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1. Introduction

Many crucial fields in our lives such as computer sciences, economics, engineering, decision making
and medical sciences are vital of disciplines involving uncertainties where traditional methods cannot
deal with them successfully. Taking this into account, many theories have been established to solve
these problems. Molodtsov [1] presented the notion of soft set theory as a novel concept dealing
with uncertainties. After that, some operations, properties and applications of soft set theory were
investigated by some researchers [2—4]. Later, soft set theory was extended to many variants [5—8].

Functions are important mathematical tools that have a lot of applications in many fields of our lives.
Therefore, many definitions of soft functions were introduced. Majumdar and Samanta [9] introduced
the notions of soft mapping, image and pre-image of crisp sets under soft mapping, and image of
soft sets under soft mapping associated with some properties and examples. They also presented an
application of soft mapping in medical diagnosis. Kharal and Ahmad [10] introduced the concepts of
soft mapping on soft classes and the inverse image of soft set along with some of their properties. They
also supported their work by an application in medical diagnosis. Followed by Zorlutuna et al. [11],
who extended the definition of soft mappings defined by Kharal and Ahmad [10], constructed some
properties of inverse image of soft sets under soft mapping and introduced the notion of soft continuous
function along with some equivalent notions to it. Furthermore, many concepts related to soft functions
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such as continuity of soft functions, soft open functions, soft closed functions and soft homeomorphism
functions were discussed [12-14] . Besides that, soft composite functions and soft projection of soft
functions were investigated [15]. Another two definitions of soft mapping were introduced by Babitha
and Sunil [16], and Wardowski [17].

The notion of bipolar soft set was first introduced by Shabir and Naz [18] as a combination between
bipolarity [19] and soft set theory [1]. According to Dubois and Prade [19], our decision making
depending on two sides positive and negative, and we choose according to which one is stronger.
Therefore, bipolar soft set is a combination of two soft sets one of them represents the positive
side where the other represents the negative. In [18], some notions, properties, operations and an
application of bipolar soft set in decision making problems were investigated. Later, Karaaslan and
Karatas [20] gave another definition of bipolar soft set using an extended definition of the not set of
parameters which was used by Shabir and Naz [18]. Besides that, they investigated some operations
and application of the new definition. Followed by a discussion on some algebraic structure of bipolar
soft sets [21]. In [22], another definition of bipolar soft sets was introduced as a generalization of the
previous two definitions of bipolar soft sets and some algebraic structure on it were presented. They
also defined the notion of image and pre-image of bipolar soft set, which transfers a bipolar soft set to
another bipolar soft set defined on the same universal set depending only on a function defined on their
parameters sets. Moreover, the topological structure of bipolar soft sets was studied in [23-26].

The main aim of this paper is to continue investigating bipolar soft sets. Motivated by the interest
of mathematicians in soft functions which appears clearly in defining many versions of soft functions,
finding many applications on them and studying the behaviour of some topological structure of them,
we define bipolar soft function and discuss some of its properties. We also develop the notion of
inverse image of bipolar soft set along with some properties of it. The relationships between bipolar
soft image and inverse image of bipolar soft sets are also demonstrated. In addition, examples are
provided to support our works. We are hopeful that these results will help the researchers to enhance
and promote research on bipolar soft sets.

2. Preliminaries

In this section, we recall few definitions, operations and properties regarding bipolar soft sets.

Throughout this paper, T and L represent the universal sets; P(T') and P(L) stand for the power sets
of T and L, respectively; P and ¥’ refer to the sets of parameters; and /, J, K, H, and M are non-empty
sets of parameters where I, J, K C P and H,M C ¥’.

Definition 2.1. [1] Let 7 be a universal set and P be a set of parameters. The pair (F, P) is called a
soft set (over T) if F is a function from % to the power set of T'.

Definition 2.2. [2] Let P = {x; : i = 1,2,..,n} be a set of parameters. The not set of P is the set
P ={-k;:i=1,2,..,n}, where -«; = not «; for all i.

The following definition of bipolar soft sets is based on Shabir and Naz [18].

Definition 2.3. [18] Let 7 be a universal set and # be a set of parameters. We define a bipolar soft
set on T with a non-empty set of parameters / C P as a triple (W*, W™, I) where W* : [ — P(T) and
W~ : =l — P(T) are two functions, which satisfy the condition W* (k) N W~ (—«) = @ for all k € I.
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The collection of all bipolar soft sets on 7', which the set of parameters of each one of them is a
non-empty subset of P is denoted by BS (T») and we shall write the bipolar soft set (W*, W=, 1) as

W, W, 1) ={(k, W (k), W (—K)) : k € I,k € —I}.
In our paper we will use Shabir and Naz definition of bipolar soft set.
Definition 2.4. [18] Let (W*,W~,I),(Z*,Z,J) € BS(Tp). Then,

1. (W*,W~, ) is a bipolar soft subset of (Z*,Z",J) denoted by (W*,W~,NE(Z*,Z~,J), if I C J,
W*(k) € Z"(k) and Z~(—«) € W™ (—«) for all k € I.

2. (WH,W~,D)and (Z*,Z",J) are equal if (W*,W~,NC(Z*,Z",J)and (Z*,Z", J)T(W*,W~, ).

