http://www.newtheory.org ISSN: 2149-1402

New Théory

Received: 15.09.2017 Year: 2017, Number: 15, Pages: 81-98
Published: 27.09.2017 Original Article

BIPOLAR FUZZY HYPER KU-IDEALS (SUB ALGEBRAS)

Samy Mohammed Mostafa'™ < samymostafa@yahoo.com>
Reham Ghanem® <ghanemreham @yahoo.com>

'Department of Mathematics, Faculty of Education, Ain Shams University, Roxy, Cairo, Egypt
’Department of basic science, Deanship of Preparatory Year and Supporting studies Imam Abdul rahman Bin
Faisal University Dammam, Saudi Arabia
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1. Introduction

Prabpayak and Leerawat [13,14] introduced a new algebraic structure which is called KU-
algebras. They studied ideals and congruences in KU-algebras. Also, they introduced the
concept of homomorphism of KU-algebra and investigated some related properties.
Moreover, they derived some straightforward consequences of the relations between
quotient KU-algebras and isomorphism. Mostafa et. al. [10] introduced the notion of fuzzy
KU-ideals of KU-algebras and then they investigated several basic properties which are
related to fuzzy KU-ideals. The hyper structure theory (called also multi-algebras) is
introduced in 1934 by Marty [9] at the 8th congress of Scandinvian Mathematiciens.
Around the 40's, several authors worked on hyper groups, especially in France and in the
United States, but also in Italy, Russia and Japan. Hyper structures have many applications
to several sectors of both pure and applied sciences. Jun and Xin [3,6] considered the
fuzzification of the notion of a (weak, strong, reflexive) hyper BCK-ideal, and investigated
the relations among them. Mostafa et. al. [11] applied the hyper structures to KU- algebras
and introduced the concept of a hyper KU-algebra which is a generalization of a KU-
algebra, and investigated some related properties. They also introduced the notion of a
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hyper KU-ideal, a weak hyper KU-ideal and gave relations between hyper KU-ideals and
weak hyper KU-ideals. In 1956, Zadeh [10] introduced the notion of fuzzy sets. At present
this concept has been applied to many mathematical branches. There are several kinds of
fuzzy sets extensions in the fuzzy set theory, for example, intuitionistic fuzzy sets, interval
valued fuzzy sets, vague sets etc.[see 1,3.5,6,12]. Mostafa et al.[12 ] , stated and proved
more several theorems of hyper KU-algebras and studied fuzzy set theory to the hyper KU-
sub algebras (ideals). Lee [8] introduced an extension of fuzzy sets named 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]. The authors in [1, 2, 6 and 9],
introduced bipolar-valued fuzzy set on different algebraic structures. In this paper, the
bipolar fuzzy set theory to the ( s-weak-strong) hyper KU-ideals in hyper KU-algebras are
applied and discussed.

2. Preliminaries

Let H be a nonempty set and P*(H)= P(H)\{¢} the family of the nonempty subsets of
H . A multi valued operation (said also hyper operation) "o" on H is a function, which
associates with every pair (x,y)e HxH =H” a non empty subset of H denoted xo y.An

algebraic hyper structure or simply a hyper structure is a non empty set H endowed with
one or more hyper operations.

Definition 2.1 [11,12] Let H be a nonempty set and "o " a hyper operation on H , such that
o:HXH — P*(H).Then H is called a hyper KU-algebra if it contains a constant "0 " and
satisfies the following axioms: for all x,y,ze H

(HKU,) [(yoz)o(xoz)]<<xoy

(HKU,) x°0={0}

(HKU,) 0ox={x}

(HKU ,) if x<<y, y<<ximplies x=Yy

where x << y is defined by Oe yox and for everyA,BC H , A<< B is defined by
VYae A,dbe B such that a <<b . In such case, we call “<<” the hyper order in H .

We shall use the xoy instead of xo{y}, {x}oy or {x}o{y}. Note if A,B < H, then by
Ao B we mean the subset Uaob of H.

acA,be B

Example 2.2. (A) Let H ={0,1,2} be a set. Define hyper operation o on H as follows:

0 |1 2
o} | {1} {2}

oy | fo} | {12}
{fo} | {o.1} {0,1,2}

N = Do

Then (H,0,0)is a hyper KU-algebra.
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In what follows, H denotes a hyper KU-algebra unless otherwise specified.

