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CHARACTERIZATIONS OF REGULAR AND INTRA-REGULAR ORDERED

Γ-SEMIHYPERGROUPS IN TERMS OF BI-Γ-HYPERIDEALS

The concept of Γ-semihypergroups is a generalization of semigroups, a generalization of semihy-

pergroups and a generalization of Γ-semigroups. In this paper, we study the notion of bi-Γ-hyper-

ideals in ordered Γ-semihypergroups and investigate some properties of these bi-Γ-hyperideals.

Also, we define and use the notion of regular ordered Γ-semihypergroups to examine some clas-

sical results and properties in ordered Γ-semihypergroups.
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1 INTRODUCTION

A semigroup is an algebraic structure consisting of a non-empty set S together with an asso-

ciative binary operation [24]. The notion of a Γ-semigroup was introduced by Sen and Saha [37]

as a generalization of semigroups as well as of ternary semigroups. Since then, hundreds of

papers have been written on this topic, see [6,7,16]. Many classical notions of semigroups have

been extended to Γ-semigroups. Let S = {a, b, c, · · · } and Γ = {α, β, γ, · · · } be two non-empty

sets. Then, S is called a Γ-semigroup if there exists a mapping from S × Γ × S to S, written as

(a, γ, b) → aγb, satisfying the identity (aαb)βc = aα(bβc) for all a, b, c in S and α, β in Γ. In

this case by (S, Γ) we mean S is a Γ-semigroup. By an ordered semigroup, we mean an algebraic

structure (S, ·,≤), which satisfies the following conditions: (1) (S, ·) is a semigroup; (2) S is

a partial ordered set by ≤; (3) If a and b are elements of S such that a ≤ b, then a · c ≤ b · c

and c · a ≤ c · b for all c ∈ S. Ordered semigroups have been studied extensively by Kehay-

opulu and Tsingelis, for example, see [27–29]. The notions of an ordered Γ-groupoid and an

ordered Γ-semigroup were defined by Sen and Seth in [38]. Many authors studied different as-

pects of ordered Γ-semigroups, for instance, Abbasi and Basar [1], Chinram and Tinpun [7, 8],

Dutta and Adhikari [16, 17], Hila [22], Iampan [25], Kehayopulu [26], Kwon [31], Kwon and

Lee [32, 33], and many others. Recall from [38], that an ordered Γ-semigroup (S, Γ,≤) is a Γ-

semigroup (S, Γ) together with an order relation ≤ such that a ≤ b implies that aγc ≤ bγc and

cγa ≤ cγb for all a, b, c ∈ S and γ ∈ Γ.

The concept of ordered semihypergroups is a generalization of the concept of ordered semi-

groups. The concept of ordering hypergroups introduced by Chvalina [11] as a special class
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of hypergroups. Many authors studied different aspects of ordered semihypergroups, for in-

stance, Davvaz et al. [15], Gu and Tang [19], Heidari and Davvaz [20], Tang et al. [39], and

many others. Explicit study of ordered semihypergroups seems to have begun with Heidari

and Davvaz [20] in 2011. Recall from [20], that an ordered semihypergroup (S, ◦,≤) is a semihy-

pergroup (S, ◦) together with a partial order ≤ that is compatible with the hyperoperation ◦,

meaning that for any x, y, z ∈ S,

x ≤ y ⇒ z ◦ x ≤ z ◦ y and x ◦ z ≤ y ◦ z.

Here, z ◦ x ≤ z ◦ y means for any a ∈ z ◦ x there exists b ∈ z ◦ y such that a ≤ b. The case

x ◦ z ≤ y ◦ z is defined similarly.

Recently, Davvaz et al. [4, 5, 13, 21, 23] studied the notion of Γ-semihypergroup as a gen-

eralization of a semigroup, a generalization of a semihypergroup and a generalization of a

Γ-semigroup. They proved some results in this respect and presented many exmaples of Γ-

semihypergroups. Many classical notions of semigroups and semihypergroups have been

extended to Γ-semihypergroups. The notion of a Γ-hyperideal of a Γ-semihypergroup was

introduced in [4]. Davvaz et al. [5] introduced the notion of Pawlak’s approximations in Γ-

semihypergroups. Abdullah et al. [2] studied M-hypersystems and N-hypersystems in a Γ-

semihypergroup. Algebraic hyperstructures are a suitable generalization of classical algebraic

structures. 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. The concept

of hyperstructure was first introduced by Marty [34] at the eighth Congress of Scandinavian

Mathematicians in 1934. A comprehensive review of the theory of hyperstructures can be

found in [9, 10, 12, 40]. Let S be a non-empty set and P∗(S) be the family of all non-empty

subsets of S. A mapping ◦ : S × S → P∗(S) is called a hyperoperation on S. A hypergroupoid

is a set S together with a (binary) hyperoperation. In the above definition, if A and B are two

non-empty subsets of S and x ∈ S, then we denote

A ◦ B =
⋃

a∈A
b∈B

, x ◦ A = {x} ◦ A and B ◦ x = B ◦ {x}.

A hypergroupoid (S, ◦) is called a semihypergroup if for every x, y, z in S, x ◦ (y ◦ z) = (x ◦ y) ◦ z.

That is, ⋃

u∈y◦z

x ◦ u =
⋃

v∈x◦y

v ◦ z.

A non-empty subset K of a semihypergroup S is called a subsemihypergroup of S if K ◦ K ⊆ K.

A hypergroupoid (S, ◦) is called a quasihypergroup if for every x ∈ S, x ◦ S = S = S ◦ x. This

condition is called the reproduction axiom. The couple (S, ◦) is called a hypergroup if it is a

semihypergroup and a quasihypergroup. A non-empty subset K of S is a subhypergroup of S if

K ◦ a = a ◦ K = K, for every a ∈ K. A hypergroup (S, ◦) is called commutative if x ◦ y = y ◦ x,

for every x, y ∈ S.

2 REVIEW: ORDERED Γ-SEMIHYPERGROUPS

The notion of a Γ-semihypergroup was introduced by Davvaz et al. [4,5,21]. In [20], Heidari

and Davvaz introduced the concept of ordered semihypergroups, which is a generalization of
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ordered semigroups. In this section, we recall the notion of an ordered Γ-semihypergroup and

then we present some definitions and properties which we will need in this paper. Throughout

this paper, unless otherwise stated, S is always an ordered Γ-semihypergroup (S, Γ,≤).