3.If WHk) = T, for all k € I and W (—k) = 0 for all =« € I, (W*, W, 1) is called a relative
absolute bipolar soft set, denoted by (T, ®,1).

4. If Wr(k) = 0, for all «k € I and W™ (—«) = T for all =« € =1, (W*, W, 1) is called a relative null
bipolar soft set, denoted by (®, T, I).

5. The complement of (W*, W~,I) is the bipolar soft set (W*, W=, 1) = (W*)",(W~)",I) where
(WH (k) = W (=k) and (W) (=k) = W*(k) forall k € I.

6. The intersection of (W*, W, I) and (Z*,Z", J) denoted by (W*, W=, )N(Z*,Z", J) is the bipolar
soft set (S*,S7,K) on T where K = I N J is a non-empty set, and is defined as S *(x) = W*(x) N
Z* (k) and S (—«) = W (=k) U Z (—k) for all k € K.

Whenever, we talk about the intersection of two bipolar soft sets, we assume that the intersection
of their sets of parameters is a non-empty set.

7. The union of (W*, W~,I) and (Z*,Z",J) denoted by (W*, W=, U(Z*,Z",J) is the bipolar soft
set (S*,S7,K)on T where K =1U J and

W*(k), ifkel\J
STk) = Z*®«), ifkeJ\I
WHk)U Z*(x), ifkelnJ
W~ (—k), if =k € (=) \ (=J)
S7T(—k) = {Z (—x), if =k € (=J)\ (=)
W= (=k) N Z~(=k), if =k € (=1) N (=]).

The intersection (union) is reflexive and associative on BS (Tp).

Definition 2.5. [25] Let (W*,W~,I), (Z*,Z",J) € BS(Tp) with I N J # (. The difference between
(WH,W-,)and (Z*,Z", J) is defined as (W*, W=, D\ (Z*,Z",J) = (W, W, DN(Z",Z", J) .

Proposition 2.6. [18,23] Let (W*,W~,1),(Z*,Z~,1) € BS(Tp). Then,
L (W WD) = (W W, D).
2. (W W=, DEZ*,Z-,1) = (Z*+,Z", D EW*, W, )~
3.(®, T, NEW*, W=, DAW*, W=, I} E(W*, W=, DOW*, W™, ) E(T, , ).
4. (W w=.n0(Z*, 27, D)) = (W W=, NZ*, 2, I

Now, we present the notions of bipolar soft set according to Karaaslan and Karatas [20], and
Karaaslan et al. [22]. The notions of image and pre-image of bipolar soft set will also be provided.

AIMS Mathematics Volume 6, Issue 5, 4428-4446.



4431

Definition 2.7. [20] Let 7 be a universal set,  be a set of parameters, / and J be two non-empty
disjoint subsets of  where / U J = P and g : I — J be an injective function. If W : I — P(T) and
Q : J — P(T) are two functions, which satisfy the condition W(x) N Q(g(x)) = 0 for all k € I. Then
the triple (W, O, P) is called a bipolar soft set on 7.

The bipolar soft set (W, Q, ) is presented as

(W, 0,P) = {{(k, W), (8(x), Q(g(0))) : k € I and W(x) N Q(g(x) = 0.

If for some « € I, W(k) = Q(g(x)) = 0, then {(«, D), (g(x), ®)) will not be written in the bipolar soft
set (W, O, P).
It can be seen that instead of the notion of the not set which was used by Shabir and Naz [18], the
authors defined an injective function between two subsets of the parameters set # as one of them is the
not set of the other.

Definition 2.8. [22] Let # be a set of parameters, I be a non-empty subset of £ and g : I — % be an
injective function. Then the set 7 U g(I) denoted by J; is said to be the extended set of parameters of /.

If the set of parameters is language expression, then g : I — % is the function g(k) = not «, for all
kel

Definition 2.9. [22] Let T be a universal set, # be a set of parameters, / be a non-empty subsets of £
and J; = TU g(I) where g : I — P is an injective function. Then the triple (W, Q, P) is called a bipolar
soft set where W : I — P(T) and Q : g(I) — P(T) are two functions, which satisfy the condition

W(k) N O(g(x)) = 0.
We can represent the bipolar soft set (W, Q, P) as

g1 =W, 0,P) = {(k, W(k), Q(g(x))) : k € Pand W(k) N Q(g(x)) = 0},

where W(k) = 0 and Q(g(x)) = T if k € P\ I and g(k) € P\ J,. If for some « € P, W(k) = 0 and
Q(g(k)) = T, then (k, 0, T) will not be written in the bipolar soft set (W, Q, P).

For simplicity, the set W(«) will be denoted as gj(k), Q(g(k)) as g;(«x) and the bipolar soft set
(W, Q,P) as (g7, &;»P). The image of the parameter « will be written as g;(k) = (g («), g7 (k).

Definition 2.10. [22] Let 7 be a universal set,  be a set of parameters, @ # I,J C P, and g; and g,
be two bipolar soft sets on 7. If ¥ is a function from 7 to J, then the bipolar soft image of g; under ¥
denoted by ¥(g,) is defined as

(Ug; (), Ng; (x), ifkel,¥(k) =«

¥ ) =
(gn(’) {((7), ), otherwise

for all ¥ € J. The bipolar soft pre-image of g; under ¥ denoted by ¥~ !(g;) is defined as

Y-1(g)) (k) = g;(¥(k)) forall k € I.

