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Abstract. Bipolar soft set theory is a mathematical tool associates between bipolarity and soft
set theory. It is defined by two soft sets; one of them gives us the positive information where
the other gives us the negative. The goal of our paper is to define another concept of bipolar
soft topological space; this new concept is defined on a bipolar soft set. Then, we investigate the
concepts of bipolar soft interior, bipolar soft closure, bipolar soft exterior, bipolar soft boundary
on our new bipolar soft topological space and establish some important properties of them. Some
relations between them are also discussed. Moreover, the notions of bipolar soft point, bipolar
soft limit point and the derived set of a bipolar soft set are discussed. In addition, examples are
presented to illustrate our work.
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1. Introduction

Many problems of our lives in decision making, engineering, computer sciences and eco-
nomics have various uncertainties. Therefore, traditional methods fail to solve them. Mo-
tivated by that, many theories have been established to solve these problems. Molodtsov
[15], presented the notion of soft set theory which is a bright tool used for dealing with
uncertainty. Later, many authors discussed the properties, operations and applications of
soft set theory [2, 4, 13].

Because of the importance of topology and its great applications especially in physics,
economics and computer sciences, researchers interested in the topological structure of soft
sets. Two definitions of soft topological spaces were introduced. The first was introduced
by Shabir and Naz [19], they defined the notion of soft topological space on a universe set.
While, Cagman et al. [5] demonstrated the definition of soft topological space on a soft
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set. After that, many researchers worked on soft topological spaces [1, 3, 8, 10, 14, 17, 21].

Shabir and Naz [20], investigated the concept of bipolar soft sets depending on the
role of bipolarity which was introduced by Dubois and Prade [6]. This role was defined by
saying that human decision making is based on two sides positive and negative, and we
choose according to which one is stronger. To define bipolar soft set on a universal set S
we need a set of parameters W, then we get a set called the not set of parameters =W. In
this case, the bipolar soft set on S consists of two soft sets one of them has W as a set of
parameters and represents the positive side while the other has =W as a set of parameters
and represents the negative side. For example, if W = {w;,ws} = {expensive, new},
then =W = {-w, ~wa} = {cheap, old}. For a bipolar soft set on S whose set of pa-
rameters is W we define two soft sets J* : W — P(S) and J~ : =W — P(S) where,
Jt(w) N J~(—w) = 0, Yw € W. If we talk about cars and have the parameter wy =
expensive, then the expensive cars will belong to J* (w;) while the cheap cars will belong
to J7(—w1) = J(cheap) and the cars which are neither expensive nor cheap will not
belong to J*(w;) or J~(—wi). Shabir and Naz [20], also represented some applications
of this bipolar soft set in decision making problems. Later, Karaaslan and Karatas [12]
gave another definition of bipolar soft set along with some operations and application of
it. Hayat and Mahmood [9], discussed some algebraic structure of bipolar soft sets. In
[11], another definition of bipolar soft sets was introduced and some algebraic structure
on it were presented.

The topological structure of bipolar soft sets was firstly investigated by Shabir and
Bakhtawar [18]. They defined the bipolar soft topological space on a universal set along
with a discussion on compactness and connectedness. It was followed by Oztiirk [16], who
demonstrated the notions of bipolar soft interior, bipolar soft closure, bipolar soft basis
and bipolar soft subspace. In [7], the concepts of bipolar soft separation axioms were
established along with a discussion on the hereditary of them on a bipolar soft subspace
topology.

Motivated by these studies, we define the notion of bipolar soft topological space on
a bipolar soft set which can be considered as a generalization of the definition was given
in [18]. We also represent some topological concepts and properties of it. Our paper
is structured as the following way: Section 2 contains crucial concepts, properties and
operations related to bipolar soft set which are required in our work. In section 3, we
introduce the notion of bipolar soft topological space on a bipolar soft set and investigate
the concepts of bipolar soft interior and bipolar soft closure. In section 4, the notions
of bipolar soft exterior and bipolar soft boundary are introduced associated with some
of their properties. Moreover, relations between all the previous notions are investigated
along with some illustrative examples. In this section too, the notions of bipolar soft
point, bipolar soft limit point and the derived set of the bipolar soft set are established
with some properties of it. While, the conclusion is included in Section 5.
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2. Preliminaries

We recall the concept of bipolar soft sets with some crucial definitions, properties and
operations which are required for our work. Before that we will fix some notions. The
symbol S stands for the universal set, P(S) is the power set of S, W represents the set of
parameters and K, H and R are non empty subsets of W.

Definition 1 ( [13]). Let W = {w; : | = 1,2,..,n} be a set of parameters. The set
W ={-w;: 1 =1,2,..,n}, where ~w; = not wy, VI is called the not set of W.

Definition 2 ([20]). Let J* and J~ be two mappings, defined as J* : K — P(S) and
J~ : =K — P(S) where Jt(w)NJ (~w) =0, Vw € K. Then, the triple (J*,J,K) is
called a bipolar soft set on S.
Throughout this paper, the notion BS(S) denotes the set of all bipolar soft sets on S.
While, the bipolar soft set (JT,J~, K) € BS(S) will be represented as,
(JT,J,K) ={(w,J"(w), ] (~w)) : w € K,~w € =K}.

