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A NOTE ON RELATIVE TRI-QUASI-Γ-HYPERIDEALS OF
Γ-SEMIHYPERRING

SHAISTA, ABUL BASAR∗, BHAVANARI SATYANARAYANA AND POONAM KUMAR SHARMA

ABSTRACT. In this paper, we introduce the concept of tri-quasi hyperideal in Γ-semihyperring
generalizing the classical ideal, left ideal, right ideal, bi-ideal, quasi ideal, interior ideal,
bi-interior ideal, weak interior ideal, bi-quasi ideal, tri-ideal, quasi-interior ideal and bi-
quasi-interior ideal of Γ-semihyperring and semiring. Furthermore, charecterizations of
Γ-semihyperring, regular Γ-semihyperring and simple Γ-semihyperring with relative tri-
quasi hyperideals are provided discussing the characteristics of Γ-semihyperring of relative
tri-quasi hyperideals.

1. INTRODUCTION

Nobusawa [17] introduced the concept of Γ-rings as a generalization of ternary rings.
Barens [6] weakened the conditions in Nobusawa’s definition of Γ-ring. Satyanarayana
[24] introduced the notion of Gamma near-ring, and thereafter several authors studied this
algebraic structure. Also, Satyanarayana, Abbasi, Basar and Kuncham [18] introdced ab-
stract affine Gamma-nearrings. An abstract affine gamma near-ring is an algebraic system
that generalizes both the gamma ring and near-ring. Sen [23] introduced Γ-semigroup.
The notion of semiring, that is, a universal algebra with two associative binary operations,
where one of them distributes over the other was introduced by Vandiver [30]. The concept
of Γ-semiring was introduced by Rao [20], generalizing both Γ-rings and semirings. Also,
Rao [21] studied Γ-semiring with identity. Krishnamoorthy and Doss [9] introduced the
notion of regular Γ-semiring.

The concept of hyperstructures was introduced by Marty [16] when he defined hypergroups
using the notion of hyperoperation at the 8th Congress of Scandinavian mathematicians.
But due to his untimely demise, Marty only published two papers related to his concept of
hypergroups [11]. Corsini gave many applications of hyperstructures in several branches
of pure and applied sciences [7], [8].
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The notion of bi-ideals in semigroups was given by Good and Hughes in [12]. The theory
of bi-ideals in rings and semigroups were introduced by Lajos et al [25]. The concept of
interior ideals was introduced in semigroup by Lajos [15]. Steinfeld [26], [27] introduced
the notion of quasi ideals in semigroups and then for rings.

Iseki [14] investigated ideals for semirings. Shabir, Ali and Batool [5] characterized semir-
ings by the properties of their quasi-ideals. Munir and Mustafa [13] characterized regular
semirings, intra-regular semirings and weakly regular semirings by their quasi and bi-ideals
along with their right and left-ideals. Rao [19] introduced the notion of tri-quasi ideals,
studied various types of ideals and also characterised Γ-semiring through tri-quasi ideals.
Davvaz et. al.[10] defined the notion of Γ-semihyperring as a generalization of semiring,
semihyperring and Γ-semiring. Kumbharde, Pawar and Ansari[3] introduced bi-interior,
quasi-interior and bi-quasi-interior Γ-hyperideal in Γ-semihyperring.

Wallace [31], [32] introduced relative ideals in semigroups. Khan and Firoj [2] introduced
relative ideal in ordered semigroups. Basar et al [4], [22], [28], [29] studied relative results
on ideals in different algebraic structures. Recently, Rao et al [1]studied tri-quasi-ideals
and fuzzy tri-quasi-ideals in semigroups. Ideals play a fundamental role in ring theory and
it is thus natural to consider them also in the context of Γ-semihyperring. Needless to say
that their role is no less crucial for its worthy consideration to special generalised types
of hyperideals. The aim of the present paper is to introduce the concept of relative tri-
quasi hyperideal in Γ-semihyperring as a generalization of tri-quasi ideal, bi-ideal, quasi
ideal, interior ideal, bi-interior ideal, tri-ideal, bi-quasi-interior ideal and bi-quasi ideal of
semiring and study some of the characterising properties of relative tri-quasi hyperideals
in the algebraic home called Γ-semihyperrings.