Definition 1 ([4, 5]). Let S and Γ be two non-empty sets. Then, S is called a Γ-semihypergroup if

every γ ∈ Γ is a hyperoperation on S, i.e., xγy ⊆ S for every x, y ∈ S, and for every α, β ∈ Γ and

x, y, z ∈ S, we have xα(yβz) = (xαy)βz. If every γ ∈ Γ is an operation, then S is a Γ-semigroup.

Let A and B be two non-empty subsets of S. We define

AΓB =
⋃
{aγb | a ∈ A, b ∈ B and γ ∈ Γ} =

⋃

γ∈Γ

AγB.

A Γ-semihypergroup S is called commutative if for all x, y ∈ S and γ ∈ Γ, we have xγy = yγx.

A Γ-semihypergroup S is called a Γ-hypergroup if for every γ ∈ Γ, (S, γ) is a hypergroup.

Now, we consider the notion of an ordered Γ-semihypergroup.

Definition 2 ([30]). An algebraic hyperstructure (S, Γ,≤) is called an ordered Γ-semihypergroup

if (S, Γ) is a Γ-semihypergroup and (S,≤) is a partially ordered set such that for any x, y, z ∈ S

and γ ∈ Γ, x ≤ y implies zγx ≤ zγy and xγz ≤ yγz. Here, if A and B are two non-empty

subsets of S, then we say that A ≤ B if for every a ∈ A there exists b ∈ B such that a ≤ b.

Let S be an ordered Γ-semihypergroup. By a sub Γ-semihypergroup of S we mean a non-

empty subset A of S such that aγb ⊆ A for all a, b ∈ A and γ ∈ Γ.

Example 1 ([30]). Let (S, ◦,≤) be an ordered semihypergroup and Γ a non-empty set. We define

xγy = x ◦ y for every x, y ∈ S and γ ∈ Γ. Then, (S, Γ,≤) is an ordered Γ-semihypergroup.

Definition 3. Let (S, Γ,≤) be an ordered Γ-semihypergroup. A non-empty subset I of S is

called a left Γ-hyperideal of S if it satisfies the following conditions:

(1) SΓI ⊆ I;

(2) When x ∈ I and y ∈ S such that y ≤ x, imply that y ∈ I.

A right Γ-hyperideal of an ordered Γ-semihypergroup S is defined in a similar way. By

two-sided Γ-hyperideal or simply Γ-hyperideal, we mean a non-empty subset of S which both left

and right Γ-hyperideal of S. A Γ-hyperideal I of S is said to be proper if I 6= S.

Let K be a non-empty subset of an ordered Γ-semihypergroup (S, Γ,≤). If H is a non-empty

subset of K, then we define (H]K := {k ∈ K | k ≤ h for some h ∈ H}. Note that if K = S, then

we define (H] := {x ∈ S | x ≤ h for some h ∈ H}. For H = {h}, we write (h] instead of ({h}].

Note that the condition (2) in Definition 3 is equivalent to (I] ⊆ I. If A and B are non-empty

subsets of S, then we have

(1) A ⊆ (A];

(2) ((A]] = (A];

(3) If A ⊆ B, then (A] ⊆ (B];

(4) (A]Γ(B] ⊆ (AΓB];

(5) ((A]Γ(B]] = (AΓB].
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Lemma 1. If I and J are Γ-hyperideals of an ordered Γ-semihypergroup (S, Γ,≤), then I ∩ J is

a Γ-hyperideal of S.

Proof. Let x ∈ I, y ∈ J and γ ∈ Γ. Then, xγy ⊆ IΓJ ⊆ IΓS ⊆ I and xγy ⊆ IΓJ ⊆ SΓJ ⊆ J. So,

xγy ⊆ I ∩ J and hence ∅ 6= I ∩ J ⊆ S. We have (I ∩ J)ΓS ⊆ IΓS ⊆ I and SΓ(I ∩ J) ⊆ SΓJ ⊆ J.

Similarly, (I ∩ J)ΓS ⊆ J and SΓ(I ∩ J) ⊆ I. So, we have (I ∩ J)ΓS ⊆ I ∩ J and SΓ(I ∩ J) ⊆ I ∩ J.

Now, let x ∈ I ∩ J, y ∈ S and y ≤ x. Since I and J are Γ-hyperideals of S, we obtain y ∈ I and

y ∈ J. Thus, y ∈ I ∩ J. This completes the proof.

Let (S, Γ,≤) be an ordered Γ-semihypergroup. A subset A of S is called idempotent if A =

(AΓA].

Lemma 2. The Γ-hyperideals of an ordered Γ-semihypergroup (S, Γ,≤) are idempotent if and

only if for any Γ-hyperideals I, J of S, we have I ∩ J = (IΓJ].

Proof. The sufficiency is obvious. For the necessity, let I, J be Γ-hyperideals of S. We have

(IΓJ] ⊆ (IΓS] ⊆ (I] = I and (IΓJ] ⊆ (SΓJ] ⊆ (J] = J. So, we have (IΓJ] ⊆ I ∩ J. On

the other hand, by Lemma 1, I ∩ J is a Γ-hyperideal of S. By assumption, we have I ∩ J =

((I ∩ J)Γ(I ∩ J)] ⊆ (IΓJ]. This completes the proof.

Theorem 1. Let (S, Γ,≤) be a commutative ordered Γ-semihypergroup. If I is a Γ-hyperideal

of S and A is a non-empty subset of S, then (I : A) = {x ∈ S | xγa ⊆ I for all a ∈ A and γ ∈ Γ}

is a Γ-hyperideal of S.

Proof. Suppose that x ∈ (I : A), s ∈ S and δ ∈ Γ. Then, xγa ⊆ I for all a ∈ A and γ ∈ Γ. We

have (sδx)γa = sδ(xγa) ⊆ SΓI ⊆ I. So, we have sδx ⊆ (I : A). In the similar way, we obtain

xδs ⊆ (I : A). Now, let x ∈ (I : A), y ∈ S and y ≤ x. Then, xγa ⊆ I for all a ∈ A and γ ∈ Γ.

Also, we have yγa ≤ xγa for all a ∈ A and γ ∈ Γ, by hypothesis. So, for any u ∈ yγa, u ≤ v for

some v ∈ xγa ⊆ I. Since I is a Γ-hyperideal of S, it follows that u ∈ I. So, we have yγa ⊆ I for

all a ∈ A and γ ∈ Γ. Thus, we have y ∈ (I : A). Therefore, (I : A) is a Γ-hyperideal of S.

