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AN INTRODUCTION TO PYTHAGOREAN FUZZY HYPERIDEALS IN

HYPERSEMIGROUPS

V. S. SUBHA1, S. SHARMILA2∗, §

Abstract. As the generalization of intuitionistic fuzzy set, Pythagorean fuzzy set was
introduced. It is a pair of membership and non-membership grade where the sum of
the squares of membership and non-membership grade should be less than or equal to
1. Pythagorean fuzzy set get more attention to deal with uncertainity. In this pa-
per we apply Pythagorean fuzzy set in ideal theory of hypersemigroups. We introduce
Pythagorean fuzzy left(right) hyperideals in hypersemigroups. We define t−level cut
of Pythagorean fuzzy hyperideal is in hypersemigroup. Also we introduce Pythagorean
fuzzy interior hyperideals in hypersemigroups and explain it with detailed example. Some
theorems and results are also studied. Relation between Pythagorean fuzzy right(left)
hyperideal, Pythagorean fuzzy subsemihypergroup and Pythagorean fuzzy interior hy-
perideal is given.

Keywords: Pythagorean fuzzy set, Pythagorean fuzzy hyperideal, Pythagorean fuzzy in-
terior hyperideal.
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1. Introduction

Fuzzy set theory was proposed by Zadeh[11]. Several researchers have done remarkable
works on the generalization of fuzzy sets. Atanassov[2] introduced a new generalization,
intuitionistic fuzzy set in 1986. He defined some new operations on intuitionistic fuzzy
sets[3]. Yager[9] generalized the concept of intuitionistic fuzzy set and propounded the the-
ory of Pythagorean fuzzy set. In recent days the Pythagorean fuzzy set got more attention
among the researchers. It plays an important role to tackle the uncertainities. Yager[10],
Zhang[12] have applied the concept of Pythagorean fuzzy set in decision making problem.
Kumar et al.[7] approached transportation decision making problems using Pythagorean
fuzzy set.

Marty[8] extended the algebraic structures to algebraic hyperstructures. Hussain et
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al.[6] applied the concept of rough set in Pythagorean fuzzy ideals in semigroups. Chin-
ram et al.[4] extended the idea of [6] to ternary semigroups. Akram[1] established the
properties of fuzzy lie algebras. Davvaz[5] studied fuzzy hyperideals and intuitionistic
fuzzy hyperideals in hypersemigroups. In this paper we introduce Pythagorean fuzzy
left(right) hyperideals, Pythagorean fuzzy subsemihypergroup and Pythagorean fuzzy in-
terior hyperideal. We also study some theorems and results. We define both the concepts
and explain with clear examples.

2. Preliminaries

In this section we recall the definitions of ideals in hyperstructures such as hyperideal,
subsemihypergroup and bi hyperideal.

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

• : G × G → F(G )
The set G with the hyperoperation • is called hypergroupoid(say G •). The image of
(g1, g2) ∈ G × G is denoted by g1 • g2.

Let G1 and G2 be the subsets of F(G ) then the hyperoperation(?) between G1 and G2

is defined by

G1 ? G2 =
⋃

(g1,g2)∈G1×G2

g1 • g2 (1)

where
? : F(G )×F(G )→ F(G ).

Definition 2.2. [5] A hypergroupoid (G •) is called a hypersemigroup(say G ?) if
({r} ? {s}) ? {t} = {r} ? ({s} ? {t}) for all r, s, t ∈ G .

Example 2.1. Let us consider a universe set G as G = {r, s, t}. Define a hyperoperation
• on G is defined by r • s = {r, s} ∀ r, s ∈ G which is a hypergroupoid. Then we have

r • (s • t) = {r} ? {s, t}
= (r • s) ∪ (r • t)
= {r, s} ∪ {r, t}
= {r, s, t}

And also we have (r •s)• t = {r, s, t} Hence r • (s• t) = (r •s)• t holds for all r, s, t ∈ G .
Therefore G is a hypersemigroup on the hyper-operation ?.

