@A@-

(i1) If (©,A,<) is bipolar soft g g closed, then b~(® A,¢) C (©,A,9).
Proof.
(i) Suppose (0, A,¢) e E Then by Theorem 5 (ii), we have (©,A,¢) = iﬁ (0,A,¢).

Since i (0, A,5) C (b= (€, A,))°. That means (8, A,<) C (b= (6, A,))°. Therefore,
(0.4,¢) 1 b= (8, A,) = (B, A,¢).

(ii) By Theorem 10 (i), we have b~(@ Ag) é c:(@,A,g). Since (©, A, <) is a bipolar
soft g g closed set, then b~(@ A,5)C(O,A,5).

The following example shows that the converse of Theorem 12 does not hold in general.

Example 7. Take the bipolar soft set (©,A,<) as in Example 6. Then

b<(0.4,) 7 (€.4.6) = {(1.0. {wa)). (2,6, {wr.ws})}.

and

b~(@Ag) (©,A,5).

While (©, A, <) % E and (©, A, <) is not bipolar soft E—closed.

Theorem 13. Let (2,9 g,g, —<) be a BSGTS and (O, A,<) E BSS(Q) If (©,A,5) is both
bipolar soft g-open and bipolar soft g-closed. Then b~(@ Ag) = (D,A9).

Proof. Assume that (0, A, <) is bipolar soft ﬁ—open and bipolar soft E—closed. Thus
b= (0,4,6) = (6, A, )i (6, A, 6)°
= = (0,A,9)A(i (6, A,9))°

= (0,A,6)A(8, A, )
= (®,A,¢).

The following example shows that the converse of Theorem 13 does not hold in general.
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Example 8. Take the bipolar soft set (©,A,s) as in Example 6. Then bﬁ(G,A,c) =
(®,A,5), but (©,A,) is neither bipolar soft E—open nor bipolar soft E—closed.

Definition 23. Let (Q,E,c,—() be a BSGTS and (6, A,5) E BSS(2). Then the bipolar
soft g-exterior of (©,A,s) denoted by e (©,A,5) , is the bipolar soft g-interior of the

bipolar soft E—complement of (©,A,5).
In the other words, e (©,A,¢) = iﬁ (©,A,¢)°.

Proposition 4. The following statements are true for any (0, A, ) E BSS(Q):
(i) e=(©,A,6) = (&5 (6, 4,9))"

(i) ex (0,A,¢)¢ = iﬁ((@’ A q)6)¢ = ig(@,A, S).
(iii) €= (0, A,5) [ (0,A,¢) = (®,A,¢).

(iv) e (©,A,¢) is the largest bipolar soft E—open set contained in (0,A,¢)¢ and hence

e (0,A,¢) € E

Proposition 5. Let (Q,E, S, ) be a BSGTS and (©,A,<) E BSS (). Then
e ((0,A,6) = U{(x,,<) : (6, 1,6) €3, (6, ) € (©,A,6)%
Proof. 1t is obvious.

Theorem 14. Let (Q,E,g,ﬁg) be a BSGTS and (©1,A1,5),(02,A2,) E BSS(R?). Then

(i) e=(®,0,6) T (29,¢) and (2 ,¢) = (@,,).
(ii) e(@1,A1,5) € (01, A1)
(iii) ex(e=(@1,A1,5))° = ex(O1, Ar, ).
(i) If (©1,A1,5) E (©2,A2,5), then GE(@Q,A2,§) E e (01,A1,9).
(v) (01, A1) € ex(ex(O1, Ar,6)).

63(@1,/\1&) N 65(@2,1\2&).

N

(vi) e ((©1,A1,6) U (O3, A5,5))

eg (@17 A17§) O 63 (627 A27§)'

un

(vii) e ((©1,A1,6) A (8, As,5))

Proof.
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(i) ex(®,9,6) = i(®,9,)° = i=(2, @) € (2, @) and

(2, ®,¢) = (9, 2,¢) = (2,2,9).

(ii) Since iﬁ(@l,Al,g)c E (©1,A1,¢6)¢. Then eﬁ(@l,Al,Q C (©1,A1,9)°
(iil) e (ez (01, A1,6))° = iz(e5 (O1, A1, ) = iz (i5 (O1, A1, ¢)) = i (01, A1, ) = €5 (O1, Ay, <)
(iv) Obvious.

(v) Follows directly from (ii) and (iv).

(vi)
e= ((01,A1,6)U(O2, Az, <)) = iz (01, A1,6)U(O2, Az, ))°
= iz ((01,A1,6) N iz (02, A2,)°)
Eiﬁ (©1, Ay, g)cﬁiﬁ (©2,A2,¢))¢ (by Theorem 5(v))
=e: (@1,A1,§)f:1 65(92,/\2&)-
Thus, eﬁ((@l,AhQ ¥ (O3, A9,¢)) C e (©1,A1,9) A 65(@2,1\2&).
(vii)

es (917/\1,@)6 63(@2,1\270 =iz (91,A17§)06i§ (©2,A2,¢)°

M

g
i=((01, A1, )0 (03, Ay, <)°) (by Theorem 5(vi))

i (01, A1,)1 (B2, A, 6)°

©

ex ((@1, Al,g)% (@2’A27§))'

©«

ThllS, 63((@1,A1,§) ﬁ (@2;A27§)) é eﬁ (@17A17§> O eﬁ (@27A27§)'
Theorem 15. Let (2,3, <) be a BSGTS and (©,A,<) € BSS(Q). Then

() (b= (0,4,6))° == (0,A,6) U e (0, A,9).