3 BI-Γ-HYPERIDEALS

The study of ordered semihyperrings was first undertaken by Davvaz and Omidi [14].

In [35], Omidi, Davvaz and Corsini studied some properties of hyperideals in ordered Kras-

ner hyperrings. The concept of a bi-ideal is a very interesting and important thing in semi-

groups and ordered semigroups. In 1952, Good and Hughes [18] introduced the notion of

bi-ideals in semigroups. Recently, Davvaz et al. [4] introduced the notion of bi-Γ-hyperideal

in Γ-semihypergroups (cf. [3]). In [36], Pibaljommee and Davvaz studied the properties of

bi-hyperideals in ordered semihypergroups. The concept of bi-Γ-hyperideals of an ordered Γ-

semihypergroup is a generalization of the concept of Γ-hyperideals (left Γ-hyperideals, right Γ-

hyperideals) of an ordered Γ-semihypergroup. First, we define the concept of a bi-Γ-hyperideal

in ordered Γ-semihypergroups.

Definition 4 ([30]). A sub Γ-semihypergroup B of an ordered Γ-semihypergroup (S, Γ,≤) is

called a bi-Γ-hyperideal of S if the following conditions hold:

(1) BΓSΓB ⊆ B;

(2) When x ∈ B and y ∈ S such that y ≤ x, imply that y ∈ B.
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The concept of bi-Γ-hyperideals of an ordered Γ-semihypergroup is a generalization of

the concept of Γ-hyperideals (left Γ-hyperideals, right Γ-hyperideals) of an ordered Γ-semi-

hypergroup. Obviously, every left (right) Γ-hyperideal of an ordered Γ-semihypergroup S is a

bi-Γ-hyperideal of S, but the the following example shows that the converse is not true in ge-

neral case. Indeed, If I is a left (right) Γ-hyperideal of S, then IΓI ⊆ SΓI ⊆ I. Hence, I is a sub

Γ-semihypergroup of S.

Example 2. Let S = {a, b, c, d, e, f} and Γ = {γ, β} be the sets of binary hyperoperations

defined as follows.

γ a b c d e f

a a b a a a a

b b b b b b b

c a b {a, c} a a {a, f}

d a b {a, e} a a {a, d}

e a b {a, e} a a {a, d}

f a b {a, c} a a {a, f}

β a b c d e f

a a b a a a a

b b b b b b b

c a b a a a a

d a b a {a, d} {a, e} a

e a b a a a a

f a b a {a, f} {a, c} a

Then S is a Γ-semihypergroup [41]. We have (S, Γ,≤) is an ordered Γ-semihypergroup where

the order relation ≤ is defined by:

≤:= {(a, a), (a, b), (a, c), (a, d), (a, e), (a, f ), (b, b), (c, c), (d, d), (e, e), ( f , f )}.

The covering relation and the figure of S are given by:

≺= {(a, b), (a, c), (a, d), (a, e), (a, f )}.

❜

a

❜

e

�
�
�❅

❅
❅

❜

c
❜

d

b ❜

❍❍❍❍
f

❜

✟✟✟✟

Here,

(1) It is a routine matter to verify that B1 = {a, b, c} is a bi-Γ-hyperideal of S, but it is not a

Γ-hyperideal of S.

(2) With a small amount of effort one can verify that B2 = {a, b, c, f} is a bi-Γ-hyperideal of

S, but it is not a left Γ-hyperideal of S.

Lemma 3. The intersection of any family of bi-Γ-hyperideals of an ordered Γ-semihypergroup

(S, Γ,≤) is a bi-Γ-hyperideal of S.

Proof. Let {Bk | k ∈ Λ} be a family of bi-Γ-hyperideals of S and B =
⋂

k∈Λ

Bk. It is easy to

check that B is a sub Γ-semihypergroup of S. Now, let x ∈ BΓSΓB. Then, x ∈ aαsβb for

some a, b ∈ B, s ∈ S and α, β ∈ Γ. Since each Bk is a bi-Γ-hyperideal of S, it follows that

aαsβb ⊆ BkΓSΓBk ⊆ Bk for all k ∈ Λ. Then, x ∈ Bk for all k ∈ Λ. So, we have x ∈
⋂

k∈Λ

Bk = B.

Since x was chosen arbitrarily, we have BΓSΓB ⊆ B. If x ∈ B and y ∈ S such that y ≤ x, then

x ∈ Bk for all k ∈ Λ. Since each Bk is a bi-Γ-hyperideal of S, it follows that y ∈ Bk for all k ∈ Λ.

So, we have y ∈
⋂

k∈Λ

Bk = B. Hence, B is a bi-Γ-hyperideal of S.
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Lemma 4. Let (S, Γ,≤) be an ordered Γ-semihypergroup. If B is a bi-Γ-hyperideal of S and C

is a bi-Γ-hyperideal of B, such that C = (CΓC], then C is a bi-Γ-hyperideal of S.

Proof. By assumption, we have that

CΓC = (CΓC]Γ(CΓC] ⊆ (CΓ(CΓCΓC)] ⊆ (CΓC] = C,

which shows that C is a sub Γ-semihypergroup of S. On the other hand, we have BΓSΓB ⊆

B and CΓBΓC ⊆ C. Thus, we have

CΓSΓC = (CΓC]ΓSΓ(CΓC] = (CΓC]Γ(S]Γ(CΓC]

⊆ (CΓCΓS]Γ(CΓC] ⊆ (CΓ(CΓSΓC)ΓC]

⊆ (CΓ(BΓSΓB)ΓC] ⊆ (CΓBΓC] ⊆ (C]B ⊆ C.

Now, let c ∈ C and x ≤ c, where x ∈ S. Since B is a bi-Γ-hyperideal of S and C ⊆ B, we get

x ∈ B. On the other hand, C is a bi-Γ-hyperideal of B. It follows that x ∈ C. This completes the

proof.

Let A be a non-empty subset of an ordered Γ-semihypergroup (S, Γ,≤). We denote by

LS(A) (resp. RS(A), IS(A)) the left (resp. right, two-sided) Γ-hyperideal of S generated by A.

Lemma 5. If A is a non-empty subset of an ordered Γ-semihypergroup (S, Γ,≤), then the

following hold:

(1) LS(A) = (A ∪ SΓA];

(2) RS(A) = (A ∪ AΓS];

(3) IS(A) = (A ∪ SΓA ∪ AΓS ∪ SΓAΓS].