Definition 2.3. A non-empty set A of a hypersemigroup G ? is said to be a left(right)
hyperideal if G ? ? A ⊆ A(A ? G ? ⊆ A). A hyperideal is both a left and right hyperideal.

A non-empty set A of a hypersemigroup G ? is said to be a subsemihypergroup if A?A ⊆
A.

A subsemihypergroup A of a hypersemigroup G ? is said to be an interior hyperideal if
G ? ? A ? G ? ⊆ A.
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3. Pythagorean fuzzy hyperideals of hypersemigroups

Definition 3.1. Let G ? be a hypersemigroup. A Pythagorean fuzzy set P = (P1,P2) is
defined by

P = { x

(µP1(x), µP2(x))
: x ∈ G ?} such that 0 ≤ µP1(x)2 + µP2(x)2 ≤ 1.

where µP1(x) is the membership function from the universe set G ? to the closed interval
[0, 1] and µP2(x) is the non-membership function from the universe set G ? to the closed
interval [0, 1].

Definition 3.2. If P and Q are two Pythagorean fuzzy sets of G ? then the following
operations are defined as:

(i) P ∩Q = { x

(µP1(x) ∧ µQ1(x), µP2(x) ∨ µQ2(x))
: x ∈ G ?}

(ii) P ∪Q = { x

(µP1(x) ∨ µQ1(x), µP2(x) ∧ µQ2(x))
: x ∈ G ?}

(iii) �P = (P1, P̂1), where P̂1 = 1− P1.

Definition 3.3. A Pythagorean fuzzy set P of G ? is said to be a Pythagorean fuzzy left
hyperideal if for x ∈ G ? we have
(i) µP1(b) ≤ inf

x∈a?b
µP1(x)

(ii) µP2(b) ≥ sup
x∈a?b

µP2(x) for all a, b ∈ G ?.

Definition 3.4. A Pythagorean fuzzy set P of G ? is said to be a Pythagorean fuzzy right
hyperideal if for x ∈ G ? we have
(i) µP1(a) ≤ inf

x∈a?b
µP1(x)

(ii) µP2(a) ≥ sup
x∈a?b

µP2(x) for all a, b ∈ G ?.

Definition 3.5. A Pythagorean fuzzy set P is said to be a Pythagorean fuzzy hyperideal of
G ? if P is both a Pythagorean fuzzy left hyperideal and Pythagorean fuzzy right hyperideal
of G ?.

Example 3.1. Let us consider a hypersemigroup G ? = {a1, a2, a3, a4} with the hyper-
operation (•):

• a1 a2 a3 a4
a1 {a1} {a1} {a1} {a1}
a2 {a1} {a1} {a1} {a1}
a3 {a1} {a1} {a1, a2} {a1, a2}
a4 {a1} {a1} {a1, a2} {a1}

Define a Pythagorean fuzzy set P as

P = { a1
(0.5, 0.6)

,
a2

(0.5, 0.7)
,

a3
(0.3, 1)

,
a4

(0.2, 0.9)
}. We have

µP1(a1) = 0.5 = inf
a1∈a1?a2

µP1(a1) ∀ a2 ∈ G ?,

µP1(a2) = 0.5 = inf
a1∈a2?a3

µP1(a1) ∀ a3 ∈ G ?,

µP1(a3) = 0.3 < 0.5 = inf
a1,a2∈a3?a4

{µP1(a1), µP1(a2)} ∀ a4 ∈ G ?,

µP1(a4) = 0.5 = inf
a1,a2∈a4?a3

{µP1(a1), µP1(a2)} ∀ a2 ∈ G ?.

Therefore P1 is a Pythagorean fuzzy right hyperideal. Now,
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µP2(a1) = 0.6 = sup
a1∈a1?a2

µP2(a1) ∀ a2 ∈ G ?,

µP2(a2) = 0.7 > 0.6 = sup
a1∈a2?a3

µP2(a1) ∀ a3 ∈ G ?,

µP2(a3) = 1 > 0.7 = sup
a1,a2∈a3?a4

{µP2(a1), µP2(a1)} ∀ a4 ∈ G ?,

µP2(a4) = 0.9 > 0.7 = sup
a1,a2∈a4?a3

{µP2(a1), µP2(a1)} ∀ a2 ∈ G ?.