In Definition 2.10, we can only find the bipolar soft image and the bipolar soft pre-image for the
bipolar soft sets on 7" whose set of parameters is a subset from . Also, we only have a function defined
on a subsets from £ without any mention for a function on 7" or a subset from it.

AIMS Mathematics Volume 6, Issue 5, 4428-4446.



4432

3. Bipolar soft functions

In this section, we introduce the notion of bipolar soft function associated with some of its properties
and supported by some illustrative examples.

Definition 3.1. Lety : T — L be an injective function, p : ¥ — " and ¢ : =P — =%’ be two functions
where J(—«) = —p(k) for all -« € =P. Then, a bipolar soft function ¢,y : BS(Tp) — BS(Lyp)
is defined as: for any bipolar soft set (W*, W=,I) € BS(Tp), the image of (W*, W™, I) under ¢,,y,

cpypﬂ((WJr, W, 1 )) = (@yp0(WT), 0y,,0(W™), ") is a bipolar soft set in BS (Lp') given as, for all o € '

H Usgpriont WH®)), ifp (@) N1 #0
0, otherwise.

Proy(WH(o) = {

Pypo (W) (o)

A Neser 1wt WK, i 07 (=0) N = # 0
L, otherwise.

Throughout our work, the bipolar soft function ¢,,s : BS(Tp) — BS(Lp:) is associated with the
three functionsy : T — L, p : P — %', and ¥ : =P — =P’ where v is an injective function and
H(—«k) = —p(k) for all -« € =P.

Example 3.2. Let T = {t|,5,,13} and L = {l;, 1, 15,14} be two sets, P = {ki, k2, k3,k4} and P’ =
{01,070, 073,04} be two sets of parameters, y : T — L be a function defined as y(t;,) = [;, i = 1,2, 3,
the function p : P — P’ be defined as p(ky) = p(kx) = o1, p(k3) = 03, p(ky) = 04, the function
¥ : P — =P’ be defined as F(—k;) = —p(k;), i = 1,2,3,4 and ¢,,9 : BS(Tp) — BS(Lp) be a bipolar
soft function. We will find the image of (W*, W™, 1) = {(«1, {t:1}, {f2}), (k2, {13}, {t1, 12}), (k3, {13}, {t:1 })}.
First, o(1) = p({«1, k2, k3}) = {071, 073}

For oy: p (o) NI = {ki, ka} N Ky, K, K3} = {K1, ko). We get

{1 U ww)

kep~ (o )NI

YW (k1) U W* (k)

)
= (I,

Pros(WH)(01)

Next, 9(—1) = {~0, ~03)}. For —oy: 9~ 1(=0oy) N =1 = {—«y, —k2}. We have

A (1 wiew)

—ked! (mop)N=I

Qoypﬁ(W_)(_'O-l)

= YW (~k1) N W (k)
= y(ln}n{n.n)
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We can write (pypﬂ((WJr, w-, I))(0'1) = (o1, {l, YL ALD.
For o3: p~'(03) N I = {k3} N {k1, k2, k3} = {k3}. Thus,

Proo(WH)(073)

U wi)

(
kep~l(o3)NI
AW (k)
()

1.

Y

=7
I3

Il
—_

For —o3: 9~!(=03) N =1 = {—k3}. Therefore,

Oy (W) (=03)

N wew

(
—ked ! (~o3)N=I
= Y(W_(—'K3))
(1r1)
1

Y

=7
l

Il
—_—

Thereforea ¢7p19((W+’ W_7 I)) = {(0-1 > {ll s l3}’ {12})’ (0-2’ 07 L)7 (0-3’ {l'i}’ {l] })7 (0-4, 0’ L)}
In the following example, we will explain why the functiony : T — L should be injective.

Example 3.3. Let ¢,,9 be the bipolar soft functions in Example 3.2 but change y(z,) to be equal
to /; instead of l,. Then, ¢,,s(W*)(0o1) = {;,13} and ¢,,9(W™)(=o) = {[;}. It can be seen that
Gyps(WH) (1) N y00(W™)(—o1) # 0. Which contradicts the definition of bipolar soft set. Therefore,
the condition that the function v is injective is not redundant.

Definition 3.4. Let ¢,,9 : BS(Tp) — BS(Ly) be a bipolar soft function and (W*, W=, 1),(Z*,Z27,J) €
BS (Tp). Then, for o € #’, the bipolar soft union image of (W*, W=, I)and (Z*,Z~, J) in BS (Lp/) under
©yp0 1 defined as
(el W. W, D)Ogn(@", 27, ) ) =
(07, @10 (W) U @y (Z)(), 030 (W(=0) N 0o0(Z7) (=) (3.1)

and the bipolar soft intersection image is defined as

(s W W, D)@, 27, ) ) =
(0 20 (W) N s (Z7H0). s (WN=0) U 2N (=), (3.2)

Definition 3.5. Let ¢,,9 : BS(Tp) — BS(Lp) be a bipolar soft function, where y : T — L is an
injective function, p : £ — P’ and ¥ : =P — —P’ are two functions where ¥H(—«k) = —p(«) for all
-k € =P. Then, ¢,y is called

1. a bipolar soft surjective function if y and p are surjective functions.
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2. a bipolar soft injective function if y and p are injective functions.
3. a bipolar soft bijective function if y and p are bijective functions.