In this present segment, some concepts related to bipolar soft sets will be defined along
with a review of the definitions and properties of complement, union and intersection of
bipolar soft sets.

Definition 3 ([20]). Let (J*,J ,K),(I",I~,H) € BS(S). Then,

(i) (J*,J, K) is said to be a bipolar soft subset of (I*,I~, H) denoted by (J*,J~, K)C
(IT,I",H)if, KCH, J"(w) C I (w) and I (~w) C J (-w), Yw € K.

(i) (J*,J=,K) and (IT, 1=, H) are equal if (J*,J,K)C(IT,1~,H) and
(I+7I_7H)§(‘]+5J_’K)'

(i) The complement of (J*,J7,K) is defined by (J*,J ", K)* = ((J")(J7), K)
where the two mapping (J1)° and (J7)° are defined by (JV)(w) = J~(-~w) and
(J)(~w) = JH(w), YVw € K.

() (J*,J7,K) is called an absolute bipolar soft set if Vw € K, J*(w) = S and V-w €
-K, J (—~w) =0, we write it as (S, P, K).

(v) (J*,J7,K) is called a null bipolar soft set if Vw € K, J*(w) =0 and V-w € -K,
J~(~w) = S, we write it as (P, 5, K).

Clearly, (®,5,K)¢= (59,9, K).

(vi) The union (intersection) of (J*,J~,K) and (I*,I~, H) is the bipolar soft set
(O*,07,R) on S where R = K U H, denoted by (J*,J ,K)O(N)(IT,I",H) =
(OT,07,R), is defined as

J T (w), ifwe K\ H
Ot w) = {I*(w). fu e H\K
Jt(w)u (NIt (w), ifwe KNH
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I (~w), if ~w € (~K) \ (=H)
O (~w) = 17 (~w), if ~w € (~H) \ (-K)
J(~w)N (W (—~w), if-we (=K)N(—H).

Union (intersection) is reflexive and associative. Moreover, union and intersection
satisfy De Morgan’s Laws.

Proposition 1 ([18, 20]). Let (J*,J 7, K),(OT,0",K) and (I*,I~,H) € BS(S). Then,

(i) [(JT,J ,K)]°=(J",J ,K).

(ii) (J+ J7 K)E(0%,07, K) = (0,07, K)*C(J*, J=, K)-.

(iii) (P, )Q( JH, I K)AJ, -, K)C(Jt, -, K)O(Jt,J-, K)C(S, ®, K).
(iv)( H)A((J*,J7, K)O(0",07,K)) = (I, I", H)A(J*,J~ K))U

(I, 17, H)N(0", 07, K)).
Proposition 2. Let (J*,J7,K), (I",I",K) € BS(S) and (J+,J’,K)§(I I K).
Then,

(7’) (I+?177K)ﬁ(J+7J77K) - (JJeriaK)'

(i) (I*. 1=, K)O(*, J= K) = (I*, 1~ K).

Proof. Let (J*,J7,K), (IT,I",K) € BS(S) and (J*,J~,K)C(I*,I~,K). Then,
Jt(w) C I (w), Vw € K and I~ (—w) C J~ (—w), V-w € - K.

(i) Suppose (J*,J -, K)NI*T,I7,K)=(0t,07,H). Then, H=KUK =K, J"(w)N
I(w) = JH(w), Vw € K and J~ (~w) U I~ (~w) = J~ (-w), V-w € =K. Thus,
(OF,07,H) = (J*,J~, K).

(i) Suppose (J*+,J—, K)O(I*, I, K) = (O+,0~, H). Then, H = KUK = K, J*(w)U

I'(w) =TI"(w), Vw € K and J~ (~w) NI~ (-w) = I~ (~w), V-w € =K. Therefore,
(OT,0~,H)=(I",I",K).

Now, we suggest the definition of the difference between two bipolar soft sets.
Definition 4. Let (J*,J,K), (I",I7,H) € BS(S). The difference between (J*,J, K)
and (I", 17, H) is the bipolar soft set (OT,0~,R) on S, where R = K U H, is defined as

(OY,0",R)=(J*, J ,K)\(I*. I ,H)=(J*',J ,K)N(I",I ,H)".
Definition 5 ([18]). Let (J*,J ,K),(I",I",K) € BS(S). Then, (J*,J ,K) and
(I, I, K) are called bipolar soft disjoint sets if J*(w) NI (w) =0, Yw € K.

Remark 1. Let (J*,J7,K), (I",I7,K) € BS(S) be two disjoint bipolar soft sets. Then,
we only care about J*(w) NIt (w) =0, Yw € K and no matter what J~ (~w) U I~ (~w)
equals. So, we will use the notation ®x to denote a bipolar soft set (O%,07,K) where,
Ot (w)=0,Vw e K and O~ (—w) C S, V-w € =K.

Now, we can write (J*,J~, K)A(It, 17, K) = ®x if (J*,J~,K) and (IT,I, K) are
two disjoint bipolar soft sets on S.
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3. Bipolar Soft Topological Spaces

In this section, we define the bipolar soft topological space on a bipolar soft set. Then,
we investigate the concepts of bipolar soft interior and bipolar soft closure. Moreover,
some properties and relations on them are discussed along with some examples.

Next, we define the bipolar soft topological space on a bipolar soft set.

