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The concept of (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideal of an ordered LA-semihypergroup is introduced by the ordered fuzzy points, and related
properties are investigated.We study the relations between different (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideal of an ordered LA-semihypergroup.
Furthermore, we study some results on homomorphisms of (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideals.

1. Introduction

Hyperstructures represent a natural extension of classical
algebraic structures and they were introduced by the French
mathematician Marty [1]. Since then, several authors contin-
ued their researches in this direction. Nowadays hyperstruc-
tures are widely studied from theoretical point of view and for
their applications inmany subjects of pure and appliedmath-
ematics. In a classical algebraic structure, the composition
of two elements is an element, while, in an algebraic hyper-
structure, the composition of two elements is a set. Somebasic
definitions and theorems about hyperstructures can be found
in [2, 3]. The concept of a semihypergroup is a generalization
of the concept of a semigroup.Many authors studied different
aspects of semihypergroups, for instance, Bonansinga and
Corsini [4], Corsini [5] Davvaz [6], Davvaz et al. [7], Davvaz
and Poursalavati [8], Gutan [9], Hasankhani [10], Hila et al.
[11], and Onipchuk [12]. Recently, Hila and Dine [13] intro-
duced the notion of LA-semihypergroups as a generalization
of semigroups, semihypergroups, and LA-semihypergroups.
Yaqoob,Corsini, andYousafzai [14] extended thework ofHila
and Dine and characterized intraregular left almost semi-
hypergroups by their hyperideals using pure left identities.
Other results on LA-semihypergroups can be found in [15, 16].

The concept of ordered semihypergroup was studied
by Heidari and Davvaz in [17], where they used a binary

relation “≤” on semihypergroup (𝐻, ∘) such that the binary
relation is a partial order and the structure (𝐻, ∘, ≤) is known
as ordered semihypergroup. There are several authors who
study the ordering of hyperstructures, for instance, Bakhshi
and Borzooei [18], Chvalina [19], Hoskova [20], Kondo and
Lekkoksung [21], and Novak [22]. The ordering in LA-semi-
hypergroups was introduced by Yaqoob and Gulistan [23].

In 1965, the concept of fuzzy sets was first proposed by
Zadeh [24], which has a wide range of applications in various
fields such as computer engineering, artificial intelligence,
control engineering, operation research, management sci-
ence, robotics, and many more. Many papers on fuzzy sets
have been published, showing the importance and their appli-
cations to set theory, group theory, real analysis, measure the-
ory, and topology etc. There are several authors who applied
the concept of fuzzy sets to algebraic hyperstructures. Ameri
and others studied fuzzy sets in hypervector spaces [25], Γ-
hyperrings [26], and polygroups [27]. Corsini et al. [28] stud-
ied semisipmle semihypergroups in terms of hyperideals and
fuzzy hyperideals. Cristea [29] introduced hyperstructures
and fuzzy sets endowed with two membership functions.
In [30, 31], Davvaz introduced the concept of fuzzy hyper-
ideals in a semihypergroup and Hv-semigroup. Recently
in [32], Davvaz and Leoreanu-Fotea studied the structure
of fuzzy Γ-hyperideals in Γ-semihypergroups. Also see [33,
34]. Fuzzy ordered hyperstructures have been considered
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by some researchers, for instance, Pibaljommee et al. [35, 36],
Tang et al. [37–40], Tipachot and Pibaljommee [41].

Murali [42] defined the concept of belongingness of a
fuzzy point to a fuzzy subset under a natural equivalence on a
fuzzy subset. In [43], the idea of quasi-coincidence of a fuzzy
point with a fuzzy set is defined.The concept of a (𝛼, 𝛽)-fuzzy
subgroup was first considered by Bhakat and Das in [44, 45]
by using the “belongs to” relation (∈) and “quasi coincident
with” relation (𝑞) between a fuzzy point and a fuzzy subgroup,
where 𝛼, 𝛽 ∈ {∈, 𝑞, ∈ ∨𝑞, ∈ ∧𝑞} and 𝛼 ̸=∈ ∧𝑞. Jun et al.
[46] gave the concept of (∈, ∈ ∨𝑞)-fuzzy ordered semigroups.
Moreover, (∈, ∈ ∨𝑞𝑘)-fuzzy ideals, (∈, ∈ ∨𝑞𝑘) -fuzzy quasi-
ideals, and (∈, ∈ ∨𝑞𝑘)-fuzzy bi-ideals of a semigroup are
defined in [47]. Azizpour and Talebi characterized semihy-
pergroups by (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideals [48, 49].
Huang [50] provided characterizations of semihyperrings by
their (∈𝛾, ∈𝛾, ∨𝑞𝛿) -fuzzy hyperideals. Shabir and Mahmood
characterized semihypergroups by (∈, ∈ ∨𝑞𝑘)-fuzzy hyper-
ideals [51] and also by (∈𝛾, ∈𝛾, ∨𝑞𝛿)-fuzzy hyperideals [52].