Proof. Since A ⊆ LS(A) and SΓA ⊆ LS(A), it follows that (A ∪ SΓA] ⊆ LS(A). Clearly,

(A ∪ SΓA] 6= ∅. We have

SΓ(A ∪ SΓA] = (S]Γ(A ∪ SΓA] ⊆ (SΓ(A ∪ SΓA)]

= (SΓA ∪ SΓ(SΓA)] ⊆ (SΓA] ⊆ (A ∪ SΓA].

Thus, (A ∪ SΓA] is a left Γ-hyperideal of S containing A. This means that LS(A) ⊆ (A ∪

SΓA]. This proves that (1) holds. The conditions (2) and (3) are proved similarly.

Corollary 1. Let a be an element of an ordered Γ-semihypergroup (S, Γ,≤). Then,

(1) LS(a) = (a ∪ SΓa];

(2) RS(a) = (a ∪ aΓS];

(3) IS(a) = (a ∪ SΓa ∪ aΓS ∪ SΓaΓS].

Let A be a non-empty subset of an ordered Γ-semihypergroup (S, Γ,≤). We define

Θ = {B | B is a bi-Γ-hyperideal of S containing A}.

Since S ∈ Θ, it follows that Θ 6= ∅. We denote by BS(A) the bi-Γ-hyperideal of S generated by

A. Clearly, A ⊆ BS(A) =
⋂

B∈Θ

B. By Lemma 3, BS(A) is a bi-Γ-hyperideal of S.
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Lemma 6. Let A be a non-empty subset of an ordered Γ-semihypergroup (S, Γ,≤). Then,

BS(A) = (A ∪ AΓA ∪ AΓSΓA].

Proof. Set B = (A ∪ AΓA ∪ AΓSΓA]. Clearly, B 6= ∅. We have

BΓB = (A ∪ AΓA ∪ AΓSΓA]Γ(A ∪ AΓA ∪ AΓSΓA]

⊆ ((A ∪ AΓA ∪ AΓSΓA)Γ(A ∪ AΓA ∪ AΓSΓA)]

⊆ (AΓSΓA] ⊆ (A ∪ AΓA ∪ AΓSΓA].

Hence, B is a sub Γ-semihypergroup of S. Now,

BΓSΓB = (A ∪ AΓA ∪ AΓSΓA]ΓSΓ(A ∪ AΓA ∪ AΓSΓA]

⊆ ((A ∪ AΓA ∪ AΓSΓA)ΓSΓ(A ∪ AΓA ∪ AΓSΓA)]

⊆ (AΓA ∪ AΓSΓA] ⊆ (A ∪ AΓA ∪ AΓSΓA].

Therefore, B is a bi-Γ-hyperideal of S, and hence BS(A) ⊆ (A ∪ AΓA ∪ AΓSΓA]. Let C be a

bi-Γ-hyperideal of S containing A. Then, AΓA ⊆ C and AΓSΓA ⊆ CΓSΓC ⊆ C. Thus, we have

B = (A ∪ AΓA ∪ AΓSΓA] ⊆ (C] = C. Hence, B is the smallest bi-Γ-hyperideal of S containing

A. Therefore, BS(A) = B = (A ∪ AΓA ∪ AΓSΓA].

Corollary 2. Let a be an element of an ordered Γ-semihypergroup (S, Γ,≤). Then,

BS(a) = (a ∪ aΓa ∪ aΓSΓa].

4 MAIN RESULTS

The concepts of regular (resp. intra-regular) ordered Γ-semihypergroups generalize the

corresponding concepts of regular (resp. intra-regular) Γ-semihypergroups as each regular

(resp. intra-regular) Γ-semihypergroup endowed with the order ≤:= {(a, b) | a = b} is a reg-

ular (resp. intra-regular) ordered Γ-semihypergroup. In this section, we introduce the notion

of regular ordered Γ-semihypergroups and investigate some related results. We characterize

regular ordered Γ-semihypergroups in terms of bi-Γ-hyperideals, left Γ-hyperideals and right

Γ-hyperideals of ordered Γ-semihypergroups. In this paper, some well known results of or-

dered semihypergroups in case of ordered Γ-semihypergroups are examined.

Definition 5. An ordered Γ-semihypergroup (S, Γ,≤) is called regular if for every a ∈ S there

exist x ∈ S, α, β ∈ Γ such that a ≤ aαxβa. This is equivalent to saying that a ∈ (aΓSΓa], for

every a ∈ S or A ⊆ (AΓSΓA], for every A ⊆ S.

Example 3. Let S = {a, b, c, d, e} and Γ = {γ, β} be the sets of binary hyperoperations defined

as follows.

γ a b c d e

a {a, b} {b, e} c {c, d} e

b {b, e} e c {c, d} e

c c c c c c

d {c, d} {c, d} c d {c, d}

e e e c {c, d} e

β a b c d e

a {b, e} e c {c, d} e

b e e c {c, d} e

c c c c c c

d {c, d} {c, d} c d {c, d}

e e e c {c, d} e
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Then S is a Γ-semihypergroup [42]. We have (S, Γ,≤) is an ordered Γ-semihypergroup where

the order relation ≤ is defined by:

≤:= {(a, a), (a, b), (a, c), (a, e), (b, b), (b, c), (b, e), (c, c), (d, c), (d, d), (e, c), (e, e)}.

The covering relation and the figure of S are given by:

≺= {(a, b), (b, e), (d, c), (e, c)}.

❜a

❜b

❜e

❜c

❜

d

❅
❅
❅

We can easily verify that S is a regular ordered Γ-semihypergroup.

Lemma 7. Every Γ-hyperideal I of a regular ordered Γ-semihypergroup (S, Γ,≤) is a regular

sub Γ-semihypergroup of S.

Proof. Let a ∈ I. Since S is a regular ordered Γ-semihypergroup, there exist x ∈ S, α, β, γ, δ ∈ Γ

such that a ≤ aαxβa ≤ aαxβaγxδa = aα(xβaγx)δa. Since I is a Γ-hyperideal of S, it follows

that xβaγx ⊆ SΓIΓS ⊆ I. Thus, a ≤ t for some t ∈ aα(xβaγx)δa ⊆ aΓIΓa. So, we have

a ∈ (aΓIΓa]I . Therefore, I is a regular sub Γ-semihypergroup of S.

Theorem 2. If I and J are regular Γ-hyperideals of an ordered Γ-semihypergroup (S, Γ,≤),

then I ∩ J is also a regular Γ-hyperideal of S.

