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Abstract. Mappings are significant mathematical tools with many applications in our daily lives. The bipolar
hypersoft set is one of the effective tools for dealing with ambiguity and vagueness. The purpose of this article
is to define mappings between the classes of bipolar hypersoft sets. The notions of bipolar hypersoft image
and bipolar hypersoft inverse image of bipolar hypersoft sets are then defined, and some of their properties
are studied. Moreover, we discuss the relations between the bipolar hypersoft image and the bipolar hyper-
soft inverse image of the bipolar hypersoft sets. This proposed work can be extended to IndetermSoft Set,
IndetermHyperSoft Set and TreeSoft Set and their corresponding Fuzzy, Intuitionistic Fuzzy, Neutrosophic

forms and other Fuzzy-extension.
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1. Introduction

In all real-life disciplines, such as environmental science, social science, engineering and
economics, there is ambiguity, inaccuracy, and inadequate information. Many researchers have
attempted to process such data in the past and present. In 1999, Molodtsov [14] proposed the
theory of soft set as a completely flexible mathematical approach to modeling uncertainties. In
2003, Maji et al. [12] developed the theory of soft sets by defining several essential operations
like subset, the equal set and the complement of a soft set. Shabir and Naz [25] proposed
and studied the concept of bipolar soft sets (a combination of the soft set and the bipolarity

structure) and its use in decision-making (2013).
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The traditional soft set is built on a determinate function, however there are numerous
sources in our world that, due to ignorance or a lack of knowledge, present indeterminate
information. Due to the uncertainty in our world, they can be modeled by operators with some
degree of uncertainty. As a result, Smarandache [27,28] extended the soft set to hypersoft set in
2018, then both of them to IndetermSoft Set and IndetermHyperSoft Set [29,30] respectively
in 2022, and introduced TreeSoft Set [31] as extension of the MultiSoft Set [26]. Several
applications are presented for each type of soft set. Musa and Asaad [4,15,16] applied hypersoft
set to present some topological concepts such as connectedness and separation axioms.

Defining relations and mappings on soft sets, bipolar soft sets and hypersoft sets was one of
the most important steps in the development of these theories. Babitha and Sunil [6] initiated
the notion of soft relations and soft functions. Qin et al. [21] introduced the concept of soft
relation which is a generalization of soft set relation presented in [6]. They supported their
work with an application to information systems. Majumdar and Samanta [13] examined the
concept of crisp (soft) set images using soft mappings. Kharal and Ahmad [11] defined the
idea of soft class mappings and discussed the characteristics of soft images and soft pre-images.
Furthermore, they provided an application of soft mapping in medical diagnosis. Addis et
al. [2] has developed a new method to define soft mappings and studying their properties.
They used this concept in a new way to study soft homomorphisms and soft homomorphism
theorems on groups. They also built a soft mapping to model a symptom—disease relationship
in medical diagnosis. The notion of mappings between two collections of bipolar soft sets
was introduced by Al-shami [1] and exhaustively studied by Fadel and Dzul-Kifli [8]. Saeed
et al. [23,24] introduced mappings to the hypersoft set environment. They defined hypersoft
image and hypersoft pre-image and studied some of their properties. Moreover, the validity
and dominance of their suggested technique is demonstrated through practical application and
comparative analysis. Other searches for mappings can be seen [3,5,7,9,10,22,32-34].

Musa and Asaad [17], came up with the concept of bipolar hypersoft set as a mixture
of hypersoft set and bipolarity structure and is created by looking at not only a collection of
carefully chosen parameters, but also a set associated with parameters with opposing meanings
known as "not set of parameters”. They also presented an application of bipolar hypersoft
sets in a decision-making problem [18]. In addition, the authors [19,20] studied the topological
structures of bipolar hypersoft sets. Motivated by the interest of researchers for mappings and
their applications. We continue to study bipolar hypersoft sets by defining bipolar hypersoft
mapping and discuss some of its characteristics.

The rest of the article is organized in the following order: Section 2 provides an overview
of several fundamental concepts that are necessary to understand our research. In section 3,

we define the concept of bipolar hypersoft mapping and study its properties. In section 4,
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we introduce bipolar hypersoft inverse image and related results. We conclude this section
by presenting the relationship between the bipolar hypersoft image and the bipolar hypersoft
inverse image. Section 5 provide a summary of ongoing work as well as a suggestion for future

study.

2. Preliminaries

Throughout this work, ® and R denote the universal sets; 2% and 28 denote the power sets
of R and R, respectively; ¥ = o1 X 09 X ... X 0p and 3 = 61 X 69 X ... X &, denote the
parameter sets with o; No; = ¢, 6; N J; = ¢ where 7 # j; and A, A, A, A are non-empty sets
of parameters where A, A C X and f\, Acy.

The basic definitions and results introduced in [17] will be collected in this section.

Definition 2.1. A triple (g,4,A) is called a bipolar hypersoft set over R, where g and g are
mappings given by g: A — 2% and 5 : =A — 2% such that g(¢) N g(—¢) = ¢ for all £ € A.

