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Abstract

The notion of bipolar fuzzy set was initiated by Lee (2000) as a generalization of the notion fuzzy sets and intuitionis-
tic fuzzy sets, which have drawn attention of many mathematicians and computer scientists. In this paper, we initiate a study
on bipolar (A, §)-fuzzy sets in I'-semihypergroups. By using the concept of bipolar (A, 6)-fuzzy sets (Yaqoob and Ansari,
2013), we introduce the notion of bipolar (A, §)-fuzzy sub I'-semihypergroups (I"-hyperideals and bi-I"-hyperideals) and
discuss some basic results on bipolar (A, 6 )-fuzzy sets in I'-semihypergroups. Furthermore, we define the bipolar fuzzy

subset Bf = < yl; R ygﬁ > and prove that if B = </.t; s /.t,;> is a bipolar (A, 6 )-fuzzy sub I'-semihypergroup (resp., I’-hyperideal

and bi-I"-hyperideal) of H; then Bf = < ,u;a. M > is also a bipolar (A, §)-fuzzy sub I'-semihypergroup (resp., I'-hyperideal

and bi-I"-hyperideal) of H.

Keywords: I"-semihypergroups, bipolar fuzzy sets, bipolar (A, 6 )-fuzzy I'-hyperideals

1. Introduction

Uncertainty is an attribute of information and un-
certain data are presented in various domains. The most ap-
propriate theory for dealing with uncertainties is the theory
of fuzzy sets developed by Zadeh (1965), where he intro-
duced the notion of a fuzzy subset of a non-empty set X, as a
function from X'to[0; 1]. Several researchers have conducted
research on the generalizations of the notions of fuzzy sets
with huge applications in computer science, logics and many
branches of pure and applied mathematics. Rosenfeld (1971)
defined the concept of fuzzy group. Since then many papers
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have been published in the field of fuzzy algebra; for
instance, Kuroki (1979, 1981) applied fuzzy set theory to the
ideal theory of semigroups. Shabir (2005) studied fully fuzzy
prime semigroups. Kehayopulu and Tsingelis (2007) studied
fuzzy ideals in ordered semigroups. Akram and Dar (2005)
studied fuzzy d-algebras.

There are several kinds of fuzzy set extensions in the
fuzzy set theory; for example, intuitionistic fuzzy sets, inter-
val-valued fuzzy sets, vague sets, etc. Bipolar-valued fuzzy
set is another extension of fuzzy set whose membership
degree range is different from the above extensions. Lee
(2000) introduced the notion of bipolar-valued fuzzy sets.
Bipolar-valued fuzzy sets are an extension of fuzzy sets
whose membership degree range is enlarged from the
interval [0, 1] to [-1, 1]. In a bipolar-valued fuzzy set, the
membership degree 0 indicate that elements are irrelevant to
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the corresponding property, the membership degrees on
(0; 1] assign that elements somewhat satisfy the property,
and the membership degrees on [-1, 0) assign that elements
somewhat satisfy the implicit counter-property (Lee, 2004).
Jun and park (2009) applied the notion of bipolar-valued
fuzzy sets to BCH-algebras. They introduced the concept of
bipolar fuzzy subalgebras and bipolar fuzzy ideals of a BCH-
algebra. Lee (2009) applied the notion of bipolar fuzzy
subalgebras and bipolar fuzzy ideals of BCK/BCl-algebras.
Also some results on bipolar-valued fuzzy BCK/BClI-algebras
were introduced by Saeid (2009). Akram et al. (2011, 2012a,
2012b) applied bipolar fuzzy sets to Lie algebras.

The theory of hyperstructure was born in 1934 when
Marty (1934) defined hypergroups, began to analysis their
properties and applied them to groups, rational algebraic
functions. In the following decades and nowadays, a number
of different hyperstructures are widely studied from the
theoretical point of view and for their applications to many
subjects of pure and applied mathematics by many mathe-
maticians. Nowadays, hyperstructures have a lot of applica-
tions to several domains of mathematics and computer
science and they are studied in many countries of the world.
In a classical algebraic structure, the composition of two
elements is an element, while in an algebraic hyperstructure,
the composition of two elements is a set. A recent book on
hyperstructures (Corsini and Leoreanu, 2003) points out
their applications in rough set theory, cryptography, codes,
automata, probability, geometry, lattices, binary relations,
graphs and hypergraphs.