Lemma 2.3.[11,12] Forall x,ye H and AC H

(i) Ao(yox)=yo(Aox)
(i) (Oox)ox={0}

Proposition 2.4. [12] In any hyper KU-algebra H, Oox=1{x}V xe H

Theorem 2.5.[12]Forall x,y,ze H and A,B,C Cc H

(i) xoy<<z=zoy<<x

(i) xoy<<y

(1i1) x <<0ox

(iv) A<<B,B<<(C=> A C
(V) xoA<< A

(Vi) Aox<<z& zox<< A.
(vil) A<< B=>CoA<<CoB and BoC<< AoC
(viii) A<< 00 A

(ix) x€0ox

x) x€00=x=0

(xi) xox={x}=x=0

Lemma 2.6. [11] In hyper KU-algebra (H ,0,0) , we have

zo(yox)=yo(zox) forall x,y,ze H.

Definition2.7. [12] Let S be a non-empty subset of a hyper KU-algebra H . Then § is
said to be a hyper sub-algebraof H if S,:xoyc S, Vx,ye§

Proposition 2.8. [12] Let S be a non-empty subset of a hyper KU-algebra (H,0,0).Ify
ox & Sforallx,y eS, then0 e S.

Theorem 2.9. [12] Let S be a non-empty subset of a hyper KU-algebra (H,0,0). Then S
is a hyper subalgebra of Hif and only if y e x & S forall x, y € S.

Definition 2.10 [11]. Let I be a non-empty subset of a hyper KU-algebra H and Oe I .
Then

(1) 1 issaid to be a weak hyper KU- ideal of H if xo(yoz)c land xe [
imply yoze I, forall x,y,ze H,

(2) I is said to be hyper KU-ideal of Hif xo(yecz)<<I and xe limply yozel,
forall x,y,ze H

(3) I is said a strong hyper KU-ideal of Hif xo(yocz)mI #® and xe [ imply
yozel ,forall x,y,ze H.

(4) I'is said to be reflexive if xcx c I forall xe H .
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Definition 2.11. [11]. Let A be a non-empty subset of a hyper KU-algebra H . Then A is
said to be a hyper ideal of H if

(HI,)0e A,
(HI,)yox<<Aandye A imply xe A forall x,ye H .

Definition 2.12. [11] A non-empty set A of a hyper KU-algebra H is called a distributive
hyper ideal if it satisfies ( HI, ) and

(HI,) (zoy)o(zo(zox))<< A and ye A imply xe A.

Definition 2.13. [11,12] Let I be a non-empty subset of a hyper KU-algebra H and Oe I .
Then,

(1) I is called a weak hyper ideal of H if yoxc I and ye I imply that xe I,
forall x,ye H .

(2) Iiscalled astrong hyper ideal of H if (yox)(1I#¢ and ye I imply that
xel, forallx,ye H.

Lemma 2.14. [12] Let A be a subset of a hyper KU -algebra H . If I is a hyper ideal of H
such that A < IthenA S 1.

Lemma 2.15. [12] In hyper KU-algebra (H ,0,0) , we have :

(1) Any strong hyper KU- ideal of H is a hyper ideal of H.

(i) Any weak hyper KU-ideal of H is a weak ideal of H.

Definition2.7. [8] A bipolar valued fuzzy subset B in a nonempty set X is an object
having the form ¢@=( H,,uq,P, ,uq,N)where u" X —>[-1,0land 4" :X —[0,1]are
mappings. The positive membership degree 1" (x)denotes the satisfaction degree of an
element x to the property corresponding to a bipolar-valued fuzzy set ¢=( H, ,uq,P , ,uq,N ),
and the negative membership degree u" (x)denotes the satisfaction degree of xto some
implicit counter-property of a bipolar-valued fuzzy set¢=( H, ,uq,P, ,uq,N ). For simplicity,

we shall use the symbol ¢=( u,", #,") for bipolar fuzzy setg=( H,u, ., u," ), and
use the notion of bipolar fuzzy sets instead of the notion of bipolar-valued fuzzy sets.

