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ABSTRACT. The amazing idea of soft sets was first claimed by Molodtsov [1§],
a new mathematical tool for dealing with uncertainties free from the other
theories’ limitations. After the advent of soft set theory, bipolar soft sets,
as a generalization of soft sets, a new model of uncertain information, were
introduced by Shabir and Naz [2I]. The primary purpose of this paper is to
introduce and investigate the structures of bipolar soft continuity, bipolar soft
openness, bipolar soft closedness and bipolar soft homeomorphism.

1. Introduction

Mainly since the problems in many vital areas of our lives, such as economics,
environment, and engineering, cannot be solved due to the inherent difficulties
of conventional methods, many theories have been put forward to combat these
problems. In 1999, Molodtsov [I8] introduced a practical theory called soft set
theory which is free from the other theories. The amazing idea of soft sets was
given as a new mathematical tool for dealing with uncertainties free from the other
theories’ limitations. At present, many studies on soft set theory have been carried
out different areas by some researchers [11, [5, [6] O] T3], [T6], 2] B].

After the advent of soft set theory, bipolar soft sets, a new model of uncertain
information, were introduced by Shabir and Naz [21]. It is known that the structure
of a bipolar soft set consists of two mappings. Since these mappings explain both
positive information and opposite approximation, the idea of the bipolar soft set
has recently gained momentum among many researchers. Aslam et al. [4] combined
the concept of a bipolar fuzzy set and a soft set. In addition, they introduced the
notion of bipolar fuzzy soft set and studied fundamental properties. Naz and Shabir
[22] gave algebraic structures of bipolar fuzzy soft sets. Hayat et al. [14] applied the
concept of bipolar soft sets to hemirings. Karaaslan and Karatag [I5] redefined the
idea of bipolar soft set and bipolar soft set operations as more functional than Shabir
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and Naz’s definition and operations. In 2017, Shabir and Bakhtawar [23] employed
the notion of bipolar soft sets to give the concept of bipolar soft topological spaces,
which are extensions of soft topological space. They gave some new important
structures in bipolar soft topological spaces, such as bipolar soft connected spaces,
bipolar soft disconnected spaces and bipolar soft compact spaces. Since the concept
of bipolar soft topology has great importance, the topological structures of bipolar
soft sets have been studied by many authors [7, 19, 20]. Gunduz et al. [10] recently
defined a new bipolar soft point. By using the bipolar soft point, Gunduz et al.
[12] examined some important properties of bipolar soft functions.

Since functions are one of the most critical concepts in mathematics, they have
many applications. Many studies have been done on soft functions in soft topolog-
ical spaces in [II}, [I7]. The concept of bipolar soft functions was defined in [§] as
the generalization of soft functions and given the notion of bipolar soft image and
inverse image.

The primary purpose of this paper is to introduce and investigate the structures
of bipolar soft continuity, bipolar soft openness, bipolar soft closedness and bipolar
soft homeomorphism and show these examples.

2. Preliminaries

Throughout this section, the symbols U, E = EU-E and P(U) denote the initial
universe, a set of parameters, and the power set of U, respectively.

Definition 2.1. [I6] Let E = {e; : i =1,2,...,n} be a set of parameters. The not
set of E, denoted by —F, is defined by ~E = {—e; : i =1,2,...,n}, where —e; = not
e; for all i.

Definition 2.2. [21] A bipolar soft set (F, E) on U is defined as
Fz = {(e;, F (i), F (—ei)) : e; € E},

where F : E — P(U) such that F (¢) N F (—e) = @, for each ¢ € E.
In this paper, a bipolar soft set denoted by F; instead of (F , E) . The collection
of all bipolar soft sets on U is denoted by BS (U ) .

B
Definition 2.3. [21] Let Fz, Gz € BS (U,). Then,

1. FEQGE, if F'(e) C G (e) and G (—e) C F (—e), for each e € E.

2. FE‘ = GE’ if FE‘EGE and GEQFE

3. FzUGp = Hp where H (e) = (FUG)(e) = F(e) UG (e) and H (—e) =
(FUG) (—e) = F(—e) NG (—e), for each e € E.

4. FpNGp = Zz where Z(e) = (FNG)(e) = F(e) NG (e) and Z(—e) =
(FNG)(—e)=F(-e)UG (—e), for each e € E.

Definition 2.4. [2I] The bipolar soft complement of Fg, denoted by FJ%, where
Fe: E — P(U) is a mapping defined by F° () = F (=€) and F©(=e) = F (e), for
each e € E.