Therefore P2 is a Pythagorean fuzzy right hyperideal. Hence P is a Pythagorean fuzzy
right hyperideal of G ?. In the same way we can show that P is a Pythagorean fuzzy left
hyperideal of G ?.

Theorem 3.1. If P and Q are two Pythagorean fuzzy left(right) hyperideals of G ? then
P ∩Q is also a Pythagorean fuzzy left(right) hyperideals of G ?.

Proof. Consider for x ∈ G ?

µP1(a) ∧ µQ1(a) ≤ inf
x∈a?b

µP1(x) ∧ inf
x∈a?b

µQ1(x)

≤ inf
x∈a?b

{µP1(x) ∧ µQ1(x)}

≤ inf
x∈a?b

µP1∩Q1(x) ∀ a, b ∈ G ?.

Now,

µP2(a) ∨ µQ2(a) ≥ sup
x∈a?b

µP2(x) ∨ sup
x∈a?b

µQ2(x)

≥ sup
x∈a?b

{µP2(x) ∨ µQ2(x)}

≥ sup
x∈a?b

µP2∪Q2(x) ∀ a, b ∈ G ?.

Thus P∩Q is a Pythagorean fuzzy right hyperideal. Similarly we can prove for Pythagorean
fuzzy left hyperideal. �

Theorem 3.2. If P and Q are two Pythagorean fuzzy left(right) hyperideals of G ? then
P ∪Q is also a Pythagorean fuzzy left(right) hyperideals of G ?.

Proof. The proof is similar as in Theorem 3.1. �

Definition 3.6. If P = (P1,P2) is a Pythagorean fuzzy set of G ? then the image of P is
defined by IM(P) = IM(P1) ∪ IM(P2) where
IM(P1) = {µP1(x) : x ∈ G ?} and IM(P2) = {µP2(x) : x ∈ G ?}.
Definition 3.7. Let P = (P1,P2) be a Pythagorean fuzzy set of G ? and let t ∈ IM(P)
then the sets
Pt1 = {x ∈ G ? : µP1(x) ≥ t} and
Pt2 = {x ∈ G ? : µP2(x) ≤ t}

are called t− level cut of P1 and t− level cut of P2 respectively.

Theorem 3.3. If P = (P1,P2) is a Pythagorean fuzzy hyperideal of G ? and for t ∈ IM(P)
then Pt = (Pt1,Pt2) is a hyperideal of G ?.

Proof. Let a, b, x ∈ G ? such that a ∈ Pt1 then

µP1(a) ≥ t (2)

Since µP1(a) ≤ inf
x∈a?b

µP1(x)

=⇒ inf
x∈a?b

µP1(x) ≥ t by (2)
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=⇒ µP1(x) ≥ t for x ∈ a ? b
=⇒ a ? b ∈ Pt1.
Thus Pt1 is a right hyperideal.
Now, let a, b, x ∈ G ? such that a ∈ Pt2 then

µP2(a) ≤ t (3)

=⇒ µP2(a) ≥ sup
x∈a?b

µP2(x)

=⇒ sup
x∈a?b

µP2(x) ≤ t by (3)

=⇒ µP2(x) ≤ t for x ∈ a ? b
=⇒ a ? b ∈ Pt2.
Thus Pt2 is a right hyperideal. Similarly we can prove that Pt is a left hyperideal of G ?. �

Example 3.2. Consider Example 3.1. We have a Pythagorean fuzzy set P as

P = { a1
(0.5, 0.6)

,
a2

(0.5, 0.7)
,

a3
(0.3, 1)

,
a4

(0.2, 0.9)
}.