Definition 6. Let (J*,J ,K) € BS(S) and T be a collection of bipolar soft subset from
(J*,J~, K) whose set of parameters is K. T is called a bipolar soft topology on (J*,J ™, K)

of

(i) (J*,J7,K), (®,8,K) €T,

(ii) If {(J;F, J7 K)C(J*, J= K), 1€ I} C 7, then Uy, (Ji", J7 K) € 7,

(iii) {(J;", I, K)C(J*t, T K),1 <l <nneN}yCr, then N, (J;",J ,K) €.
Then, (J*,7,K,—K) is said to be a bipolar soft topological space (BSTS).

Remark 2. If (J*,J-,K) = (S,®,K) in Definition 6, then we get the bipolar soft
topology which was defined by Shabir and Bakhtawar [18]. Therefore, our definition of
bipolar soft topological space on a bipolar soft set can be considered as a generalization of
the definition which was defined in [18].

Definition 7. Let (J*,7,K,~K) be a BSTS and (M*,M~,K) € BS(S). Then,
(M*,M~,K) is said to be

(i) a bipolar soft open set if it belongs to T,
(ii) a bipolar soft closed set if (M, M~, K)¢ belongs to T,
(111) bipolar soft clopen set if (M, M~ ,K) and (M, M~,K)¢ are members of T.

Theorem 1. Let (JT,7,K,~K) be a BSTS. Then, all the following conditions are sat-
isfied:

(i) (8,®,K),(JT,J~, K)° are bipolar soft closed sets,
(ii) arbitrary intersection of bipolar soft closed sets is a bipolar soft closed set,
(iii) finite union of bipolar soft closed sets is a bipolar soft closed set.
Proof.

(i) (S8,®,K),(JT,J~, K) are bipolar soft closed sets since their complements (®, S, K),
(J*,J, K), respectively, are in 7.

(ii) Let Q = {(MZJF,Ml*,K) : (Ml+,Mli,K)c € 1,l € I}. Then,
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~ C ~
(ﬂza(MlJrv M, K)) =Uie,(M", M,” K) e 7.

Thus, ﬁleI(MlJr, M,;~, K) is a bipolar soft closed set.
(iii) Let Q = {(M;",M;”,K) : (M;",M;”,K)¢ € 7,1 <1 < n,n € N}. Then,

~ c ~
(U?:l(Ml+7 Ml_7 K)) = ﬂ;l:l(Ml—i_, Ml_, K)C cT.

Therefore, O;;l(Mﬁ, M,;~, K) is a bipolar soft closed set.

The notion of bipolar soft interior will be introduced along with some properties of it.

Definition 8. Let (J*,7,K,~K) be a BSTS and (D",D~,K) € BS(S). Then, the
bipolar soft interior of (DT, D™, K), denoted by (DT, D™, K)°, is the union of all bipolar
soft open subsets of (DY, D™, K).

Theorem 2. Let (J*,7,K,—K) be a BSTS and (D",D~,K), (R",R™,K) € BS(S5).
Then,

(i) (D*¥,D=,K)°C(D*, D, K).

(ii) (DT, D™, K) is a bipolar soft open set < (DT, D™, K) = (D", D™, K)°.
(iii) (D*, D=, K)°)° = (D*, D™, K)°.

(iv) (Dt,D~,K)C(RT,R™,K) = (D*,D~,K)°C(R",R~,K)°.
(v) (Dt,D~,K)°N(Rt,R~,K)° = [(D*,D~, K)A(Rt, R~, K)]°.
(vi) (DT, D=, K)°U(R*,R~,K)°C[(D*, D, K)U(R*, R~, K)]°.
Proof.
(i) Obvious from the definition.

(ii) Let (D%, D™, K) be a bipolar soft open set. Then, (D*, D~, K)C(D*, D™, K)° since
(D*, D™, K)° is the largest bipolar soft open set contained in (D*, D™, K). But from
(i), (D*,D~,K)°C(D*,D~, K). Therefore, we get (D*,D~,K) = (Dt,D~,K)°.
The converse is obvious.

(iii) (DT, D™, K)° is a bipolar soft open set. Thus, by part (ii) it is equal to its interior.
Thus, (D*, D, K)° = (D*, D, K)°)°.

(iv) Suppose (D*, D=, K)C(R*, R~, K). From (i), (D*, D=, K)°C(D*, D, K). There-
fore, (D*,D~,K)°C(R*,R™,K). Now, (D*,D~,K)° is a bipolar soft open set
contained in (R, R™, K) so it is contained in its interior since (R, R~, K)° is the
largest bipolar soft open set contained in (R, R, K). Therefore, (D*, D~ K)°C
(RT,R™,K)°.
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(v) From (i), (D*,D~,K)°C(D*,D~,K) and (R*,R~, K)°C(R*, R~, K). Therefore,
(D*,D~,K)°A(R*,R~,K)°C(D*,D~, K)\(RT, R~, K). But,(D*, D~, K)°N
(R*,R,K)° is a bipolar soft open set contained in (D", D™, K)N(R", R, K) so
it is contained in its interior which is the largest bipolar soft open set contained in
(DY, D, K)N(R*, R, K). Thus,

(D*, D™, K)°A(RY, R, K)°C[(D", D™, K)A(R",R™, K)]°.