Recently, Anvariyeh et al. (2010), Heidri et al. (2010),
Mirvakili et al. (2013), Hila et al. (2012) and Abdullah et al.
(2011, 2012) introduced the notion of I"-semihypergroups as
a generalization of semigroups, semihypergroups and of I'-
semigroups. They proved some results in this respect and
presented many interesting examples of I'-semihypergroups.
Fuzzy set theory has been well developed in the context of
hyperalgebraic structure theory (Davvaz, 2010). Several
authors investigated the different aspects of fuzzy semi-
hypergroups and fuzzy I'-semihypergroups; for instance,
Aslam et al. (2012), Corsini et al. (2011), Davvaz (2000, 2006,
2007), Ersoyet al. (2012,2013a, 2013b), Shabir and Mahmood
(2013,2015) and Yaqoob et al. (2014).

Yao introduced a new type of fuzzy sets called (1,0)-
fuzzy sets, and studied (4,0)-fuzzy normal subfields (2005).
Several authors extended Yao’s idea and continued their
researches in applying (A1,0)-fuzzy sets on different algebraic
structures. Coumaressane (2010) characterized near-rings by
their (A,0)-fuzzy quasi-ideals. Shabir et al. (2011) character-
ized semigroups by the properties of their fuzzy ideals with
thresholds and Khan et al. (2012) characterized ordered semi-
groups by their (4,0)-fuzzy bi-ideals. Li and Feng (2013)
extended the idea of (4,0)-fuzzy sets in intuitionistic fuzzy
sets and studied intuitionistic fuzzy (A,u )-fuzzy sets in I'-
semigroups. Yaqoob and Ansari (2013) also extended the
idea of (4,0)-fuzzy sets in bipolar fuzzy sets and studied
bipolar (4,0)-fuzzy ideals in ternary semigroups.
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In this paper, we study bipolar (4,0)-fuzzy sets in I'-
semihypergroups and introduce the notion of bipolar (4,0)-
fuzzy sub TI'-semihypergroups (I"-hyperideals and bi-I'-
hyperideals).

2. Preliminaries and Basic Definitions

In this section, we will recall the basic terms and
definitions from the hyperstructure theory and bipolar fuzzy
sets.

Definition 2.1 Amap °: H x H — P"(H) is called hypero-
peration or join operation on the set H, where H is a non-
empty set and P"(H) = P(H)\{Z} denotes the set of all
non-empty subsets of H.

A hypergroupoid is a set H with together a (binary)
hyperoperation.

Definition 2.2 A hypergroupoid (H, °), which is associative,
that is x°(y°z) = (x°y)°z,Vx,y,z € H, is called a semi-
hypergroup.

Definition 2.3 (Anvariyeh et al., 2010) Let H and I" be two
non-empty sets. Then H is called a I'-semihypergroup if
every y €l is a hyperoperation on H, i:e:, xyy < H for
every x,y € H, and foreverya, f € I"and x, y,z € H we
have xa(yBz) = (xay)pz.

If every y €I is an operation, then H is a I'-semi-
group. If (H,y) is a hypergroup for every y €I, then H
is called a I'-hypergroup. Let 4 and B be two non-empty
subsets of H. Then we define

ATB=|J4yB=|J{ayb lac 4, be Band y T}.
yel'

Let Hbe a I'-semihypergroup and ¥ € I'. A non-empty subset
A of H is called a sub I'-semihypergroup of H if xyy < 4
for every x, y € A. AT-semihypergroup H is called commu-
tative iffor all x,y € Hand y €I, we have xyy = yyx.
A non-empty subset 4 of a I'-semihypergroup H is a right
(left) T-hyperideal of Hif ATH < A (HT'A < A), andisa
I'-hyperideal of H if it is both a right and a left I'-hyperideal.
A non-empty subset B of a I'-semihypergroup H is called
bi-I'-hyperideal of Hif (1) BI' B < B; (2) BTHI'B c B.