3. Bipolar Fuzzy hyper KU - subalgebras (ideals)

Now some fuzzy logic concepts are reviewed .A fuzzy set g in a set H is a function
1:H—[0,1]. A fuzzy set 4 in a set H is said to satisfy the inf (resp. sup) property if for
any subset 7' of H there exists x,€ T such that u(x,)= ing M(x) (resp. p(x,)=supu(x)).

xeT
Definition 3.1. A fuzzy set ¢=( H, ,uq,P , ,uq,N) in H is said to be bipolar fuzzy hyper KU-
subalgebra of H if it satisfies the following inequalities:
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(1) inf p," (2= minfaty” (), 2," ()}

(2) sup ,uq,N(w) < max{uq,N(x),ﬂq,N(y)}Vx,ye H.

we xoy

Proposition 3.2. Let ¢=( H, ,uq,P, ,uq,N) be a bipolar fuzzy hyper KU-sub-algebra of H.
Then " (0)>u," (x) and p," (0)<pu,” (x) forallVxe H

Proof. Using Proposition 2.5 (xi) , we see that 0 € x  x for all x € H . Hence

inf g1, (0) 2 minfu,” (), " (0)}= 1" ()
and

sup ,uq)N(O) < max{uq)N(x),,uq,N(x)}: ,uq)N(x) forallx €E H.

Ocxox

Example 3.3 .Let H ={0,1,2,3}be a set. The hyper operations con H are defined as
follows.

o, |0 1 2 3
0y | {13/ {2} J1{3}
{0}y [ {0} J {1} J{3}
{0} | {0} | {O.1} ] {0.3}
{0y {03 | {1} ]1{0.3}

WO

Then (H ,0,0)is a hyper KU-algebra. Define " : X —[-1,0]and " : X —[0,1] by

0 1 2 3
u” -0.7 -0.7 | 0.6 0.4

u’ 0.6 0.5 |03 0.3

By routine calculations, we know that® = (H,u",u") is bipolar fuzzy hyper sub-algebra
of H.

Definition 3.4. For a “hyper KU-algebra” H, a “a bipolar fuzzy set” ¢=( H, ,uqf, ,uq>N)
in H is called:

e BHFI: Bipolar fuzzy hyper ideal of H ,if
. . P P N N
Fy: x<<y implies tty (X) 24y (¥), He (X)SHy (Y)

and
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P . . P P
Fyifty (2)2 mlni uel({lyfoz)ﬂcp M(u), e (y) i

F3:,u¢,N(w)Smax{ sup ,uq,N(w),,uq,N(y) }

we((yoz)

e B FWH :Bipolar fuzzy weak hyper ideal of H if, for any y;z € H

. . |
t 021" @ zminl - inf ", ()]

and

%N(O)S%N(w)slnax{ sup A" (W), " () }

we (yez)

e B FSH: Bipolar fuzzy strong hyper ideal of H if, for any y; z € H

inf uq,P(u)Zuq,P(z)Zmin{ sup Ay (), ty' () }

ue(yoz) ue(yoz)
and

sup 1, ()< " (S max| - inf " 00" ()

we (yoz)

Definition 3.5. For a “hyper KU-algebra” H , a “bipolar fuzzy set” ¢=( H, ,uqf , ,uq,N) in
H is called :

(I) Bipolar fuzzy hyper KU-ideal of H ,if

x <<y implies fy" (X) 2ty (¥), Mo () Sy (3)
. . l
qu)P(_xo 7)2 mmi L¢e<1xr.}<fyoz)ﬂ‘1’P(u) , ﬂ¢P(y) J

and

He' (x07)< max{ sup " (W) . " () }
we (xo(yoz)
(IT) Bipolar fuzzy weak hyper KU-ideal of H , if forany x; y;z € H

" O 21" oy zminl - infp," @, ()

u
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and

,uq,N(O) < ,uq,N(xo 7)< max{ sup ,uq,N(W),,uq,N(y) }

we (xo(yoz)

(ITI) Bipolar fuzzy strong hyper KU-ideal of H if, forany x;y;z€ H

inf);%f<u>z;%f<xoz>21nn{: sup " (1), fh," () }

ue xo(yoz ue xo(yoz)
and

sup g1y W<ty (xory<max| inf g (W' (y) |

we xo( yoz) we xo(yoz)

Example 3.6. (1) Consider the hyper KU -algebra in Example 2.2. Define bipolar fuzzy set
o=(H.u,". p,") inHby

Then we can see that ¢=( H, ,uq,P, ,uq,N) is bipolar fuzzy( bipolar fuzzy weak) hyper KU
-ideal of H.

