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INTERVAL-VALUED PYTHAGOREAN FUZZY WEAK BI-HYPERIDEALS IN
HYPERSEMIGROUPS

V. S. SUBHA* AND S. SHARMILA

ABSTRACT. In this paper we introduce the concept of interval-valued Pythagorean fuzzy
subsemihypergroup and interval-valued Pythagorean fuzzy weak bi-hyperideals in hyper-
semigroups. We show that the (&, B)flevel set of interval-valued Pythagorean fuzzy
weak bi-hyperideal is a weak bi-hyperideal in hypersemigroup. We characterize carte-
sian product of interval-valued Pythagorean fuzzy set and examine that the cartesian prod-
uct of interval-valued Pythagorean fuzzy weak bi-hyperideals is also an interval-valued
Pythagorean weak bi-hyperideal in hypersemigroups.

1. INTRODUCTION

Fuzzy set and interval-valued fuzzy set were introduced by Zadeh[14,15]]. Atanassov|[2,
3] introduced intuitionistic fuzzy set in 1986. Later he developed interval-valued intuition-
istic fuzzy set. In 2013 Yager[13] established Pythagorean fuzzy set theory. Kumar et
al.[7] applied the concept of Pythagorean fuzzy set in decision making problem. Peng[9]
extended the concept of Pythagorean fuzzy set to interval-valued Pythagorean fuzzy set
in 2019. He defined some operations on this set. Chen[4] introduced interval-valued
Pythagorean fuzzy outranking method in applications. Adak et al.[1] and Hussian et al.[6]
applied interval-valued fuzzy set in ideals. =~ Marty[8]] extended algebraic structures to al-
gebraic hyperstructures. The concept of hypersemigroup is a generalization of semigroup.
In a classical algebraic structure the composition of two elements yields an element while
in hyperstructures composition of two elements is a non empty set. Davvaz[3] studied
fuzzy hyperideals and intuitionistic fuzzy hyperideals in hypersemigroups. Pibaljommee
et al.[10] characterized fuzzy bi hyperideals in ordered semihypergroups and Subha et
al.[[12] studied fuzzy rough bi hyperideals in semihypergroups.

In this paper we introduce the concept of interval-valued Pythagorean fuzzy subsemihy-
pergroup and interval-valued Pythagorean fuzzy weak bi-hyperideals in hypersemigroups.
We show that union of two interval-valued Pythagorean fuzzy subsemihypergroups and
interval-valued Pythagorean fuzzy weak bi-hyperideals are also interval-valued Pythagorean
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fuzzy subsemihypergroups and interval-valued Pythagorean fuzzy weak bi-hyperideals re-
spectively. In the last section we discuss the cartesian product of two interval-valued
Pythagorean fuzzy weak bi-hyperideals in hypersemigroups.

2. PRELIMINARIES

In this section we recall some basic definitions such as hypersemigroup, interval-valued
fuzzy set etc.

Definition 2.1. [5] Let .7 be a non-empty universe set and F(.7) is the collection of all
subsets of 7. The hyperoperation e on .7 is defined by

. I x T = F (9 )
The set .7 with the hyperoperation e is called hypergroupoid(say .7 ®). For any 1, ts € 7,
the image of (t1,t2) € J x J is denoted by 1 e t5.

Let .77 and 7% be the subsets of F(.7) then the hyperoperation(x) between 7; and
T is defined by

Ti* Ty = U t ety (2.1)
(tl,tz)eylxyz
where

*: F(T)x F(T) = F(T).
Definition 2.2. [5] A hypergroupoid[L1]] (Z*) is called a hypersemigroup(say 7 *) if
({c} x{d}) x{e} = {c} x ({d} x {e}) forall ¢,d,e € 7.
Definition 2.3. [L1] A subset S of .77* is said to be a subsemihypergroup if S xS C S.

Definition 2.4. [9] Let 7* be a hypersemigroup and D[0, 1] be a collection of sub intervals
of [0, 1]. An interval-valued Pythagorean fuzzy set P =< 07 (), 0y s () > is of the form
P = (<, 63, (2). 557 (@)], By (2), 650y (2)] 32 0 < 83, (2)? + 8y (2)” < 1}
In short P =< épr, dns >
where

or 2 T* — D[0,1] and dnps : T+ — DJ0, 1].
Syisa membership grade and Sy isa non-membership grade of x € 7.