Motivated by the work of Shabir et al. [47, 51], we applied
the concept of (∈, ∈ ∨𝑞𝑘)-fuzzy sets to LA-semihypergroups.
In this paper, we introduce and study several types of (∈, ∈∨𝑞𝑘)-fuzzy hyperideals in an ordered LA-semihypergroup.
Further, we study some results on homomorphisms of (∈, ∈∨𝑞𝑘)-fuzzy hyperideals.
2. Preliminaries and Basic Definitions

In this section, we provide some basic definitions needed for
our further work.

Let 𝐻 be a nonempty set. Then the map ∘ : 𝐻 × 𝐻 →
P∗(𝐻) is called hyperoperation or join operation on the set𝐻, whereP∗(𝐻) = P(𝐻)\{0}denotes the set of all nonempty
subsets of 𝐻. A hypergroupoid is a set 𝐻 together with a
(binary) hyperoperation. For any nonempty subsets 𝐴, 𝐵 of𝐻, we denote

𝐴 ∘ 𝐵 = ⋃
𝑎∈𝐴,𝑏∈𝐵

𝑎 ∘ 𝑏 (1)

Instead of {𝑎} ∘ 𝐴 and 𝐵 ∘ {𝑎}, we write 𝑎 ∘ 𝐴 and 𝐵 ∘ 𝑎,
respectively.

Recently, in [13, 14] authors introduced the notion of LA-
semihypergroups as a generalization of semigroups, semi-
hypergroups, and LA-semihypergroups. A hypergroupoid(𝐻, ∘) is called an LA-semihypergroup if for every𝑥, 𝑦, 𝑧 ∈ 𝐻,
we have (𝑥 ∘ 𝑦) ∘ 𝑧 = (𝑧 ∘ 𝑦) ∘ 𝑥.The law (𝑥 ∘ 𝑦) ∘ 𝑧 = (𝑧 ∘ 𝑦) ∘ 𝑥
is called a left invertive law. An element 𝑒 ∈ 𝐻 is called
a left identity (resp., pure left identity) if for all 𝑥 ∈ 𝐻,𝑥 ∈ 𝑒 ∘ 𝑥 (resp., 𝑥 = 𝑒 ∘ 𝑥). In an LA-semihypergroup,
the medial law (𝑥 ∘ 𝑦) ∘ (𝑧 ∘ 𝑤) = (𝑥 ∘ 𝑧) ∘ (𝑦 ∘ 𝑤) holds
for all 𝑥, 𝑦, 𝑧, 𝑤 ∈ 𝐻. An LA-semihypergroup may or may
not contain a left identity and pure left identity. In an LA-
semihypergroup𝐻with pure left identity, the paramedial law(𝑥 ∘𝑦) ∘ (𝑧 ∘𝑤) = (𝑤∘𝑧) ∘ (𝑦 ∘𝑥) holds for all 𝑥, 𝑦, 𝑧, 𝑤 ∈ 𝐻. If
an LA-semihypergroup contains a pure left identity, then by
usingmedial law,we get𝑥∘(𝑦∘𝑧) = 𝑦∘(𝑥∘𝑧) for all𝑥, 𝑦, 𝑧 ∈ 𝐻.

Definition 1 (see [23]). Let 𝐻 be a nonempty set and ≤ be
an ordered relation on 𝐻. The triplet (𝐻, ∘, ≤) is called an

ordered LA-semihypergroup if the following conditions are
satisfied.(1) (𝐻, ∘) is an LA-semihypergroup.(2) (𝐻, ≤) is a partially ordered set.(3) For every 𝑎, 𝑏, 𝑐 ∈ 𝐻, 𝑎 ≤ 𝑏 implies 𝑎 ∘ 𝑐 ≤ 𝑏 ∘ 𝑐 and𝑐 ∘ 𝑎 ≤ 𝑐 ∘ 𝑏, where 𝑎 ∘ 𝑐 ≤ 𝑏 ∘ 𝑐 means that for 𝑥 ∈ 𝑎 ∘ 𝑐
there exist 𝑦 ∈ 𝑏 ∘ 𝑐 such that 𝑥 ≤ 𝑦.
Definition 2 (see [23]). If (𝐻, ∘, ≤) is an ordered LA-
semihypergroup and 𝐴 ⊆ 𝐻, then (𝐴] is the subset of 𝐻
defined as follows:

(𝐴] = {𝑡 ∈ 𝐻 : 𝑡 ≤ 𝑎, for some 𝑎 ∈ 𝐴} . (2)

If 𝑥 ∈ 𝐻 and 𝐴 is a nonempty subset of 𝐻, then 𝐴𝑥 = {(𝑦,𝑧) ∈ 𝐻 × 𝐻 | 𝑥 ≤ 𝑦 ∘ 𝑧}.
Definition 3 (see [23]). A nonempty subset 𝐴 of an
ordered LA-semihypergroup (𝐻, ∘, ≤) is called an LA-sub-
semihypergroup of 𝐻 if (𝐴 ∘ 𝐴] ⊆ (𝐴].
Definition 4 (see [23]). A nonempty subset 𝐴 of an ordered
LA-semihypergroup (𝐻, ∘, ≤) is called a right (resp., left)
hyperideal of 𝐻 if(1) 𝐴 ∘ 𝐻 ⊆ 𝐴 (resp., 𝐻 ∘ 𝐴 ⊆ 𝐴),(2) for every 𝑎 ∈ 𝐻, 𝑏 ∈ 𝐴 and 𝑎 ≤ 𝑏 implies 𝑎 ∈ 𝐴.

If𝐴 is both right hyperideal and left hyperideal of𝐻, then𝐴 is called a hyperideal (or two sided hyperideal) of 𝐻.

Definition 5 (see [23]). A nonempty subset 𝐴 of an ordered
LA-semihypergroup (𝐻, ∘, ≤) is called an interior hyperideal
of 𝐻 if(1) (𝐻 ∘ 𝐴) ∘ 𝐻 ⊆ 𝐴,(2) for every 𝑎 ∈ 𝐻, 𝑏 ∈ 𝐴 and 𝑎 ≤ 𝑏 implies 𝑎 ∈ 𝐴.
Definition 6 (see [23]). A nonempty subset 𝐴 of an ordered
LA-semihypergroup (𝐻, ∘, ≤) is called a generalized bi-
hyperideal of 𝐻 if(1) (𝐴 ∘ 𝐻) ∘ 𝐴 ⊆ 𝐴,(2) for every 𝑎 ∈ 𝐻, 𝑏 ∈ 𝐴 and 𝑎 ≤ 𝑏 implies 𝑎 ∈ 𝐴.

If 𝐴 is both an LA-subsemihypergroup and a generalized
bi-hyperideal of 𝐻, then 𝐴 is called a bi-hyperideal of 𝐻.

Definition 7. Let (𝐻, ∘, ≤) be an ordered LA-semihypergroup,
and 𝑎 ∈ 𝐻. Then 𝑎 is said to be regular element of 𝐻 if there
exists an element𝑥 ∈ 𝐻 such that 𝑎 ≤ (𝑎∘𝑥)∘𝑎, or equivalently𝑎 ≤ (𝑎 ∘𝐻) ∘ 𝑎. If every element of𝐻 is regular then𝐻 is said
to be a regular ordered LA-semihypergroup.

Now, we give some fuzzy logic concepts.
A fuzzy subset𝑓 of a universe𝑋 is a function from𝑋 into

the unit closed interval [0, 1], i.e., 𝑓 : 𝑋 → [0, 1] (see [24]).
A fuzzy subset 𝑓 in a universe 𝑋 of the form

𝑓 (𝑦) = {{{
𝑡 ∈ (0, 1] if 𝑦 = 𝑥
0 if 𝑦 ̸= 𝑥 (3)

is said to be a fuzzy point with support 𝑥 and value 𝑡 and is
denoted by 𝑥𝑡. For a fuzzy point 𝑥𝑡 and a fuzzy set 𝑓 in a set
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𝑋, Pu and Liu [43] introduced the symbol 𝑥𝑡𝛼𝑓, where 𝛼 ∈{∈, 𝑞, ∈ ∨𝑞, ∈ ∧𝑞}, which means that
(i) 𝑥𝑡 ∈ 𝑓 if 𝑓(𝑥) ≥ 𝑡,
(ii) 𝑥𝑡𝑞𝑓 if 𝑓(𝑥) + 𝑡 > 1,
(iii) 𝑥𝑡 ∈ ∨𝑞𝑓 if 𝑥𝑡 ∈ 𝑓 or 𝑥𝑡𝑞𝑓,
(iv) 𝑥𝑡 ∈ ∧𝑞𝑓 if 𝑥𝑡 ∈ 𝑓 and 𝑥𝑡𝑞𝑓,
(v) 𝑥𝑡𝛼𝑓 if 𝑥𝑡𝛼𝑓 does not hold.
For any two fuzzy subsets 𝑓 and 𝑔 of 𝐻, 𝑓 ≤ 𝑔 means

that, for all 𝑥 ∈ 𝐻, 𝑓(𝑥) ≤ 𝑔(𝑥).The symbols 𝑓∧𝑔 and 𝑓∨𝑔
will mean the following fuzzy subsets:

𝑓 ∧ 𝑔 : 𝐻 → [0, 1] | 𝑥 → (𝑓 ∧ 𝑔) (𝑥)
= 𝑓 (𝑥) ∧ 𝑔 (𝑥) = min {𝑓 (𝑥) , 𝑔 (𝑥)}

𝑓 ∨ 𝑔 : 𝐻 → [0, 1] | 𝑥 → (𝑓 ∨ 𝑔) (𝑥)
= 𝑓 (𝑥) ∨ 𝑔 (𝑥) = max {𝑓 (𝑥) , 𝑔 (𝑥)}

(4)

for all 𝑥 ∈ 𝐻.
The product of any fuzzy subsets 𝑓 and 𝑔 of 𝐻 is defined

by

𝑓 ∗ 𝑔 : 𝐻 → [0, 1] | 𝑥 → (𝑓 ∗ 𝑔) (𝑥)
= {{{

⋁
(𝑦,𝑧)∈𝐴𝑥

{𝑓 (𝑦) ∧ 𝑔 (𝑧)} , if 𝐴𝑥 ̸= 0
0 if 𝐴𝑥 = 0.

(5)

For 0 ̸= 𝐴 ⊆ 𝐻, the characteristic function 𝑓𝐴 of 𝐴 is a fuzzy
subset of 𝐻, defined by

𝑓𝐴 = {{{
1 if 𝑥 ∈ 𝐴,
0 if 𝑥 ∉ 𝐴. (6)

For any fuzzy subset 𝑓 of 𝐻 and for any 𝑡 ∈ (0, 1], the set𝑈(𝑓; 𝑡) = {𝑥 ∈ 𝐻 : 𝑓(𝑥) ≥ 𝑡} is called a level subset of 𝑓.
Definition 8 (see [53]). Let (𝐻, ∘, ≤) be an ordered LA-
semihypergroup. A fuzzy subset 𝑓 : 𝐻 → [0, 1] is called
fuzzy LA-subsemihypergroup of 𝐻 if the following assertion
are satisfied.

(i) ⋀𝑧≤𝑎∘𝑏𝑓(𝑧) ≥ min{𝑓(𝑎), 𝑓(𝑏)},
(ii) if 𝑎 ≤ 𝑏 implies 𝑓(𝑎) ≥ 𝑓(𝑏), for every 𝑎, 𝑏 ∈ 𝐻.

Definition 9 (see [53]). Let (𝐻, ∘, ≤) be an ordered LA-
semihypergroup. A fuzzy subset 𝑓 : 𝐻 → [0, 1] is called
a fuzzy right (resp., left) hyperideal of 𝐻 if

(1) ⋀𝑧≤𝑎∘𝑏𝑓(𝑧) ≥ 𝑓(𝑎) (resp., ⋀𝑧≤𝑎∘𝑏𝑓(𝑧) ≥ 𝑓(𝑏)),
(2) 𝑎 ≤ 𝑏 implies 𝑓(𝑎) ≥ 𝑓(𝑏), for every 𝑎, 𝑏 ∈ 𝐻.
If 𝑓 is both fuzzy right hyperideal and fuzzy left hyper-

ideal of 𝐻, then 𝑓 is called a fuzzy hyperideal of 𝐻.

Definition 10 (see [54]). Let (𝐻, ∘, ≤) be an ordered LA-
semihypergroup. A fuzzy subset 𝑓 : 𝐻 → [0, 1] is called
a fuzzy bi-hyperideal of 𝐻 if

(1) ⋀𝑧≤(𝑎∘𝑏)∘𝑐𝑓(𝑧) ≥ min{𝑓(𝑎), 𝑓(𝑐)},
(2) 𝑎 ≤ 𝑏 implies 𝑓(𝑎) ≥ 𝑓(𝑏), for every 𝑎, 𝑏 ∈ 𝐻.