Lee (2000) introduced the concept of bipolar fuzzy
set defined on a non-empty set X as objects having the form:

B={<x,,u;(x),,ug(x)>:xeX}.

Where p1, : X —[0,1] and u, : X — [—1,0]. The posi-
tive membership degree i, (x) denotes the satisfaction
degree of an element x to the property corresponding to a
bipolar fuzzy set 3, and the negative membership degree
M (x) denotes the satisfaction degree of x to some implicit
counter property of /3. For the sake of simplicity, we shall
use the symbol B = </,t; s ,ug> for the bipolar fuzzy set

B={<x,,u;(x),,ug(x)>:xeX}.
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Definition 2.4 A = </J;, My, > and B = </,t;, ,uB_>betwo
bipolar fuzzy subsets of a I'-semihypergroup H. Then for all
x € H, their intersection 4 N B is defined by

AnB ={(x 1, (.11, (1)) x € H,
where
1o (0 = (1 Ay ) (0 = 1, () A (),
1 () = (1, vty ) () = 1, () vy ().
Their union 4 U B is defined by
AUB ={(x, 4, ()11, , (1)) x € H,
where
1 () = (1, v 1 ) () = g, () v a1 (),
15 (0 = (1 A a1 ) (0) = 11, () A ().
Definition 2.5 Let A = <u;,u;> and B = <u;, uB> be two

bipolar fuzzy subsets of a I'-semihypergroup H. Then their
product A° B is defined by

A0 B ={{x. 1t} ()t () ix € H),

where
) sup{p, (V) A, (2)} ifxeyyz,Vyel
M, (x) =4 o
0 otherwise,
and
i inf {1, (V) v u,(2)} ifxeyyz,vVyel
fy (1) =17
0 otherwise,

for x,y,ze H.

Definition 2.6 Let B = < TR >be a bipolar fuzzy set and
(s,t) € [-1,0]x[0,1]. Define:

1) the sets B ={xe X p,(x)>¢}and B =
{x e X J,(x)<s},which are called positive ¢-cut of
B= u;,u;> and the negative s-cut of B = <u;,u5'>,
respectively,

2) thesets B ={xeX pji(x)>t}and "B =
{xe X J,(x)<s}, which are called strong positive
t-cut of B= <y;,y;> and the strong negative s-cut of
B= < My, yB'>, respectively,

3) theset X" ={xe X pi(x)2t, uy(x)<s}
is called an (s,1)-level subset of 3,

4) theset "X ={xeX |ui(x)>1t, py(x)<s}
is called a strong (s,)-level subset of J3.

3. Bipolar (A,6)-fuzzy I"-hyperideals in "-semihypergroups

Yaqoob and Ansari (2013) introduced the notion
bipolar (A,9)-fuzzy ideals in ternary semigroups. In this
section, we introduce and study the notion bipolar (4,6)-
fuzzy I'-hyperideals (resp., interior I'-hyperideals and bi-I"-
hyperideals) in I'-semihypergroups and discuss some related
properties.

In what follows, let 17,5 €[0,1] be such that
0<A"<8"'<land 2,5 €[-1,0] be such that—1< &~
<A~ £0. Both 1,06 €[0,1] are arbitrary but fixed.

Definition 3.1 A bipolar fuzzy subset B = </J; > ,Ug> ofal-
semihypergroup H is called

(1) a bipolar (4,6)-fuzzy sub I'-semihypergroup of H
if

max{inf 1, (x), W} > min{u, (y), u,(2),6"}

xeyyz

and min {sup 1, (X), /l'} <max{u,(y), 1, (z),6 },

Xeyyz

forall x,y,ze H and y €T
(2) abipolar (4,0)-fuzzy left I'-hyperideal of H if

max{inf M, (x), W} > min{u,(z),6"}

xeyyz

and min {sup wy(x), A } <max{u,(z),0 },

Xeyyz

forall x,y,ze Hand y €.
(3) abipolar (A,0)-fuzzy right I'-hyperideal of H if

max { inf ,u;(x),ﬂf} > min{u, (¥),8"}
xeyyz

and min {sup 1, (X), /l'} <max{u,(y),6 },

Xeyyz

forall x,y,ze Hand y €.