2. PRELIMINARIES

In this section, we recollect basic concepts and also define fundamental notions that are
necessary in the study of this paper.

Definition 2.1. [10] Let R be a commutative semihypergroup and Γ be a commutative
group. Then R is called a Γ-semihyperring if there is a map R×Γ×R → P∗(R) (images
to be denoted by aαb for all a, b ∈ R,α ∈ Γ) satisfying the following conditions:

(1) aα(b+ c) = aαb+ aαc
(2) (a+ b)αc = aαc+ bαc
(3) a(α+ β)c = aαc+ aβc
(4) aα(bβc) = (aαb)βc; for all a, b, c ∈ R and for all α, β ∈ Γ.

A Γ-semihyperring R is said to be commutative if aγb = bγa for all a, b ∈ R and γ ∈ Γ.

Let A and B be two non-empty subsets of a Γ-semihyperring S and x ∈ S. Then

A+B = {x | x ∈ a+ b, a ∈ A, b ∈ B} and
AΓB = {x | x ∈ aγb, a ∈ A, b ∈ B, γ ∈ Γ}.

Definition 2.2. [10] A non-empty subset R1 of a Γ-semihyperring R is called a Γ-subsemihyperring
if it is closed with respect to the multiplication and addition that is, R1 + R1 ⊆ R1 and
R1ΓR1 ⊆ R1.

Definition 2.3. Let S be a Γ-semihyperring. An element 1 ∈ S is called unity if for each
x ∈ S, there exists γ ∈ Γ such that xγ1 = 1γx = x.
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Definition 2.4. Let S be a Γ-semihyperring. An element 1 ∈ S is called unity if for each
s ∈ S there exists α ∈ Γ such that sα1 = 1αs = s.

Definition 2.5. Suppose that S is a Γ-semihyperring. An element a ∈ S is said to be
invertible if there exist b ∈ S, α ∈ Γ such that aαb = bαa = 1.

Definition 2.6. An element a in a non-empty subset A of Γ-semihyperring S is called
relative idempotent if there exists α ∈ Γ such that a = aαa.

Definition 2.7. Let S be a Γ-semihyperring. An element a ∈ A ⊆ S is called relative
regular element of S if there exist x ∈ A,α, β ∈ Γ for a = aαxβa.

Definition 2.8. Suppose that S is a Γ-semihyperring. If each element of S is a relative
regular element of S, then S is called relative regular Γ-semihyperring.

Definition 2.9. Suppose that S is a Γ-semihyperring. If each element of S is a relative
idempotent, then S is called relative idempotent Γ-semihyperring.

Definition 2.10. A Γ-semihyperring S is called a division Γ-semihyperring if each non-
zero element of S has multiplicative inverse.

Definition 2.11. A non-empty subset I of a Γ-semihyperring S for A ⊆ S, is called
(1) A relative bi-interior hyperideal of S if I is a Γ-semihyperring of S and AΓIΓA∩

IΓAΓI ⊆ I .
(2) A left (right) relative bi-quasi hyperideal of S if I is a sub-Γ-semihypergroup of

(S,+) and AΓI ∩ IΓAΓI ⊆ I(IΓA ∩ IΓAΓI ⊆ I).
(3) A left (right) relative weak-interior hyperideal of S if I is a Γ-subsemihyperring

of S and AΓIΓI ⊆ I(IΓIΓA ⊆ I).
(4) A left (right) relative quasi-interior hyperideal of S if I is a Γ-subsemihyperring

of S and AΓIΓAΓI ⊆ I(IΓAΓIΓA ⊆ I).
(5) A left (right) relative tri- hyperideal of S if I is a Γ-subsemihyperring of S and

IΓAΓIΓI ⊆ I(IΓIΓAΓI ⊆ I).
(6) A relative bi-quasi-interior hyperideal of S if I is a Γ-subsemihyperring of S and

IΓAΓIΓAΓI ⊆ I .