Definition 11 (see [54]). Let (𝐻, ∘, ≤) be an ordered LA-
semihypergroup. A fuzzy subset 𝑓 : 𝐻 → [0, 1] is called
a fuzzy interior hyperideal of 𝐻 if

(1) ⋀𝑧≤(𝑎∘𝑏)∘𝑐𝑓(𝑧) ≥ 𝑓(𝑏),
(2) 𝑎 ≤ 𝑏 implies 𝑓(𝑎) ≥ 𝑓(𝑏), for every 𝑎, 𝑏 ∈ 𝐻.

3. (∈ , ∈ ∨𝑞𝑘)-Fuzzy Hyperideals

Inwhat follows, let𝐻denote an ordered LA-semihypergroup,𝑘 ∈ [0, 1) and 𝑡, 𝑟 ∈ (0, 1] unless otherwise is specified. Note
that for a fuzzy point 𝑥𝑡 and a fuzzy subset 𝑓, 𝑥𝑡 ∈ 𝑓 means
that 𝑓(𝑥) ≥ 𝑡, while 𝑥𝑡𝑞𝑘𝑓 means that 𝑓(𝑥) + 𝑡 + 𝑘 > 1.
Notice that (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideals are particular types
of (𝛼, 𝛽)-fuzzy hyperideals.
Definition 12. A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-
fuzzy LA-subsemihypergroup of𝐻 if for all 𝑥, 𝑦, 𝑧 ∈ 𝐻 and𝑡 ∈ (0, 1], the following conditions hold:

(i) 𝑥 ≤ 𝑦, 𝑦𝑡 ∈ 𝑓 ⇒ 𝑥𝑡 ∈ ∨𝑞𝑘𝑓,
(ii) 𝑥𝑡, 𝑦𝑢 ∈ 𝑓 ⇒ 𝑧min{𝑡,𝑢} ∈ ∨𝑞𝑘𝑓, for each 𝑧 ∈ 𝑥 ∘ 𝑦.

Definition 13. A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-
fuzzy left hyperideal of 𝐻 if for all 𝑥, 𝑦, 𝑧 ∈ 𝐻 and 𝑡 ∈ (0, 1],
the following conditions hold.

(i) 𝑥 ≤ 𝑦, 𝑦𝑡 ∈ 𝑓 ⇒ 𝑥𝑡 ∈ ∨𝑞𝑘𝑓,
(ii) 𝑦𝑡 ∈ 𝑓 ⇒ 𝑧𝑡 ∈ ∨𝑞𝑘𝑓, for each 𝑧 ∈ 𝑥 ∘ 𝑦.

Definition 14. A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-
fuzzy right hyperideal of𝐻 if for all 𝑥, 𝑦, 𝑧 ∈ 𝐻 and 𝑡 ∈ (0, 1],
the following conditions hold.

(i) 𝑥 ≤ 𝑦, 𝑦𝑡 ∈ 𝑓 ⇒ 𝑥𝑡 ∈ ∨𝑞𝑘𝑓,
(ii) 𝑥𝑡 ∈ 𝑓 ⇒ 𝑧𝑡 ∈ ∨𝑞𝑘𝑓, for each 𝑧 ∈ 𝑥 ∘ 𝑦.
A fuzzy subset 𝑓 of𝐻 is called an (∈, ∈ ∨𝑞𝑘)-fuzzy hyper-

ideal of𝐻 if it is a left hyperideal and a right hyperideal of𝐻.
Definition 15. Consider a set 𝐻 = {𝑎, 𝑏, 𝑐, 𝑑} with the
following hyperoperation “∘” and the order “≤”:

∘ 𝑎 𝑏 𝑐 𝑑𝑎 𝑎 {𝑎, 𝑑} {𝑎, 𝑑} 𝑑𝑏 {𝑎, 𝑑} {𝑏, 𝑐} {𝑏, 𝑐} 𝑑𝑐 {𝑎, 𝑑} 𝑏 𝑏 𝑑𝑑 𝑑 𝑑 𝑑 𝑑
≤fl {(𝑎, 𝑎) , (𝑎, 𝑏) , (𝑎, 𝑐) , (𝑏, 𝑏) , (𝑐, 𝑐) , (𝑑, 𝑎) , (𝑑, 𝑏) , (𝑑, 𝑐) ,

(𝑑, 𝑑)} .

(7)

We give the covering relation “≺” and the figure of 𝐻 as
follows: ≺= {(𝑎, 𝑏) , (𝑎, 𝑐) , (𝑑, 𝑎)} .