We represent a bipolar hypersoft set (4,4, A) as

.4, M) ={(t.g(0),g(=0)) : £ € A and g(¢) N g(~t) = $}.
The collection of all bipolar hypersoft sets on R (resp., X) with the set of parameters 3
(resp., %) is denoted by Q) (resp., Q(N,z’))‘

Definition 2.2. Let (4,4, A), (f,]?, A) € Q). Then

i. (g,4,7) is a bipolar hypersoft subset of (f, ? A), denoted by (g,4,A) é (f,]?, A), if
A C A and g(¢) Cf fﬂﬁ ) C g(=¢) for all £ € A.
ii. (g,4,A) and (f, f A) are bipolar hypersoft equal, if (g, g, A) i (f,]?, A) and (f,}, A)
E (g.5.A
iii. If g(¢) = ¢ and g(—¢) = R for all £ € A, then (g,4,A) is called a relative null bipolar
hypersoft set and denoted by ((E, SN?, A).
iv. If g(¢) = R and g(—¢) = ¢ for all £ € A, then (g, 4, A) is called a relative whole bipolar
hypersoft set and denoted by (?f%, 5, A).
v. The complement of (g,4,A) is a bipolar hypersoft set (g,7,A)¢ = (g°,4¢,A) where
4°(0) = g(=¢) and g¢(—=¢) = g(¢) for all £ € A.
vi. The union of (g4,4,A) and (f,]?, A), denoted by (g,4,A) N (f,]?, A), is a bipolar
hypersoft set (ﬁ,/ﬁ\, ('), where C = AUA and for all £ € C:
g0 ifte A\ A
() =14 £(0) ifee A\ A
gOUFE) ifeAnA
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7(=0) if =0 e -A\ -A
h(=0) = F(=0) if =0 € A\ —A
G0N f(=0) if ~L € -AN-A

~ —~

vii. The extended intersection of (g,4,A) and (f,]A[, A), denoted by (g,4,A) N (£, f,A),
is a bipolar hypersoft set (#, A, C), where C = AU A and for all £ € C:

4(0) if0eA\A
A0 =4 £(0) if e A\A
FONFE) fleAnA
G(-0) if 20 € <A\ A
A(-0) = F(=0) if =0 € =A\ -A
G(-0) U f(~6) if -6 € AN -A

viii. The restricted union of (g,4,A) and (£, ? A), denoted by (g,4,A) EK (f ]? A), is a

bipolar hypersoft set (£, ﬁ, C), where C = AN A and for all £ € C: A4 U f(0)
and (=) = G(=£) N £ (=0).

ix. The intersection of (g,4,A) and (£, ]A( A), denoted by (g,4, A) N M (f, ]A( A), is a bipolar
hypersoft set (ﬁ,ﬁ, C), where C = AN A and for all £ € C: A(Y) 0) N £(¢) and

k(=) = G(=0) U f(=0).

Proposition 2.3. Let (g, ﬁ,A ), (f,]A[,A) € Qpy). Then

(4.4 0))° = 9.4 A N
i. If (9,4, ~E (f.f, A then O‘f A E (9.4 0)"
iii. (6,%,A) T (g, 7.0 5 (9.5 0° C (9.5 g0 U (..M
. (g,5,A) O (ff A) = (g.4,M\) ux (ff A
0. (g.5 0 A (f.f.A) = @.5.0) P (f.f. ).

Proposition 2.4. Let (4,4, /) (f,]?, A) € Qpy). Then

(.38 O (f. . 0) = (g.5.8)° 7 (f.f, A
@’57 l—l(][’f7A :@797[\)60“7][?3)0

~

I

(R, 0, ).

3. Bipolar Hypersoft Mappings

In this section, we study mappings between families of bipolar hypersoft sets with differ-
ent universes and sets of parameters. In addition, illustrative examples are offered to help

understand the main results.
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Definition 3.1. Let v : & — X be an injective mapping. Let § : ¥ — Yand A: -2 — %
be two mappings such that A\(—¢) = —=4(¢) for all =¢ € =%. Then a bipolar hypersoft mapping
Vosa: Qps) — Q(N,E’) is defined as: for any bipolar hypersoft set (4,4, A) € Qg x), the image
of (4,4, A) under U 55, Vsr((4.4,A)) = (Vysr(9), Ursr(4), %)) is a bipolar hypersoft set in
Q(N,E') given as, for all lex:

v (Uzeé—l(z’)m\ﬂ(@)) , i) NA# ¢
?, otherwise

Yy50 () (5) = {

\1175)\@\)(_‘5’) = { :;(mﬂfGAl(—\f)ﬁ—'Aj(ﬁg)) s if >\_1(—\£/) N -A 7& ¢

otherwise

)