Now,
(DY, D", K)A(R",R",K) C (D",D ,K),
(DY, D, K)A(R",R",K) C (R",R,K).
From (iv),
(DY, D7, K)A(R*,R™,K))° C (D",D7,K)°,
(D", D", K)N(R",R",K))°* C (R", R ,K)°.
Thus,

(DY, D=, K)NR*T,R~,K)]°C(D*, D=, K)°A(D*, D, K)°.
Now we have, (DT, D, K)°N(Rt,R~,K)° = [(D",D~,K)N\(RT, R, K)]°.
(vi) We know that, (D*, D™, K)C(D+,D~,K)U(Rt,R™,K), and (R*,R~,K)C
(DY, D™, K)O(R*, R, K). By (iv), (DY, D™, K)°C((D*, D™, K)O(R", R™, K))°

and (R+,R‘,K)OQ((D+,D—,K)O(R+,R_,K))°. So, (D“‘,D‘,K)OO(RJF,R_,K)O
(D, D, K)O(RT,R™, K)]°.

In the next example, we will see that the equality in (vi) does not hold.

Example 1. Let S = {s1, s2, 83,84}, W = {w1, w2, w3, w4}, K = {ws, wy}, (Jt,J,K) =
{(w37 {51733754}7 {82}), (w4> {52783784}’0)} and T = {(J+’ J_7K)) ((I)v S, K)? (‘]1+’ Jl_vK)a
(Jy Iy, K), (J5,J5 , K), (J, J;, K)} be a bipolar soft topology on (J*,J~, K), where

(I, K) = {(ws, {51,584}, {s2}), (wa, {84}, {s1,83})},

(J5, Iy, K) = {(ws, {s3}, {51, 82}), (wa, {s2, 83,84}, {s1})},
(J,J5, K) = {(ws,{s1,53,54}, {s2}), (wa, {52, 53,54}, {s1})},
(5 J K) = {(ws,0,{s1,s2}), (wa, {54}, {51, 83})}.

Let,

(U+’U77K) = {(w37{51754}7{82})7(w47{52784}7{51})}7
(IJF?Ii?K) = {(w37{83}7{31782})7(w47{82733734}7@)}'

Then,
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(Ut U, K)°=(J,J;,K) and  (IT,I7,K)°=(JS,J5,K).
Thus,
(UT, U, K)°O(I", I, K)° = (J],J;,K).
Now,
(U, U, K)OIT, I, K) = {(ws, {51, 53,54}, {s2}), (wa, {52, 53,54}, ) }.
Therefore,
(Ut U, K)0(I", I, K)° = (J©,J ,K)
# (UT,U,K)°O(I", I, K)°.

Next, we will define the bipolar soft closure followed by an important properties of it.
Definition 9. Let (J*,7,K,~K) be a BSTS and (P*,P~,K) € BS(S). The bipolar
soft closure of (P, P~,K), denoted by (P+,P~, K), is the intersection of all bipolar soft

closed sets containing (P, P, K).

Theorem 3. Let (J*,7,K,~K) be a BSTS and (P*,P~,K),(R*,R~,K) € BS(S).
Then,

(i) (P*,P~,K)C(Pt, P, K).
(ii) (PT,P~,K) is a bipolar soft closed set < (PT,P~,K) = (P+,P~,K).
(iii)

(
(iv) (Pt,P~,K)C(RT,R~,K) = (PT,P~,K)C(R",R~,K).
(
(

(P+,P~,K))=(P+,P,K).

(v) (PT,P~,K)N(R+,R~,K)C(Pt,P~, K)N(RT, R, K).

(vi) (Pt,P~,K)U(Rt,R~,K) = (Pt,P~,K)U(Rt,R~,K).
Proof.

(i) Obvious from the definition.

(ii) Let (PT,P~,K) be a bipolar soft closed set then (P+, P—, K)C(P*, P, K) since
(P+, P—, K) is the smallest bipolar soft closed set containing (P*, P~, K). But from
i), (P*,P~,K)C(P+,P~,K). Thus, (PT,P~,K) = (P+, P~,K). The converse is
obvious.

(iii) (P*+, P, K) is a bipolar soft closed set. Therefore, by (ii) it is equal to its closure.
Therefore, (P+,P~,K) = ((P*,P~,K)).
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(iv) Assume that (P*, P~, K)C(R", R™, K). From (i), (R", R~, K)C(R*, R, K). So,
(P*,P~,K)C(R*,R~,K). Now, (Rt,R—, K) is a bipolar soft closed set containing
(P*,P~,K) so it is containing its closure since (P+, P~, K) is the smallest bipolar
soft closed set containing (P*, P~, K). Therefore, (PJr P ,K)C(Rt, R, K).

(v) Since, (P*,P~,K)A(RT,R~,K)C(P*,P~,K) and (P*, P~ K)ﬁ(R*,R_,K)Q
(R*,R™, K). From (iv), (P¥, P~ ,K)A(Rt,R~, K)C(P*+,P~,K), and
(P+,P—,K)A(Rt,R—, K)C(R+, R~, K). Thus,

(P+, P~ K)ART, R, K)C(PT, P, K)A(RT, R, K).