Definition 2.5. [9] Let P =< SM, 5NM >and Q =< ZM, 5NM > be any two interval-
valued Pythagorean fuzzy sets of 7 *. Then

HPUO =< S V fM, SN A ENM > is a union of P and Q and

() PNQO=<éyA Q:M,SNM Vv é:NM > is a intersection of P and Q.

3. INTERVAL-VALUED PYTHAGOREAN FUZZY SUBSEMIHYPERGROUP OF
HYPERSEMIGROUPS

In this section we introduce the notion of interval-valued Pythagorean fuzzy subsemi-
hypergroup and study some properties of this structure.

Definition 3.1. An interval-valued Pythagorean fuzzy set P =< 5 M, ) Ny > of T*is
said to be an interval-valued Pythagorean fuzzy subsemihypergroup if for f € J* we
have

(i) min{dps (), 0ar (v)} < fienf Sar(f) and

(i) max{SNM(u),SNM(U)} > sup SN]W(f) for all u,v € T*.

fEu*v
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Example 3.2. Let 7* = {p, q,r, s,t} be a hypersemigroup with the Cayley table:

D q r S t
{p,a} {p.a} {p.a} {p.a} {p.¢}
.} {pa} {v.ad {p.a} {p.¢}
p.qy {pgy {ry {r} {t}
r,ay {p,ay {r} A{s} {t}
g} {p,gy {r}  {r} {t}

+ IR e

Define an interval-valued Pythagorean fuzzy set P as

P Ot ONM

» [0.7,08 [0.1,02]
¢ (04,05 [0.4,0.5]
r o [0.3,0.5 [0.5,0.6]
s [0,0.2] [0.3,0.5]
t [0.3,0.5 [0.5,0.6]

Since min{dx;(p), das(r)} = [0.3,0.5] and inf {63 (D), dar(q)} = [0.4,0.5]
P,qEp*T
which implies that min{d;(p), a7 (r)} < irelf {63 (p), 02:(q)}
P,qEp*T

and a1§0 we havNe ~ ~
max{dnn(p),onnar(r)} =[0.5,0.6) and sup {dnnr(p),dnar(q)} =1[0.4,0.5]

P,qEP*T

which implies that max{dx a7 (p), dnar(r)} > sup {ona(p), dnar(q)}.
P,qEP*T
Similarly these inequalities hold for all p, ¢, 7, s,t € T*.

Hence P is an interval-valued Pythagorean fuzzy subsemihypergroup of 7 *.

Theorem 3.1. If P =< SM,SNM > and Q =< C~M,Q:NM > are any two interval-
valued Pythagorean fuzzy subsemihypergroups of 7 * then PN Q is also an interval-valued
Pythagorean fuzzy subsemihypergroup of T *.

Proof. Consider for f € T*
min{8ar 01 Car (), 8ar 0 Car(0)} = min min{Sar (w), Car (w)}, min{r (v), Cur (0)}
= min {min{Sy (u), Sar (0) }, min{Car (), Car (0)}}
<uin{ it Su(r). it o)}
inf {min{SM(f), EM(f)}}

T feuxv

< inf 5]»[ QEM(f)VU,U e T*.

fEuU*xv

N

Now consider for f € 7* 5
max{ona N Cnar(u), dnar N Cvar(v)}
= max {naax{&\n\/[(u)7 Cnvar ()}, max{dnar(v), NNM(U)}}

— max {maX{SNM(u>, Snar(v)}, max{Caar (1), Cyar (v)}
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gmax{ sup SNM(f), sup ENM(f)}
> sup {maX{SN]M(f)vgNM(f)}}

fEuxv

> sup donm UgNM(f) Vu,ve T*.
fEu*v
Thus P N @ is an interval-valued Pythagorean fuzzy subsemihypergroup .7 *. ]

Definition 3.3. Let P =< ¢ M dnm > be an interval-valued Pythagorean fuzzy set in
J*. Forany & € D[0,1] and 8 € D[0, 1], we define (&, 5)-level set of P as
PEA =< 53, 5% >
where 0%, = {z € I* : dp(z) > &} and
SJ%M ={ze T* : onu(z) < B} forallz € T .

Theorem 3.2. Let P =< 07,0511 > be an interval-valued Pythagorean fuzzy set of *.
For &, 3 € D[0,1], the (&, §)—level cut of P(P®™) is a subsemihypergroup then P is
an interval-valued Pythagorean fuzzy subsemihypergroup of J*.