Proof. Let I and J are regular Γ-hyperideals of S. By Lemma 1, I ∩ J is a Γ-hyperideal of S.

By Lemma 7, I and J are regular sub Γ-semihypergroups of S. Now, let a ∈ I ∩ J. Then,

a ≤ aαxβa and a ≤ aγyδa for some x, y ∈ S and α, β, γ, δ ∈ Γ. So, we have a ≤ aαxβa ≤

(aαxβa)µsλ(aγyδa) = aα(xβaµsλaγy)δa. Since I and J are Γ-hyperideals of S, we obtain

xβaµsλaγy ⊆ I ∩ J. Thus, we have a ≤ t for some t ∈ aα(xβaµsλaγy)δa ⊆ aΓ(I ∩ J)Γa

which implies that a ∈ (aΓ(I ∩ J)Γa]I . Hence, there exists z ∈ I ∩ J such that a ≤ aαzδa.

Therefore, I ∩ J is a regular sub Γ-semihypergroup of S.

We now prove the following theorem which is the crucial theorem in the establishment of

our main theorems.

Theorem 3. An ordered Γ-semihypergroup (S, Γ,≤) is regular if and only if for every right

Γ-hyperideal R and every left Γ-hyperideal L of S, we have R ∩ L = (RΓL].

Proof. Let R be a right Γ-hyperideal and L a left Γ-hyperideal of S. As RΓL ⊆ SΓL ⊆ L and

RΓL ⊆ RΓS ⊆ R, we have RΓL ⊆ R ∩ L. So, (RΓL] ⊆ (R ∩ L] ⊆ (R] ∩ (L] ⊆ R ∩ L. Let S be

regular; we need to prove that R ∩ L ⊆ (RΓL]. Since S is regular, we have

R ∩ L ⊆ ((R ∩ L)ΓSΓ(R ∩ L)] ⊆ (RΓSΓ(R ∩ L)] ⊆ (RΓSΓL] ⊆ (RΓL].
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Conversely, suppose that R ∩ L = (RΓL] for any right Γ-hyperideal R and any left Γ-

hyperideal L of S. Let a ∈ S. Since a ∈ RS(a) and a ∈ LS(a), it follows that a ∈ RS(a) ∩ LS(a).

By hypothesis, we have that

a ∈ (RS(a)ΓLS(a)] = ((a ∪ aΓS]Γ(a ∪ SΓa]]

⊆ (aΓa ∪ aΓSΓa ∪ aΓSΓSΓa] ⊆ (aΓa ∪ aΓSΓa].

Hence, a ≤ t for some t ∈ aΓa ∪ aΓSΓa. If u ∈ aΓSΓa, then a ≤ aαxβa for some x ∈ S, α, β ∈ Γ.

Thus, we have a ∈ (aΓSΓa]. Therefore, S is a regular ordered Γ-semihypergroup. If u ∈ aΓa,

then a ≤ aαa ≤ aα(aβa). So, we have a ∈ (aΓSΓa]. Therefore, S is regular.

Now, we obtain the following corollaries.

Corollary 3. If (S, Γ,≤) is a regular ordered Γ-semihypergroup, then S = (SΓS].

Corollary 4. An ordered Γ-semihypergroup S is called fully Γ-hyperidempotent if every Γ-hyper-

ideal of S is idempotent. If S is a regular ordered Γ-semihypergroup, then S is fully Γ-hyper-

idempotent.

Theorem 4. Let (S, Γ,≤) be a regular ordered Γ-semihypergroup. Then, B is a bi-Γ-hyperideal

of S if and only if there exists a right Γ-hyperideal R and a left Γ-hyperideal L of S such that

B = (RΓL].

Proof. Let S be a regular ordered Γ-semihypergroup and B a bi-Γ-hyperideal of S. First, we

show that (BΓS] is a right Γ-hyperideal of S. Let y ∈ S and x ∈ (BΓS]. Then, there exist b ∈

(BΓS], c ∈ B, s ∈ S and α ∈ Γ such that x ≤ b ≤ cαs. Since S is an ordered Γ-semihypergroup,

it follows that xβy ≤ bβy ≤ b ≤ (cαs)βy ⊆ BΓS, where β ∈ Γ. Hence, xβy ⊆ (BΓS]. If y ≤ x,

then y ≤ x ≤ b, and so y ∈ (BΓS]. Therefore, (BΓS] is a right Γ-hyperideal of S. Similarly, we

can prove that (SΓB] is a left Γ-hyperideal of S. Now, we prove that B = ((BΓS]Γ(SΓB]]. Since

S is regular, it follows that B ⊆ (BΓSΓB], for every B ⊆ S. Since B is a bi-Γ-hyperideal of S, it

follows that BΓSΓB ⊆ B. So, we have (BΓSΓB] ⊆ (B] = B. Hence, B = (BΓSΓB]. By Corollary

3, we have S = (SΓS]. Hence,

B = (BΓSΓB] = (BΓ(SΓS]ΓB] = ((B]Γ((SΓS]]ΓB] = ((BΓSΓS]ΓB]

= ((BΓSΓS]Γ(B]] = ((BΓSΓS)ΓB] = ((BΓS]Γ(SΓB]].

Conversely, suppose that R is a right Γ-hyperideal and L a left Γ-hyperideal of S such that

B = (RΓL]. We prove that (RΓL] is a bi-Γ-hyperideal of S. We have

(RΓL]Γ(RΓL] ⊆ ((RΓL)Γ(RΓL)] = ((RΓLΓR)ΓL] ⊆ ((RΓSΓR)ΓL] ⊆ (RΓL].

Then, (RΓL] is a sub Γ-semihypergroup of S. Also, we have

(RΓL]ΓSΓ(RΓL] = (RΓL]Γ(S]Γ(RΓL] ⊆ ((RΓL)ΓS]Γ(RΓL] ⊆ ((RΓL)ΓSΓ(RΓL)]

⊆ (RΓ(LΓS)ΓRΓL] ⊆ ((RΓS)ΓRΓL] ⊆ (RΓRΓL] ⊆ (RΓSΓL] ⊆ (RΓL].