Definition 2.5. [21] If F'(e) = @ and F (—e) = U for each e € E ,®5 is called

a null bipolar soft set. Also, if F'(e) = U and F (—e) = @ for each e € E, Uy is
called an absolute bipolar soft set.
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Symbolically, ®z = {(e;, @,U) : ¢; € E} and ﬁE ={(e;,U, ) :¢e; € E}.

Definition 2.6. [23] Let 7 C BS (UE) . T 1is said to be a bipolar soft topology on
U, if T confirms the following conditions:

(1) ®z,Up € 7.

(2) The union of any number of bipolar soft sets in T belongs to T.

(8) The intersection of any two bipolar soft sets in T belongs to T.

(U, T, E) 1s called bipolar soft topological space and the family of all bipolar soft
topological space on U denoted as BSTS.

Definition 2.7. [23] Let (U, T, E) be a bipolar soft topological space on U and Fg
€ BS (UE) . Fg is called

(1) a bipolar soft open set, if it belongs to 7.
(2) a bipolar soft closed set, if 'z belongs to 7.

Definition 2.8. [1] Let (U,7,E) be a BSTS and Fy € BS(U,). Then, the

bipolar soft interior of Fg, denoted by F]%, is the union of all bipolar soft open
subsets of F'z.

Definition 2.9. [1] Let (U,7,E) be a BSTS and Fy € BS (U,). Then, the

bipolar soft closure of Fg, denoted by TE, s the intersection of all bipolar soft
closed sets containing Fg.

Theorem 2.1. [ Let (U,7,E) be a BSTS and Fy; € BS (U,). Then, [Fg]° =
(r5)
Theorem 2.2. [7] Let <U, 7, E) be a BSTS and Fy € BS (U,). Then, @ -
il

3. CONTINUOUS FUNCTIONS ON BIPOLAR SOFT TOPOLOGICAL SPACES

We mention, in this section, some important concepts, such as bipolar soft image
and bipolar soft pre-image for the bipolar soft sets on U whose set of parameters
is a subset of F. In addition, we recall the relationship between the image and
the inverse image of bipolar soft sets. This is followed by the definition of bipolar
soft continuous function associated with some of its results. Later, we will give a
detailed investigation of bipolar soft continuous functions.

E and E’, respectively, stand for the sets of parameters of U and V; & #
FEi,Ey ,E3 C E and @ 7& Ei,Eé C E.

Definition 3.1. [8] Let f : U — V be an injective function, ¢ : E — E’ and
¥ 2E — —E be two functions where ¥ (—e) = —p(e), for all e € =E. Then,
Vo9 BS (UE) — BS (VE/) is called a bipolar soft function.

Definition 3.2. [8] Let ¢f,9 : BS (UE) — BS (Vé) be a bipolar soft function

7

and Fg € BS (UE) . Then, the image of F under ¢y,
Urpo (F) = (Urp0 (F (€)) s ¥sp0 (F (7€), E)
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is defined as follows: for all ¢’ € E’,

U Fe ) if -1 e’ NnE @,
¢fsm9 (F) (6/) = f (ee p=1(e)NE; ( )> ¥ ( ) 17
g, otherwise.

and

N F(—e) ], if 971 (=Y N—E; # @,
Vipo (F) (m€) = f (ﬂee 91 (e )= B ( )> () 17
V, otherwise.

Remark. The condition that the function f is an injective function is essential.

U

Fz e BS (U ) . Then, Vo0 (FE) is a bipolar soft set in BS (VE/) .