(vi) Since,
(P, P ,K) C (P",P",K)U(R",R™,K),
(R*,R™,K) C (P*, P ,K)UR" R ,K).
By(iv),
(P+,P~,K) C (P*,P~,K)U(R*,R™,K),
(RY,R—,K) C (Pt,P~,K)U(R", R, K).
Therefore,

(P+7P_7K)O<R+7R_aK)é(P+7P_7K)O(R+7R_7K)‘

Now from (i) we get, (P*, P~, K)C(P+,P—,K) and (RT,R~,K)C(R*, R, K).
Therefore, (PT, P~, K)UO(R*,R~,K)C(P+,P—,K)J(Rt, R, K). But,
(Pt,P~,K)U(R*,R—, K) is a bipolar soft closed set containing (P*, P~, K)U
(RT, R, K) so it is containing its closure which is the smallest bipolar soft closed
set containing (P*, P~, K)U(R",R~, K). Therefore,

(P+7 P_7K)O(R+7R_7 K)Q(P+7 P_7 K)D(RJ’_? R_7 K)'

Now we obtain, (P*, P~, K)U(Rt,R—,K) = (P+,P~, K)U(Rt, R, K).

In the next example we will see that the equality in (v) does not hold.
Example 2. Let S = {s1,59,53}, W = {wy, w9, ws,ws}, K = {ws,ws}, (J*,J,K) =

{(ws, 9,0), (ws, S,0)} = (5,9, K) and 7 = {(J*,J~, K),(®,5,K), (JT, J;, K),
(Jy Iy, K), (J5, J5 K), (J, J K)} is a bipolar soft topology on (JT,J~, K) where,

(J1+7']1_7K) = {(w37{51732}7{33})7(w47{81753}7{82})}7
(J;7J2_7K) = {(w37{32733}7®)7(w4’{31}7{32733})}’
(J;_7J3_7K) - {(w3,{82},{83}),(w4,{51},{82,83}>},
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(J2_7 J4_7 K) = {(w?n S: (Z))a (w4? {817 53}7 {82})}

Let,

(V+7V?7K) = {(w37®7{81732})7(w47{52}7{31733})}7
(Z+7Z77K) = {(w37®7{82733})7(w47{33}7{31732})}'

Then, (V*, V- K)=(J, J ,K)* and (Z+,Z2-,K) = (Jy , J; , K)°.
Therefore,

VE V= KNZF, 27 K) = (I}, J; K-

Next, .
(VL VT, K)NZT,Z27,K) = {(ws,0,9), (wy,0,5)} = (®, 5, K).
Thus,

(VH,V-,K)N(Z+,Z-,K) = (9,5,K)
£+ (VX V- K)NNZ+,Z-,K).

The relations between bipolar soft interior and bipolar soft closure of a bipolar soft set
will be discussed in the following theorem.

Theorem 4. Let (J*,7,K,—K) be a BSTS and (D", D™, K) € BS(S). Then,
() [(0¥,D=K)|" = (0+, D~ k)’
(i) [(D¥, D= K)] = [(D*, D™, K)°]°
Proof.

(i) Let Q={(D;}",D;,K): (D*,D~,K)C(D;,D;,K),(D}",D; ,K)°¢ € 7,1 € I},

[ﬁlg(DﬁDLK)]

= UleI(Df,D;,K)C
= [(D",D7,K)°.

[(D+, D, K)} ‘

(ii) Similar to (i).
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4. Bipolar Soft Exterior, Bipolar Soft Boundary and the Derived Set of
a Bipolar Soft Set

In this section, we define the notions of bipolar soft exterior, bipolar soft boundary
and the derived set of a bipolar soft set supported with some properties, relations and
examples on them.

Next, bipolar soft exterior associated with an example and some properties on it will
be discussed.

Definition 10. Let (J*,7,K,~K) be a BSTS and (PT,P~,K) € BS(S). Then, the
bipolar soft exterior of (PT, P~ , K), denoted by (P, P~, K)¢, is the interior of the bipolar
soft complement of (P, P~ ,K).

In other words, (P*, P~ ,K)¢ = [(PT,P~, K)°]°.

Example 3. Consider 7 in Example 2. Let (T, T~, K) = {(ws, {s2, s3},0),
(w47 {51}7 {82})} Th€n7 (T+,T_7K)e = (va SaK)

Theorem 5. Let (J*,7,K,—~K) be a BSTS and (PT,P~,K),(R*,R~,K) € BS(S).
Then,

(i) (P*,P~,K)C(RT,R™,K)= (R*,R™,K)°C(P*,P~,K)".
(ii) (Pt,P~,K)*N\(Rt,R~,K)* =[(Pt,P~,K)J(RT,R,K)].
(iii) (Pt,P~,K)*U(Rt,R~,K)*C[(P*,P~,K)N(Rt,R™, K)l.

Proof. (i) Suppose, (P+,P_,K)§~(R+,R_,K). Then, (RT, R~, K)°C(P*, P~,K)°.
From Theorem 2(iv), [(R*, R~, K)|°C[(P*, P~, K)|°. Therefore, (R*, R~, K)¢C
(P*, P, K)°.