Example 3.7. Consider the hyper KU -algebra H

0 [1 |2
UERR
o}y | 0} | 2}
oF | 1} | 0.2}

N =] Olo

Define bipolar fuzzy set ¢=( H, luq,P , ,uq,N) in H by
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It is easily verified that ¢=( H, ,uq,P , ,uq,N) is bipolar fuzzy strong hyper KU -ideal of H .

Theorem 3.8. Any bipolar fuzzy (weak, strong) hyper KU-ideal is a bipolar fuzzy (weak,
strong) hyper ideal.

Proof. Let ¢=( H, ,uq,P, ,uq,N)be a bipolar fuzzy weak hyper KU-ideal of H, we get for
anyx;y;Z€ H

" 021" (xoyzminl - inf "W (3) | (a)

u

uq,Nm)s;zJ(xozmmax{ sup " (W) . " (¥) } (b)
we (xo(yoz)

Put x =01n (a) and (b) , we get
t 02 1, o zmininf "), "0 =

1" 02 1" @ Zminlinf p," @) L 4" () |

and

u¢”<0)su¢”<00z)Smax{ SUp g (W) g (3) }:
we0o(yoz)

ﬂcpN(O)SﬂcpN(Z)SmaX{ sup 4" (W), " () }

we(yoz)

Similarly we can prove that , every bipolar fuzzy strong hyper KU-ideal of H is bipolar
fuzzy strong hyper ideal of H. Ending the proof.

Definition 3.9. A bipolar fuzzy set ¢=( H, ,uq,P, ,uq,N) in H is called bipolar fuzzy s-weak
hyper KU-ideal of H if

() gy 0y 2u," (x), " (0)<u,"(x) , Vxe H
(i) for every x,y,z€ H there exists a,be xo(yoz) such that

11" (xo2) = minf,” (). 11," ()} and " (xo 2) < max{ 1, (B).11," () }

Theorem 3.10. Every bipolar fuzzy s- weak hyper KU-ideal of H is bipolar fuzzy weak
hyper KU-ideal of H.

Proof. Let o= ( H, ,uq,P , ,uq,N ) be a bipolar fuzzy s-weak hyper KU-ideal of H, and let x; y;
z € H ,then there exist a,b€ xo(yoz) such that

11," (xo ) 2 minfuy” (). 11, ()} and 1 (x o 2) < max{ 3" (B). 11" () }
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Since u,"(0)> _i(nf),uq,P(c) and u," (0)< sup " (d) , it follows that

de(yoz)
. . l
/’lCDP(xo Z) 2 mlnice)lcgﬁoz) ’Ll(DP(C) ’ ll'l‘ibp(y) J

and

uJ(mz)Smax{ sup A" (d) . " () }

de xo(yoz)
Hence ¢=( H, ,uq,P , ,uq,N )is a bipolar fuzzy weak hyper KU-ideal of H

Proposition 3.11. It ¢=( H,u,", u,")is bipolar fuzzy weak hyper KU-ideal of H.

satisfying the inf-sup property, then ¢=( H, ,uq,P, ,uq,N) is a bipolar fuzzy s-weak hyper
KU -ideal of H.

Proof. Since ¢=(H, ,UCDP, ,qu,N)SatiSfieS the inf-sup property, there exists
a,,by€ xo(yoz),suchthatu,’ (a,)= inf ),uq,P(a)and,uq,N(bO)z sup p," (b).i.e

bexo(yoz)

ﬂ¢P(a)2a€igf;oz)ﬂ¢P(a) and :ucpN(b)S sup :ucpN(b)

bexo(yoz)

It follows that

o (royzmin] inf " (@), " (3 Jeminl (@) " () |

and

ﬂ;(xoz)gmax{ sup " (b) . Hg" (¥) }Smax{ 1" (b, 11" () .

bexo(yoz)

For every a,be xo(yoz).Hencegd=( H,,u; , ,uq)N) is bipolar fuzzy s-weak hyper KU -
ideal of H. Ending the proof.