Proof. Let 5%4 be a subsemihypergroup of .7 * then for u,v € 5}‘;‘4 we have
U*v € 53‘/[ 3.1

Suppose if min{da(u), dpr(v)} £ finf 6a7(f) then we have
Euxv

min{0r (), dpr(v)} > fienf oar(f).
Then there exists some ¢y € D0, 1] such that
min{dys(u), dpr(v)} > to > finf 0ps(f). This implies that
Cuxv

min{ds(u), 0ar(v)} > to and fienf on(f) < to.

— min{5M~(u),5M(v)} >ty Eind S]yj(f)~< to forf Cuxv
= uxv ¢ 0%, and either u € 6%, or v € §¢;.
This is a contradiction to Equation li Hence min{dps(u), dpr(v)} < inf dpr(f).

feuxv

Now, Since Sf, s 1s a subsemihypergroup then for u, v € Sf, o e have
uxvedl,, (3.2)

Suppose if max{dnas(u),dnar(v)} # sup dnar(f) then we have

fEuU*v

InaX{SN]w(’U,),SNM(U)} < fSllp SNM(f)
Cuxv
Then there exists some ¢ € D0, 1] such that
max{dnn(u), dnpm(v)} <t1 < sup dna(f). This implies that

fEuU*v

max{SNM(u)75NM(v)} < t1 and sup gNM(f) >t

fEuU*v
— max{(SNM(u), (SNM(U)} < t1~ar1d (51\[]\/[(‘]0)~ > t1 for f cCUuUxv
= u*xv ¢ S]%M and either u € S§M orv e SJ%M
Which is a contradiction to Equation (3.2).
Hence max{dyar(w),dnar(v)} > sup onar(f).

fEu*rv
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4. INTERVAL-VALUED PYTHAGOREAN FUZZY WEAK BI-HYPERIDEALS OF
HYPERSEMIGROUPS

In this section we introduce the concept of interval-valued Pythagorean fuzzy weak
bi-hyperideals of hypersemigroups.

Definition 4.1. A subset W of .7* is said to be a weak bi-hyperideal if W x W x W C W.

Definition 4.2. An interval-valued Pythagorean fuzzy subsemihypergroup P =< Onrs ONM >
is said to be an interval-valued Pythagorean fuzzy weak bi-hyperideal of 7 * if for f € T*
we have

(1) mln{SM (u), S]w (a), 5]\,{ (U)} < inf S]u(f) and

fEuxa*v

(i) max{dnar(u), dnar(a),dnnr(v)} > sup  dyar(f) forall a,u,v € T*.

fEu*xaxv

Example 4.3. Let 7* = {p, q,r, s,t} be a hypersemigroup with Cayley table:

° x Y z
el {2z} {2z} {=z
y [ {z2p {2} {2}
z| {2 {z {2

Define an interval-valued Pythagorean fuzzy set P as

Onr ONM
07,08 [0.1,0.2]
0.5,0.6] [0.4,0.6]

09,1 [0.3,0.5]

e 89

By routine calculation we can easily check that P is an interval-valued Pythagorean
fuzzy weak bi-hyperideal of 7* .

Theorem 4.1. Let P =< 5M75NM > and Q =< (NM,ENM > be any two interval-
valued Pythagorean fuzzy weak bi-hyperideals of 7 * then PN Q is also an interval-valued
Pythagorean fuzzy weak bi-hyperideal of T *.

Proof. LetP =< 5 M, ) Ny >and Q =< f M, 5 ~N M > be two interval-valued Pythagorean
fuzzy weak bi-hyperideals of .7*. Consider for f € 7
min{(SM N Car(w), 00 N Car(a),dar N CM(U)}

= min {min{éM(u), Ear(w)Y, min{das (), Ear(a)}, min{day (v), CM(@}}

= min min{SM (u), S]V[ (CL), S]\/[ (’U)}, min{(,:M (U), 5M (a)7 EM (U)}}

{
<min{ inf 0y (f), inf EM(f)}

fEu*xa*xv fEu*xa*xv

< inf fwminfSu (7). Cu ()}

~ fE€uxaxv
< finf Onr QCM(f) Vu,v € T*.
cuxv
Now consider for f € J*
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maX{SNM ﬂfNM(u) NM ﬂCNM( )s ONM mC~NM(U)}
= max {maX{SNM(u) én w(u) },maX{SNM(a)véNM(CO} max{éNM( ), N m(v )}}
(u), dnn(a