@)[(PT, P~ K)O(RT, R, K))* = [[(P*,P~,K)J(R",

N

(iid)[(PT, P~ ,K)N(R", R, K)]°

|
&
E
b
=
g
J+
5 =
5

P, P7,K)O(R",R™,K)°.00

el

Now, we introduce the concept of bipolar soft boundary followed by some relations
between it, bipolar soft interior, bipolar soft closure and bipolar soft exterior.
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Definition 11. Let (J*,7,K,-K) be a BSTS and (D*,D~,K) € BS(S). Then, the
bipolar soft boundary of (DY, D™, K), denoted by (D, D™, K)?, is defined as

(D*,D~,K)* = (D*+,D-, K)N(D+,D~, K)¢
It is clear that, (DT, D™, K)* = [(D*,D~, K)9)’.
Theorem 6. Let (J7,7,K,—K) be a BSTS and (D", D~ ,K) € BS(S). Then,
(i) (D¥,D~,K)" = (D+,D=,K)\ (D*,D~,K)°.
(ii) (DY, D™, K)’|° = (D*, D=, K)°U(D*, D™, K)°.
(i) (Dt,D~,K)°C(D*,D~,K)\ (D*,D~, K)°.
Proof.

() (DY, D~,K) = (D+,D-,K)A(D+,D-,K)c

= (D*,D—,K)A[(DY,D~,K)°]° by Theorem 4(ii)
= (D+’D_7K)\( D )O
(i)(DT,D™, K)° {D+D K)A(D+, D~ K)T

l—|

-
(D+, D~ K} {DJF,D—,K)C]C
o

= (D", D7, K)|°0(D*", D7, K)° by Theorem 4(i)
(DT, D, K)*0(D*, D™, K)°.
(#3)(DT,D~,K)\ (D*,D",K)* = (D*,D~,K)A[(D*, D™, K)"°
= (DY,D,K)A[(D", D™, K)°U(D", D, K)9
= [(DT,D",K)\(D",D™,K)°]
O [(DY,D™,K)N(D", D™, K)]
= (Dt,D,K)°0Udg
> (DY, D™, K)°.

According to the following remark, we can see that there is a difference between the
relations between interior, exterior, closure and boundary in bipolar soft topology, and
soft topology [1].

Remark 3. Let (J*,7, K,~K) be a BSTS and (D+ D~ ,K) e BS(S). Then, in general
(ii) (J*,J7,K) # (D*, D™, K)°0(D*, D™, K)*O(D*, D™, K)".
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The next example will explain the previous remark.

Example 4. Consider T in Example 2 and (T, T, K) = {(ws, {s2,s3},0),
(wa,{s1},{s2})} in Example 3. Then,
(TH,T7,K) = (®,5K),
(T+7T_7K)O - {(w37{82733}7®)7<w47{$1}7{32783})}7
(T+.T-,K) = (59,K),
(T+7 T_a K)b = {(’U]g, ®7 {327 83})7 (11]4, {527 33}7 {81)}-
Now,
(T+)T77 K)OO(TJrvTi) K)b = {(w?n {827 83}7 0)7 (U)4, S) @)} 7é (T+)T_7 K)
Also,

(T, T, K)°0(T+, T, K)O(T", T7,K)* = {(ws,{s2,s3},0), (wy,S,0)}
£ (J©',J,K).

Next, we will discuss the relations between bipolar soft open set, bipolar soft closed
set, bipolar soft clopen set and their bipolar soft boundary set.

Theorem 7. Let (J7,7,K,~K) be a BSTS and (D*,D~,K) € BS(S). If (D",D™,K)
is a bipolar soft open set, then (D*,D™,K) and (DT,D~,K)® are disjoint bipolar soft
sets.

Proof. Let (Dt, D™, K) be a bipolar soft open set. By Theorem 6 (i) (D, D™, K)°C
(D*, D=, K)")°. But, (D*,D~,K) = (D, D, K)° since (DT, D™, K) is a bipolar soft
open set. Therefore, (D", D~ K)C[(DT, D™, K)?]°>. Which implies that, (D", D™, K)
and (D*, D, K)® are disjoint bipolar soft sets.

The opposite side of the previous theorem is not true and the next example shows
that.

Example 5. Consider 7 in Example 2 and (T, T, K) = {(ws, {s2,s3},0),
(w4, {s1},{s2})} in Example 4. The bipolar soft boundary of (T, T, K) is

<T+7 T, K)b = {(w37 @, {327 83})7 (w47 {327 53}7 {31})}
Now,
(T, T, K)NT*, T, K)® = {(ws,0, {s2,53}), (wy, 0, {51,52})}.

Therefore, (TT,T~,K),(T+,T~, K)" are two disjoint bipolar soft sets but (T, T~,K) is
not a bipolar soft open set.

Theorem 8. Let (J*,7,K,—K) be a BSTS and (D*,D~,K) € BS(S). If (D",D™,K)
is a bipolar soft closed set, then (D*, D™, K)*C(D*, D™, K).
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Proof. Let (D',D~,K) be a bipolar soft closed set. From the definition of bipo-
lar soft boundary (D, D~, K)*C(D+,D-,K). But (D*,D™,K) = (D+,D—, K) since
(D*, D™, K) is a bipolar soft closed set. So, (Dt, D™, K)’C(D*, D™, K).

The next example illustrates that the opposite side of Theorem 8 is not true.