Proposition 3.12. Let ¢=( H, ,ucpP, ,ucpN) be bipolar fuzzy strong hyper KU-ideal of H and
let x; y; z € H .Then

() a" (O 2p," (%), 4" O)<u," (x) , Vxe H
(i) x<<y=> sy ()2 pte" () and u," ()< u," (y) .
(i) " (xo2) > minfu,” (@), 1" ()} Vae xo(yo2),
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1, (o 2) < maxdu, (B), 1" () )V be xo (yo2)

Proof. (i) Since O xox Vxe H ,we have

Ho (0)2 inf 11," ()2 " (x), 1" (0) < sup 1" (@) < " ().

Which proves (i).

(i1) Let x; y€ Hbe such that x<<y . Then Oe€ yoxVx,ye H and so

sup fy" (0)2 pty" (0), inf p1" (w) < 1" (0)

be(yex)

It follows from (i) that

Ho (00x)=p1," (x)2 min{ sup 4y (@) .ty () } > minfu,” (O), 4" (W= 0" ()

ae yox

and

o™ (000) = 1, (x) < maxinf g1y (@), " () J< sy (0), 16" (N} = 15 (1)

(iif) ﬂq>P(x°Z)2min{ sup uJ(a»uJ(y)}zmin{qu),ﬂ;(y)}VaExo(yoz)

aexo(yoz)

and
He' (x02)< maXLig{oz)ﬂcpN(b),ﬂcpN(y)}S max{izy” (b), 4" (1} Vbe xo(yo2)

we conclude that (iii) is true. Ending the proof.

Note that, in a finite hyper KU-algebra, every bipolar fuzzy set satisfies inf -sup
property.Hence the concept of bipolar fuzzy weak hyper KU -ideals and bipolar fuzzy s-
weak hyper KU-ideals coincide in a finite hyper KU -algebra.

Proposition 3.13 . Let 9= ( H, ,ucpP, ,u¢,N ) be a bipolar fuzzy hyper KU-ideal of H, then:
o 0)2p," (), 1" () <pte" () I @=(H,uy" . 115")
satisfies the inf-sup property , then

fy" (xo )2 min{ 4, (@) s " () Jand g, (xo2)<max{ g, (8), 1" (3 }

for every a,be xo(yoz).
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Proof. Since O<<ux Vxe H , it follows from Definition 3.5. ()
that u,”(0)2u," (x) and 1" (0) <pty" (x)

Since ¢=( H, ,uq,P , ,uq,N ) satisfies the inf-sup property there exists a,,b, € xo(yoz), such

that 1, (a,) = ir%f ),uq,P(a) and " (b,) = sup u," (b).Hence

be xo(yoz)

Mo (x02)2 mini%g}gw ts" (@), 1" () f2mind py" (@) . 11" (1) }

ﬂ;(xoz)gmax{ sup o (b), " () }Smax{ 115" (by) + 1t () |

be xo(yoz)

Corollary 3.14. (1) Every bipolar fuzzy hyper KU-ideal is a bipolar fuzzy weak hyper KU-
ideal.

) If ¢=(H, ,uq,P, ,uq,N) bipolar fuzzy hyper KU-ideal satisfies the inf-sup property ,
then ¢=( H,u,", u,")is bipolar fuzzy s-weak hyper KU -ideal of H.

Theorem3.15. Let ¢=(H,,u¢P, ,uq)N)be bipolar fuzzy set ,then ¢=(H,,u¢P, ,uq)N)
is bipolar fuzzy weak hyper KU -ideal of H if and only if the positive level set @/ and
negative level set be’ for every (a,f)e[0,11X[-1,0], are weak hyper KU -ideal of H,
where the sets @ ={xe H:u"(x)<s}and & ={xe H:u'(x)>t} are called the

negative level set and the positive level set of ¢=( H, ,uq,P , ,uq,N), respectively.