Example 3.2. Let R = {ri,ro,73} and X = {m1,m,n3,m4} be two sets, o1 =
{01,05,05,04} 00 = {ls},05 = {ls}, and o1 = {1,05,03,0,}, 02 = {l5},cs = {lg} be
sets of parameters, v : ® — XN be a mapping defined as ~(r;) = n; for i = 1,2,3,
the mapping & : ¥ — X be defined as 6((¢1,0s5,05)) = 6((la,ls5,05)) = (£1,05,05),
6((Us,05,06)) = (l5,05,05), 8((ls,05,05)) = (f4,05,0), the mapping A : =X — =3 be
defined as A(=f;) = =d(¢;) for i = 1,2,3, and W5\ @ Qpy)y — Qs be a bipo-
lar hypersoft mapping. Let Ay = {f1,05,03},A2 = {l5},As = {ls} and (g,4,A) =
{((l1, s, 46),{r1},{r2}), (L2, ls5,€6),{r3}, {r1,m2}), ((€3,05,05),{r3},{r1})}. Then, the bipolar
hypersoft image of (4,7, A):

Since §(A) = ({(f1.05.06), (L2, 05, 06), (€3, 05, 06)}) = {(¢1,05,05), ((3,05,0)}, then for

(€/17£:57€,6) : 5_1(@/17[5,6/6)) ﬂA = {(£17£5;£6)7(£2;£5,€6)} N {(617&5766)7(‘62365766), (£37€57€6)}
= {(f1,05,46), (£2,05,45)}. We have

V@6, 6) = 7 (Uies i ioirn8®) = 7 (@006, L) Uglla, b5, 6) =
y({riy Uirs}) =y {r,r3}) = {m, ms}-

Also, AM(=A) = {=(¢1, 05, 05), = (03, 05, 05)}, then for —(¢1, 05, g) - A1 (=(01, 05, 06)) N —A =
{—|(£1,€5,66),—|(£2,f5,£6)}. We have

V@) (0, 6, 66) = v (ﬂﬁga_l(ﬁwgy% N g(ﬂa) = G, b5, 06) N
G(=(l2,05,66))) = v ({r2} N {r1,m2}) = v ({r2}) = {n2}

Then, \D75>\((ﬂ7§7 A))((f’l,[&[ﬁ)) = ((6’17[575/6)7 {"717773}7 {772})‘
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Now, for (€3, 65, 06) : 6 (€3, 65, 06)) N A = {(€3, €5, €6)} N {(£1,05,05), (€2, 05, C6), (£3, €5, o) }
= {(¢3,05,06)}. We have

Ui ()G 65, 66)) =7 (Uges 1.5 o 0 =7 (006, 65, £6)) = ({rs}) = {ns}.

Also, for =(€5, 05, 05) : X\=2(=(ls, 05, 05)) N —A = {~(ls, l5,06)}. We have

Va5r(§) (63, 65, 6)) = ’Y(ﬂﬁg@—l(ﬁ(gg,g;),g;))m/\ﬁ(ﬂe)) = 7 (G (=(ls, 65, 46))) = v({r1})
= {m}

Then’ W’YﬁA((ﬂ?ﬁ? A))((ﬁ’g,ﬂg,[@)) = ((6’37[575/6)7{773}7 {771})'
Hence’ \I}'ya)\((ﬂ,ﬁ,/\)) = {((£’17€’5a[6)7 {7717773}? {772})7 ((6,276,576,6% ¢7 N)? ((6’3?5’5?&5)7 {773}7 {771})7
(4, 65,66, 0, R)}.

Remark 3.3. In the next example, we illustrate the reason for choosing the mapping v : 8 — R

in Definition 3.1 to be injective .

Example 3.4. Suppose ¥.45y and (g,4,A) be the same as in Example 3.2 but y(r2) = m

instead of v(r2) = 12, then Wo53((g,4, M) (41,65, €s)) = (41,65, 4s), {m, m3}, {m}) which con-
tradicts the definition of bipolar hypersoft set since W5 (g)((ﬁ/l, ls,06)) N VN @)(—'(6’1, ls,05))

7 ¢

Definition 3.5. Suppose that W5\ : Qg yx) — Q(N’E') is a bipolar hypersoft mapping and
(ﬂ)ﬁa A), (f,f, A) € Q(%,E)' Then:

(1) The union of bipolar hypersoft image of (4,4, A), (f,f,A) € Q) is defined as, for
all f € 3,
(2603 ADDT0((f. £, A)) () =

(£ 9,606 U Tir (1)), Wo7 (@) () 0 Toir (F) (1) )

(2) The intersection of bipolar hypersoft image of (g,4,A), (][,]?, A) € Qg y) is defined
as, for all / € 3,

(57095 D0 ((f.f, ) () =

(£ 925D 0 Wsn (N (D), 7@ () U i () (D))
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Definition 3.6. Suppose that W55 : Qg s) — Q(N,Z’) is a bipolar hypersoft mapping, where
~v : R — Nis an injective mapping, 6 : ¥ — Y and A : =¥ — =3 are two mappings such that
A(—f) = —=0(¢) for all =¢ € =X. Then a bipolar hypersoft mapping W.s) is called:

(1) A bipolar hypersoft surjective mapping if v and ¢ are surjective mappings.
(2) A bipolar hypersoft injective mapping if v and § are injective mappings. (Provided
that any bipolar hypersoft sets in Qg ;) must have the same sets of parameters.)

(3) A bipolar hypersoft bijective mapping if v and ¢ are bijective mappings.