Example 6. Let S = {s1,s2,s3}, W = {w1, w2, w3, wa}, K = {ws, w4}, (Jt,J,K) =
(S,®,K) and 7 = {(JT,J,K),(®,5,K),(J;,J; , K),(JS, Jy ,K),(J5,J5 ,K)} be a
bipolar soft topology on (J*,J~, K) where,

(J1+7 Jl_?K) = {(w37 {53}7 {317 32})7 (’LU4, {33}7 {81})}7

<J2+7 J2_7 K) = {(w3’ {31}7 {83})’ (w47 @, {82, 33})}7
(J;_, ‘]3_7 K) = {<w37 {317 83}7 ®)7 (w47 {33}7 ®)}
Let,
(O+7 o, K) = {(w37 {51}7 {53})7 (’LU4, {Sl}a {33})}
Then,

(0F,07, K)? = {(w3,0,{s1, 53}), (ws,0, {s3})} = Pxc.
Note that, (OF,0~, K)*C(O*,07, K) but (OT,07, K) is not a bipolar soft closed set.
Theorem 9. Let (J*,7,K,—K) be a BSTS and (D*,D~,K) € BS(S). If (D",D™,K)

is a bipolar soft clopen set, then (D1, D™, K)’ = &y

Proof. Suppose (DT, D™, K) is a bipolar soft clopen set. Then, (D", D™, K) is a bipo-
lar soft open set. By Theorem 7, (D*, D™, K) and (D%, D™, K)? are disjoint bipolar soft
sets. So, (Dt,D~, K)A(D*,D~,K)® = ®&x. Now, (D', D~,K) is a bipolar soft closed
set. Using Theorem 8, (DT, D~, K)°C(D*, D, K). Thus, (D*, D=, K)A\(D*, D™, K)* =
(D, D~, K)b. Therefore, (D*, D~, K)b = d.

The opposite side of Theorem 9 is not true and the next example shows that.

Example 7. Consider T and (0,07, K) in Evample 6. We found that, (0,07, K)’ =
P but (OT,07, K) is not a bipolar soft clopen set.

Theorem 10. Let (J*,7,K,~K) be a BSTS and (D*,D~,K) € BS(S). Then,
(i) (D*, D=, K)°A(DT, D™, K)" = &.
(ii) (DT,D~, K)*A\(D*, D~ , K)" = ®.

Proof.

(i) (DT, D™, K)°A(D*, D™, K)* = (D*,D™,K)°n|(D¥,D~,K)A(DT,D—,K)°

= (Dt,D,K)°A(DY, D, K)A[(D*, D™, K)°)°
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= Pg.

(i4) (DY, D™, K)*N\(DT, D™, K)* = (D, D™, K)|°N[(D+,D~, K)N(D+,D~, K)]

C
= (DtD,K)} A(DY, D, K)N(DY, D, K)°

= Q.

Now, we propose the concept of bipolar soft point.

Definition 12. Let w be a parameter in K. Then, « is called a bipolar soft point if
{a} = (JT, T, {w}), where (JT,J~,{w}) € BS(S) and J*(w) # 0.

Definition 13. Let (J*,J7,K) € BS(S) and « be a bipolar soft point. We said that «
belongs to (J*,J~,K), denoted by a&(J*,J~, K), if {a}C(J*, T, K).

The set of all bipolar soft open sets containing a will be denoted by N («) and defined
as

N(e) ={(Q",Q7,K) : a€(Q",Q7, K),(Q",Q7, K) e 7}.

In the following definition, the notion of bipolar soft limit point and the derived set of
a bipolar soft set will be introduced.

Definition 14. Let (J*,7, K,~K) be a BSTS, a€(JT,J,K) and (P*,P~,K) € BS(S).
Then, « is a bipolar soft limit point of (PT,P~,K) if for every bipolar soft open set
(QT,Q, K) containing «, the two bipolar soft sets (QT,Q~,K) and (P*,P~,K) \ {a}
are not disjoint bipolar soft sets. The set of all bipolar soft limit points of (P, P~,K) is
called the derived set of the bipolar soft set (P, P~,K) and denoted by (P, P~ K)'.

In other words,
a€ (PT, P K) «VQY,Q ,K)eN),(Q,Q, K)N(PT,P™,K)\ {a} # Ok.

In our definition, (P*, P~,K) is a crisp set and it is not a bipolar soft set. After
the following example we will illustrate why it is not suitable to define (P*, P~ K)" as a
bipolar soft set.

Example 8. Consider T in Example 1. Let (M, M~,K) = {(ws, {s4},{s2}),
(wa, {52,583}, {s1})}. Then, o = (w3, {s1, 53,54}, {s2}) € (MF, M~ K)". Since,

(JH T, K)AMT, M~ K)\{a} = {(ws,0,5),(ws,{s2,53},{s1})} # Pk and
(Ji’j_v Ji’;_?K)ﬁ(M-i_vM_vK) \ {a} = {(’wg,(b, S)? (w47 {52733}7 {51})} # k.
The following two propositions justify why
O{{a} : a is a bipolar soft limit point of (P*, P~,K)}
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is not accepted as a definition of the derived set of the bipolar soft set (P*, P, K).

Proposition 3. Let (J*, 7, K,~K) be a BSTS, a,a1E(J1,J~, K) where {o1}C{a} and
(P, P~,K) e BS(S). If a is a bipolar soft limit point of (P, P~,K), then a; need not
to be a bipolar soft limit point of (P, P, K).