Proof. Assume that ¢=( H, ,u¢,P , ,uq,N)is bipolar fuzzy weak hyper KU -ideal of H and
®" =@ £ " forevery (@, )€ [0,1]x[-1,0]. It clear from

102 1" (xoyzmind inf 4" (3) | (a)

ue xo(yoz

uJ(O)qu(xoz)Smax{ SUp gy (W), " () } (b)

we (xe( yoz)
That 0e ®” N®" . Letx; y; z € Hbe such that xo(yoz)c® and ye ®’.

Then for any a€ xo(yoz),ac CIDf It follows that ,uq,P(a) > so that inf ),uq,P(a) >,

aexo(yoz

thus 4, (x0z)> mini ir}f ),uq,P(a),,uq)P(y) }2 aand soxozc®/, there for ®; is
a€xo(yoz
weak hyper KU -ideal of H.

Now let x; y; z € H be such that xo(yoz)c®Yand ye®". Then for any
be xo(yoz),be ®" It follows that u,"(b)<pB, so that sup u," (b)<p. Using

bexo(yoz)
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we(xo(yoz)

,uq,N(xo 7)< max{ sup ,uq,N(w) , ,ucpN(y) } <@, which implies that xozc®".

Consequently &

s

is weak hyper KU -ideal of H.

Theorem 3.16 . Let ¢=( H,,uq,P, ,uq,N)be bipolar fuzzy set ,then ¢=( H,,uq,P, ,uq,N)
is bipolar fuzzy hyper KU -ideal of H if and only if the positive level set @’ and
negative level set @ for every (@, )€ [0,1]x[~1,0], are hyper KU -ideal of H .

Proof. Assume that ¢=( H, ,11¢,P, ,uq,N)is bipolar fuzzy hyper KU -ideal of H and
q)f) =P # q)iv for every (@, )€ [0,1]1x[-1,0]. It clear that O <I>f ﬂq:iv .Letx;y;z€ Hbe
such that xo(yoz)c® and ye ®’.

Then for any ae€ xo(yoz),ae CIDf It follows that ,uq,P(a) > so that inf ),uq,P(a) >,

aexo(yoz

thus ,ucpp(xoz)Zmini ir}f ),ucpp(a),,uqf(y) }Zaand soxozc ®F, there for ®’ is
hyper KU -ideal of H .

Now let x; y; z € H be such that xo(yoz)g(bf’and yeE CID?'. Then for any
be xo(yoz),be ®" It follows that u,"(b)<pB, so that sup u," (b)<p. Using

bexo(yoz)

,UCDN(x 07)< max{ sup ,uq)N(w) , ,uq,N(y) } < 3, which implies that xoz c ®" .

we(xo(yoz)
Consequently ®" is hyper KU -ideal of H.

Conversely, suppose that the nonempty positive and negative level sets @, ® are is
hyper KU -ideals of H for every (a, )€ [0,1]x[-1,0]. Let

o ()=, p,"(x)=p for xeH, then by 0e®d’ , 0e®”, It follows that.
,uq)P(O)Za, ,uq,N(O)S,[J’and $0 " (0)>u," (x) and wy" (0)<pu," (x) . Now let

min{ _inf M (@) 5" () J=a and max{ sup u¢N<w),u¢N<y)}=ﬁ

acxo(yoz we(xo(yoz)

Note that, in a finite hyper KU-algebra, every bipolar fuzzy set satisfies inf -sup property.
Hence the concept of bipolar fuzzy weak hyper KU -ideals and bipolar fuzzy s-weak hyper
KU-ideals coincide in a finite hyper KU -algebra.

Corollary e 3.17. Every bipolar fuzzy strong hyper KU-ideal is both a bipolar fuzzy s-weak
hyper KU-ideal (a bipolar fuzzy weak hyper ideal) and bipolar fuzzy hyper KU -ideal.

Proof. Straight forward.
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Proposition 3.18. Let Let ¢=( H, ,ucpP, ,ucpN) be bipolar fuzzy hyper KU -ideal of H and
letx,y,ze H . Then

() gt 0) 2" (x), " (0) <pty" (x)
(i) if ¢=(H, ,u¢,P , ,ucpN) satisfies the inf - sup property, then

,UCDP(xoz)Zmin{ ,uqf(a),,uqf(y) }for some ae€ xo(yogz)

and

,ucpN(xoz)Smax{ ,uq,N(w),,uq,N(y) }for some Wwe xo(yogz)

Proof. (i) Since 0 << x foreach xe H ; we have u,"(0)2u,"(x), a," (0)<u," (x)
by Definition 3.11(i) and hence (i) holds.