(8)
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Then (𝐻, ∘, ≤) is an ordered LA-semihypergroup. Now let 𝑓
be a fuzzy subset of 𝐻 such that

𝑓 : 𝐻 → [0, 1] | 𝑥 → 𝑓 (𝑥) =
{{{{{{{{{

0.6 if 𝑥 = 𝑎
0.4 if 𝑥 ∈ {𝑏, 𝑐}
0.9 if 𝑥 = 𝑑.

(9)

Let 𝑡 = 0.4 and 𝑘 ∈ [0, 1). Then by routine calculations it is
clear that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideal of 𝐻.
Definition 16. A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-
fuzzy interior hyperideal of 𝐻 if for all 𝑥, 𝑦, 𝑧, 𝑤 ∈ 𝐻 and𝑡 ∈ (0, 1], the following conditions hold:

(i) 𝑥 ≤ 𝑦, 𝑦𝑡 ∈ 𝑓 ⇒ 𝑥𝑡 ∈ ∨𝑞𝑘𝑓,
(ii) 𝑦𝑡 ∈ 𝑓 ⇒ 𝑤𝑡 ∈ ∨𝑞𝑘𝑓, for each 𝑤 ∈ (𝑥 ∘ 𝑦) ∘ 𝑧.

Example 17. Consider a set𝐻 = {𝑎, 𝑏, 𝑐, 𝑑} with the following
hyperoperation “∘” and the order “≤”:

∘ 𝑎 𝑏 𝑐 𝑑 𝑒𝑎 𝑎 𝑎 𝑎 𝑎 𝑎
𝑏 𝑎 𝑏 𝑐 {𝑎, 𝑑} 𝑒
𝑐 𝑎 𝑒 {𝑐, 𝑒} {𝑎, 𝑑} 𝑒
𝑑 𝑎 {𝑎, 𝑑} {𝑎, 𝑑} 𝑑 {𝑎, 𝑑}
𝑒 𝑎 𝑐 𝑐 {𝑎, 𝑑} {𝑐, 𝑒}
≤fl {(𝑎, 𝑎) , (𝑎, 𝑏) , (𝑎, 𝑐) , (𝑎, 𝑑) , (𝑎, 𝑒) , (𝑏, 𝑏) , (𝑐, 𝑐) , (𝑑, 𝑐) ,

(𝑑, 𝑑) , (𝑑, 𝑒) , (𝑒, 𝑒)} .

(10)

We give the covering relation “≺” and the figure of 𝐻 as
follows:

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

(11)

Then (𝐻, ∘, ≤) is an ordered LA-semihypergroup. Now let 𝑓
be a fuzzy subset of 𝐻 such that

𝑓 : 𝐻 → [0, 1] | 𝑥 → 𝑓 (𝑥) =
{{{{{{{{{{{{{{{

0.8 if 𝑥 = 𝑎
0.4 if 𝑥 = 𝑏
0.5 if 𝑥 ∈ {𝑐, 𝑒}
0.7 if 𝑥 = 𝑑.

(12)

Let 𝑡 = 0.3 and 𝑘 ∈ [0, 1). Then by routine calculations it is
clear that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal of 𝐻.

Definition 18. A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)
-fuzzy bi-hyperideal of 𝐻 if for all 𝑥, 𝑦, 𝑧, 𝑤 ∈ 𝐻 and 𝑡 ∈(0, 1], the following conditions hold:

(i) 𝑥 ≤ 𝑦, 𝑦𝑡 ∈ 𝑓 ⇒ 𝑥𝑡 ∈ ∨𝑞𝑘𝑓,
(ii) 𝑥𝑡, 𝑦𝑢 ∈ 𝑓 ⇒ 𝑧min{𝑡,𝑢} ∈ ∨𝑞𝑘𝑓, for each 𝑧 ∈ 𝑥 ∘ 𝑦.
(iii) 𝑥𝑡, 𝑧𝑢 ∈ 𝑓 ⇒ 𝑤min{𝑡,𝑢} ∈ ∨𝑞𝑘𝑓, for each𝑤 ∈ (𝑥 ∘ 𝑦) ∘𝑧.
A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-fuzzy

generalized bi-hyperideal of 𝐻 if it satisfies (i) and (iii)
conditions of Definition 18.