Proposition 3.1. Let 9s,9 : BS (UE) — BS (VE ) be a bipolar soft function and
B
Proof. For all €’ € E’,
F)(e')n F)(=e) = U F N N F (=
bror ()0 () = 1(w F@)ar( o Pee)

= U
Then, ¥ ¢49 (FE) is a bipolar soft set in BS (Vgl) . ]

Definition 3.3. [8] Let ¢¢,9 : BS (UE) — BS (VE/> be a bipolar soft function.
Then,

(1) If f and ¢ are surjective functions, then s,y is called a bipolar soft surjective
function.

(2) If f and ¢ are injective functions, then 1)s,y is called a bipolar soft injective
function.

(3) If f and ¢ are bijective functions, then v,y is called a bipolar soft bijective
function.

Remark. [§] It is clear that ¢ ¢,9 is a bipolar soft surjective if and only if ¢, ((75) =

Vi

Remark. [§] If the bipolar soft sets have the same set of parameters, for each
Fg\ Gy, € BS(U,), when brpo (Fg; ) = Yreo (G ) » we obtain Fy = G,
i.e. Yy 15 a bipolar soft injective function.
Theorem 3.2. [8] Let ¢ty : BS (UE) — BS (VE/) be a bipolar soft function. If
FE’GE € BS (UE) , then
)
SMRAETS
) Fi CGp = treov (FEVI) C Yppo (GE;) :

1) ¥pe0 (F50GE, ) = ¥reo (Fg ) O ¥ren (G, ) -

(5) Yroo0 (FNGR,)  reo (Fa ) P reo (G, ) - 1 tpp0 is & bipolar soft
injective function, then the equality holds.
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Definition 3.4. [8] Let ¢y,9 : BS (U.) — BS (VE/> be a bipolar soft function.
The inverse image of the bipolar soft set Hy; € BS (VE/) under Yy,
1

Uiko (Hg;) = (W70 (H (€) w7k (H (~€))  E)

is given as follows: for all e € F,

“H(H (p(e), if p(e) € B,

Vrao (H (€)= {é if ¢ (e) ¢ Ef.
silatir ) = { J OO

Proposition 3.3. Let 9,9 : BS ( =
-1
Hy € BS (VE) . Then, ¥}, (H

B

) — BS (VE/) be a bipolar soft function and
is a bipolar soft set in BS (UE) .

Proof. For all e € E,

Vigo (H () N7y (H (me)) = 7
= [TH(H (¢ (e)) N H (9 (e))))
= f'(9)

%)

Thus, w;;ﬁ (HEZ) is a bipolar soft set in B.S (UE) . O

Remark. Although the image of the inverse image of a set for any classical function
is a subset of this set, this is not true in bipolar soft functions. A condition must
be added to enable this property.

Theorem 3.4. [8] Let ¢ty : BS (UE) — BS (VE/) be a bipolar soft function. If
Hg. Qg € BS (V) then

-1 (-1 -
0 072 (1) - (072 (1)
Now, we consider the relationships between the image and inverse image of
bipolar soft sets.

Theorem 3.5. [8] Let ¥y : BS (UE) — BS (VE/> be a bipolar soft function,
Fg € BS (U,) and Hy € BS (V) . Then,

(1) Fﬁi 1/);;19 (wfwg (FE)) If By = E and 9,4 is a bipolar soft injective
function, then the equality holds.
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(2) If f is a surjective function, then s,y (1&;;19HE7) EHE:, If 1 f,p is a bipolar
soft surjective function, the equality holds.

Now, we consider the concept of bipolar soft point followed by some relations
between them.

Definition 3.5. [10] A bipolar soft subset F'z of 175 is called a bipolar soft point
if there exist x,y € U, (x # y need not be true) e € E satisfying

1%} ife# e
Yy _ ’ ’
Te (61)—{ {z}, ife=e.

and

U—{z,y}, ife=e.
The bipolar soft point will be shortly denoted by x¥.

ey ={ y 0o el

Definition 3.6. Let ¥ and 21}, be two bipolar soft points over U. Then, x¥ and

xll’;l are called different bipolar soft points, if © # x1 or e # ey.

Definition 3.7. [20] Let x¥ be a bipolar soft point and Fiz € BS (U,). We said
that ¥ belongs to the bipolar soft set Fiz, denoted by x¥€F 5, if x¥ () = {a} C F (e)
and z¥ (—e) D F (—e).