The image of P is IM(P) = {0.2, 0.3, 0.5, 0.6, 0.7, 0.9, 1}. The t−level set of P is defined
in Table 1:

Table 1. t−level set of P (Pt)
Pt/t 0.2 0.3 0.5 0.6 0.7 0.9 1

Pt1 G ? {a, b, c} {a, b} ∅ ∅ ∅ ∅
Pt2 ∅ ∅ ∅ {a} {a, b} {a, b, c} G ?

Since by Example 3.1 we know that P is a Pythagorean fuzzy hyperideal. By routine
calculation we can say that the sets {a}, {a, b} and {a, b, c} are hyperideals.

Theorem 3.4. If P = (P1,P2) of G ? is a Pythagorean hyperideal then so �P = (P1, P̂1)
where P̂1 = 1− P1 .

Proof. Since P1 is a Pythagorean fuzzy hyperideal. Now to show that P̂1 is a Pythagorean
fuzzy hyperideal. Consider for x, a, b ∈ G ?,

µP̂1
(a) = 1− µP1(a)

≥ 1− sup
x∈a?b

µP1(x)

≥ sup
x∈a?b

(1− µP1(x))

≥ sup
x∈a?b

µP̂1
(x)

Thus �P is a Pythagorean fuzzy hyperideal of G ?. �

4. Pythagorean fuzzy interior hyperideal

Definition 4.1. A Pythagorean fuzzy set P of G ? is said to be Pythagorean fuzzy sub-
semihypergroup if for x ∈ G ? we have
(i) µP1(a) ∧ µP1(b) ≤ inf

x∈a?b
µP1(x)

(ii) µP2(a) ∨ µP2(b) ≥ sup
x∈a?b

µP2(x) for all a, b ∈ G ?.
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Example 4.1. Let us consider a hypersemigroup G ? = {c1, c2, c3, c4} with the hyperoper-
ation (•):

• c1 c2 c3 c4
c1 {c1} {c1} {c1} {c1}
c2 {c1} {c1, c2} {c1, c3} {c1}
c3 {c1} {c1} c1} {c1}
c4 {c1} {c1, c4} {c1} {c1}

Define a Pythagorean fuzzy set P as

P = { c1
(1, 0.3)

,
c2

(0.2, 1)
,

c3
(0.2, 0.9)

,
c4

(0.7, 0.6)
}. We have

µP1(c2) ∧ µP1(c4) = 0.2 < 1 = inf
c1∈c2?c4

µP1(c1) ∀ c2, c4 ∈ G ?,

µP2(c3) ∨ µP2(c4) = 0.9 > 0.3 = sup
c1∈c3?c4

µP2(c1) ∀ c3, c4 ∈ G ?,

Similarly (i) and (ii) of Definition 4.1 holds for all c1, c2, c3, c4 ∈ G ?. Hence P is a
Pythagorean fuzzy subsemihypergroup.

Theorem 4.1. Let P = (P1.P2) be a Pythagorean fuzzy set of G ?. For t ∈ IM(P), the
t−level cut of P(Pt) is a subsemihypergroup then P is a Pythagorean fuzzy subsemihyper-
group of G ?.

Proof. Let Pt1 is a subsemihypergroup of G ? then for a, b ∈ Pt1 we have

a ? b ∈ Pt1 (4)

Suppose if µP1(a) ∧ µP1(b) 6≤ inf
x∈a?b

µP1(x) then we have

µP1(a) ∧ µP1(b) > inf
x∈a?b

µP1(x).

Then there exists some tα ∈ IM(P) such that
µP1(a) ∧ µP1(b) > tα > inf

x∈a?b
µP1(x). This implies that

µP1(a) ∧ µP1(b) > tα and inf
x∈a?b

µP1(x) < tα.

=⇒ µP1(a) ∧ µP1(b) > tα and µP1(x) < tα for x ∈ a ? b
=⇒ a ? b 6∈ Pt1 and either a ∈ Pt1 or b ∈ Pt1.
Which is a contradiction to Equation (4). Hence µP1(a) ∧ µP1(b) ≤ inf

x∈a?b
µP1(x).