(i) Since ¢=(H, ,uq,P, ,uq,N) satisfies the inf-sup  property, there is
a,,w, € xo(yoz),such that y(a,)= in(f ),u(a) and u(w,)= sup u(w).Hence
aexo(yoz

we xo(yoz)

" ooz mind inf " (@) 1" () f=mind " (@) " () ]

;uch(xOZ)SmaX{ sup ﬂrbN(W) uucpN(Y) }:min{ ﬂrpN(Wo) s ,UrpN(y) }

we xo(yoz)
which implies that (ii) is true. The proof is complete.

Corollary 3.19. (i) Every bipolar fuzzy hyper KU -ideal of H is bipolar fuzzy weak hyper
KU -idealof H.

(i) If¢g=(H, ,uq,P , ,uq,N)is bipolar fuzzy hyper KU -ideal of H satisfying inf —sup
property, then ¢=( H, ,uqf , ,uq)N) is bipolar fuzzy s-weak Hyper KU -ideal of H.

Proof. Straightforward.

The following example shows that the converse of Corollary 3.17 and 3.19 (i) may not be
true.

Example 3.20. (1) Consider the hyper KU -algebra H

0o [1 2
oy 1 | &
0} | 013 | {1.2}
0} | 0.1} | {0.1.2}

N —| Olo

Define bipolar fuzzy set ¢ in H by
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0 12
g0 [-07 [-07 1-06

L 0.5 |0

Then we can see that ¢=( H, ,uqf , ,uq>N) is bipolar fuzzy hyper KU -ideal of H. and hence

it is also bipolar fuzzy weak hyper KU -ideal of H. But ¢=( H, ,uq,P , ,uq,N) is not bipolar
fuzzy strong hyper KU -ideal of H since

min{ sup 1" (@), ph” ( y)} > minfu,”(1).," (D)= 1 20= 11, (2).Vae 00 (102)

ae0o(102)

(2) Consider the hyper KU-algebra H in Example 3.14. Define bipolar fuzzy set
6=(H.py" . p") in Hby

0 1 2
R 0.7 |[-0.7 |-0.6

Uy 1 0 0.5

Then ¢=(H, ,uq)P, ,uq)N) is bipolar fuzzy weak hyper KU-ideal of H but it is not a
bipolar fuzzy hyper KU-ideal of H since 1 <<2but u," ()& u,"(2) .

Theorem 3.21. It ¢=(H, luq,P , ,uq)N) is bipolar fuzzy strong hyper KU-ideal of H , then
the set u, = {xe H,,uq,P(x) >, 1N (x) < s} is a strong hyper KU-ideal of H ,when
U, #P, forte[0,1], se[-1,0].

Proof. lLet ¢=(H, ,uq)P, ,uq)N) be a fuzzy strong hyper KU-ideal of H and
U, #®, forte[0,1]. se[-1,0].Then there a,be 4, and so ,uqf(a) >, ,uN(b) <s . By
Proposition 3.12 (), u," (0)2u,"(a)>1, u," (0)<u," (b)<s andsoO€ y, .

Let x,y,z€ H suchthat xo(yoz)nu, #®Pand ye u, . Then there exist

ay,by€ xo(yoz)Nu, and hence Uy (ay) =1, 1" (b,) < s . By definition 3.5 (iii), we have

Mo (xo2)2 min{ sup ﬂcpP(a),ﬂq)P(y)} > minfu,” (a,), 4(y)}2 minft,t}=1

aexo(yoz)

and
N . N N N N
Uy (x07)< maxte}ﬂgoz)ﬂq’ (a), Uy, (y)}S maX{u@ (Dy) oo (.V)}S maX{S’s}: S

So (xoz)e u, . It follows that g,  is a strong hyper KU -ideal of H .
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Theorem 3.22. let ¢=(H, luq)P, ,uq)N) is bipolar fuzzy in H satisfying the inf- sup
property,. If the set 4, = {xe H, ,uq)P(x) >1, 1V (x) < s};t @ is a strong hyper KU -ideal of

H for all re[0,1]. se[-1,0] , then ¢=( H,,uq)P, ,uq>N) is bipolar fuzzy strong hyper
KU-ideal of H .