Remark. Every bipolar soft set can be written as a union of its bipolar soft points.
Example 3.1. Let U = {x1, 20, 23,24}, E = {e1,e2} and
FE = {(617 {‘Tlv IQ} ) {:174}) ) (627 {sz ‘T3} ) {‘Tlv ‘T4})} .

Then, we can write F as a union of some bipolar soft points. Indeed, forey,es € E,

Fen) = (a72, Uat Uayl Uay?) (er),

F(—e1) (12, Ni2 Nagl Nag? ) (mer),
Fley) = (a52,Ua32)) (ea),

F(mes) = (232, Na32,) (e2),

where

vie, (@) = Ao}, 2%, (er) = {3, 24},
aie, (e1) = Az}, 27, (mer) = {z2, 24},
25, (e1) = {z2}, 23, (me1) = {z3, 24},
ze, (e1) = A{z2}, 23 (mer) = {z1, 24},
r5e, (e2) = A{ma}, 23, (me2) = {z1, 24},
x50, (e2) = Axs}, x32, (me2) = {z1, 24}

Definition 3.8. [20] Let (U T, E) be a BSTS, Fgz € BS (U_) and x¥ be a bipolar
soft point in U. Then, F'z is said to be a bipolar soft neighbourhood of xY, if there
exists a bipolar soft open set G such that :chGEQFE.
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Definition 3.9. Let (U, T, E) and (V, 77’, ﬁ) be two bipolar soft topological spaces

over U and V, respectively and 1y, : (U, T, E) — (V, 7T’,EV’) be a function. For
each bipolar soft neighbourhood H; olejfwg (2¥), if there exists a bipolar soft neigh-

bourhood Fg of xY such that 1,y ( ) CH=
continuous functwn at z¥.

5o then Yy is called a bipolar soft

Moreover, ¥f,y is called bipolar soft continuous function on U if 91,4 is a bipolar
soft continuous function for all Y.

Theorem 3.6. Let (U7 T, E) and (V,;’,Ev’> be two bipolar soft topological spaces
over U and V, respectively and 7,y : (U, T, E) — (V, 77’,/Ev’) be a mapping. Then,

the following conditions are equivalent:
(1) Yrew : (U, T, E) — (V,;/, E) is a bipolar soft continuous function,
(2) For each G € 7/, ¥}, (Gg) € 7,

3) For each bipolar soft closed set H= over V, 17} (H=) is a bipolar soft
E feo \11E
closed set over U,

(4) For each Fiz € BS (U,) , Y500 (F) Stgpo (F),
(5) For each D € BS (VA ) 7L (Dg)C o7y (D)

(6) For each Dy € BS (V. ), v7ky (D% ) € (4r00 (D))"

Proof. (1) = (2) Let G € 7 and x”ewﬁpﬂ (G#) - Then, ¥yu9 (x¥) €G- Since
Yoy : (U,T,E) — (V,T ,E/> is a bipolar soft continuous mapping, there is
TYEFET such that (Yy,9) (Fz) CGg . Hence, 2 €F5 Cz/sz (G ) - This implies
that Tﬂf;g (G ) is a bipolar soft open set over U.

(2) = (1) Let #¥ be any bipolar soft point and (¢5,9) (z¥) EGg be an arbitrary
bipolar soft neighbourhood of 1,9 (2¥). Then, x¥ éd}ﬂlﬂ (GE/) is a bipolar soft

neighbourhood and (¢ f49) (z/wa (G )) CGx
(2) = (3) From the definition of complement of bipolar soft set, it is obtained.
(3) = (4) Let Fz € BS (UE) . Since

(Vre0) (Fz) C(Wre0) (Fg),

FE§¢;;ﬂ(¢f¢§) (Fg) is obtained. By part (3), since 97 (1 40) (Fg) is a bipolar

soft closed set over U, Fiﬁiw;;ﬂ(djfwg) (Fz). Thus, (¢re0) (Fz) C(Wsen) (Fg) is
satisfied.
(4) = (5) Let Dy € BS (VEN) and (549) " (Dg) = F5. By part (4),