3. RELATIVE TRI-QUASI Γ-HYPERIDEALS OF Γ-SEMIHYPERRINGS

In this section, we introduce the concept of relative tri-quasi Γ-hyperideal as a gener-
alization of relative bi-Γ-hyperideal, relative quasi-Γ-hyperideal and relative interior Γ-
hyperideal of Γ-semihyperring. We also study the properties of relative tri-quasi Γ-hyperideal
of Γ-semihyperring.

Definition 3.1. A non-empty subset B of a Γ-semihyperring S is said to be a relative tri-
quasi Γ-hyperideal of S if B is a Γ-subsemihyperring of S and BΓBΓAΓBΓB ⊆ B for
A ⊆ S.

Remark. Each relative tri-quasi Γ-hyperideal of a Γ-semihyperring S need not be relative
bi-Γ-hyperideal, relative quasi-Γ-hyperideal, relative interior Γ-hyperideal, relative bi-
interior Γ-hyperideal and relative bi-quasi Γ-hyperideals of S.

In the following theorem, we gather some important implications and skip its proofs since
it is easy to prove.

Theorem 3.1. Suppose that S is a Γ-semihyperring. Then the following stands true.
(1) Each relative left hyperideal is a relative tri-quasi hyperideal of S.
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(2) Every relative right hyperideal is a relative tri-quasi hyperideal of S.
(3) Every relative quasi hyperideal is a relative tri-quasi hyperideal of S.
(4) Every relative hyperideal is a relative tri-quasi hyperideal of S.
(5) Intersection of a relative right hyperideal and a relative left hyperideal of S is a relative

tri-quasi hyperideal of S.
(6) If L is a relative left hyperideal and R is a right hyperideal of S then B = RΓL is a

relative tri-quasi hyperideal of S.
(7) Every relative bi-hyperideal of S is a relative tri-quasi hyperideal of S.
(8) Every relative interior hyperideal of S is a relative tri-quasi hyperideal of S.
(9) Let B be relative bi-hyperideal of S and I be relative interior hyperideal of S. Then
B ∩ I is a relative tri-quasi hyperideal of S.

(10) If B is a relative bi-interior hyperideal of S, then B is a relative tri-quasi hyperideal
of S.

(11) If B is a relative left bi-quasi hyperideal of M , then B is a relative tri-quasi hyperideal
of S.

(12) If B is a relative right bi-quasi hyperideal of S, then B is a relative tri-quasi hyperideal
of S.

(13) If B is a relative bi-quasi hyperideal of M , then B is a relative tri-quasi hyperideal of
S.

(14) Let A and C be Γ-subsemihyperrings of S and B = AΓC. If A is the relative left
hyperideal, then B is a relative tri-quasi-interior hyperideal of S.

Theorem 3.2. The intersection of relative tri-quasi hyperideals {Qλ|λ ∈ A, A is index set}
of a Γ-semihyperring S is a relative tri-quasi hyperideal of S.

Proof. Let Q =
⋂

λ∈A

Qλ and D ⊆ S. Then Q is a Γ-subsemihyperring of S. Since Qλ is

a relative tri-quasi hyperideal of S, we receive the following:

QλΓQλΓDΓQλΓQλ ⊆ Qλ, for all λ ∈ A

This shows that QΓQΓDΓQΓQ ⊆ Q. Hence Q is a relative tri-quasi hyperideal of S. □

Theorem 3.3. Let S be a Γ-semihyperring. Then, Q is a relative tri-quasi ideal of S
and QΓQ = Q if and only if there exist a relative left hyperideal L and a relative right
hyperideal R such that RΓL ⊆ Q ⊆ R ∩ L.

Proof. Suppose that Q is a relative tri-quasi hyperideal of the Γ-semiring S and A ⊆ S.
Then, we have QΓQΓAΓQΓQ ⊆ Q. Let R = QΓA and L = AΓQ. Then L and R are
relative left and relative right hyperideals of S, respectively.Thus RΓL ⊆ Q ⊆ R ∩ L.