Proposition 3.7. Suppose that W5y : Qg 5y — Q(N,i) s a bipolar hypersoft mapping, where
v : R — N is an injective mapping, 6 : X — X and A : =3 — =X are two mappings such that
A—0) = =8(0) for all =L € =3. If (9.5, A), (f.f,A) € Q) then:

(1) VUsa((P, R, E)) = ((CID,E\I\,Z)) The equality holds if v is a surjective mapping.

(2) Tan(R.2,%) E (R, €,5)).

(3) If (4,4, M) T (ff A), then \1175,\((5,2, IZ Wosa( (ff A)).

(4) Wrsr((g.4, A L'(f f A)) = V0 (9.4 )) 0 (. £, ) -

(5) Uosn ((g,g, AL f.A) = (A h AmA)) C Usn((9,7. M) T Uoon((f.f.A)). The
equality holds if W.sx is a bipolar hypersoft injective mappz'ng.

Proof. 1. and 2. . are stralghtforward

3. Let (g,4,A) IZ (f, f A), then we want to show that, for all ley, \I/,y(;)\(g)( ) C \II,Y(;)\(f
and, for all =/ € =%, \IIW;A(][ )(=f) C Usx(@)( )(=0). Let £ € 6(A) C6(A) C 3 (if £ ¢ 6(A), then
Uysn(g)(0) = ¢ € Wosn(f)(£)), then

@@=~ U 40

ees-1(6)nA

Cy U f) | ,sinceg(t) C f(€) foralll € A
res—1(HnA

= Wyan(f)(0)

Now, for ~f € A(=A) C A(~A) € =% (if ~f ¢ A(=A), then W5, (7)(~f) = R D U5, (F)(~0)),

we have

V() (~0) = N /-0

—er-1(=HN-A

g v m :j(ﬁé) ) Since_?(ﬁg) g 2(5) fOT all —¢ & —-A
—tex—1(=HN-A

= Uy50(5) (0.
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Hence, \1175)\((5,;, A)) i \Il'y(S)\((fa,?v A))

4. To keep things simple, let
Usx (9,5, MO0 ((F, £, A)) = (h, £,5)
V5n((9.5, MO £, A) = (1L T,AUA)) = (9,7, 5).

We want to prove that , for all £ € %, 7(f) = A(f) and, for all = € 3, J(~() = ﬁ(—'E) For
non-trivial case, let £ € (AU A) = §(A)US(A) = AUA, then

VOERSNOIGE (Ueea 1(f)n(AUA) (6))

7 (Ukes1nianay 40 ) if e A\ A
=1 7 (Uees- 1Z)O(A\Af£) if e A\A
7 \Ures—1(6nn d( )U7<Ug€5 1ina S (€ ), ifle AnA
Vax(9)(0), it e A\ A
osx(F)(0) if fe A\A

'y5)\(ﬂ quvék(]( 7 le/GAﬂA
Since \IIV‘”‘O[)(K’) = ¢ for led \ A and Uosa(g)( ) = ¢ for lec A \ A, then for all ¢ € i], we

have
-7< ) 75/\@ U \II’Y(”\(][
= A(f)), by Definition 3.5 (1.).

Also, for non-trivial case, let —f € —|(A U A) = -AU-A, then

J(=6) = Wosn(T)(~0) = (ﬂﬁeex—l(ﬁé)m(ﬁAuﬁA) Rﬁ@)

ifﬂf’E ﬁl/\\—\A

7 (Neter—1-in-an-a) (0 )
if 0 € ~A\ -

=1 7 (Meer1hneav-n f(0)
v ﬂﬁééx\ ﬁf)ﬂﬁAy > Ny ( ﬁge/\—l(ﬁg’)mﬁAJ[(_'g)) , if ¢ € -AN-A
75)\(5 —|€ if —|é€ ﬁl,\\—'A
= 75)\(f —|€ if ﬂée—'A\—'A
Usx (@) () N sx (F) (=), if ~f € AN -A
Since \I/,y(s)\(]z)(—\é) =R for =/ € A\ =A and .5, (5)(=f) = R for =/ € =A \ —A, then for all
= —|Z/], we have
I (=) = Wosn (@) (=) N T () ()
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— A(~F)), by Definition 3.5 (2.).

~

Hence, U.sx((7,7, VO, £, A)) = Tosn (5.7, A)) T Wosa((f, f A)).

5. Simply, let
V53 ((9, 5, DAL £5 A)) = T (A, B, ANA))

Uosn (9,7, M)A r ((f, £, A)) = (1,1,%).

We want to show that, for all { € ¥, @75A(ﬁ)(é) C (I)(f) and, for all ~f € —%, (1)(=f) C
\Ilq,(”\(ﬁ)(—'ﬁ/). For a non-trivial case, let £ € §(ANA) C 3, then

Wosn(A)(0) =~ U ﬁ(@)
(ANA)

tes—1(Hn

= U 40 ﬂf(@)

Les5—1(H)n(ANA)

=1 U .ﬂ(@) Ny ( U f(@)
Le5—1(H)n(ANA) Les—1(H)N(ANA)
crv|l U M) Ny ( U fw))

tes—1(H)nA tes-1(HnA

= U50(9)(6) N W0 (F) (D)
= I1(f).