Example 3.2 Let M =(0,1),I ={y, |n € N} and for every
n € N we define hyperoperation ¥, on M as follows

x;/”yz{z—)?:|0£kﬁn},Vx,yeM,

Then, xy,y € M andforevery m,ne N and x,y,ze M

z
(xy, »)y,z= {zy—k|0 <k<n+ m} =Xy, (y;/mz).

So MisaTI'-semihypergroup (Hila and Abdullah, 2014). Now
we define a bipolar fuzzy set B = <u;, #:;> on M as:

0.7if0<x<ik

py (x) = .
06if - <x <1

where k e N
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1
09 if0<x<—
2k
where k € N.

1
-0.5 if —<x<I1
2

Hy (x) =

Then by routine calculations, B = < M u5> is a bipolar (0.2,
0.35)-fuzzy I'-hyperideal of M.

Definition 3.3 A bipolar fuzzy subset B = < JTh u5> of H is
cdledabipdar (1,6)-fuzzy interior I'-hyperideal of H if

max{ inf (a),f} >min{u, (y),8"}

aexpyyz

and min{ sup u,;(a),/l'}Smax{#,;(y)ﬁ'},

aexpyyz

forall x,y,ze Hand y €.

Definition 3.4 A bipolar (4,6)-fuzzy sub I'-semihypergroup
B = </,tg . > of H is called a bipolar (1,5)-fuzzy bi-I'-
hyperideal of H if

max { inf . (a), W} > min{p, (x), 1, (2),8"}

aexpyyz

and min{ sup 1, (a),xf} < max{u, (x), u,(2),8 },

aexpyyz

fforall x, y,ze Hand y €T.

Example 3.5 Let H ={x,y,z,w} and ' ={f,y} be the
sets of binary hyperoperations defined below:

Bl = y : w
el ow Axyy {zw} o w
y | {z.y} A{zyh {zw} w
2| {zw) {nw) 2w
vz y :w
| {z,y} A=y} {zw} w
y | {zyt v A{zw} w
z | {z,w} {z,w} z w

Clearly H is a I"-semihypergroup. Now we define a bipolar
fuzzy set B = <u;, yB_> on H as:

0.5 iftef{x,y}

py(t)=406 ift=z
0.8 ift=w
-0.6 ifte{x,y}
and M (1)=9-08 ift=z
-09 ift=w

Then by routine calculation, B = < My Ly > is a bipolar (0.3,
0.4)-fuzzy bi-I"-hyperideal of H.

Definition 3.6 A bipolar (4,6)-fuzzy sub I'-semihypergroup
B = </,t;,,ug> of H is called a bipolar (1,2)-fuzzy bi-I'-
hyperideal of H if

max | nf (@) A2 min g (0,40 5 (21,67

aexawp(yyz)

and min{ sup u;(aw}smax{u;<x),u,;(y),u;<z>,6'},

aexawf(yyz)

orall x,y,ze H and y €T.

Theorem 3.7 A bipolar fuzzy subset B = < T ug} ofaTl-
semihypergroup H is a bipolar (1,0)-fuzzy sub I"-semihyper-
group (resp., left ['-hyperideal, right I'-hyperideal, interior I'-
hyperideal, bi-I"-hyperideal, (1, 2)-I'-hyperideal) of H if and
onlyif & # H g’” is a sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I"-hyperideal, bi-I"-
hyperideal, (1, 2)-I"-hyperideal) of H for all (s,£) €[6 ,A")
x(A"7,67].

Proof. Let B = </J;, ug} be a bipolar (4,6)-fuzzy sub I'-
semihypergroup of H. Let x,y € H,(s,t) €[6 ,A ) x(A",57]
and x,y e Hy". Then p,;(x)=t and u;(y)>t, also
py(x)<s and pg(y)<s. As B=(uy, 1) is a bipolar
(4,0)-fuzzy sub I'-semihypergroup of H. Therefore,

max{inf 4 (2),4° | 2 min () 45,6

> min {t,t,&*} =1,
and

min {sup ps(2), A } < max{u,(x), u,(¥),6 }

zexyy

Smax{s,s,é"} =s.