Wreo) (Fg) = (drev) (wﬁﬁ (DEN))
EWren) (¥709 (D) ) D5

Then, (1/1;;19 (DE:,)) = ( )Cwﬁpﬁ( ~,) is obtained.
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(5) = (6) Let Dy € BS (Vg) . Substituting D%, for condition in (5). Then,

wﬁiﬂ (D%)éwﬁiﬁ (Di%/) - Since D = (Di%l)c, then

ot () = vl ((P5)).
= (v (75)))
g (wf;ﬁ (D%,))

(6) = (2) Let D% € 7. Since

then w;;ﬁ (D@) €

(1#,7;19 (Drﬁ))o c (Wﬁﬁ (DE“/))

I
—~
<=
=
€~
53
—
-
5]
N
N—

T. O

Example 3.2. Let U = {x1, 22, 23,24}, V = {41, Y2, Y3, Y4} be two sets and E =
E' = {e1, e} be two sets of parameters. Then,

7= {05, Up Figs Pop Py, P |

is a bipolar soft topology over U and

77/ = {¢E7‘7§7G153G257G357G4E}

is a bipolar soft topology over V, where

i

F

Fs_

Fy
and

G

G,
Gy,

E

G,

Let f : U — V be
¢ : E — E be defined as ¢ (e;) = e; and the function ¥ : =E — —E be defined as

U (—e;) = - (e;), i =1,2. Then, Yy : (U,?, E‘) — (V,;’,’EV’) is a bipolar soft

continuous function.

{(er, {ar, 22}, {z3}) , (€2, {@1, 23}, {z2, 2a})},
{(er, {ar, za} , {z2,23}) , (€2, {22, 23} . {za})}
{(er, {z1, w2, wa} {zs}) , (e2, {w1, 2, 23}, {wa})},
{(er, {z1}, {x2, 23}) , (e2, {ws}, {2, wa})}

{(e1, {y1, 92} s {ws}) » (e2, {y1, ys}, {y2,94})}
{(ers{y1,ya} {y2,u3}) s (e2, {v2, ys} ., {va})}
{(er, {y1,y2,9a} . {ys}), (e2, {y1, y2, ys}  {wa})},
{(er, {y1}, {v2,y3}) . (e2, {ys} {y2, va})}.

a function defined as f(x;) = yi, i = 1,2,3,4, the function
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Theorem 3.7. Let e 9 : (U7 T, E) — (V, 77’,@) be a bipolar soft continuous
function. Then, the functions f, : (U, T, E) — (V,7',E') and f, : (U,7,-E) —
(V,7',—E") are soft continuous functions.

Proof. The proof is clear. [l
Remark. If ¢,y : (U, T, E) — (V, ;/,Ev/) is a bipolar soft continuous function,
then fo @ (U,1e) — (V, Tw(e)) and fo @ (U,Toe) — (V, Tiw(e)) are continuous
function on topological spaces, for each e € E.

Example 3.3. Consider the bipolar soft function defined previous example. Then,
for the parameter e; € E,i=1,2,

Te, = {2,U{x1,x2},{z1, 24}, {21, 20,24}, {21}}, Toey = {9, U, {x3}, {22, 23}},
Te, = {9,U{zx1,23},{x2, 23}, {21, 22,23} ,{x3}}, 7252 ={o,U,{z2,24},{z4}},
7o, = A2, Vi{yi} Ay vet Ay vad  {vi, v, vat) s ﬁel = {2,V {ys}, {v2,43}},
7o, = A9, Vi{ys} Ay ust Ay, vt {vi v, w3t} he, = {9, Vi{va)  {y2,va}}

Therefore, fe, : (U,Te,) = (V,7.,) and [, : (U,7-¢,) = (V,7.,,) are continuous
functions on topological spaces, fori=1,2.