)0z (v)}, max{Cnar(w), Cvar (@), Cvae( )}

= max {maX{SNM u),
zmax{ sup SNM(f), sup (NNM(f)}
fEu*xa*xv fEuU*xa*xv

> sup {maX{SNM(f)» ZNM(f)}}

fEu*xa*v

> sup SN M ﬂgN“NM(f)Vu,v c T,
fEu*v
Thus P N @ is an interval-valued Pythagorean fuzzy weak bi-hyperideal of .7 *. ]

Theorem 4.2. Let P =< ¢ M, dnm > be an interval-valued Pythagorean fuzzy set of T*.
For &, 3 € D|0,1], the (&, 3)—level cut of P is a weak bi-hyperideal of T* then P is an
interval-valued Pythagorean fuzzy weak bi- hyperideal of T*.

Proof. Let ij‘/[ be a weak bi-hyperideal of 7*. By Theorem ‘P is an interval-valued
Pythagorean fuzzy subsemihypergroup. Then for a, u,v € 6%, we have

u*a*vegj’;} 4.1)
Suppose if min{das(u),0rr(a),0ar(v)} £ inf  0p7(f) then we have

fEuxa*v

min{SM(u),SM(a),SM(U)} > feiulif SM(f)

a*v

Then there exists some ¢, € D[0, 1] such that
min{das(w), dar(a), dar(v) >ty > feinf dnr(f). This implies that
UkA*V
min{das(u), dar(a), dar(v) > t, and feinf on(f) < to.
— min{dns(u), dnr(a), dar(v)} >ty and dpr(f) <ty for f € ukaxwv
= uxaxv & 6, and either u € §$; ora € §§; orv € 0.
This is a contradiction to Equation (.T). )
Hence min{dps(u), dpr(a), dar(v)} < ; inf  op(f)-

Cuxa*xv

Now, since 5% ar 18 a weak bi-hyperideal then for a, u,v € 5% ar We have

uxaxv €y, (4.2)
Suppose if max{dnas (), dnar(a), Onar(v)} #  sup  Onar(f) then we have
fEu*xa*xv
max{dnn(u), 0N (a), dnn(v)} < ; sup o (f)-
Cuxa*xv

Then there exists some t¢ € D[0, 1] such that
maX{(SNM(u), (SNM(CL), (SNM(U)} < tg < sup 5NM(f) This implies that

fEuxa*v
max{onn(u),nm(a), dnm(v)} <teand sup Onar(f) > te
fEu*xa*xv
— max{dnar(u),onnr(a),dnar(v)} < te and Snar(f) > te for f € ukaxwv
= u*xaxv ¢ SJ%M and either u € S]%M ora < S%M orv € SJBVM
This is a contradiction to Equation @2). R
Hence max{dyar(u),dnar(a), dnar(v)} > sup oy (f)-

fEu*xa*v
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5. CARTESIAN PRODUCT OF INTERVAL-VALUED PYTHAGOREAN FUZZY WEAK
BI-HYPERIDEALS IN HYPERSEMIGROUPS

In this section we discuss some properties of cartesian product of interval-valued fuzzy
weak bi-hyperideals in hypersemigroups.

Definition 5.1. Let .7 * be a hypersemigroup. The cartesian product of two interval-valued

Pythagorean fuzzy sets P =< 5M, Sy > and Q =< QM, (NM > is denoted by P x Q
and is defined by

PxQ={< ~(]9,61)/(5M X EM(Z% q), 050 X (v (p,g)) > forall (p,q) € T* x T*}
Where ar % Car(p, q) = mln{5M( ), Cn(g )b
onm X Cnvm(p,q) = maX{5NM( ) CNM(‘])} forall (p,q) € 7" x T*.

Example 5.2. Let us define two interval-valued Pythagorean fuzzy sets P =< Onrs 0N >
and Q =< (7, (v > as follows:

P O ONM

¢ 07,08 [0.3,04]
d [0.6,09] [0.1,0.2]
e 0,02 [0,0.1]
Q Cm CNM

¢ [04,08 [0.3,04]
d [0.6,0.9] [0.3,0.4]
e [0.4,0.6] [0.5,0.7]

Then Px Q =< ¢/([0.4,0.8],[0.3,0.4]), d/(]0.6,0.9],[0.3,0.4]), e/([0.4,0.6], [0,0.7]) >

Theorem 5.1. Let T* be a hypersemigroup. If interval-valued Pythagorean fuzzy sets
P =< 5M75NM > and Q =< CM,QNM > are interval-valued Pythagorean fuzzy
weak bi-hyperideals of T* then P x Q is also an interval-valued Pythagorean fuzzy bi-
hyperideal of T* x T*.