Now, Since Pt2 is a subsemihypergroup then for a, b ∈ Pt2 we have

a ? b ∈ Pt2 (5)

Suppose if µP2(a) ∨ µP2(b) 6≥ sup
x∈a?b

µP2(x) then we have

µP2(a) ∨ µP2(b) < sup
x∈a?b

µP2(x).

Then there exists some tβ ∈ IM(P) such that
µP2(a) ∨ µP2(b) < tβ < sup

x∈a?b
µP2(x). This implies that

µP2(a) ∨ µP2(b) < tβ and sup
x∈a?b

µP2(x) > tβ

=⇒ µP2(a) ∨ µP2(b) < tβ and µP2(x) > tβ for x ∈ a ? b
=⇒ a ? b 6∈ Pt2 and either a ∈ Pt2 or b ∈ Pt2.
Which is a contradiction to Equation (5). Hence µP2(a) ∨ µP2(b) ≤ inf

x∈a?b
µP2(x).

�
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Definition 4.2. A Pythagorean fuzzy subsemihypergroup P is said to be Pythagorean fuzzy
interior hyperideal of G ? if for x, z ∈ G ? we have
(i) µP1(z) ≤ inf

x∈a?z?b
µP1(x)

(ii) µP2(z) ≥ sup
x∈a?z?b

µP2(x) for all a, b ∈ G ?.

Theorem 4.2. Let P = (P1.P2) be a Pythagorean fuzzy set of G ?. For t ∈ IM(P), the
t−level cut of P is an interior hyperideal of G ? then P is a Pythagorean fuzzy interior
hyperideal of G ?.

Proof. Let P be a Pythagorean fuzzy set of G ?. From Theorem 4.1 P is a Pythagorean
fuzzy subsemihypergroup.
Since Pt1 is an interior ideal then for a, b ∈ G ? and z ∈ Pt1 we have

a ? z ? b ∈ Pt1 (6)

Suppose if P1 is not a Pythagorean fuzzy interior hyperideal, we have
µP1(z) 6≤ inf

x∈a?z?b
µP1(x)

=⇒ µP1(z) > inf
x∈a?z?b

µP1(x).

Then there exists some tα ∈ IM(P) such that
µP1(z) > tα > inf

x∈a?z?b
µP1(x).

This implies that µP1(z) > tα and inf
x∈a?z?b

µP1(x) < tα.

i.e., µP1(z) > tα and µP1(x) < tα for x ∈ a ? z ? b
=⇒ a ? z ? b 6∈ Pt1 and z ∈ Pt1.
Which is a contradiction to Equation (6). Hence µP1(z) ≤ inf

x∈a?z?b
µP1(x).

Now, Since Pt2 is an interior ideal then for a, b ∈ G ? and z ∈ Pt2 we have

a ? z ? b ∈ Pt2 (7)

Suppose if µP2(z) 6≥ sup
x∈a?z?b

µP2(x) then we have

µP2(z) < sup
x∈a?z?b

µP2(x).

Then there exists some tβ ∈ IM(P) such that
µP2(z) < tβ < sup

x∈a?z?b
µP2(x).

Which implies that µP2(z) < tβ and sup
x∈a?z?b

µP2(x) > tβ.

=⇒ µP2(z) < tβ and µP2(x) > tβ for x ∈ a ? z ? b
=⇒ a ? z ? b 6∈ Pt2 and z ∈ Pt2.
Which is a contradiction to Equation (7). Hence µP2(z) ≥ sup

x∈a?z?b
µP2(x).

Therefore P is a Pythagorean fuzzy interior hyperideal of G ?. �

Example 4.2. Let us check that the following Pythagorean set is a Pythagorean fuzzy
interior hyperideal of G ? with the hyperoperation (•) by using Theorem 4.2.
Let G ? = {f1, f2, f3, f4} be the universe set with the hyperoperation (•).