Proof. Assume that g, #®is a strong hyper KU-ideal of H for all tz€[0,1]. se[-1,0].

Then there is xe g,  such thatxox<<xe g,  .Using Proposition 2.8, we have
xoxc M, . Thus for a,be xox, we have a,be u,, and hence u," (a) =1, u" (b)<s.

It follows that inf ),uqf(a) >t =,u¢)P(x) and sup ,uq)N (b)<s =,u¢)N(x) . Moreover let

aexo(yoz be xo( yoz)

x,y,z€ H and Hy g where

a’=min{ sup uJ(a)wJ@)} B =max] inf "), " ()]

aexo(yoz)

By hypothesis 4, , is a strong hyper KU-ideal of H.

Since ¢@=( H,,uq,P , ,uq,N) satisfies the inf-sup property there is a,,b,€ xo(yoz),such
that u," (a,)= sup p, (a), iy (b)) = hegl(ljcz) Uy (b). Thus

aexo(yoz)

agxo(yoz) aexo(yoz)

He' (ag)= sup 4" (a) Zmin{ sup %”(a),u@”(y)}:a’

and
uy" (b= int ") <max] inf " 0),1," (=B

This shows that a,,b, € t, 5, ag.by € X0 (yoz2)N Uy 5 and hence xo(yoz) N, 5 #P.
Combining y€ 4, 5 and noticing that any bipolar fuzzy (weak, strong) hyper KU-ideal is

a bipolar fuzzy (weak, strong) hyper ideal., we get xoz€ i, 5. Hence

. . |
Ho' (x072) me{ sup uJ(a),uJ(y)}, ' (x07) smaxibeiggoz)u¢N<b>,ﬂ¢N<y>J

aexo(yoz)

Therefore ¢=( H, ,uq,P , ,uq,N) is bipolar fuzzy strong hyper K U-ideal of H.
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4. Conclusion

In the present work the bipolar fuzzy hyper structure in KU-algebras is introduced .The
concepts of bipolar fuzzy weakly ( s-weakly strong) hyper KU-ideals and bipolar fuzzy
hyper weakly ( s-weakly strong) hyper KU-ideals are studied and their properties are
characterized.

The main purpose of our future work is to investigate the following:

e bipolar fuzzy folding theory applied to some types of positive implicative hyper
KU-ideals in hyper KU-algebras
On bipolar fuzzy strong implicative hyper ku-ideals of hyper KU-algebras.
On bipolar fuzzy positive implicative hyper KU-ideals.
Super Implicative hyper KU-Algebras.
bipolar Intuitionistic fuzziness of strong hyperKU-ideals.
bipolar fuzzy filter theory on hyper KU-algebras.
On Intuitionistic Fuzzy Implicative Hyper KU-Ideals of Hyper KU-algebras.
On intuitionistic fuzzy commutative hyper KU-ideals.
On interval-valued intuitionistic fuzzy Hyper KU-ideals of hyper KU- algebras.

On cubic Implicative Hyper KU-Ideals of Hyper KU-algebras .

Algorithm for hyper KU-algebras

Input ( X :set, ohyper operation)
Output (“ X is a hyper KU-algebra or not”)
Begin

If X =¢ then goto (1.);

End If

If O¢ X then goto(l.);

End If

Stop: =false;

i=1;

While i < |X| and not (Stop) do
If 0¢ x, o x; then

Stop: = true;

End If

j=1
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While jS|X| and not (Stop) do
If 0¢ x;o(y;ox))or O€x;0y; and O (y;ox;)and x; #y,, then

Stop: = true;
End If
End If
k=1
While k < |X| and not (Stop) do
Ifoe ()Ci * yj)o((yj *Zk)o(xi *Zk)) then
Stop: = true;
End If
End While
End While
End While
If Stop then
Output (“ X is not hyper KU-algebra”)
Else
Output (“ X is hyper KU-algebra”)
End If
End.
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