This implies that inf 1,(z) > ¢ and sup p,(z) <s.
zexyy zexyy

Thus xyy < Hy" . Hence H " isa subT-semihypergroup
of H.
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(t,5)
B

Conversely, suppose that H is a sub I'-semi-

hypergroup of H. Let x,y € H such that
man { inf 5 (21, 4"} < min g () 4 (1,673,

zExyy
and

min{sup Hy(2), A’} > max{, (x), 4z (y),0 }.

zexyy

Then there exist (s,t) €[6 ,A ) x(A",5"] such that

max{ inf p,(2), /’U} <t <min{ug,(x), u;(»),07},
zexyy
and
min {sup ug(zm} > 5> max {uty (v), 45 (7). 67}
zexyy

This shows that u;(x)>t,u,(y)>t and inf

inf p1,(z) <t also p, (x)<s, 1, (y)<s and sup p,(z) > s.
zexyy

) . 5y - ey
Thus x,y € Hy™", since H{" is a sub I'-semihypergroup

b

of H. Therefore xyz H;”” for some z € xyy, butthisis

a contradiction to inf g, (z) <¢ and sup p,(z) > s. Thus,

zexyy zexyy
max{ inf (21,2} > min{a (0, 1 (1.6,
zexyy

and

min {sup u,(2), /1'} <max{u, (x), 1, (y),0 }.

zexyy

Hence B = <y;,y;> is a bipolar (4,0)-fuzzy sub I'-semi-
hypergroup of H. The other cases can be seen in a similar
way. O

Corollary 3.8 Every bipolar fuzzy sub I'-semihypergroup
(resp., left I'-hyperideal, right I'-hyperideal, interior I'-
hyperideal, bi-T-hyperideal, (1, 2)-T-hyperideal) B = 11, 1, )
is a bipolar (4,6)-fuzzy sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I"-hyperideal, bi-I"-
hyperideal, (1, 2)-T-hyperideal) of Hwith A" = 0,56 =1and
A =00 =-1.

Theorem 3.9 If a bipolar fuzzy subset B = <ug,,ug> is a
bipolar (1,0)-fuzzy sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I'-hyperideal, bi-I'-
hyperideal, (1, 2)-I"-hyperideal) of H. Then the set B, =
<B; ) B;> is a sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I'-hyperideal, bi-I'-
hyperideal, (1, 2)-I'-hyperideal) of H, where ~B =
(xeH|pi(x)>A"}yand "B ={xe H|uz(x) <A}

Proof. Suppose that B = < s ,ug> is abipolar (4,8)-fuzzy sub
I'-semihypergroup of H. Let x,y € H such that x,y e B,.
Then p;(x)> A", u;(y)>A" and pg (x) <A, ug(y) <A .

123

Since B = < gy Hg > is a bipolar (4,0)-fuzzy sub I'-semihyper-
group, therefore

max {‘“f Ha (@), ”} > min{g; (x), 15 (1),8"}
> min{l*,l*,é*} — l+’
nd

©

min { sup g (z),A” } < max {4 (x), s (1),0"}

ceury
<max{A 1.8 }=1".

Hence inf pj(z)> A" and sup (z) < A". This shows that
ZEXYY zexyy

xyycB,, for zexyy and y el Hence B, is a sub I'-

semihypergroup of H. The other cases can be seen in a

similar way. O

Theorem 3.10 A non-empty subset 4 of H is a sub I'-semi-
hypergroup (resp., left I'-hyperideal, right I'-hyperideal,
interior I'-hyperideal, bi-I-hyperideal, (1, 2)-I"-hyperideal) of
H if and only if the bipolar fuzzy subset B = < s My > of H
defined as follows:

>0t ifzcA
pgs (z) =

AT if x ¢ A,

and
.

<oT YxeAd
pp(x) =

AT ifz g A,

is a bipolar (4,6)-fuzzy sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I'-hyperideal, bi-I'-
hyperideal, (1, 2)-I"-hyperideal) of H.