(i) b (©.4,6) U iz (€.4,6) U e (0. 4,6) € (2,2,).
Proof.

(i) Since

(b=(0,,9)" = iz (0,A,6) U iz (0, A,6)° == (6,A,) U e (€, A,5).
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(i) From (i), we have (b= (8, A,6))° == (0, A,6) U ¢z (0, A,5).

Therefore, bﬁ (0,A,¢) ¥ iﬁ (0,A,¢) ¥ e (©,A,¢) C (S~2, D,q).
The following example shows that the converse of Theorem 15 does not hold in general.

Example 9. Take the bipolar soft set (©,A,<) as in Example 6. Then

i=(0,A,¢) = {(01, 6, {wa, ws}), (02, {wr}, {ws})},
bﬁ (67 Av §) = {(Qla ¢7 {w3})7 (027 d)a {wlaw?)})} and
ez (0,A,¢) = {(o1, {ws}, {w1}), (02, {ws}, {w1, w2 })}-

Thus, b= (©,A,6) U i=(0,A,6) U (0, A,¢) # (2, 8,).

4. An Application on BSGTS

The present section gives the application of BSGTSs and investigates some of its
properties.

Definition 24. Let ¢ = {01, 02,...,0n} be a parameters set, Q = {wi,ws,...,wp} be an
initial universe and (0,A,s) be a BSS over Q. Then the score of an object by k;, is
computed as k; = p; — n; where p; represents the set of positive description (o;) which
18 available for those who are applying for a job and it is computed as p; = 2?21 Qij.
Whereas, n; represents the set of negative description (—p;) which is available for those
who are applying for a job and it is computed as n; = Z?:l Bij -

This means that k; is the different point between the scores of positive descriptions
except the scores of negative descriptions to get the highest score for their selection to own
job.

Now , we can depend on the following algorithm to select a sample among those who
applying for a job in vacancy jobs.

Algorithm 1: The algorithm for the selection of a preferable choice is given as the
following steps:

Step 1. Input the BSS(0O, A,<).

Step 2. Write the BSS in the tabular form.

Step 3. Compute the score x; of w; , Vw; € Q.

Step 4. Find kg = max k;.

Step 5. If s has more than one value, then one of w; or all of w; could be preferable choice.
Step 6. To select new xs. Go to Step 4.

Example 10. We consider the problem in Example 1 to select the most suitable peo-
ple who are offered by Mr. Ibrahim. According to tourism companies’ conditions, peo-
ple who own specific description will be selected from < and n selection of people in
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Duhok city. Suppose 1 = {01 = "Hard Working”, 03 = 7 Flexibility”, 05 = " Self-
Confidence”, o7 = "Skillful”} and <o = {02 = ”Negligent”, 04 = 7 Rigidity”, 05 =
”Shyness”, og = "Unskill ful”}. Here, we will given ¢ = ¢ U ¢a.

Now, we can use the above algorithm to select employees that are come for a job in tourism.

Table 4: Tabular form the score of the bipolar soft set (01, A1,¢)
(©1,A1)(0i) pi ni K

w1 1 2 -1
w2 1 3 -2
w3 2 2 0
w4 2 0 2
ws 2 1 1
we 1 1 0
w7 2 0 2
ws 1 2 -1

Table 5: Tabular form the score of the bipolar soft set (O2, Az, <)
(©2,A2)(0i)) pi mi ki

w1 2 1 1
w9 2 2 0
w3 1 3 -2
Wy 2 2 0
ws 1 2 -1
we 0O 1 -1
wr 0 2 -2
w8 0o 2 -2

Table 6: Tabular form the score of the bipolar soft set (O3, As, <)
(©3,A3)(0i) pi ni K

w1 2 1

w2

w3
wyq
Ws
we

N O = DN OO -

wr

N NN NN
N O == O NN

ws

Clearly, the maximum of (01,A1,5),(02,As,¢) and (O3, As,<) are 2, 1, and 2 respec-
tively. The optimal elements of € are wy, w1 and wy.
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5. Conclusions

We have introduced bipolar soft generalized topological spaces via bipolar soft sets.

The bipolar soft sets g-interior, g-closure, g-exterior and g-boundary have been investigated
and some results among them are obtained. Furthermore, the application of bipolar soft
generalized topological spaces in a decision making problem has been presented. In the
future work, we will construct bipolar soft connectedness, bipolar soft compactness, bipolar
soft separation axioms and bipolar soft mappings using bipolar soft generalized topological
spaces.
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