Now, for a non-trivial case, let =¢ € A\(~A N —A) C =3, then

L ANGICHE N Zﬁ@)

—LeA=1(=6)N(=AN-A)

=5 N F-0ns b@)

—LeA=1(=6)N(=AN-A)

oy N 2@)) Uy ( N f w))
—LeX"1(=

—LeA"1(=6)N(~AN-A) HN(=AN-A)

Dy M 3@@) Uy ( ﬂ JA[(%))
RN

—Lex=1(=f)N-A ~LeXTL(=
= Uosn(7)(24) U W () (—0)
1(-0).
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~

Therefore, U.sx((7, 7, MF(F, f, A)) = Uosa((h h, ANA)) E Wosa((g:7,A)) B Wosa((f 5 A)).
0

Remark 3.8. The reverse of Proposition 3.7 (5) is incorrect.

Example 3.9. Let ¥.5, and (g4,5,A) be the same as in Example 3.2. Let (f,]?, A) =
{((€1,€5,06), {2}, {r1,73}), (€2, €5, 46), {1}, {r2}), (€3, 05, b6), R, 9)), ((la, €5, L6 ), {3}, {r1}))},
then ‘Pyax((ﬁ]?» A)) = {((1,65,05), {m,m2}, 0), ((€a, €5, 05), 6, R), ((€3,€5,05), {m1,m2,13}, b),
(4,05, 05), {ns},{m})}. Now,

\11’75)\((27727‘/\))%\1175)\((7[7]?7A)) = {((€’17£’57£’6)7{771}7{772})7 ((ﬁ&,ﬁ%,@%),(ﬁ,?‘z), ((6,376,57[6)7
{773}7{771})7 ((fﬁ,g},,ﬁ%),qﬁ, N)}

On the other hand, (g,4, A)ﬁ(f,]?, A) = {((£1,05,06), b, {r1,72,73}), ((£2,€5,46), b, {r1,72}),
((¢3,25,€6),{r3},{r1})}, then

Uoor (9,5 DA S A)) = {6, 6, ls), &, {mumad)s (6o, 0), 6 X, (£, £, L),
{773}7{771})7 (([47[576,6)a¢7 N)}

~ —~

Therefore, U.5((9.5,A)) 71 Uosn (£, £, A)) £ Wosn((g. 5, AFF. £, A)).

~ —~

Remark 3.10. In Proposition 3.7 (5.), W4\ <(g,‘§, MO, f,A) = (ﬁ,/ﬁ\,AU A)) Z
Vo ((9.5,0) T W ((f. £, D).

Example 3.11. Let U.s55 and (g,4,A) be the same as in Example 3.2. Let (f,?, A) =
{((£17£57£6)7 {T17T2}7¢)7 ((637£57£6)7 {T3}7 {rl})a <(£47£5766)7§]%7 (b)}? then \II'V(S)\((fava)) =
{((£/17£/51£/6)7{7717772}7¢)a ((6/27[576/6)7(1)7 N)? ((£/37€/51€/6)7 {773}7{771})7 ((€,4»£/5a[6)>{7717"72,773}>¢)}-

Now,

\1175)\(@727‘/\))%\1/75)\((][7]?7A)) = {((€’17£’57€’6)7{771}7{772})7 ((£,27£’57€’6>7¢7N)7 ((6,376,576/6)7
{773}7{771})7 ((6,47(&6/6)’¢7 N)}

On the other hand, (g,ﬁ,A)ﬁ(f,]?, A) = {((b1,05,06),{r1},{r2}), ((€2,5,06),{r3}, {r1,m2}),
((€3> £57£6)7 {T3}7 {Tl})7 ((€4> g57£6)7 %7 ¢})}7 then

\1175)\((572137A)ﬁ(][7][7 A)) = {((6’175’&[(5)7{7717773}:{772})7 ((6/276/5)6/6)7¢7 N)u ((6’37[576/6)7
st Am}), ((a, b5, l6), {m,m2,m3}, @) }-
Sagvan Y. Musa and Baravan A. Asaad, Mappings on Bipolar Hypersoft Classes




Neutrosophic Sets and Systems, Vol. 53, 2023 613

~

Therefore, W5 (4,5, M+ f2 A) Z Tasr (9,5, M) 1 an ((f, f, A)).

4. Bipolar Hypersoft Inverse Image

This section focuses on bipolar hypersoft inverse image and its relation to the bipolar hy-

persoft image on bipolar hypersoft sets.