Proof. Consider 7 in Example 1. We found in Example 8, that o = (ws, {s1, s3, 54}, {s2})
€ (MT M~ ,K). Let ay; = (ws, {s1}, {s2}), it is clear that {a;}C{a}. But, oy ¢
(M*+,M~,K) since, a1 €(J}, J{ , K) and

(Jf_,Jl_,K)ﬁ(M—’—,M_,K) \ {al} = {(w37@7{81782}), (w4,(2), {81,53} = (i)K.

Proposition 4. Let (J*,7,K,—-K) be a BSTS and (PT,P~,K) € BS(S). If aq,a3 €
(P*,P~,K) and as is a bipolar soft point in (J*,J~, K) where {as} = {a1}U{as}, then
a3 need not to be a bipolar soft limit point of (PT,P~, K).

Proof. Consider 7 in Example 1 and (M ™, M~, K) in Example 8. One can see that,

(M*T,M~,K)" and
(M, M, K)

a1 = (wa, {s2}, {51, 83})

€
g = (wy, {54}, {s1,52}) €

But, the bipolar soft point ag where {as} = {a1}U{as} = {(wq, {s2,54},{s1})} is not a
bipolar soft limit point of (M, M~, K), since

(J, Iy, K)AM T, M~ K) \ {az} = {(w3,0, {s1,52}), (wa, 0, {51, 52,54} = P.

Next, we discuss some properties of the derived set of a bipolar soft set.

Theorem 11. Let (J*, 7, K,—K) be a BSTS and (P™,P~,K),(R",R~,K) € BS(S).
Then,

(i) (P*,P~,K)C(RT,R™,K) = (P*,P~,K) C (R*,R™,K)".
(ii) (PY,P~,K)N(RT,R™,K)]' C (P",P,K)Nn(R",R",K)".
(iii) (PT,P~,K) U(R",R™,K) =[(PT,P~,K)U(RT,R™,K)]'.

Proof.

(i) Let a € (PT,P7,K)" and (Q",Q~, K) € N(a). Then, (Q*,Q~, K)N(P*, P~, K)\
{a} # k. But, (P, P~ ,K)C(R*,R™,K). So, (Q*,Q™,K)N(R*,R™,K)\ {a} #
dr. Thus, a € (R, R, K)'. Therefore, (Pt,P~ K) C (R*,R™,K)'.

(ii) Since,

(P*, P~ K)A(R",R™, K)
(P+7 P_7 K)ﬁ(R+7 R_7 K)

(P*, P, K),
(RT,R,K).

MM
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From (i) we obtain,

(P K)A(RT, R, K))

+7P_7 (P+7P_7K),7
(P*,P7,K)N(R",R™,K))

C
C (RT,R,K)".

Therefore? [(P+7P77K)ﬁ(R+7R77K)]/ C <P+7P77K>/ m (R+7R77K)/'

(iii) We know that,

(P, P™,K)
(R",R™,K)

(PT,P7,K)U(R", R, K),
(PT,P~,K)U(R",R™,K).

M IMe

This yields from (i),

(PT, P, K)
(R, R ,K)

g ((P+7P—7K)O(R+7R_7K))/7
C((PT,P,K)U(R",R™,K))".

Therefore, (PT,P~,K) U(R*,R~,K)' C (P*,P~,K)U(R",R™,K))’.
Now, let a € [(PT, P, K)U(R",R™,K)|', and (Q",Q~, K) € N(«). Then,

(QF,Q, K)N[(P*, P~ K)O(RY, R™, K)] \ {a} # O.

Therefore,
@,Q K)A(PT, P K)\ {a} # i
oo (QN,QK)N(R", R, K)\{a} # @k
Therefore,
a€(PT,P,K) or a€(R",R ,K).
Thus,

(P+, P~ K)O(RT, R, K) C (P+,P~,K) U(R",R™, K.
Now we have, (PT,P~,K) U(R",R™,K) =[(P*,P7,K)JU(RT,R™,K)]'.

Finally, we provide an example to show that the equality in (ii) does not hold true.

Example 9. Consider T in Example 1 and (M+, M~ K) in Example 8. Let, (VT,V~ K) =
{(ws, {51}, {s2}), (wa, {54},0)}. Then, o = (w3, {s1,53,54},{s2}) € (V",V~,K)' since,

(JH T KAV VT K\ {a} = {(ws,0,9), (w, {s4},0)} # P,
and  (J3,J5 KAV VT K\ {o} = {(ws,0,5), (ws, {54}, {s1})} # Px.

So,
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ae (MY M-, KYN(VH V-, K).

But,
a¢ (M, M-, KAV, V-, K)].
Since,
(M*, M=, K)N(VF, V™, K) = {(ws,0, {s2}), (ws,0, {s1})}
and

U I (I M AV VT K fa}) = {(ws,0,8), (s, 0, {511}

= dg.

5. Conclusion

This paper devoted for introducing the notion of bipolar soft topological space on a
bipolar soft set along with some definitions, properties and relations. The concepts of
bipolar soft interior, bipolar soft closure and bipolar soft exterior of a bipolar soft set
were discussed. In addition, we introduced the concept of bipolar soft boundary and
found interesting relations between it and other notions differ from the relations on soft
topological spaces. Relations between different concepts were demonstrated along with
some illustrative examples. Moreover, we investigated the definitions of bipolar soft point,
bipolar soft limit point and the derived set of a bipolar soft set followed by some properties
of it.
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