Example 3.4. Let U = {z1,22,23}, V = {y1,92,y3} and E = E' = {ey,ea}.
Then, T = {@E,ﬁ’é,FlE7FQE7F3E,F4E} is a bipolar soft topology over U and

= {@57 XN/E,GE} is a bipolar soft topology over V, where
i = {(er, {w1, 23}, {72}), (€2, {w1}, {w2, w3})},

F2E = {(617{5627‘%'3} {ml}) (62,{.%'1,.%'3},{5(:2})},
ng = {(6 ) (62,{(E1,.’E3},{(E2})},
F4E = {(617{x3} {zlva}) (62,{$1},{$2,$3})},

and

G ={(er,{y1}, {v2,u3}), (e2, {y1, 92}, {ya})} -
Let f : U — V be a function defined as f (x1) = ya, [ (x2) = 11, [ (x3) = ys3, the
function ¢ : E — E be defined as ¢ (e;) = e; and the function ¥ : =E — —F be

defined as ¥ (—e;) = - (e;), i = 1,2. Since wﬁiﬁ (G.) ¢ 7, trpo : (U7 T, E‘) —

(V, 77’,@) is mot a bipolar soft continuous function. Here,

Uray (G)(e1) = f7HG (p(e1) = {aa},
Uil (G)(mer) = fTHG O (=er))) = {21, 23},
Uray (G)(e2) = fH(G (p(e2)) = {w1, 22},

Vip (@) (me2) = [7H(G (9 (—ea))) = {3}

Theorem 3.8. Let (U,?, E) , (V,;’,E‘V’> and (VV,;’,EV*) be bipolar soft topo-
logical spaces over U,V and W, respectively. If ¥y, 9 : (U, T, E) — (V7 77’,’Ev’)
and wgp 4. - (V,TN’,E) — (VV, 77’,E'v*) are bipolar soft continuous functions, then
<w9<P1191 ) wfwﬂ) : (U7 T, E) — (VV7 77’7E’;) s a bipolar soft continuous function.
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Proof. Let K € 7. Let us show that (wW“91 ° wfwg)_l Kz €7 . Since

(Wapror 0 Vro0) (K)(e) = 7 (g (K ((soloso><>>>)
(Wop,o, ©Urpn) (K)(me) = f7 (g7 (K ((th 09) (=e))))

and wg, , is a bipolar soft continuous function, then gfl( ((<p1 op)(e))) €

Also, since 9 7,9 is a bipolar soft continuous function, then f=* (g7 (K ((1 0 ¢) ( )))) €

7. That is,

(wgwlrol O¢fw9)_1 Kg et

and (wwl 9, © Vre0) is a bipolar soft continuous function. O

Definition 3.10. Let (U, T, E) and (V, 77’, E/’) be two bipolar soft topological spaces
and Yy (U, T, E‘) — (V,;’,E) be a bipolar soft function.

(1) If the image ¥y (Fg) € 7/ for any Fz € 7, then 1,y is called a bipolar
soft open function,

(2) If the image 5,0 (GE) is a bipolar soft closed set in V' for any bipolar soft
closed set G in U, then v,y is called a bipolar soft closed function.

Proposition 3.9. Let sy : (U, T, E) — (V, , ﬁ) be a bipolar soft open (closed)

function. Then, the functions f, : (U, T, E) — (V,7',E') and f, : (U,17,-E) —
(V,7',~E") are soft open (closed) functions.

Proof. The proof is obtained from the definition of bipolar soft open (closed) func-
tion. (]

Proposition 3.10. If 1y, : (U, T, E) — (V,;/, E) be a bipolar soft open (closed)

function, for each e € E, then f.: (U, 1.) — (V7 T@(e)> is a open (closed) function

on topological spaces, for each e € E.

Proof. The proof of the proposition is straightforward. ([l

Example 3.5. Let U = {x1,22}, V = {y1,y2} and E = E' = {e1,ea}. Then 7 =
{@E, (7157F1?;} is a bipolar soft topology over U and 7 = {@E,XN/E,Glﬁ,GQE,G357G4E}

is a bipolar soft topology over V, where

Fo={(e1,{z1},{z2}) , (€2, {22}, 2)},

and
Gy, = {(en,{yi} . {v2}). (e2,{v2},9)},
Gz, = {ler,{yi} {w2}), (e2,{xa}, @)},
Gz, = {ler.{yi} . {v2}), (e2.{y1, 92}, 2)},
Gayp = {len{yi} . {y2}) (e2,9,9)}.