Definition 4.1. Let v : R — X be an injective mapping. Let § : ¥ — Y and A: -X — %
be two mappings such that A\(—f) = =6(¢) for all ~f € =%, and V.55 : Qp 5y — Qyy bea
bipolar hypersoft mapping. The inverse image of a bipolar hypersoft set (g, 7, A) under W.sy,
\I/;(sl/\((g,j,A)) = (\I';él/\(g),llf%l)\@),ﬁ) is a bipolar hypersoft set in Qg ) given as, for all
leX:

1 ot (ge)), ife(e) e A
Vosn(@)(0) { " £5(0) ¢ &

Y HEAL)), if A(=E) € ~A

1 o
Voa@)(=0) = { R £ 7(=0) & o

Example 4.2. Let W, be the same as in Example 3.2. Let (g,ﬁ,A) =
{((6/37(5’[6)va¢)7(([43[57[6)7{nl,n3}v{n2})}

Since 571(1&) - (571({(€,37£’57€’6>7(€’47€’57€’6)}) = {(€37€57€6)7(£4,€5,€6)} and 5((£37£57£6)) —
(6s, 65, 5) € A, then

UL () (s, 05, le) = v (g(((£s, 65, 46)))) = v (g((€3,65,0))) =77 (R) = R,

Also, A\"H(=A) = AN ({(=3, L5, —lg), (—la, ~l5, —Lls)}) = {(~ls, 5, L), (—La, ~L5,—L5) }
and A((—ls, 0, —l)) = (—ls, —l5, —lg) € —A, then

U5 (9) (s, 05, 66) = 71 (g(8((4s, 65, 66)))) = v (G((—ls, ~Ls, ~s))) =77 (8) = ¢
Then, \Il';él)\((ﬂ’gv A))((fg,£5,€6)) = ((63765766%%7 ¢)

Now, for (£4,05,06): 6((Ly,ls,0s)) = (£4,05,05) € A, then

UL () (a, s, le) = v H(g(8((La, €5, 66)))) = v (g (€4, 65, 06))) = v~ ({m,m}) = {r1,ms}.
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Also, M((—ly, —ls, —lg)) = (—ly, —l5, —l) € —A, then

V) (b, 5, b6) = “Hg(E((ba b, 46)))) = 7 G((a, ~b5,66))) =77 ({me}) = {r2}.
Then, V5, ((4.4.4) (54,55756)) = ((la, €5, Ls), {r1, 73}, {r2}).

Hence, \P’;lsl)\((g’ﬁ’[\)) = {((t1,45,66), 6, R), ((l2, l5,46), 0, R),  ((€3, 45, 06), R, ¢),
((ly, U5, 06), {r1,73}, {ra})}.

Definition 4.3. Suppose that W,s5) : Qryx) — Q(N,E’) is a bipolar hypersoft mapping and
(9.4, 1), (f,]?, A)eq (n.5)- Then:
(1) The union of bipolar hypersoft inverse image of (4,7, A), (f, f A) Q) Is defined
as, for all £ € 3,

( (., )U‘I’W (ffA ) (0) =

(ARG RCAIOR wNICHTe \If;sw )(~0) ).
(2) The intersection of bipolar hypersoft inverse image of (4,7, A), (f, f A) Qi z) I
defined as, for all £ € X,

(T (9.3 AN F.4D) ) () =

(6 w500 N UL NOHG ) UELF0).

Proposition 4.4. Suppose that Y.y : Q5 x) — Q(N,E) is a bipolar hypersoft mapping, where
v : R — N is an injective mapping, § : X — X and A : =3 — =X are two mappings such that
N=6) = =6(8) for all =t € =5. If (9.5, 4), (f .F. &) € Q. then:

(1) W5 ((2,8,5) = (2,R,5).

@) VAR D) = R.e) i

(%) 1 (5.5.8) C (£.f.4), then v (9.5, 40) E LN(RN)

(4) W5 (ﬂ’ﬂa |—|~(7[,f,A =V 5(9.4.8) ) O V(. S A))N

(5) Wi (9.5 DA 4) = (A h, An A)) = VA ((9.5.8) AU L((F.f.A)

(6) ¥5\((9:8.2)) = (¥5,((4.4,%)))°
Proof. 1. and 2. . are stralghtforward

3. Let (g,7, A II (f, f A), then we want to show that, for all £ € %, \1175/\(‘!])( ) C \11;51)\()()(5)
and, for all ﬁe €%, qfw(f )(=€) € U4 (@) (0). Let £ € = where §() € A C A (if 5(¢) ¢ A,
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then W75 (9)(€) = ¢ € W75, (f)(£)), then
T H@)O) =7 (9(5(0))
C A Y (6(0))), since g(f) € £(4) foralll e A
Ui ()
Now, for = € - where A(+¢) € ~A C —A (f A(~¢) ¢ -A), then W_}(f)(~6) C
UL (7)(=4) = R, we have

U LFE0) =7 (FA0)
Cy L GA(=E))) since]?(—'é) C 7(0) forall-f € —A
=0 @
Hence, U5 ((4.4, A)) Vo ((f 7.4

4. To keep things simple, let
V(9.5 0 0 (f f.A) = v (1.1 AUA)) = (7,7.%)
UL ((9.5.8) DU F.A) = (A 5.9

We want to prove that, for all £ € ¥, 7(¢) = A(¢) and, for all ~¢ € —%, 7(~f) = /f;(—%). For a
non-trivial case, let £ € & where §(¢) € AU A, then