Remark 3.6. The definition of bipolar soft surjective function in the previous definition is equivalent
to the classical definition of surjective function, that is, ¢,,y is a bipolar soft surjective function if and
only if @,,5((T, ®,P)) = (L, @, 9.

Remark 3.7. The definition of bipolar soft injective function in Definition 3.5 is not equivalent to the
classical definition of injective function, that is, ¢,,s can a be a bipolar soft injective function and

gowﬁ((W*, w-, I)) = (pwﬁ((Z*, Z, J)) but (W*,W~,I) # (Z*,Z",J). However, the equivalent happens
when the two bipolar soft sets have the same set of parameters. In other words, ¢, 1s a bipolar soft
injective function if and only if for all (W*,W~,1),(Z*,Z",1) € BS(Tp) when goypﬂ((W+ W™, I)) =
Oyo((Z*.27, 1)) we get (W, W™, 1) = (Z*,Z7,]).

Theorem 3.8. Lety : T — L be an injective function, p : P — P’ and ¢ : =P — =P’ be two functions
where 9(—k) = —p(k) for all =k € =P and ¢,,9 : BS(Tp) — BS(Lp). If (W, W~,1),(Z*,27,J) €
BS (Tp), then

(pyp,g(((D, T, P)) 2 (®, L, P"). The equality holds when vy is surjective.

Eyon((T, ©,P)) € (L, D, 7).

(W W™, DEZ*, 27, 0) = (W W, D)Epyn((Z*, 27, ).

Pyon((W*, W, DOZ*, 27, 1)) = @ypo((W5, W, 1))y ((Z*, 27, ).

Cyoo((WH W, 1) A (Z*, 27, ))Cypa((W*. W™, D) 2 0,09((Z*, 27, J)). The equality holds if ¢,
is a bipolar soft injective function.

AN

Proof. 1. and 2. are trivial.
3. We need to show that for all o € 7', ¢, s(W")(0) C ¢,,0(Z")(0) and for all ~o € %,

Lypo(Z7)(20) S @ypa(WT)(m0) . Let o € p(I) € p(J) € ¥ (if o ¢ p(D), then @, y(W*)(0) = 0
©y0(Z*)(c)), then

Pros(WH)(0)

(U ww)

kep~l(o)NI

c A |J Zw), since W) € Z* (), forall ke 1

kep~(o)nJ
= @(Z7)(0).

Now, for =0~ € B(=I) C 9(=J) € =" (if =0~ ¢ B(=I), then @9 (W )(=0) = L 2 ¢,,p(Z) (=),

o)) = A () Z(w)

—ked~L(=o)N=J
A [ Zew)
—ked! (mo)N=1

7( ﬂ W‘(—w)), since Z~ (—k) C W™ (—«), for all -k € =1

—ked 1 (—~o)N-1

N

N
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= @yp(W7)(—0).
Therefore, goyp,g((WJ', w-, I))écpypﬁ((Z*, Z, J)).
4. To make our proof easy, let
on (W5, W, D)0y0((Z7, 27, D)) = (B*, B~ )

Oyoo((WH, W™ NO(Z",Z7,0)) = @y((P, P71V J)) = (R", R, P").

We need to show that R*(07) = B (o) for all o € " and R (—o) = B (—o) for all o € #’. Let
oeplUl)=p)Up(J)=HUM (when o ¢ HU M, the case is trivial), then

R(@) =emP )= |J Pw®)

kep~H(e)NUIUJ)
We have three cases for the position of o

e case 1: o € H\ M, in this case p~'(cr) N J = 0 (otherwise, there exists k € p~'(c) N J such
that p(k) = o € p(J) = M which is a contradiction since o € M N M¢), therefore
R (o) = 907p19(P+)(U) = 7’( UKep—l(a)n(l\J) W+(K))-

e case2: o € M\ H, in this case p~'(c))NI = () (otherwise, we get a contradiction since o € HNH¢).

Thus, R*(0) = %pﬁ(P ) = 7( Usepnnn Z*(6)-
e case 3: ¢ € M N H, in this case p~!(0") € I U J. Thus,

R (@) = @y(P*)(0)

(U wwu | z2w)

kep~l(o)nI kep~l(o)NJ
= U wwju( U zw)
kep~\ ()N kep~l(o)NJ
We have,

7( UKEp’l(U')ﬂ(I\J) W+(K)), ifoe H\M
R'(@) = A Usgpiomnun ZH®), ifo e M\ H
7( UKEp’l((T)ﬂl W+(K)) U 7( UKe,rl(a)nJ Z+(K)), ifoeHNM

yon(W*)(0), ifoce H\ M

= S @yn(Z)), ifoe M\ H

Cyor(WH)(@) U gyo(Z2*)(0), ifce HAM

Since gowﬁ(Z*)(U) =@ foro € H\ M and goypﬁ(W*)((T) = for o € M\ H, we get that for all o € ¥/,

R'(0) = @pa(W)0) Uyn(Z7)(0)

= B (o), using Eq (3.1).