Let f : U — V be a function defined as f(x1) = y1, f(x2) = yo, the function
¢ : E — E be defined as ¢ (e;) = e; and the function ¥ : =E — —F be defined
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as 9 (—e;) = —p(e;), i = 1,2. Then, since '(/};4,}19 (Ggé) ¢ T, Yreo : (U, 7, E) —

(V, ;’,Ev’) is mot a bipolar soft continuous function. Here,

Vg (G2) (e1) = [T (G5 (p(er))) = {1},
Vg (Ga) (mer) = f71(G5 (9(=er))) = {a2},
iy (G2) (e2) = 1G5 (p(e2))) = {2},
Vrop (G2) (mea) = [ (G5 (V(-e2))) = @

f
Since Yy (FE) =G, € T~’, Yoo (U, T, E) — (V7 T/,E/) is a bipolar soft open
function.

Theorem 3.11. Let (U, T, E) and (V, TN’, E) be two bipolar soft topological spaces
and Yy (U, T, E) — (V,;’,E) be a bipolar soft function.

(1) ¥ spw is a bipolar soft open function if and only if for any F'_ € BS (UE) ,

Vroo (F7) € (rew (Fy))".
(2) Wgpo is a bipolar soft closed function if and only if for any F_ € BS (U,),

(Vrev (Fy)) Sren(F)-
Proof. (1) Let 1yp9 be a bipolar soft open function and F. € BS (UE). Then,
Fg € 7 and FEEFE Since 9 y,9 is a bipolar soft open function, ¥y, (Fg) e

and Vs (Fg) §¢fw9 (FE) . Thus,

b (FE) C (¢ren (Fy))°

is obtained.
Conversely, let F'_ € 7. Then, F_ = F];’ From the condition of theorem,

[e]

Ve (FE) C (Yypn (F,))"
Hence,
Uroo (Fy) = Yro0 (F2) € (Vrp0 (F,))° Stoppo (F,).

It is clear that s,y (FE) = (djﬂmg (FE))O ,i.e. Yyep is a bipolar soft open function.

(2) Let 5,9 be a bipolar soft closed function and F'_ € BS (UE) . Since Y49
is a bipolar soft closed function, ¢y,s (F.) is a bipolar soft closed set in V' and
Vreo (F) Cppo (F) . Henceforth 1y (F, ) Cthrps (F) is obtained.

Conversely, now let F_ be any bipolar soft closed set over U. Then, F_ = Fié
From the condition of theorem, (wfwg (FE))QZZJfW (FE) =Yro9 (FE) é(?ﬁfwg (FE))
It is clear that ¥,y (FE) = (wfwg (FE)), i.e. y,p is a bipolar soft closed func-
tion. (]
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Definition 3.11. Let (U, T, E) and (V, 77’, ﬁ) be two bipolar soft topological spaces
and Yyop : (U, T, E) — (V, 77’,2?7) be a bipolar soft function. .4 is called a
bipolar soft homeomorphism from (U, T, E) to (V,?,E) , if Yroo is both bipolar

soft bijective and bipolar soft continuous, 1/1;;19 18 a bipolar soft continuous function.

Theorem 3.12. Let (U7 T, E) and (V, T~/, E) be two bipolar soft topological spaces
and Yoy : (U7 T, E) — (V7 77’7va’) be a bipolar soft function. Then, the following

conditions are equivalent:

(1) ¥ypv is a bipolar soft homeomorphism,
(2) ¥yp0 is both a bipolar soft continuous and bipolar soft closed function,
(3) ¥r,u is both a bipolar soft continuous and bipolar soft open function.

Proof. The proof is clear. O

4. CONCLUSION

Since we have defined the concepts of bipolar soft continuity, bipolar soft open-
ness, bipolar soft closedness and bipolar soft homeomorphism, this paper con-
tributes to the topology field from a bipolar view. Theorems and examples support
the concepts given. In forthcoming works, we aim to give the concept bipolar in-
fra soft topology and examine some structures such as connectedness and different
separation axioms.
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