Conversely, suppose that there exist L and R as relative left and relative right hyperideals
of S, respectively such that RΓL ⊆ Q ⊆ R ∩L. Then, QΓQΓAΓBΓB ⊆ (R ∩L)Γ(R ∩
L)ΓAΓ(R ∩ L)Γ(R ∩ L) ⊆ (R)ΓRΓAΓLΓ(L) ⊆ RΓL ⊆ Q. Hence Q is a relative
tri-quasi hyperideal of Γ-semihyperring. □

Theorem 3.4. Let S be a Γ-semihyperring.Then Q is a relative tri-quasi hyperideal of a Γ-
semihyperring if and only if Q is a relative left hyperideal of some relative right hyperideal
of Γ-semihyperring .

Proof. Let Q be a relative tri-quasi hyperideal of Γ-semihyperring S and A ⊆ S. Then
QΓQΓAΓQΓQ ⊆ Q. Thus QΓQ is a relative left hyperideal of relative right hyperideal
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QΓQΓA of Γ-semihyperring.

Conversely, suppose that Q is a relative left hyperideal of some relative right hyperideal
R of Γ-semihyperring S. Then RΓQ ⊆ Q,RΓA ⊆ R. Therefore QΓQΓAΓQΓQ ⊆
QΓAΓQ ⊆ RΓAΓQ ⊆ RΓQ ⊆ Q. Hence Q is a relative tri-quasi hyperideal of Γ-
semihyperring. □

Corollary 3.5. Suppose that S is Γ-semihyperring. Then Q is a relative tri-quasi hyper-
ideal of S if and only if Q is a relative right hyperideal of some relative left hyperideal of
a Γ-semihyperring.

Theorem 3.6. Suppose that S is a Γ-semihyperring and A ⊆ S. If A = AΓ < s >, for
all s ∈ A where < s > is the smallest relative tri-quasi hyperideal generated by s. Then
Q is a relative tri-quasi hyperideal of S if and only if Q is a relative quasi hyperideal of S.

Proof. Let Q be a relative tri-quasi hyperideal of a Γ-semihyperring S and a ∈ Q, A ⊆ S.
Then QΓQΓAΓQΓQ ⊆ Q, which shows that AΓ < a >⊆ AΓQ which in turn shows
that A ⊆ AΓQ ⊆ A which implies that AΓQ = A which yields QΓA = QΓAΓQ ⊆
QΓQΓAΓQΓQ ⊆ Q which gives AΓQ ∩ QΓA ⊆ AΓA ∩ QΓA ⊆ Q. Hence Q is a
relative quasi hyperideal of S.
The converse is straightforward. □

4. CHARACTERISATION OF REGULAR Γ-SEMIHYPERRING AND SIMPLE
Γ-SEMIHYPERRING THROUGH RELATIVE TRI-QUASI HYPERIDEALS

In this part of the paper, we develop the notion of a tri-quasi simple Γ-semihyperring
and characterize tri-quasi simple Γ-semihyperring with relative tri-quasi hyperideals of
Γ-semihyperring, and study the characteristic properties of relative minimal tri-quasi hy-
perideals of Γ-semihyperring. We also study characterization of regular Γ-semihyperring
with relative tri-quasi hyperideals in Γ-semihyperring.

Definition 4.1. A Γ-semihyperring S is a left (right) simple Γ-semihyperring if S has no
proper relative left (right) hyperideals of S.

Definition 4.2. A Γ-semihyperring S is called simple Γ-semihyperring if S has no proper
hyperideals of S.

Definition 4.3. A Γ-semihyperring S is called relative tri-quasi simple Γ-semihyperring if
S has no relative tri-quasi hyperideals except S itself.

Theorem 4.1. If S is a division Γ-semihyperring, then S is a tri-quasi simple Γ-semihyperring.

Proof. Let Q be a proper relative tri-quasi hyperideal of the division Γ-semihyperring S,
A ⊆ S and 0 ̸= a ∈ Q. Since S is a division Γ-semihyperring, there exist b ∈ A,α ∈ Γ
such that aαb = 1. Then there exist β ∈ Γ, x ∈ A such that aαbβx = x = xβaαb.
So x ∈ QΓA. Thus A ⊆ QΓA. We obtain QΓA ⊆ A. Thus S = QΓS. Likewise,
one can prove that SΓQ = S. Moreover, S = SΓQ = QΓQΓAΓQΓQ ⊆ Q. Also,
Q ⊆ S Therefore, S = Q. Hence division Γ-semihyperring S has no proper relative
tri-quasi-interior hyperideals. □