Theorem 19. Let 𝐴 be an LA-subsemihypergroup (resp., left
hyperideal, right hyperideal, hyperideal, interior hyperideal,
and bi-hyperideal) of 𝐻 and 𝑓 a fuzzy subset of 𝐻 defined by

𝑓 (𝑥) = {{{
≥ 1 − 𝑘2 𝑖𝑓 𝑥 ∈ 𝐴
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. (13)

Then
(i) 𝑓 is a (𝑞, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup (resp.,

left hyperideal, right hyperideal, hyperideal, interior hyper-
ideal, and bi-hyperideal) of 𝐻,

(ii) 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, and bi-hyperideal) of 𝐻.
Proof. (i) Consider that𝐴 is an LA-subsemihypergroup of𝐻.
Let 𝑥, 𝑦 ∈ 𝐻, 𝑥 ≤ 𝑦 and 𝑡 ∈ (0, 1] be such that 𝑦𝑡𝑞𝑓. Then𝑦 ∈ 𝐴, 𝑓(𝑦) + 𝑡 > 1. Since 𝐴 is an LA-subsemihypergroup of𝐻 and 𝑥 ≤ 𝑦 ∈ 𝐴, we have 𝑥 ∈ 𝐴. Thus 𝑓(𝑥) ≥ (1 − 𝑘)/2. If𝑡 ≤ (1−𝑘)/2, then𝑓(𝑥) ≥ 𝑡 and so 𝑥𝑡 ∈ 𝑓. If 𝑡 > (1−𝑘)/2, then𝑓(𝑥)+𝑡+𝑘 > (1−𝑘)/2+(1−𝑘)/2+𝑘 = 1 and so𝑥𝑡𝑞𝑘𝑓.Therefore𝑥𝑡 ∈ ∨𝑞𝑘𝑓. Let 𝑥, 𝑦, 𝑧 ∈ 𝐻 and 𝑡, 𝑟 ∈ (0, 1] be such that 𝑥𝑡𝑞𝑓
and𝑦𝑟𝑞𝑓.Then𝑥, 𝑦 ∈ 𝐴,𝑓(𝑥)+𝑡 > 1 and𝑓(𝑥)+𝑟 > 1. Since𝐴
is an LA-subsemihypergroup of𝐻, we have𝑥∘𝑦 ⊆ 𝐴.Thus for
every 𝑧 ∈ 𝑥∘𝑦, 𝑓(𝑧) ≥ (1−𝑘)/2. If min{𝑡, 𝑟} ≤ (1−𝑘)/2, then𝑓(𝑧) ≥ min{𝑡, 𝑟} and so 𝑧min{𝑡,𝑟} ∈ 𝑓. If min{𝑡, 𝑟} > (1 − 𝑘)/2,
then 𝑓(𝑧) +min{𝑡, 𝑟} + 𝑘 > (1 − 𝑘)/2 + (1 − 𝑘)/2 + 𝑘 = 1 and
so 𝑧min{𝑡,𝑟}𝑞𝑘𝑓. Therefore 𝑧min{𝑡,𝑟} ∈ ∨𝑞𝑘𝑓, for all 𝑧 ∈ 𝑥 ∘ 𝑦.

(ii) Let 𝑥, 𝑦 ∈ 𝐻, 𝑥 ≤ 𝑦 and 𝑡 ∈ (0, 1] be such that 𝑦𝑡 ∈ 𝑓.
Then 𝑓(𝑦) ≥ 𝑡 and 𝑦 ∈ 𝐴. Since 𝑥 ≤ 𝑦 ∈ 𝐴, we have 𝑥 ∈ 𝐴.
Thus 𝑓(𝑥) ≥ (1 − 𝑘)/2. If 𝑡 ≤ (1 − 𝑘)/2, then 𝑓(𝑥) ≥ 𝑡 and
so 𝑥𝑡 ∈ 𝑓. If 𝑡 > (1 − 𝑘)/2, then 𝑓(𝑥) + 𝑡 + 𝑘 > (1 − 𝑘)/2 +(1 − 𝑘)/2 + 𝑘 = 1 and so 𝑥𝑡𝑞𝑘𝑓. Therefore 𝑥𝑡 ∈ ∨𝑞𝑘𝑓. Let𝑥, 𝑦, 𝑧 ∈ 𝐻 and 𝑡, 𝑟 ∈ (0, 1] be such that 𝑥𝑡 ∈ 𝑓 and 𝑦𝑟 ∈ 𝑓.
Then 𝑓(𝑥) ≥ 𝑡 > 0 and 𝑓(𝑦) ≥ 𝑟 > 0. Thus 𝑓(𝑥) ≥ (1 − 𝑘)/2
and 𝑓(𝑦) ≥ (1 − 𝑘)/2, this implies that 𝑥, 𝑦 ∈ 𝐴. Since 𝐴 is
an LA-subsemihypergroup of𝐻, we have 𝑥 ∘ 𝑦 ⊆ 𝐴.Thus for
every 𝑧 ∈ 𝑥∘𝑦, 𝑓(𝑧) ≥ (1−𝑘)/2. If min{𝑡, 𝑟} ≤ (1−𝑘)/2, then𝑓(𝑧) ≥ min{𝑡, 𝑟} and so 𝑧min{𝑡,𝑟} ∈ 𝑓. If min{𝑡, 𝑟} > (1 − 𝑘)/2,
then 𝑓(𝑧) +min{𝑡, 𝑟} + 𝑘 > (1 − 𝑘)/2 + (1 − 𝑘)/2 + 𝑘 = 1 and
so 𝑧min{𝑡,𝑟}𝑞𝑘𝑓. Therefore 𝑧min{𝑡,𝑟} ∈ ∨𝑞𝑘𝑓, for all 𝑧 ∈ 𝑥 ∘ 𝑦.