Proof. Suppose that 4 is a sub I'-semihypergroup of H. Let
x,y€ H be such that x,ye€ A, then xyyc A4 for yerl.
Hence inf p;(z)26" and sup uy(z) £8°. Therefore

zexyy

zexyy
max{ inf (z),/l*} >6" =min {,ug(x),,ug(y),é*},
zexyy

and

min{sup yg(z),/l'}ﬁ o = max{yg(x),yg(y)ﬁ‘}.

zexyy
If xgA or y¢ A, then min{ug()c),,ug(y),é*}:/1+ and
max { g1 (x), 115 (»),6 "} = A~ Thus

max{inf ,ug(z),l*} > 21" =min {,ug(x),,ug(y),&*},
zexyy

and

min{sup yg(z),/l'}ﬁ A =max{yg(x),ug(y),5‘}.
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Consequently B = < s My > is a bipolar (1,6)-fuzzy sub I'-
semihypergroup of H.

Conversely: Let x,y € 4. Then 1;(x) 26", u5(y)= 68"
and pg(x) <8 ,pu (1) <5 As B= <ug,,ug> is a bipolar
(4,0)-fuzzy sub I'-semihypergroup of H, therefore

maX{j;}yfy Hg (Z),/l*} > min { 1 (x), 415(),8" |
> min {5*’5+’5+} =5,

and
min{sup Ug (Z),/l'} < max{lug (), 1z (y),5_}

zEXyy
<max{5,67,6 }=5".
This implies that xyy < A. Hence 4 is a sub I'-semi-
hypergroup of H. The other cases can be seen in a
similar way. O

Theorem 3.11 A non-empty subset 4 of H is a sub I'-semi-
hypergroup (resp., left I'-hyperideal, right I'-hyperideal,
interior I'-hyperideal, bi-I'-hyperideal, (1, 2)-I"-hyperideal) of
Hifand onlyif B, =(u; ,uz ) is a bipolar (4,5)-fuzzy sub
I'-semihypergroup (resp., left I'-hyperideal, right I"-hyperi-
deal, interior I"-hyperideal, bi-I"-hyperideal, (1, 2)-I"-hyperi-
deal) of H.

Proof. Let 4 be a sub I'-semihypergroup of H. Then 5, =
< Hg, > Mg, > is a bipolar fuzzy sub I'-semihypergroup of H and
by Corollary 3.8, B, is a bipolar (4,6)-fuzzy sub I'-semihyper-
group of H.

Conversely, let x,y € H be such that x,y € A. Then
Hg, (X) =g (¥) =1 and p, (x) =tz (¥)=-1. Since B,isa
bipolar (1,0)-fuzzy sub I'-semihypergroup of H. Therefore

max | inf (), 2" | = min {5, (0 45,00

= min {1,1,5*} =6",

and

min { sup 4 (2), i‘} < max {5 (x), ks, (1), |
zexyy
= max{—l,—l,é’} =0".
It implies that inf u;(z)>8" and sup p,(2) <5
ZEXYY

zEXyy

Thus zexyyc A for zexyy and y €I'. Therefore 5, =

< Hg, >, > is a sub I'-semihypergroup of H. The other cases
can be seen in a similar way. O

Theorem 3.12 Let A= <u;, uj4> be a bipolar (1,5)-fuzzy
left I-hyperideal and B = < s g > be a bipolar (4,5)-fuzzy
right I'-hyperideal of a I'-semihypergroup H. Then A°. 1 isa
bipolar (4,0)-fuzzy I'-hyperideal of H.

Proof. The proofis straightforward. o
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Lemma 3.13 Intersection of any family of bipolar (1,6)-fuzzy
sub I'-semihypergroups (resp., left I'-hyperideals, right I'-
hyperideals, interior I'-hyperideals, bi-I'-hyperideals, (1, 2)-
I'-hyperideals) of a I"-semihypergroup H is a bipolar (1,6)-
fuzzy sub I'-semihypergroup (resp., left I'-hyperideal, right I"-
hyperideal, interior I'-hyperideal, bi-I"-hyperideal, (1, 2)-I"-
hyperideal) of H.

Proof. The proofis straightforward. o

Now we prove that if B = <ug,,ug> is a bipolar (4,5)-
fuzzy I-hyperideal of H then B} = Hys + My > is also a
bipolar (4,0)-fuzzy I'-hyperideal of H.