Now, suppose that y ∈ S and x ∈ (RΓL] such that y ≤ x. Since x ∈ (RΓL], it follows that x ≤ a

for some a ∈ RΓL. Since y ≤ x and x ≤ a, we get y ≤ a. So, we have y ∈ (RΓL]. Therefore,

(RΓL] is a bi-Γ-hyperideal of S.
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Theorem 5. An ordered Γ-semihypergroup (S, Γ,≤) is regular if and only if for every right Γ-

hyperideal R, every left Γ-hyperideal L and every bi-Γ-hyperideal B of S, we have R ∩ B ∩ L ⊆

(RΓBΓL].

Proof. Let R be right Γ-hyperideal, L a left Γ-hyperideal and B a bi-Γ-hyperideal of S. By

hypothesis, we have

R ∩ B ∩ L ⊆ ((R ∩ B ∩ L)ΓSΓ(R ∩ B ∩ L)]

⊆ ((R ∩ B ∩ L)ΓSΓ(R ∩ B ∩ L)ΓSΓ(R ∩ B ∩ L)ΓSΓ(R ∩ B ∩ L)]

⊆ (RΓSΓBΓSΓBΓSΓL] = ((RΓS)Γ(BΓSΓB)Γ(SΓL)] ⊆ (RΓBΓL].

Conversely, suppose that R ∩ B ∩ L ⊆ (RΓBΓL] for every right Γ-hyperideal R, every left

Γ-hyperideal L and every bi-Γ-hyperideal B of S. Since S is a bi-Γ-hyperideal of S, we have

R ∩ L = R ∩ S ∩ L ⊆ (RΓSΓL] ⊆ (RΓL]. By Theorem 3, S is regular.

Definition 6. Let (S, Γ,≤) be an ordered Γ-semihypergroup. An element a ∈ S is said to

be intra-regular if there exist x, y ∈ S, α, β, γ ∈ Γ such that a ≤ xαaβaγy. An ordered Γ-

semihypergroup S is called intra-regular if all elements of S are intra-regular.

Equivalent definitions:

(1) a ∈ (SΓaΓaΓS], for all a ∈ S.

(2) A ⊆ (SΓAΓAΓS], for all A ⊆ S.

Example 4. Let S = {a, b, c, d, e} and Γ = {γ, β} be the sets of binary hyperoperations defined

as follows.

γ a b c d e

a {a, b} {b, c} c {d, e} e

b {b, c} c c {d, e} e

c c c c {d, e} e

d {d, e} {d, e} {d, e} d e

e e e e e e

β a b c d e

a {b, c} c c {d, e} e

b c c c {d, e} e

c c c c {d, e} e

d {d, e} {d, e} {d, e} d e

e e e e e e

Then S is a Γ-semihypergroup [41]. We have (S, Γ,≤) is an ordered Γ-semihypergroup where

the order relation ≤ is defined by:

≤:= {(a, a), (a, b), (a, c), (b, b), (b, c), (c, c), (d, d), (e, e)}.

The covering relation and the figure of S are given by:

≺= {(a, b), (b, c)}.

❜a

❜b

❜c

❜

d
❜

e

Then, by routine calculations, (S, Γ,≤) is intra-regular.
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Theorem 6. Let (S, Γ,≤) be an ordered Γ-semihypergroup. Then, S is intra-regular if and only

if for every right Γ-hyperideal R and every left Γ-hyperideal L of S, we have

R ∩ L ⊆ (LΓR].

Proof. Let R be a right Γ-hyperideal and L a left Γ-hyperideal of S. Let S be intra-regular; we

need to prove that R ∩ L ⊆ (LΓR]. Since S is intra-regular, we have

R ∩ L ⊆ (SΓ(R ∩ L)Γ(R ∩ L)ΓS] ⊆ (SΓLΓRΓS] ⊆ (LΓR].

Conversely, suppose that R ∩ L ⊆ (LΓR] for any right Γ-hyperideal R and any left Γ-

hyperideal L of S. Let a ∈ S. Since a ∈ RS(a) and a ∈ LS(a), it follows that a ∈ RS(a) ∩ LS(a).

By hypothesis, we have

a ∈ (LS(a)ΓRS(a)] = ((a ∪ SΓa]Γ(a ∪ aΓS]]

⊆ (aΓa ∪ SΓaΓa ∪ aΓaΓS ∪ SΓaΓaΓS].

Hence, a ≤ u for some u ∈ aΓa∪ SΓaΓa∪ aΓaΓS∪ SΓaΓaΓS. If u ∈ SΓaΓaΓS, then a ≤ xαaβaγy

for some x, y ∈ S, α, β, γ ∈ Γ. Thus, we have a ∈ (SΓaΓaΓS]. Therefore, S is intra-regular. If

u ∈ aΓa, then a ≤ aαa ≤ aα(aβa) ≤ aαaβaγa. So, we have a ∈ (SΓaΓaΓS]. Hence, S is

intra-regular. If u ∈ SΓaΓa, then a ≤ xαaβa ≤ xα(xγaδa)βa for some x ∈ S, α, β, γ, δ ∈ Γ.

So, we have a ≤ sγaδaβa. Hence, a ∈ (SΓaΓaΓS]. If u ∈ aΓaΓS, in a similar way, we obtain

a ∈ (SΓaΓaΓS]. Therefore, S is intra-regular.

Corollary 5. Let (S, Γ,≤) be an ordered Γ-semihypergroup. Then, the following statements

are equivalent:

(1) S is regular and intra-regular.

(2) (RΓL]=R ∩ L ⊆ (LΓR] for every right Γ-hyperideal R and every left Γ-hyperideal L of S.

Proof. It is immediately followed by Theorem 3 and Theorem 6.

Theorem 7. An ordered Γ-semihypergroup (S, Γ,≤) is intra-regular if and only if for every

right Γ-hyperideal R, every left Γ-hyperideal L and every bi-Γ-hyperideal B of S, we have

R ∩ B ∩ L ⊆ (LΓBΓR].

Proof. The proof is similar to the proof of Theorem 5.

By routine verification we have the following theorem.

Theorem 8. An ordered Γ-semihypergroup (S, Γ,≤) is both regular and intra-regular if and

only if for every right Γ-hyperideal R, every left Γ-hyperideal L and every bi-Γ-hyperideal B of

S, we have R ∩ B ∩ L ⊆ (BΓRΓL].

Our main aim in the following is to introduce and study the notion of simple ordered Γ-

semihypergroups. Also, we characterize this type of ordered Γ-semihypergroups in terms of

Γ-hyperideals.