AIMS Mathematics Volume 6, Issue 5, 4428-4446.



4436

We get R*(0) = B (o) forall o € #'.
For -0 € =(HU M) = =H U =M (when -0 ¢ =(H U M) the case is trivial), we have

RGO =P )=y [ P ().

—ked~ 1 (=o)N(=TU-J)

By the same strategy as o, we can find that there are also three cases for the position of —¢ and since
v is injective, we get

7( (Nked1 (=N (~1\-J) W_(_'K))a if o€ =H \ -M

R (=0) = Y Nt o Z~(0)), if o € =M \ ~H

7( (MNked1 (~o)n- W_(_'K)) N )’( (ks (=o)n-7 Z_(_'K)), if w0 € -HN-M.
¢ypﬂ(W7)(ﬁ0), if w0 € -H\ -M
= 3 @ypn(Z7) (=), if—o € =M\ —=H
Eyor(W)(20) N @yo(Z7) (o). if o € =H N =M.

Since goypﬂ(Z‘)(—'O') = L for -0 € -H \ =M and ‘,prﬂ(W_)(_‘O-) = L for -0 € =M \ -H, we get that
for all —o € =’

R (—o)

‘pypﬁ(W_)(_‘o-) N prpﬁ(z_)(_'o-)
B (—0), using Eq (3.1).

We have R™(—0) = B~ (-0 ) for all =0~ € =%’. This completes our proof.

5. To make our proof easy, let

Cyoo(( W W™, DANZ", Z7,0)) = (P, P71 01 )

Oy (W, W™, D)A@y((Z7, 27, 1)) = (BY, B, P).
We want to show that for all o € %, <pyp19(P+)(a') C B*(0) and for all —o0 € =%’, B (-0) C

QDVpﬂ(P_)(_'O'). For o € p(InJ) C P’ (otherwise, we have trivial case)

(U Pw)

kep~H(o)NUINT)

U W* (k) N Z* ()

xkep~H(o)NUINJ)

(
(U wwol U 7w
(

yon(P*)(0)

=7

N
\<

kep~l(a)NUINT) kep~H(a)NUINJ)

L) ww)ny( ) zw)

kep~ ()Nl kep~H(o)NJ

= (W) N @ps(Z7)(0r)
= B'(0), using Eq (3.2).

N

Y
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Next, for —o € 3 (—=(I N J)) = H—~I N =J) C =P’ (otherwise, we have trivial case)

e(P )=y = ¥ [ P ()
—ked~ L (=a)N(=IN-J)
ﬂ W™ (k) U Z~(-x))

k€9~ (=0 )N(=IN-J)

(
(1 weoul (] zew)
(

=7

|
\<

-k~ (=o)N(=IN=J) —ked~ 1 (=a)N(=IN-J)

M weuAd (] Zw)

—ked! (=mo)N=1 —ked! (mo)N—J

]

Y
= ‘pypﬁ(W_)(_'O-) U (Pypﬁ(Z_)(_'U')
= B (—-0), using Eq (3.2).

Since for all o € P, @y,9(P*)(0") € B*(0") and B™(=0) € @y,9(P~)(=0") for all ~o- € ~P”, our proof is
completed. m|

Next, we show that the equality in Theorem 3.8 (5) does not hold.

Example 3.9. Let T = {1,2,3,....,9}, L = {1,2,3,...,90}, P = {«;,i = 2,3,4,5,6} and " = {0, 05}.
Definey:T — Lasy(t)=t*,p: P — P as

( ) 0y, ifi<5
Ki) =
p os, 1fi>35,

¥ P — =P as H—k;) = —p(k;), i =2,3,4,5,6 and ¢,y : BS(Tp) — BS(Lp'). Suppose

(K+9 K_’ I) = {(KZ’ {3}’ {4})’ (K4’ {5’ 7}’ {6})’ (K6’ {1’ 7’ 9}’ {2’ 8})}’
(A+7A_7J) = {(K29 {3}’ {4’ 6’ 8})’ (K39{5}’ {3’ 69 9})a (KS’ {7}7 {5})}

It yields (K*,K™,DN(A*,A7,J) = {(k2,{3},{4,6,8})}. Therefore, its image under ¢,y is
wypa((Kﬂ K=, DA(A*, A7, J)) = {(00,{9},{16,36,64}), (05,0, L)}. Now,

Oyo( (K"K, D)) = {(00,{9,25,49},0), (05, (1,49, 81}, {4, 64})},
o (AT A7) = 1(00,19.25).36}). (o5, {49}, {25}
This yields that
yoo((K* K™, D)Agy0((AT, A7, 1)) = {(070,19,25), {36)), (075, (49}, 4, 25, 64})).
Itis clear that @,,((K*, K=, DA, A, 1)) # @y0((K*, K=, D)Agy0((A*, A", ).