Theorem 4.2. Suppose that S is a left and a right simple Γ-semihyperring. Then S is a
relative tri-quasi simple Γ-semihyperring.
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Proof. Suppose that S is a left and a right simple Γ-semihyperring, and A ⊆ S. Also,
let Q be a relative tri-quasi hyperideal of S. Then, we have QΓQΓAΓQΓQΓQ and AΓQ
and QΓA are relative left and right hyperideals of S. As S is a left and right simple Γ-
semihyperring, we have AΓQ = A. Also, QΓA = A. Thus, QΓQΓAΓQΓQΓQ. This
shows that QΓAΓQ ⊆ Q. Hence S ⊆ Q. □

Theorem 4.3. Suppose that S is a Γ-semihyperring. Then, S is a tri-quasi simple Γ-
semihyperring if and only if < a >= S for all a ∈ A ⊆ S, where < a > is the smallest
relative tri-quasi hyperideal generated by a.

Proof. Suppose that S is a tri-quasi simple Γ-semihyperring, a ∈ A ⊆ S and Q = AΓa.
Then Q is a relative left hyperideal of S. Thus, by Theorem 3.1, Q is a relative tri-quasi
hyperideal of S. Thus Q = S. So AΓa = S for all a ∈ A. Also, AΓa ⊆< a >⊆ S. This
implies that S ⊆< a >⊆ S. Therefore S =< a >. Suppose < a > is the smallest relative
tri-quasi hyperideal of S generated by a and < a >= S. Also, I is relative tri-quasi
hyperideal and a ∈ I . Then, we have < a >⊆ I ⊆ S. It then follows that S ⊆ I ⊆ S.
Therefore I = S. Hence S is a tri-quasi simple Γ-semihyperring. □

Theorem 4.4. Suppose that S is a Γ-semihyperring. Then S is a tri-quasi simple Γ-
semihyperring if and only if aΓaΓSΓaΓa = S for all a ∈ S.

Proof. Suppose that S is left bi-quasi simple Γ-semihyperring and a ∈ A ⊆ S. Thus,
aΓaΓSΓaΓa = S is a relative tri-quasi hyperideal of S. Hence aΓSΓaΓSΓa = S for all
a ∈ S.

Conversely, suppose that aΓaΓSΓaΓa = S for all a ∈ A ⊆ S. Let Q be a relative
tri-quasi hyperideal of Γ-semihyperring S and a ∈ Q. Also, S = aΓaΓAΓaΓa, and
S = aΓaΓAΓaΓa ⊆ QΓQΓAΓQΓQ ⊆ Q. Thus, Q = BΓQ. Hence S is a tri-quasi
simple Γ-semihyperring. □

Theorem 4.5. Let Q be a relative minimal tri-quasi hyperideal of a Γ-semihyperring S.
Then any two non-zero elements of Q construct the same right relative hyperideal of S.

Proof. Suppose that Q is a relative minimal tri-quasi hyperideal of a Γ-semihyperring S
and q ∈ Q. Then, it follows that (q)R ∩ Q is a relative tri-quasi hyperideal of S. Thus,
(q)R∩Q ⊆ Q. As Q is a relative minimal tri-quasi hyperideal of S, we have (q)R∩Q = Q.
This shows that Q ⊆ (q)R. Moreover, suppose that r ∈ Q. Then r ∈ (q)R, (r)R ⊆ (q)R.
Hence, (q)R = (r)R. □

Corollary 4.6. If Q is a relative minimal tri-quasi hyperideal of a Γ-semihyperring S,
then any two non-zero elements of Q generates the same relative left hyperideal of S.

Theorem 4.7. Suppose that S is a Γ-semihyperring and Q is a relative tri-quasi hyperideal
of S. Then Q is a relative minimal tri-quasi hyperideal of S if and only if Q is a relative
tri-quasi simple sub-Γsemihyperring.