Definition 3.14 Let B = < s g > be a bipolar fuzzy subset
of a I'-semihypergroup H,A",5" €(0,1] suchthat A" <&".
We define the bipolar fuzzy subset B; = <H;§ Mg > of H as
follows,

,u;i,- (x) :(,ug (x)/\5+)\//1+ and 4, (x)=(/,tig (x)vé")/\/l',

forall xe H.

Definition 3.15 Let A =<HLH;1> and B :<ug,,ug> be
bipolar fuzzy subsets of a I'-semihypergroup H. Then we
define,

(1) the bipolar fuzzy subset A /\i B = <u:W; 5 ’#;tvi B>
as follows:
Hoos )=y, 5()AE")v A" and
Hoar s (0= s (X) V)AL
. S + -
(2) thebipolar fuzzy subset A v B = <”Avis ,#AAD;B>
as follows:
Hoauis () = (15 () A7) v A" and
Hopo s (0=, s (X) V)AL

(3) the bipolar fuzzy subset A% B = <N;o§ ot B>
as follows:
Hoper g () = (e 5 () AST) VAT and
Hoyor s (=4 s () V 3T A AT
forall xe H.

Lemma3.16 Let A = (1,11 ) and B =(u;, 11, ) be bipolar

fuzzy subsets of a I'-semihypergroup H. Then the following
holds:

(1) (AR B)=(A7 ABY),
@ (AV;B)=(A47vBY),
3) (A°B)=(Al°B;).
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Proof. The proofis straightforward. O

Theorem 3.17 A bipolar fuzzy subset B = <ug,,ug > ofaT-
semihypergroup H is a bipolar (1,6)-fuzzy,

(1) sub TI'-semihypergroup of H if and only if

B Bc B!,

(2) left T-hyperideal of H ifand only if H°) B c B;,

(3) right I'-hyperideal of H ifand only if BOiH c Bf,

(4) bi-I'-hyperideal of H if and only if B°B c B;
and B°, H°,B c B},

(5) interior [-hyperideal of Hifand only if H°} B°; H
c By,

(6) (1,2)-I'-hyperideal of Hifand only if B° B  B;
and B H* B Bc B, .

Proof. (1) Let B = <ug,,ug> be a bipolar (1,6)-fuzzy sub I'-
semihypergroup of Hand z € H. Let us suppose that z € xy y
for x,y € H and y €I'. Then

Y AGT) VAT

i (2) A g (y) }/\5+) vt

IJ’BO" 5

{pg @) A pg (y) AdT }}/\5*) VAT

- ((
- (¥

([ ))or) s
E{ smrel)r) o

j.bg (zyy) A 6+)) vAtwvat
(1 (2) A 8*)V XF = i (2),

)V OT)AAT

)V g (y )}} % 6) AN
)V g (y) VT }} )/\)\
sup pg (= )/\A_)} v 5_) AAXT
zETVY ey
{ sup,uﬁ()\/(f_>}/\)\_)/\/\_
cewvy 7emy

N (5 (@) ver )) ANTANT

ZETYTY

and (1 orB

/\ 1#,&

zETVY

{
{A tae
LA

'ugoiﬁ(:) =

zZEXTVY

IV

|\

(
(
(
(
(

(up (2) VOT) AN = pgy (2).

If there do not exist any x,y € H and y €I such that
z € xyy, then

Higes s (¥) = A" < g (%),
and

oy s (X) = A7 2 1 (X).

Hence B°,B c B;.
Conversely, assume that B°) B c By . If there exist m,n € H
and B €T suchthat xyy < mfBn, then

max{,ug (xyy),l*}
2 (ug (xyy) NS )V AT = gy (x7Y) 2 gy (x79)

- ({ V {M;(7n)/\;¢$(n)}}/\d+) v AT
xyyCmpn

=xyyc mﬂn{,ug (m)/\ Ly (n)}/\5+ vt
> ((,ug (x) Aty ()}))/\5+)v/1+
> g (5) st ()5
max ¢ inf uy(z),A"
zexyy
> min{yg (x),,ug (y)),5+},
and
min{,ug (xy/y),}f}
< (g (37 )V VAL =t (7)< e (57 9)

= ({ /\ {1z (m) Vv g (71/)}} \/6‘) AN

< (s (x)v s (V) v S ) A2
< g (x) v b (v) v &

min{sup yg(z),/l'}

zexyy

< max{,ug (x),ug (y),é’}.