4. Inverse image of bipolar soft sets

In this section, we first introduce the concept of inverse image of bipolar soft sets and discuss some
of its properties. Then, we investigate the relationships between image and the inverse image of bipolar
soft sets. Next, some examples are established to explain our work.
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Definition 4.1. Lety : T — L be an injective function, p : # — " and ¢ : =P — =%’ be two functions
where ¥(—«) = —p(x) for all -« € =P, and ¢,y : BS(Tp) — BS(Lyp) be a bipolar soft function.
The inverse image of the bipolar soft set (0", 07, H) € BS(Lp/) under ¢,,, go;;ﬁ((QJr, Q‘,H)) =
(goyp 2(0F), 2 1,(07),P) is a bipolar soft set in BS (Tp) given as, for all x € P,

(@ (W), ifpt) € H
0, if p(x) ¢ H.

Y (@ @), if (k) € -H
T, if 9(—«) ¢ ~H.

¢;1(0)(w)

@ (Q7)(=K)

The following example illustrates the previous definition.
Example 4.2. Consider the bipolar soft functions defined in Example 3.2. We will find the inverse
image of the bipolar soft set (Q*, O, H) = {(01, {1, 3}, {L2}), (02, L, 0)}.
First, p~'(H) = p~'({o1, 02}) = {k1, k»}. Since p(k;) = o, € H, then
O @) = ¥(Q%(p(k1))
Y l(Q (0'1))
y (1. 1))
{n, 1}
Now, 7' (=H) = 7' ({-o1, =03} = {—k), =ky}. Since H(—k;) = -0 € =H, then
QK1) = ¥ (Q (W(=k)))
= y(Q (=o)
= y7\(ih)
= {n}.
We can write go;;ﬁ((QJr, o, H))(Kl) = (k1, {t1, 3}, {2)]).
Since p(KZ) = 0] and ﬁ(—'KZ) = 70, W get ¢;;19((Q+’ Q_9H))(K2) = (K29 {tl’ t3}a {tz}) Thereforea
()D»yp19((Q+ Q H)) {(K19 {tl’ t3}9 {tz})’ (K2, {tl’ t3}’ {tZ})’ (K3’ 0’ T), (K4’ 03 T)}

Definition 4.3. Let ¢,,5 : BS(Tp) — BS (Lp/) be a bipolar soft function and (Q*, 07, H),(S*,5 7, M) €
BS (Lg/). Then, for k € P, the bipolar soft union of the inverse image of (Q*, 0™, H) and (S*,S~, M)
in BS (Tp) under ¢, is defined as

(w0, 07 )Tl (57, 57 M) Jiwo =
(k. 2510 ) U @5 1(S KD, 0,15(Q7)(0) N 5y (S 7)) (4.1)
and the bipolar soft intersection of the inverse image is defined as
(w0 07 D) L((5 7,57 1)) =

(k. 5 (@) N 0,2 (S KD, 6, 15(QIK) U gLy (ST)(=w)). (4.2)
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Theorem 4.4. Lety : T — L be an injective function, p : P — P’ and 9 : =P — =P’ be two functions
where ¥(—k) = —p(k) for all ~x € =P, and ¢,,9 : BS(Tp) — BS(Lp/). If (O, 07, H),(S*,S,M) €
BS (Ly), then

o1 ((L. @) = (T, 0,P).

o1 ((@. L)) = (@, T, P).
(0", Q7 H)S(S*, S, M) = ¢! ((0*, 07, ))C¢ L ((S*. 57, M)).

(00 IS5 00) - (0" 0" D)y (557 00),
(00 IS5 10) = 1, (0" 0" )y (5" 57 00).

6. 62707 PY) = (g55((Q". 0. P)) .
Proof. 1. and 2. are clear.
3. We need to show that for all x € P, goyp19(Q+)(K) - 907p19(5+)(K) and for all -« € =P, gowﬂ(S )(—k) C
©;1,(Q7)(=k). Let k € P where p(x) € H € M (for p(x) ¢ H. ¢},(0")(¥) = 0 € ¢7!,(S*)(x) ), then

Py

.L'l."\f*d!\-’.N

07 (Q (1)

y'(Q (o))
Y (S*(p(x))), since Q*(0r) € S*(cr), forall o € H
= @S ).

IN

Now, for =« € =P where #(—«) € -H C -M (for H—k) ¢ -H, <pypﬂ(S k) CT = (pypﬂ(Q )(— K))

Erpp (SR = ¥ (STW(x))
y (0 (3(=))), since S (=) € Q" (~0), for all ~o- € ~H

0, (Q7)(=K).

N

Thus, go;;ﬂ((QﬂQ_,H)) ypﬂ((5+ S” M))

4. For the sake of simplicity, we shall assume that
Eoo((QF, Q7 YOS, 87, M)) = ¢,),((Z°, 27, HU M)) = (A", A", P)

o((Q7. 07, 1))0g, (S, 57, M)) = (B*, B, P).