Proof. Let Q be a relative minimal tri-quasi hyperideal of Γ-semiring S and I be a relative
tri-quasi hyperideal of Q. Then IΓIΓQΓIΓI ⊆ I . Therefore IΓIΓQΓIΓI is a relative tri-
quasi hyperideal of S. Since I is a relative tri-quasi hyperideal of Q. IΓIΓQΓIΓI = Q.
This shows that Q = IΓIΓQΓIΓI ⊆ I. So, Q = I .

Conversely, suppose that Q is a relative tri-quasi simple Γ-subsemihyperring of S. Let I
be a relative tri-quasi hyperideal of S and I ⊆ Q. This implies that IΓCΓQΓIΓI = I. It
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then follows that for A ⊆ S IΓIΓQΓIΓI ⊆ IΓIΓQΓIΓI ⊆ QΓQΓAΓQΓQ ⊆ Q. Thus,
I is a relative tri-quasi hyperideal of Q. Therefore, Q = I , since Q is a relative tri-quasi
simple sub-Γ-semihyperring. Hence Q is a relative minimal tri-quasi hyperideal of S. □

Theorem 4.8. Suppose that S is a Γ-semihyperring and Q = RΓL, where L and R are
relative minimal left and relative minimal right hyperideals of S, repectively. Then, Q is a
relative minimal tri-quasi hyperideal of S.

Proof. As a matter of fact, we have Q = RΓL is a relative tri-quasi hyperideal of S. Let
A ⊆ S and I be a relative tri-quasi hyperideal of S such that I ⊆ Q. Then AΓIΓI is
a relative left hyperideal of S. This shows that AΓIΓIΓAΓQΓQ = AΓRΓLΓRΓL ⊆
L, since L is a relative left hyperideal of S. Similarly, one can prove IΓIΓAΓR. Thus
AΓIΓI = L, IΓIΓA = R. Therefore Q = IΓIΓAΓAΓIΓI ⊆ IΓIΓAΓIΓI ⊆ I . So
I = Q. Hence Q is a relative minimal tri-quasi hyperideal of S. □

Theorem 4.9. Suppose that S is a relative regular idempotent Γ-semihyperring. Then Q
is a relative tri-quasi hyperideal of S if and only if QΓQΓAΓQΓQ = Q for all relative
tri-quasi hyperideals Q of S for A ⊆ S.

Proof. Suppose that S is a relative regular Γ-semihyperring, Q is a relative tri-quasi hy-
perideal of S and x ∈ Q. Also, let A ⊆ S. Then QΓQΓAΓQΓQ ⊆ Q and there exist y ∈
A,α, β, δ ∈ Γ, such that x = xαxαyβxδx ⊆ QΓQΓAΓQΓQ. Thus x ∈ QΓQΓAΓQΓQ.
Hence QΓQΓAΓQΓQ = Q.

Conversely, suppose that A ⊆ S. Then, we have QΓQΓAΓQΓQ = Q for all relative
tri-quasi hyperideals Q of S. Let Q = R ∩ L, where R is a relative right hyperideal and L
is a relative left hyperideal of S. Then Q is a relative tri-quasi hyperideal of S. Thus, we
have the following:

(R ∩ L)ΓAΓ(R ∩ L)ΓAΓ(R ∩ L) = R ∩ L

= (RΓL)Γ(R ∩ L)AΓAΓ(R ∩ L)Γ(R ∩ L)

⊆ RΓAΓLΓAΓL

⊆ RΓL

⊆ R ∩ L(since RΓL ⊆ L and RΓL ⊆ R).

Thus R ∩ L = RΓL. Hence S is a relative regular Γ-semihyperring. □

Theorem 4.10. Suppose that S is a relative regular commutative Γ-semihyperring. Then
every relative tri-quasi hyperideal of S is a relative hyperideal of S.

Proof. Suppose that Q is a relative tri-quasi hyperideal of S, A ⊆ S and C = QΓQΓAΓQΓQ.
Then C = QΓQΓAΓQΓQ = Q. This shows that QΓA = CΓA ⊆ CΓAΓC, since S is
relative regular. It hence follows that QΓA ⊆ QΓQΓAΓQΓQΓAΓQΓQΓAΓQΓQ ⊆
Q. □

Theorem 4.11. The non-empty set S is regular Γ-semihyperring if and only if IΓQ = I∩Q
for any relative right hyperideal I and relative left hyperideal Q of Γ-semihyperring.