7Hg(8(0))), if6(¢) e A\A
= { Y 6(0)), if6(¢) € A\ A
7 HgB0)) Uf(8(0)), ifs(0) e AnA
7 Hg(8(0)), if 5() € A\A
= { YH6(D)), if 6(6) € A\ A
Y HGO0) Uy (6(0)), if o

UL(g(0) UTHF(0), ifs(0) e AnA

Since W2\ (f)(€) = ¢ for 5(¢) € A\ A and W[, (9)(f) = ¢ for 6(¢) € A\ A, then for all £ € %,
we have
MOER WO NI

= fA({), by Definition 4.3 (1.).
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Also, for a non-trivial case, let =¢ € =3 where A\(—/) € -AU-A, then

I (=) = WL (T)(=0) = 7y HT(A(~0)))

A(=0))), if A(—€) € =A\ ~A
A=0))), if \(—0) € A\ A
(M=0) N FA(=0)), if ML) € ~An—=A

YL GA(=0))), if A(=0) € =A\ -A
=4 7 AE0), if A(=0) € =A\ -4
Y LHEAEO) NATHFA0)), i M) € ~AN-A

\p;;k@(ﬁz)), if A(=0) € =A\ ~A
= WQ{ (=0)) if \(—¢) € ~A\ -A
UG (L) m\Il LF(=0), if AM(—b) € ~A N —A

Since W4 (f)(=) = R for A(=£) € =&\ ~A and U= 4 (7)(~6) = R for A(~0)

for all =¢ € =%, we have

T(~0) = WL @) (0 N UL (F)(=0)

~

= h(—(), by Definition 4.3 (2.).
Hence, U3 (9,5, )O(f . £, 4)) = W3 1((9.5.4) 0I5 (.1, 4)).
5. Simply, let
VoL (9.5 0.1, A) = w4 ((1,1,40 A)) = (4,7, %)

~

VoL (9.5. D)L (L F, A) = (A, R,5).

€ =A\ —A, then

We want to prove that, for all £ € ¥, 7(¢) = A(¢) and, for all ~¢ € -, 7(~f) = /ﬁ\(ﬂﬂ). For a

non-trivial case, let £ € 61 (AN A) = 671 (A) N6~ 1(A), then

I() =V 5,(1)(0)
=g (8(0) N f(5(
=71 (g(5(0))) ﬂ'fl(f(é(f)))
= W H @) (@0 N UL (F(6(0))

= h(l).
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Also, let =0 € A1 (=AN=A) = A71(=A) N A1 (=A), then

Hence, \11;51)\((5,27, Fl(ff A)) =
6. Simply, let \I!w/\((‘q,g, ) = (4,

(\P;;mx@)c =

(0.5, 0) AL F,4)

Again, (4,7,%)¢ = (4% 4% %), then

V@) (0 =~71(g°(8(6))

=77 (G(=a(

=7 GA=0)

= h(~0)
Hence, (W;dl)\(g ) ;51/\(17)6(6). Using the same technique, we can show that
(U5@)(0)" = W 4G (~0) for all ¢ € 3.

Therefore, ‘I/;;)\((g 3, 2)°) = 75,\((%27 ) g

Remark 4.5. In Proposition 4.4 (5.), ~y6>\ ((ﬂ g,A ﬁ(f,]?, A) = (ﬁ,ﬁ,AUA)) +
«m (4.4, 8) 'T‘I’m» (fffA

Example 4.6. Consider W5, in Example 3.2 and (g, 7, A) in Example 4.2. Let (f,]?, A) =

{((€1, 65, 6), {na}, {ns}), (€2, €5, C6), {m}, {m2}), (€3, 65, L), {m}, {n3, ma}), (€, G5, 0s), 6, W)},
then WL ((f.f,A) = {((61,ls,L6), 6, {rs}), (€2, 05,66), 6, {73}), ((€3,05.L6), {r1},{rs}),
((64,65,66) o, )} Now,

V(9.8 4) '_"I’fm FfA) = {05 06), 6 R), (L2, 06), 6, %), (€. 05,L5),
{ri},{rs}), (€, 65, b), 6, W)}
On the other hand, 6.5, 8 7 (f.1,.8) = (f.f.4), then ¥ L((9.5. M. 1. 4)) =
Vo ((F 5 A)).
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Therefore, W~} ((g, 7. 0A .7, A)) £ U4 (9.5, 8) A UL ((F.F, A)).

In what follows, the bipolar hypersoft image and the bipolar hypersoft inverse image of

bipolar hypersoft sets are discussed.

Proposition 4.7. Suppose that W,y : Q5 x) — Q(N,E') s a bipolar hypersoft mapping, where
v : R = N is an injective mapping, § : X — X and A : =X — —X arejwo mappings such that
A=) = =6(0) for all ~£ € =%. If (4,4,0) € Qnyx), then (4,5, 8) T W\ (V50 (4,5, M))-
The equality holds if A =% and W.sy is a bipolar hypersoft injective mapping.