We need to show that A*(x) = B*(x) for all k € P and A~ (—«k) = B (—«) for all -x € =P. Letk € P
where p(x) € H U M (since for p(x) ¢ (H U M), A*(x) = B*(k) = 0), then

AT W) = @y(ZH(W)
= ¥ (Z"(pw)))

¥ (Q* (p(x))), ifp(k) e H\ M

= 177 (S*(p(x))), ifp(k) € M\ H

y {0 (k) U S*(p(x))), ifp() e HNM
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Y (QF(p(x))), ifp(k) € H\ M
= 177 (S*(p(x))), ifp(k) e M\ H
Y (O (o)) Uy (SH(p))), ifp(k)e HN M
1, (0M)(®), ifp(k) € H\ M
= 10, W), ifp(k) € M\ H
010K U @31 (ST)(K),  ifp(k) € H N M.

Since go;;ﬁ(SJr)(K) =0if p(xk) € H\ M and ¢ .(Q")(k) = 0if p(k) € M \ H, we get

»
A0 = 90N U gy (S
= B'(x), using Eq (4.1).

Therefore, A* (k) = B*(x) for all k € P.
Now, for —« € =P where 3(-«x) € -(H U M) = -H U -M (since, for H(—k) ¢ =(HU M), A~(—k) =

B (—k) = T), then

A" (—k)

@29 (Z7)(~K)
Yy (Z"((x)))

Yy 1O (9(~x))), it (-«) € -H \ -M
= 1y (S~ (WI(~«))), if9(=k) € =M \ =H
y (O~ (3(=x)) N S~ (~K))), ifd(—k) € ~HN-M
Y H(Q (I(~x))), if 9(—k) € =H \ -M
= 177 (S~ (W), if 9(—k) € ~M \ =H
YO~ W (=k))) Ny (S~ (I (=x))), if ¥(=k) € =H N =M
@ 19(Q7)(=0), if 9(—k) € =H \ ~M
= {998 (=0, if(—x) € =M \ -H
¢;AQWGWDH¢;5530WL ifd(—k) € ~HN-M

Since cp;plﬁ(S‘)(—'K) =T if ¥(—-«) € =H \ =M and (,0;;19(Q_)(—|K) =T if ¥(—«) € =M \ -H, we get

AT(=K) = @0 (Q7)(=K) N )5S T)(—k)

B (k) using Eq (4.1).

This implies that A~(—«) = B~ (—«) for all -« € =% and completes our proof.
5. Assume that
Grpa((Q7. Q7 HDAS ™, S, M) = ¢}, ((Z*. 27 H O M) = (A*, A, P)
-1 ( + - H X —1 + - M _ B+ B—
o((Q7. 07 i), ), ((S*. 57, M)) = (B, B, P).
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We have to show that A*(k) = B* (k) for all k € P and A" (-«) = B (—«) for all -x € —-P. Let
k€p ' (HN M) =p™ (H)np~'(M) (for k  p™'(H 1 M), A*(x) = B*(x) = 0 ), then

A" (k)

(2 (K)
Y (27 (o) N S *(p(x)))
Y (27 (k)) Ny~ (S (p(x)))

@, 09(Q 1K) N @15 (S (k)
= B'(x), using Eq (4.2).

Next, let =k € 9~ (~(H N M)) = 9 (=H N ~M) = 9 (=H) N 9~ (=M) (for Kk ¢ 9 V(~(H N M)),
A~(—k) = B~ (—K) = T), then

AT(K) = @upo(Z)(K)

Y (@ @) U S~ (=)

Y (Q Wk Uy (S~ (k)
= @ p(Q7)(K) U g 5(S ) (k)

B (—«k), using Eq (4.2).

This completes our proof.

6. Suppose go;;ﬂ((QJr, Q‘,P’)) = (R",R",P). Letk € P

(g00(@H®W) = (7‘1(Q+(p(/<))))
= (Rw)
= R (k).
Now, (Q*, 07, P)° = ((Q*),(Q7),#’). Therefore,

e (@) = ¥ (@) (o))
Y (@ (o))

Y (Q W)
R (—«k).

This implies that
(€500(QW) =& }5(0) ()
for all k € . By the same strategy, we can prove that
(€500(Q0)) = @00 (Q7) (k)

for all -« € =P. Therefore, go;;ﬂ((Qﬂ o, P’)C) = (¢;,10((Q+, o, 7)/)))C- o
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In this present segment, we discuss the relationships between image and inverse image of bipolar
soft sets.

Theorem 4.5. Lety : T — L be an injective function, p : P — P’ and & : =P — =P’ be two functions
where ¥(—k) = —p(k) for all ~x € =P, and ¢,,9 : BS(Tp) — BS(Lp). If (W, W, 1) € BS(Tp) and
(0,0, P") € BS(Ly), then
1. (W, W‘,I)ng;plﬁ(gowﬂ((W*,W‘,I))). The equality holds if I = P and ¢, is a bipolar soft
injective function.
2. Ify is a surjective function, then goypﬁ(tp;; ﬁ((QJr, o, P’)))C(Q+, O™, P"). The equality holds if ¢,
is a bipolar soft surjective function.
Proof. 1. Let ¢! (@yo((W*, W™, D)) = @1 ((R*.R",P")) = (Z*.Z",P). Itis clear that I C .
Therefore, we need to show that W*(x) C Z* (k) for all k € I and for all -« € —I, Z~(-«k) C
W=(—k). Let k € I, then

ZHwk) = (R (k)
= Y 'R (px)))

= 7‘1(7( g W*(K)))

kep~1(p(k))NI
-1
= U r'(ww)
kep~l(p(k)NI
= U W*(k), since 7y is injective
kep~(pu)nI

W (k).