Proof. The proof of the Theorem is easy. □

Theorem 4.12. Suppose that Q is sub-Γ-semihyperring of a regular idempotent Γ-semihyperring.
Then, Q can be represented as Q = RΓL, where R is a relative right hyperideal and L is
a relative left hyperideal of S if and only if Q is a relative tri-quasi hyperideal of S.
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Proof. Suppose that Q = RΓL, where R is relative right hyperideal of S and L is a rel-
ative left hyperideal of S.Also, A ⊆ S. Then, we have the following: QΓQΓAΓQΓQ =
RΓLΓRΓLΓAΓRΓLΓRΓL ⊆ RΓL = Q. Hence Q is a relative tri-quasi hyperideal of
Γ-semihyperring.

Conversely, suppose that Q is a relative tri-quasi hyperideal of regular idempotent Γ-
semihyperring. Then QΓQΓAΓQΓQ = Q. Let R = QΓA and L = AΓQ. Then
R = QΓA is a relative right hyperideal of S and L = AΓQ is a relative left hyperideal
of S. Thus, QΓA ∩ AΓQ ⊆ QΓQΓAΓQΓQ = Q. This shows that QΓA ∩ AΓQ ⊆ Q.
It follows that R ∩ L ⊆ Q. We have Q ⊆ QΓA = R and Q ⊆ AΓQ = L. Therefore,
Q ⊆ R∩L. This implies that Q = R∩L = RΓL as S is a regular Γ-semihyperring. Hence
Q can be represented as RΓL where R is a relative right hyperideal and L is a relative left
hyperideal of S. □

The following theorem explicitly provides condition in terms of tri-quasi ideal under which
a Γ-semihyperring becomes regular.

Theorem 4.13. The non-empty subset S is a regular Γ-semihyperring if and only if Q ∩
I ∩ L ⊆ QΓIΓL for any relative tri-quasi hyperideal Q, hyperideal I and left hyperideal
L of S.

Proof. Suppose that S is a regular Γ-semiring, Q, I and L are relative tri-quasi hyper-
ideal, relative hyperideal and relative left hyperideal of S, respectively. Also, let A ⊆ S.
Let a ∈ Q ∩ I ∩ L. Then a ∈ aΓAΓa, since S is relative regular. Thus, we have
a ∈ aΓAΓa ⊆ aΓAΓaΓAΓa ⊆ QΓIΓL. Hence Q ∩ I ∩ L ⊆ QΓIΓL.

Conversely, suppose that Q ∩ I ∩ L ⊆ QΓIΓL for any relative tri-quasi hyperideal Q,
relative hyperideal I and relative left hyperideal L of S. Let R be a relative right hyperideal
and L be relative left hyperideal of S. Then by the hypothesis, R ∩ L = R ∩ A ∩ L ⊆
RΓAΓL ⊆ RΓL. We have RΓL ⊆ R,RΓL ⊆ L. Thus, RΓL ⊆ R ∩ L. Hence
R ∩ L = RΓL. Hence S is a regular Γ-semihyperring. □

5. CONCLUSIONS AND/OR DISCUSSIONS

In this paper, as a generalization of hyperideals, we introduced the concept of relative
tri-quasi hyperideal in Γ-semihyperring that in turn generalize ideal, left ideal, right ideal,
bi-ideal, quasi ideal and interior ideal of semiring and Γ-semiring. We studied some of their
characteristics. We also introduced the concept of tri-quasi simple Γ-semihyperring and
characterized relative tri quasi simple Γ-semihyperring, regular Γ-semihyperring through
relative tri-quasi hyperideals of Γ-semihyperring. We then proved that each relative bi-
quasi hyperideal and relative b-interior hyperideal in Γ-semihyperring are relative tri-quasi
hyperideals, and studied some of the properties of relative tri-quasi hyperideals in Γ-
semihyperrings. In future research direction, one may study prime tri-quasi hyperideals,
maximal and minimal tri-quasi hyperideals as relative hyperideals or generalised hyperide-
als in ordered Γ-semihyperrings and in other explorable algebraic structures.
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