• f1 f2 f3 f4
f1 {f1} {f1, f2} {f1, f3} {f1}
f2 {f1} {f1, f2} {f1, f3} {f1}
f3 {f1} {f1, f2} {f1, f3} {f1}
f4 {f1} {f1, f2} {f1, f3} {f1}
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The Pythagorean fuzzy set P is given by

P = { f1
(0.7, 0.4)

,
f2

(0.7, 0.4)
,

f3
(0.7, 0.4)

,
f4

(0.6, 0.8)
}

The t−level cut of P is given in Table 2.

Table 2. t− level cut of P (Pt)
Pt/t 0.4 0.6 0.7 0.8

P1 G ? G ? {f1, f2, f3} ∅
P2 {f1, f2, f3} {f1, f2, f3} {f1, f2, f3} G ?

It is enough to show that the sets G ?, {f1, f2, f3} and ∅ are interior hyperideals. G ?

and ∅ are trivial. Let F = {f1, f2, f3} . Since
f1 ? f1 = f2 ? f1 = f3 ? f1 = f1 ⊆ F,
f1 ? f2 = f2 ? f2 = f3 ? f2 = {f1, f2} ⊆ F,
f1 ? f3 = f2 ? f3 = f3 ? f3 = {f1, f3} ⊆ F.
Therefore F is a subsemihypergroup.
f4 ? f1 ? f4 = f4 ? f2 ? f4 = f4 ? f3 ? f4 = f1. Hence F is an interior hyperideal. From the
Theorem 4.2 we can say that P is a Pythagorean fuzzy interior hyperideal of G ?.

5. Coincidence of Pythagorean fuzzy hyperideal and Pythagorean fuzzy
interior hyperideal

Lemma 5.1. Every Pythagorean fuzzy hyperideal of G ? is a Pythagorean fuzzy subsemi-
hypergroup.

Proof. Let P = (P1,P2) be a Pythagorean fuzzy hyperideal. For a, b, x ∈ G ? we have

µP1(a) ∧ µP1(b) ≤ inf
x∈a?b

µP1(x) ≤ inf
x∈a?b

µP1(x). (8)

and
µP2(a) ∨ µP2(b) ≥ sup

x∈a?b
µP2(x) ≥ sup

x∈a?b
µP2(x). (9)

From Equations (8) and (9) we have P is a Pythagorean fuzzy subsemihypergroup. There-
fore every Pythagorean fuzzy hyperideal is a Pythagorean fuzzy subsemihypergroup. �

The converse part of the above Lemma is not true. It has been proved by the following
example.

Example 5.1. Let G ? = {y1, y2, y3, y4, y5, y6, y7} be a hypersemigroup with the hyperop-
eration •

• y1 y2 y3 y4 y5 y6 y7
y1 {y1} {y1} {y1} {y1} {y1} {y1} {y1}
y2 {y1} {y2} {y2, y3} {y4} {y4, y5} {y6} {y6, y7}
y3 {y1} {y3} {y3} {y5} {y5} {y7} {y5}
y4 {y1} {y4} {y4, y5} {y4} {y4, y5} {y4} {y4, y5}
y5 {y1} {y5} {y5} {y5} {y5} {y5} {y5}
y6 {y1} {y6} {y6, y7} {y4} {y4, y5} {y6} {y6, y7}
y7 {y1} {y7} {y7} {y5} {y5} {y7} {y7}

Define a Pythagorean fuzzy set P as

P = { y1
(0.1, 1)

,
y2

(0.1, 1)
,

y3
(0.2, 0.7)

,
y4

(0.5, 0.6)
,

y5
(0.5, 0.6)

,
y6

(0.9, 0.3)
,

y7
(0.9, 0.3)

}.
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P satisfies the conditions of (i) and (ii) in Definition 4.1. Hence we can say that P is a
Pythagorean fuzzy subsemihypergroup. But P is not a Pythagorean fuzzy hyperideal of G ?.
Since
µP1(y4) = 0.5 6≤ 0.1 = inf

G ?∈y1?y4
µP1(G ?) ∀ y1 ∈ G ?