Hence B = <ug,,ug> is a bipolar (4,6)-fuzzy sub I'-semi-
hypergroup of H. The proofs of (2), (3), (4), (5) and (6) are
similar to the proof of (1). o

Proposition 3.18 If B = < s ,ug> is abipolar (4,6)-fuzzy sub
I'-semihypergroup (resp., left I'-hyperideal, right I"-hyperi-
deal, interior I"-hyperideal, bi-I"-hyperideal, (1, 2)-I"-hyperi-
deal) of a I-semihypergroup H, then B, = < ”;g by > is also
a bipolar (4,0)-fuzzy sub I'-semihypergroup (resp., left I'-
hyperideal, right I'-hyperideal, interior I"-hyperideal, bi-I"-
hyperideal, (1, 2)-I'-hyperideal) of H.

Proof. Suppose B = (ug,ug > is a bipolar (4,0)-fuzzy sub I'-
semihypergroup of H. Let x,y € H and y €T
Then

max{mf ,uB) (2),A" }

exyy

inf yB(z)Aa*)v/l*})vr

-
(mf Uz (2)AS” )vi+
[

inf 1;(2)v A’ ) (67var)
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inf ,uB(z)vl )/\5+

zexyy

\%

uB()c)/\,ug(y)/\cT)v)ﬁ)/\5+
/,tB()c)/\,ug(y)/\c?*/\5+)v)f)/\5+

=i
( inf yB(z)v)f)vﬂf)/\é'+
(
(

= (A A AV AT AT
= (5 AV A A (g (M ATV AT))AS*

=ty (DA prys (V) A S :min{,u;f (), th (y),5+},

and

min { sup , (2), 4 }

zexyy ¢

=[sup{(,ug(z)v5')/\/l'}J/\/l'

zexyy

sup g (z)vo j/\/l'

zexyy

ZEXYY

sup pg(2) AL j (5‘/\&*)

zexyy

sup ,uB(z)/\lj/\ljvé

ZEXYY

IA

.
.
[sup,us(z)/\/l Jv&‘
(
(

Hs () (V)AL )V
(s v 5 (VS VS ) A v e
= (g () v 8V (g () VN AL VS
= (s e ) a2 v ((us (v e Jad pvs

=ty (O p1y (VS =max{ygf (x), (y)’g-}.

Hence B =<u;5,yg§>
hypergroup of H. The other cases can be seen in a similar
way. O

is a bipolar (4,6)-fuzzy sub I'-semi-

Theorem 3.19 Let A = < s 1y > be a bipolar (1,5)-fuzzyright
T-hyperideal and B = (.41 ) be a bipolar (1.6)-fuzzy left
I'-hyperideal of H. Then A"i BcA /\i B.

Proof. Let A = <u;, ﬂ;x> be a bipolar (4,8)-fuzzy right I'-
hyperideal and B = (., 15 ) be a bipolar (1,5)-fuzzy left -
hyperideal of H. Then for all z e H, wehave
oo (2)

= (Ui, 5(2)AST )V AT

=((Uy (VA AUV AIAST )V AT
= (U@ A @)V A AS v A

= ADAST VAT = (2),
and

Hoper5(2)
= (U, 5(2)VE )AL

({ A @ w;(m}} v o’*) AN

= ({ AR C) V#;(y)}}vr vo*)/\r
- ({ /\ {(ua(@) v o)V (ug(y) v o’*)}} v o*) AN

zExyy

({zﬁ/z\q {(/?;E#J( )A/\i) v (fup b (Z) AAT )}}VF) AN

= (1@ A2V () AR IV E )AL
(@) (D) AAIVE f AL
=V )@V AL = ().
If there do not exist any x, y € H and y €T such that

IV

z e xyy, then
iy () = (e s () AT )V AT =0V A7
=A< (s AST) VAT = 5 (%),
and
oy ) = (1 s (VS )AL =0AL
=2 2 (s (VS )AL =1, ().
Hence we get A B c AA) B. o
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