Proof. Let W= (W50((9.4.A))) = V- ((F,£. ) = (A, £, ). We want to show that, for all
Le N, Uisx(g)(l) C Uosa(h)(0) and, for all =€ € =A, U 55(h) (=€) C W50 () (—0). Let £ € A,
then

A(0) = W24, (F)(0)
=1 (f(5(0))

=7 U a0

0e5-1(5(£))NA

= 7 (v(g(0)

Les—1(8())NA

= g(0), since yisinjective mapping
Led—L(6(6))NA

2 4(0).

s

Also, for —¢ € =A, then
A(=) = W5 (F)(=0)
=7 (A=)

SRl KL 5(-0)
—LeEXTL(A(=0))N=A

= ﬂ v L (v(F(=0))), sinceisinjective mapping
—LeEXTL(A(=€))N-A

= ﬂ 4(=0), sinceyisinjective mapping
ﬁZE)\_l()\(ﬁf))ﬂﬁA

Cg(=0).

Hence, the proof is completed.

Remark 4.8. The equality is false in Proposition 4.7.
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Example 4.9. Consider ¥.s5, (4,4,1A), and . 5x((g,4,A)) in Example 3.2. Then

U (Uasn (7,4, M) = {((€1, b, o), {ri,m3}, {r2}), (L2, 65, L), {71, 73}, {r2)),

((£3,£5,06), {3}, {r1}), (€a, €5, 46), 6, R)}. Hence, (4,4,A) # V5, (Vrs((g: 4, A
Proposition 4.10. Suppose that W5y : Qs x) — Q(N %) s a bipolar hypersoft mapping, where
v : R = N is a bijective mapping, 0 : X — Y and X : X — =Y are two mappmgs such that

A(=0) = =6(0) for all = € —%. If(ff ¥ e Quuyy then Wosn (¥ 75>\ (ff ) C (ff ).
The equality holds if W.sx is a bipolar hypersoft surjective mapping.

Proof. Let W.s5x(¥ ,ﬂ;)\ ((f, f ) = \If,y(s)\ 4,4,% (ﬁ,/ﬁ\, 3). We want to show that, for
all € %, Viaa(R)(f) € Woa(F)(f) and, for all =f € =%, gy (F)(—f) € Wogp(h)(~F). Let
les(s (X)) Ccy (1f€€2\(5(5 (%)), then A(f) = ¢ C g(¢)), then

ﬁ wéx\(ﬂ)
=7 U s ))

tes—1(Hne

=7 U 710(5(6))))
()

Les—1(4

=v(r'c U f(W))))

tes=1(4)
. (w‘%f(é))) ,since £(6(€)) = £(£) forallt € 5~ (¢)
= f(0), sinceyis surjective mapping.
Also, for { € \A1(=%)) C =% (if +f € =2\ (A"} (%)), then A(~¢) = R D £(~()), then
ﬁ(ﬂé) = ‘I/’yé)\@)(_‘é)

=5 N Z(ﬂf))

—LeA~1(-f)N-%

=7l N wa?u(ﬂe))))

[+ N f(W))))

—Ler=1(=f)
= (Y1 (=0))) s since f(N0)) = £ (=) for ali~t € A7} (~0)
= ]?(—'E), since vy is surjective mapping.

Hence, the proof is completed.
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Remark 4.11. If ~ is not surjective in Proposition 4.10, then the subset relation is not true

in general.

Example 4.12. Consider V.5\ in Example 3.2 and (f,]?,[& = %), ;5/\ (f]? )
in Example 4.6. Then W s\(WL((f.f.5) = {((61, 6. 6s), ¢, {ns}) ((£2,£5,€6) &, N)
(03,05, €6), {m }, {m3}), (4, U5, £s), &, {m1,m2,m3}) }. Hence, U, 5,(¥ ’Y5>\ (.50 Z (f,.f, 2

)

Remark 4.13. The equality does not hold in Proposition 4.10.

Example 4.14. Consider ¥.5;) in Example 3.2 but if we take N = {n,72,73} in-
stead of N = {m,m2,m3,m4}, then ~ will be a bijective mapping.  Let (f,]?, E)
= {((01. 05, lo), {m, 12}, ), (6o, 65, £6), R, 6), (€5, 65, 66), R, 0), (€4, 65, €5), {1}, {m})}, ~ then
\Il';élA(O[u?? 2)) = {((01, 05, 0g), {r1, 72}, @), (€2, L5, L), {r1, 72}, ), (L3, L5, L), R, ),
((€4,05,46), {rs},{r1})}. Therefore, ‘I’wéA(‘I’%&(QﬁJAﬂZ’))) = {((6, 65, 66), {m, m2}, ),

(U 5,0, 6,90, (s, 65, 6), %, 0), (o o, ), (o) (). Hlomee, o (W2 ((,F, ) #
(f. /2.

5. Conclusions

Throughout this study, we have introduced bipolar hypersoft mapping as well as various
associated concepts and properties. Also, the definition of the bipolar hypersoft inverse image
along with some of the related results are then presented. We examined, on a bipolar hypersoft
set, the relationship between bipolar hypersoft image and the bipolar hypersoft inverse image.
In the future, we strongly recommend applying these results and suggestions to real-life prob-
lems in decision-making and medical diagnosis, as well as examining the behavior of specific

topological and algebraic concepts.
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