P1 is not a Pythagorean fuzzy left hyperideal.
µP2(y3) = 0.7 6≥ 0.1 = sup

G ?∈y1?y3
µP2(G ?) ∀ y1 ∈ G ?

P2 is not a Pythagorean fuzzy left hyperideal.
µP1(y4) = 0.5 6≤ 0.1 = inf

{y1,y4,y6}∈y4?y1
{µP1(y1), µP1(y4), µP1(y6)} ∀ y1 ∈ G ?

P1 is not a Pythagorean fuzzy right hyperideal.
µP2(y6) = 0.3 6≥ 1 = sup

{y1,y4,y5,y6,y7}∈y6?y1
{µP2(y1), µP2(y4), µP2(y5), µP2(y6), µP2(y7)} ∀ y1 ∈

G ?

P2 is not a Pythagorean fuzzy right hyperideal.

Lemma 5.2. Every Pythagorean fuzzy hyperideal of G ? is a Pythagorean fuzzy interior
hyperideal of G ?.

Proof. Let P = (P1,P2) be a Pythagorean fuzzy hyperideal. For a, b, x, z ∈ G ? we have

inf
x∈a?z?b

µP1(x) = inf
x∈(a?z)?b

µP1(x)

= inf
x∈(a?z)

µP1(x)

≥ µP1(z)

Therefore P1 is a Pythagorean fuzzy interior hyperideal.
Now consider

sup
x∈a?z?b

µP2(x) = sup
x∈(a?z)?b

µP2(x)

= sup
x∈(a?z)

µP2(x)

≤ µP2(z)

Therefore P2 is a Pythagorean fuzzy interior hyperideal.
�

The following example shows that every Pythagorean fuzzy interior hyperideal of G ?

need not be a Pythagorean fuzzy hyperideal of G ?.

Example 5.2. Let G ? = {p1, p2, p3, p4} be a hypersemigroup with the hyperoperation •

• p1 p2 p3 p4
p1 {p2, p4} {p3, p4} {p4} {p4}
p2 {p3, p4} {p2} {p4} {p4}
p3 {p4} {p4} {p4} {p4}
p4 {p4} {p4} {p4} {p4}

The Pythagorean fuzzy set P is defined by

P = { p1
(0.2, 1)

,
p2

(0.5, 0.6)
,

p3
(0.2, 1)

,
p4

(0.9, 0.3)
}

The t−level cut of P is given by
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Table 3. t− level cut of P (Pt)
Pt/t 0.2 0.3 0.5 0.6 0.9 1

P1 G ? {p2, p4} {p2, p4} {p4} {p4} ∅
P2 ∅ {p4} {p4} {p2, p4} {p2, p4} G ?

The set {p4} is a hyperideal but {p2, p4} is not a hyperideal. Since for p1 ∈ G ? and
p2 ∈ {p2, p4} then we have p1 ? p2 = {p3, p4} 6⊆ {p2, p4}. Thus P is not a Pythagorean
interior hyperideal of G ?

Definition 4.2 says that every Pythagorean fuzzy interior hyperideal is a Pythagorean
fuzzy subsemihypergroup. But every Pythagorean fuzzy subsemihypergroup need not be
a Pythagorean fuzzy interior hyperideal of G ?.

Example 5.3. Let G ? = {k1, k2, k3, k4} be a hypersemigroup with hyperoperation •

• k1 k2 k3 k4 k5
k1 {k1} {k1, k2, k4} {k1} {k1, k2, k4} {k1, k2, k4}
k2 {k1} {k2} {k1} {k1, k2, k4} {k1, k2, k4}
k3 {k1} {k1, k2} {k1, k3} {k1, k2, k4} G ?

k4 {k1} {k1, k2} {k1} {k1, k2, k4} {k1, k2, k4}
k5 {k1} {k1, k2} {k1, k3} {k1, k2, k4} G ?