Definition 7. An ordered Γ-semihypergroup (S, Γ,≤) is said to be left (resp. right) simple if S

has no proper left (resp. right) Γ-hyperideals. S is called a simple ordered Γ-semihypergroup if it

does not contain proper Γ-hyperideals, i.e., for any Γ-hyperideal I 6= ∅ of S, we have I = S.
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Lemma 8. Let (S, Γ,≤) be an ordered Γ-semihypergroup. Then, the following assertions hold:

(1) S is left simple if and only if (SΓa] = S, for all a ∈ S.

(2) S is right simple if and only if (aΓS] = S, for all a ∈ S.

Proof. (1): Suppose that S is a left simple ordered Γ-semihypergroup and a ∈ S. We have

SΓ(SΓa] = (S]Γ(SΓa] ⊆ (SΓ(SΓa)] = ((SΓS)Γa)] ⊆ (SΓa].

Now, suppose that x ∈ (SΓa] and y ∈ S such that y ≤ x. Since x ∈ (SΓa], it follows that x ≤ u

for some u ∈ SΓa. Since y ≤ x and x ≤ u, we get y ≤ u. So, we have y ∈ (SΓa]. Hence, (SΓa] is

a left hyperideal of S. Since S is a left simple ordered Γ-semihypergroup, we have (SΓa] = S.

Conversely, suppose that (SΓa] = S for all a ∈ S. Let L be a left hyperideal of S and x ∈ L.

By assumption, we have (SΓx] = S. If s ∈ S, then s ∈ (SΓx]. So, s ≤ v for some v ∈ SΓx ⊆ L.

Since L is a left Γ-hyperideal of S, we have s ∈ L, and so L = S. Therefore, S is a left simple

ordered Γ-semihypergroup.

(2): The proof is similar to the proof of (1).

Theorem 9. If (S, Γ,≤) is a left (right) simple ordered Γ-semihypergroup, then S is a simple

ordered Γ-semihypergroup.

Proof. It is straightforward.

Theorem 10. An ordered Γ-semihypergroup (S, Γ,≤) is left and right simple if and only if for

every a ∈ S, we have (SΓaΓS] = S.

Proof. Let S be left and right simple and a ∈ S. By Lemma 8, a ∈ (SΓa] and a ∈ (aΓS]. We have

a ∈ (aΓS] ⊆ ((SΓa]ΓS] ⊆ (SΓaΓS],

and so S ⊆ (SΓaΓS]. Thus, (SΓaΓS] = S.

Conversely, suppose that (SΓaΓS] = S for every a ∈ S. Let I be a Γ-hyperideal of S such

that I $ S. Let x ∈ I. By assumption, we have s ≤ sµxλs for every s ∈ S and µ, λ ∈ Γ. We have

sµxλs ⊆ SΓIΓS ⊆ (SΓIΓS] ⊆ (I] = I.

Then, S ⊆ I, a contradiction. Therefore, S has no proper left and right Γ-hyperideals. This

completes the proof.

In what follows, we characterize simple ordered Γ-semihypergroups in terms of bi-Γ-hyper-

ideals.

Theorem 11. An ordered Γ-semihypergroup (S, Γ,≤) is left and right simple if and only if S

does not contain proper bi-Γ-hyperideals.

Proof. Suppose that S is a left and right simple ordered Γ-semihypergroup and B a bi-Γ-

hyperideal of S. We claim that S ⊆ B. Consider s ∈ S and x ∈ B. Since S is left simple,

we get S = (x ∪ SΓx]. We can consider the following two cases:

Case 1. If s ≤ x, then we have s ∈ B.

Case 2. Let s ∈ (uγx] for some u ∈ S and γ ∈ Γ. By hypothesis, S is a right simple or-

dered Γ-semihypergroup. Then, we have S = (x ∪ xΓS]. Since u ∈ S, we have u ≤ x or

u ∈ (xδw] for some w ∈ S and δ ∈ Γ. By Lemma 8, we have S = (xΓS] = (SΓx], and so

x ∈ (xΓS] = (xΓ(SΓx]] ⊆ (xΓSΓx]. Then, S is a regular ordered Γ-semihypergroup. Thus,

there exists a ∈ S and α, β ∈ Γ such that x ∈ (xαaβx]. If u ≤ x, then we have
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(uγx] ⊆ (xγx] ⊆ (xγxαaβx] ⊆ (BΓSΓB] ⊆ B,

and so s ∈ B. If u ∈ (xδw], then we have

(uγx] ⊆ (xδwγx] ⊆ (BΓSΓB] ⊆ B,

and so s ∈ B. Therefore, S ⊆ B.

Conversely, suppose that S does not contain proper bi-Γ-hyperideals. Let L be a left Γ-

hyperideal of S. Then, L is a bi-Γ-hyperideal of S. By assumption, we have S = L. Therefore,

S is a left simple ordered Γ-semihypergroup. Similarly, we can show that S is a right simple

ordered Γ-semihypergroup.

In the following, we study some properties of bi-Γ-hyperideals and minimal bi-Γ-hyper-

ideals in ordered Γ-semihypergroups.

Definition 8. An ordered Γ-semihypergroup (S, Γ,≤) is said to be B-simple if S does not con-

tain any proper bi-Γ-hyperideals. A bi-Γ-hyperideal C of S is called a minimal bi-Γ-hyperideal of

S if C does not properly contain any bi-Γ-hyperideal of S.

Theorem 12. Let B be a bi-Γ-hyperideal of an ordered Γ-semihypergroup (S, Γ,≤). Then,

(uΓBΓv] is a bi-Γ-hyperideal of S for every u, v ∈ S. In particular, (uΓSΓv] is a bi-Γ-hyperideal

of S for every u, v ∈ S.

Proof. The proof is similar to the proof of Theorem 2.2 in [8].

Corollary 6. Let (S, Γ,≤) be an ordered Γ-semihypergroup. Then, S is B-simple if and only if

(uΓSΓu] = S for all u ∈ S.

Proof. The necessity is obvious. For the sufficiency, let (uΓSΓu] = S for all u ∈ S. We have

(uΓSΓu] ⊆ (SΓu] ⊆ S and (uΓSΓu] ⊆ (uΓS] ⊆ S.

By assumption, we have (SΓu] = S and (uΓS] = S for all u ∈ S. Now, let B is a bi-Γ-hyperideal

of S and b ∈ B. Then, (SΓb] = S = (bΓS]. So, we have

S = (bΓS] = (bΓ(bΓS]] ⊆ (bΓSΓb] ⊆ (BΓSΓB] ⊆ (B] ⊆ B.

This completes the proof.