Proof. Let P and Q are interval-valued Pythagorean fuzzy weak bi-hyperideals of .7 *.
Consider for (u1, u2), (v1,v2), (f1, f2) € T X T*,

mm{éM X CM(U1,U2) o X CM(UlaUQ)}

= min {111111{51\/1(1“)7 Q:M(uz)}7 mlH{SM(U1)7 ~M(U2)}}

= min {min{SM(m), O (1)}, min{Car (uz), M(Uz)}}

<min{ inf 5M(f1) sup 5M(f2)}

fi€urvr fa€uava

fleizllfvh {min{5M(f1)7 5M(f2)}}
f2€uzvz

inf oar x Cu(fr, fo)

T (f1,f2)€(urv1,uz00)

< inf S x € ),
= (a2 e(unun)(orva) Cu(fr f2)

IN
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max{SNM X C~NM(U1,U2),SNM X ENM(UMUQ)}

= max {maX{SNM(m), é:NM(UQ)}a maX{SNM('Ul)7 NM(U2>}}

= max {max{SNM(m), Snar(v1)}, max{Cnar(us), Cnar(v2)}

f1€Euvy fa€Eusva

> sup {max{gNM(fl)a 5NM(f2)}}

fi€uivy,
faEuzva

> sup 5NM X 5NM(f17f2)
(f1,f2)€(urvi,uzv2)

> sup onar X Cvar(f1, f2)
(f1,f2)€(u1,uz)(v1,v2)
Therefore P x Q is an interval-valued Pythagorean fuzzy subsemihypergroup of 7* x J*.

Now,
min{dp x EMN(UhUz)»NgM X EM(alyﬂfz)ng ><~C~M('U1a'UZ)} ] ]
= min {mnin{Far(ur), Car (uz) b, min{Gas (), Car (o)}, mindBu (01), Cor (02)) }

= mln{mm{éM(ul) ar(ar), oar(v1)}, min{Car (us), Car(az), Car(v)} }

< min{ inf SM(f1), inf EM(f2)}

Zmax{ sup Onar(f1), sup C~NM(f1)}

fi€Euraivy fa€usasvs

= fleirllcf;lyl, {min{SM(f1)> 5M(f2)}}
f2Euzazv2

inf dar X C ,
T (f1,f2)E€(urarvi,uzazvs) M ~ CM({‘l f2)
inf Opr X , and
(f1:f2)€(ur,uz)(ar,a2)(v1,02) M C%(fl f2) ~ ~
max{ona X (nar(ur,u2),0nm X Cvar(ar, az),0nm X Cvae(v1,v2)}

= max {maX{SNM(ul), ENM(ug)},maX{SNM(al),éNM(ag)},max{SNM(vl), ENM(UQ)}}

IN

= maxx { mas{Ova (ur), Sar (ar), dnar (1)}, mac{Cov (o), Cvar (az), Cnvar (v2)} }

zmax{ sup SNM(fl), sup CNNM(f2)}

fi€uraiv faEuzazva

> sup {max{SNM(fl), ENM(fQ)}}

fi€uiayvy,

faEuzazvz B 5

> sup dnar X S (f1, f2)
(f1,f2)€(u1a1v1,u2a2v2) B _

> sup Inm X v (f1, f2)

(f1,f2)€(u1,u2)(ar,a2)(v1,v2)
Therefore P x Q is an interval-valued Pythagorean fuzzy weak bi-hyperideal of 7* x J*.
O

Theorem 5.2. Let T be a hypersemigroup. If the interval-valued Pythagorean fuzzy
sets P =< 5M7 Sy > and Q =< CM7 (NM > are interval-valued Pythagorean fuzzy
weak bi-hyperideals of * then the (@&, 6) level set of P x Q is also an interval-valued
Pythagorean fuzzy weak bi-hyperideal of T* x T*.