The Pythagorean fuzzy set P is given by

P = { k1
(0.7, 0.6)

,
k2

(0.1, 1)
,

k3
(0.7, 0.6)

,
k4

(0.8, 0.5)
}

P is a Pythagorean fuzzy subsemihypergroup. But P is not a Pythagorean fuzzy interior
hyperideal. Since
µP1(k4) = 0.8 6≤ inf

{k1,k4}⊆k1?k4?k1
{µP1(k1), µP1(k4)}.

Hence every Pythagorean fuzzy subsemigroup need not be a Pythagorean fuzzy interior
hyperideal of G ?.

The following diagram explains the relation between Pythagorean fuzzy hyperideal,
Pythagorean fuzzy subsemihypergroup and Pythagorean fuzzy interior hyperideal of G ?.

Figure 1. Diagrammatic representation
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6. Conclusion

Pythagorean fuzzy set is one of the finest tool to deal with uncertainities. In this paper
we applied Pythagorean fuzzy set in algebraic hyper-structures. We defined Pythagorean
fuzzy hyperideal and explained with detailed example. We showed that the union and
intersection of Pythagorean fuzzy hyperideals is also a Pythagorean fuzzy hyperideal.
Then we introduce Pythagorean fuzzy subsemihypergroup and Pythagorean fuzzy interior
hyperideal in hypersemigroup. We also investigated that every Pythagorean fuzzy hyper-
ideal is a Pythagorean fuzzy interior hyperideal. In future work we apply the concept of
pythagorean fuzzy set in ideal theory of ternary hypersemigroups.

References

[1] Akram, M., (2018), Fuzzy lie algebras, Springer.
[2] Atanassov, K., (1986), Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20, pp. 87-96.
[3] Atanassov, K., (1994) New operations defined over the intuitinistic fuzzy sets, Fuzzy Sets and Systems,

61, pp. 137-142.
[4] Chinram, R. and Panityakul, T., (2020), Rough Pythagorean fuzzy ideals in ternary semigroups, Jour-

nal of Mathematics and Computer Science, 20, pp. 302-312.
[5] Davvaz, B., (2020) Fuzzy hyperideals in semihypergroups, Italia J Pure Appl. Math., 8, pp. 67-74.
[6] Hussain, A., Mahmood, T. and Ali,M. I., (2019), Rough Pythagorean fuzzy ideals in semigroups,

Computational and Applied Mathematics, 38(2).
[7] Kumar, R., Edalatpanah, S. A., Jha, S. and Sing, R., (2019), A Pythagorean fuzzy approach to the

transportation, Complex and Intelligent Systems, 5(2), pp. 255-263.
[8] Marty, F., (1934), Sur une generalization de la notion de groups, 8iem Congres Mathe’ticiens Scandi-

naves, Stoclholm, pp. 45-49.
[9] Yager, R. R., (2013), Pythagorean fuzzy subsets, In: IFSA World Congress and NAFIPS Annual

Meeting (IFSA/NAFIPS). IEEE: pp. 57-61.
[10] Yager, R. R., (2014), Pythagorean membership grades in multi criteria decision making. IEEE Trans

Fuzzy System 2014:22: 958-965.
[11] Zadeh, L. A., (1965), Fuzzy sets, Inform. Control, 8, pp. 338-353.
[12] Zhang, X. L., (2014), Extension of TOPSIS to multi criteria decision making with Pythagorean fuzzy

sets, Int. J. Intell. System, 29 pp. 1061-1078.

V. S. Subha is presently working as an assistant professor, Department of Mathe-
matics, Dharmapuram Gnanambigai Government Arts College(W), Mayiladuthurai,
Tamil Nadu, India. Her research interest is focused on Rough set theory. .

S. Sharmila is a Ph.D. research scholar in Department of Mathematics at Annamalai
University. She received her B.Sc. (2008) degree from Pondicherry University, India.
She received her M.Sc. (2015) and M.Phil (2016) from Thiruvalluvar University,
India. She is interested in fuzzy algebra, fuzzy rough set theory and applications of
hyperstructures.