U

Now, for =« € =1
Z7(-k) = @ (R)(=k)
= ¥y (R ()

= 7‘1(7( M W‘(ﬂk)))

k€91 (B ()N
= ﬂ y! (y( W‘(—w))), since 7 is injective

—k€d~ (I (—~k))N=1
= ﬂ W~ (—k), since 7y is injective
k€L (B(=k))N T

W~ (—k).

N

Our proof is completed.

2. Assume that 907p19(¢;p119((Q+,Q_,P’))) - <,0ypﬁ((V+,V_,7’)) = (S*.5-.P'). Since P’ = P, we
need to show that for all o € #’, S*(0) C Q" (o) and for all =0 € =P, Q" (=0) C S~ (—0). Let
o € plp™!(P) = p(P) € P’ (for o € P\ p(p™'(P"), S*(0) = 0 € Q*(c7)). then

§70) = @pa(V)(0)
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- U viw)
kep~H(a)NP

=y | (2" ®)), where p(x) =
kep~1(o)

= y(y‘l( g Q*(p(K))))

kep~H(o)

= 7(7_1(Q+(0'))), since Q*(p(x)) = Q" (), forall k € p™'(0)

= Q%(0), since vy is surjective function.

Now, for o € HI(=P")) = H=P) C -F’ (for -0 € =P\ O (=P)),S (o) = L 2

Q‘(—|0')), then

S (=0) = @V )(=0)

=A [ Vi)

—ked~ 1 (=o)N-P

= o ﬂ Y (Q (¥(=x)))). where 8(-k) = -

—|K€1971(—|0')

= y(y“( M Q‘(ﬁ(w»))

—ked! (=0o)

= Yy (@ (=0)). since Q" (¥(-x)) = Q"(=0), for all =k € ¥~ (=0")

Q (—o), since vy is surjective function.

This completes our proof.
Example 4.6. Consider the bipolar soft function ¢,y in Example 3.2.
1. To show that the equality does not hold in Theorem 4.5 (1), let
(S+a S_’ J) = {(Kla {tl, tz}’ 0)5 (K4’ T’ 0)}

Then,
Eyon((S*,57,0)) = (1,11, 12}, 0), (02,0, L), (03, 0, L), (074, {1y, b, 15}, 0)}.

It yields

Eopa(£300((ST, 87 D)) = k1, {11, 12}, 0), (k2 {11, 12}, 0), (x5, 0, T), (s, T, 0))
#(8%,87,)).

2. To show that the subset relation does not hold in Theorem 4.5 (2) if y is not surjective, let

(Q+’ Q_’ ?/) = {(0-1’ {14}’ {13})’ (0-2’ {ll }’ {12})7 (0-3’ {ll}a {13’ 14})’ (0-45 09 L)}
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Then, ¢}1,((Q*, 07, %)) = {(x1, 0, {13}), (2, 0, {13}), (ks, {11}, {13}), (s, 0, T)}. Therefore,

o070 ) = (@1, 0,131 (02,0, 1), @5, 1) s (04,0, 1y o, )
¢ (Q.0.P).

In the following example we will show that the equality does not hold in Theorem 4.5 (2) if ¢, is
not a bipolar soft surjective function.

Example 4.7. Let P = {«;,«x} and ' = {0, 0,} be two sets of parameters, y : R — R be a function
on the set of real numbers defined as y(x) = 2x+ 1 forall x € R, p : P — P’ be defined as p(k;) =
plky) = o, ¥ : =P — P’ be defined as H(—k;) = =p(k;), i = 1,2 and ¢,,9 : BS(Rp) — BS (Ryp).

It is clear that 7y is a homeomorphism function but ¢,,,4 is not a bipolar soft surjective function since p
is not surjective. Let (S*, S, P") = {(01, {3, 9}, {5}), (02, {1, 6},{7})}. Then,

& ((S7.87.P)) = (k. (1,41, (2D), (ko (1,40, (2D)).

Therefore,
Cyon(€50((S .S 7.P))) = ((1.13.91. (5D, (02, 0. R)} # (S, S, ).

5. Conclusion

Functions are fundamental mathematical concept used in many fundamental areas of science and
have numerous applications. Throughout this paper, we presented bipolar soft function along with
some notions and properties related to it. This is followed by the definition of inverse image of bipolar
soft set associated with some of its results. The relationships between image and inverse image of
bipolar soft sets are also discussed. We found that, the main difference between classical functions,
soft functions and bipolar soft functions is related to the relationship between the image and the inverse
image of a set. We know that for any classical function, the image of the inverse image of a set is subset
from this set. The same goes for soft functions [11]. In bipolar soft functions, this is not true and a
condition should be added in order to satisfy this property. In future work, we will focus on adopting
these results to some real life applications from the domains of decision making and medical diagnosis,
and to investigate the behaviour of some topological and algebraic structures of bipolar soft functions.
We will also extend our work to define fuzzy bipolar soft function and discuss its applications.
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