Corollary 7. Let (S, Γ,≤) be an ordered Γ-semihypergroup. If C is a minimal bi-Γ-hyperideal

of S and B a bi-Γ-hyperideal of S, then C = (cΓBΓd] for every c, d ∈ C.

Proof. By Theorem 12, (cΓBΓd] is a bi-Γ-hyperideal of S. Since C is a minimal bi-Γ-hyperideal

of S and (cΓBΓd] ⊆ (CΓBΓC] ⊆ (CΓSΓC] ⊆ (C] ⊆ C, we obtain C = (cΓBΓd].

At the end of the paper, we prove the following theorem.

Theorem 13. Let B be a bi-Γ-hyperideal of an ordered Γ-semihypergroup (S, Γ,≤). Then, B is

a minimal bi-Γ-hyperideal of S if and only if B is B-simple.
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Proof. Let B be a minimal bi-Γ-hyperideal of S. Then, B is a sub Γ-semihypergroup of S. Now,

let C be a bi-Γ-hyperideal of B. Then, CΓBΓC ⊆ C. Put K = (CΓBΓC]C. Then, ∅ 6= K ⊆ C ⊆ B.

Now, we prove that K is a bi-Γ-hyperideal of S. Let k1, k2 ∈ K, x ∈ S and γ, δ ∈ Γ. Then,

k1 ≤ c1α1b1β1c′1 and k2 ≤ c2α2b2β2c′2 for some c1, c′1, c2, c′2 ∈ C, b1, b2 ∈ B and α1, β1, α2, β2 ∈ Γ.

So, we have

k1γk2 ≤ c1α1(b1β1c′1γc2α2b2)β2c′2

and

k1γxδk2 ≤ c1α1(b1β1c′1γxδc2α2b2)β2c′2.

Since b1β1c′1γc2α2b2 ⊆ BΓSΓB ⊆ B, it follows that k1γk2 ⊆ KΓK ⊆ CΓC ⊆ C. So, k1γk2 ⊆

(CΓBΓC]C = K. Hence, K is a sub Γ-semihypergroup of S. Since b1β1c′1γxδc2α2b2 ⊆ BΓSΓB ⊆

B, we get

c1α1(b1β1c′1γxδc2α2b2)β2c′2 ⊆ CΓBΓC ⊆ C.

Since C is a bi-Γ-hyperideal of B and k1γxδk2 ⊆ KΓSΓK ⊆ BΓSΓB ⊆ B, we obtain k1γxδk2 ⊆ C.

So, we have k1γxδk2 ⊆ (CΓBΓC]C = K. Therefore, KΓSΓK ⊆ K. Now, let y ∈ (K]. Then, y ≤ k

for some k ∈ K. Since k ∈ K, there exist c, c′ ∈ C, b ∈ B and µ, λ ∈ Γ such that k ≤ cµbλc′.

Since cµbλc′ ⊆ CΓBΓC ⊆ C ⊆ B and B is a bi-Γ-hyperideal of S, we get k ∈ B. Since B is a

bi-Γ-hyperideal of S, we have y ∈ B. So, y ≤ z for some z ∈ cµbλc′ ⊆ CΓBΓC ⊆ C. Since C

is a bi-Γ-hyperideal of B, we have y ∈ C. So, we have y ∈ (CΓBΓC]C = K. Therefore, K is a

bi-Γ-hyperideal of S. Since B is a minimal bi-Γ-hyperideal of S, it follows that K = B. So, we

have C = B. Therefore, B is B-simple.

Conversely, assume that B is B-simple. Let C be a bi-Γ-hyperideal of S such that C ⊆ B.

Then, B ∩ C 6= ∅. Let c ∈ B ∩ C. By Theorem 12, (cΓBΓc] is a bi-Γ-hyperideal of B. Since B is

B-simple, we obtain (cΓBΓc] = B. Now, we have

B = (cΓBΓc] ⊆ (CΓBΓC] ⊆ (CΓSΓC] ⊆ (C] = C.

Hence, C = B. Therefore, B is a minimal bi-Γ-hyperideal of S.
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ius” Constanţa Ser. Mat. 2016, 24 (3), 275–293.

[36] Pibaljommee B., Davvaz B. Characterizations of (fuzzy) bi-hyperideals in ordered semihypergroups. J. Intell. Fuzzy

Systems 2015, 28, 2141–2148.

[37] Sen M.K., Saha N.K. On Γ-semigroup I. Bull. Calcutta Math. Soc. 1986, 78, 180–186.

[38] Sen M.K., Seth A. On po-Γ-semigroups. Bull. Calcutta Math. Soc. 1993, 85, 445–450.

[39] Tang J., Davvaz B., Luo Y.F. Hyperfilters and fuzzy hyperfilters of ordered semihypergroups. J. Intell. Fuzzy Sys-

tems 2015, 29 (1), 75–84.

[40] Vougiouklis T. Hyperstructures and Their Representations. Hadronic Press, Palm Harbor, Florida, 1994.

[41] Yaqoob N., Aslam M. Prime (m, n) bi-Γ-hyperideals in Γ-semihypergroups. Appl. Math. Inf. Sci. 2014, 8 (5),

2243–2249.

[42] Yaqoob N., Aslam M., Davvaz B., Ghareeb A. Structures of bipolar fuzzy Γ-hyperideals in Γ-semihypergroups. J.

Intell. Fuzzy Systems 2014, 27, 3015–3032.

Received 07.09.2018

Омiдi С., Давваз Б., Хiла К. Характеристики регулярних i внутрiшньо-регулярних впорядкованих

Γ-напiвгiпергруп в термiнах bi-Γ-гiперiдеалiв // Карпатськi матем. публ. — 2019. — Т.11, №1. — C.

136–151.

Поняття Γ-напiвгiпергруп є узагальненням напiвгруп, узагальненням напiвгiпергруп i уза-

гальненням Γ-напiвгруп. У данiй роботi дослiджується поняття бi-Γ-гiперiдалiв у впорядко-

ваних Γ-напiвгiпергрупах i дослiджуються деякi властивостi цих бi-Γ-гiперiдеалiв. Також ми

визначаємо i використовуємо поняття регулярно впорядкованих Γ-напiвгiпергруп для вивче-

ння деяких класичних результатiв i властивостей у впорядкованих Γ-напiвгiпергрупах.

Ключовi слова i фрази: упорядкованi Γ-напiвгiпергрупи, Γ-гiперiдеали, bi-Γ-гiперiдеали.