Proof. Let (u1,us2), (})hvg)N, (fi,fo) e T*x T* such that _
(u1,uz), (v1,v2) € (6ar X Car)®. Which implies that 657 x Car(u1,u2) > @& and
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SM X Q:M(’Ul,vg) > Q.

SIHClen{éM XCM(’U,l,UQ) 6MXCM(1)1’U2)} S inf SMXé:M(fl,fg)
(f1,f2)€(u1,uz)(v1,v2)

inf Onr % ) > min{a, a} > a
(F1of2)€(uru)(vrva) Cu(fr, f2) > {a,a}

= o X Qu(f1, fo) Z @ for (f1, fo) € (ur,uz) (v, v2)
= (f1,f2) € (0n X Car)® for (f1, f2) € (u, uz)(v1,v2)

= (u1,u2)(v1,v2) € (6ar X Car)®. Hence (dpr x (ar)? is a subsemihypergroup of 7*.

Now let (u1, u2), (v1,v2) € (6NM><§NM)5 Which implies that 07 X Cyar (w1, ug) <
ﬁand 6N]W X CNM(UI;UZ) < 6 Since

max {0 s XCnar(tn, u2), dnar XCvar (vi,v2)} > G (sup ” )5NMX§NJVI(f17f2)
f1,f2)€(u1,uz)(v1,v2
= sup Onm X (v (f1, f2) < max{B, B} < B

(~f1,f2)€(1il7u2)(v1,v2) _
= ONM X CNJ\{(flaf2)~§ B for (f1, f2) € (u1,u2)(v1,v2)
= (f1, f2) € (Onnr % Cuar)P for (f1, f2) € (u1,u2)(v1,v2)
— (uy,u2)(v1,v2) € (Onar X Cyar)?. Hence (dnar x Cyar)? is a subsemihypergroup.

_Let (u1,u2), (v1,v2), (a1, a2), (f1, f2) € T*x.T* suchthat (u1,uz), (v1,v2), (a1, a2) €
(51\/1 X Cpr)®. Which implies that 0y X Cpr(ug,ug) > &, oy X (a1, az) > @& and
6M X CM(’Ul,Ug) > a. Since
min{das x Car(u, uz2), dnr X CM(ahaz) dar % Car(vi,v2)}

inf dar X ,
= (f e ) @)@ ) Gulfis f2)
inf O X , > min{a,a} > a
(~f1,f2)€~(u17u2)(¢117¢12)(v1ﬂ)2) M CM(fl f2) { }
= o x Cu(f1, f2) 2 & for (f1, f2) € (w1, u2)(ar, az)(v1,v2)
= (f1, f2) € (Om X Cu)® for (f1, f2) € (w1, u2)(ar, az)(vi, v2)

= (uy,u9)(ar, az)(vy,v2) € (Oar x Car)®. Hence (957 x Cpr)® is a weak bi-hyperideal.

Let(uhuQ) (v1,v2), (a1,a2), (f1, f2) € T*x.T* such that (uy, uz), (v1,v2), (a1, az2) €

6NM X CNM Which 1mplles that 6NM X CNM(Ul,UQ) < B 6NM X CNM(al,ag) < 6
and Sy s X (NM(vl,v2) < 6 Since
max{dnar X Cnar(un, uz), Onar X CNM(ahaz) Onar X Cnar(v1,v2)}

> sup onn % Cnn (1, fo)
(f1:f2)€(ur,uz)(ar,az) (v1,v2)

= sup onar X Cnar(fi, fo) < max{B, B} < B
(f1,f2)€(u1,uz2)(a1,a2)(v1,v2)

= O X ENJ\{(flan)NS B for (f1, f2) € (u1,u2)(ar,az)(v1,v2)
= (f1, f2) € (Onm x ()P for (f1, f2) € (ur,uz)(a1, as)(vr,va)

—— (uhug)(al,ag)(vl,vg) (S (51\{]\/[ X éNM) Hence (6NM X C]\]]w)’é is a weak bi-
hyperideal.
([l

6. CONCLUSION

In this paper we presented the notion of interval-valued Pythagorean fuzzy subsemihy-
pergroup and interval-valued Pythagorean fuzzy weak bi-hyperideals in hypersemigroups.
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We characterized cartesian product of interval-valued Pythagorean fuzzy weak bi-hyperideals.
We investigated some properties with suitable examples. In continuity of this paper, we
study interval-valued weak bi I'—hyperideals in I'—hypersemigroups.
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