The cases for left hyperideal, right hyperideal, hyperideal,
interior hyperideal and bi-hyperideal can be seen in a similar
way.

Corollary 20. If a nonempty subset 𝐴 of 𝐻 is an LA-
subsemihypergroup (resp., left hyperideal, right hyperideal,
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hyperideal, interior hyperideal, and bi-hyperideal) of 𝐻, then
the characteristic function of 𝐴 is a (𝑞, ∈ ∨𝑞𝑘)-fuzzy LA-
subsemihypergroup (resp., left hyperideal, right hyperideal,
hyperideal, interior hyperideal, and bi-hyperideal) of 𝐻.
Corollary 21. A nonempty subset 𝐴 of 𝐻 is an LA-
subsemihypergroup (resp., left hyperideal, right hyperideal,
hyperideal, interior hyperideal, and bi-hyperideal) of 𝐻 if
and only if 𝑓𝐴 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, bi- and hyperideal) of 𝐻.

If we take 𝑘 = 0 inTheorem 19, thenwe have the following
corollary.

Corollary 22. Let 𝐴 be an LA-subsemihypergroup (resp., left
hyperideal, right hyperideal, hyperideal, interior hyperideal,
and bi-hyperideal) of 𝐻 and 𝑓 a fuzzy subset of 𝐻 defined by

𝑓 (𝑥) = {{{
≥ 0.5 𝑖𝑓 𝑥 ∈ 𝐴
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. (14)

Then
(i) 𝑓 is a (𝑞, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup (resp.,

left hyperideal, right hyperideal, hyperideal, interior hyper-
ideal, and bi-hyperideal) of 𝐻,

(ii) 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, and bi-hyperideal) of 𝐻.
Theorem 23. Let 𝑓 be a fuzzy subset of 𝐻. Then, 𝑓 is an (∈, ∈∨𝑞𝑘)-fuzzy LA-subsemihypergroup of 𝐻 if and only if

(i) 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦 ∈𝐻;
(ii) ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦,𝑧 ∈ 𝐻.

Proof. Assume that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemi-
hypergroup of𝐻.Let𝑥, 𝑦 ∈ 𝐻 be such that𝑥 ≤ 𝑦. If𝑓(𝑦) = 0,
then 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}. Let 𝑓(𝑦) ̸= 0 and assume
on the contrary that 𝑓(𝑥) < min{𝑓(𝑦), (1 − 𝑘)/2}. Choose𝑡 ∈ (0, 1] such that 𝑓(𝑥) < 𝑡 ≤ min{𝑓(𝑦), (1 − 𝑘)/2}. If𝑓(𝑦) < (1 − 𝑘)/2, then 𝑓(𝑥) < 𝑡 < 𝑓(𝑦), so 𝑦𝑡 ∈ 𝑓, but𝑓(𝑥) + 𝑡 + 𝑘 < (1 − 𝑘)/2 + (1 − 𝑘)/2 + 𝑘 = 1.This implies that𝑥𝑡𝑞𝑘𝑓, therefore 𝑥𝑡∈ ∨𝑞𝑘𝑓, which is a contradiction. Hence𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦 ∈ 𝐻.

Suppose on the contrary that there exist 𝑥, 𝑦, 𝑧 ∈ 𝐻 such
that ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) < min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}. Then there
exists 𝑧 ∈ 𝑥 ∘ 𝑦 such that 𝑓(𝑧) < min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}.
Choose 𝑡 ∈ (0, 1] such that 𝑓(𝑧) < 𝑡 < min{𝑓(𝑥), 𝑓(𝑦), (1 −𝑘)/2}. Then 𝑓(𝑥) > 𝑡 and 𝑓(𝑦) > 𝑡 implies that 𝑥𝑡 ∈ 𝑓 and𝑦𝑡 ∈ 𝑓, but 𝑓(𝑧) < 𝑡 and 𝑓(𝑧) + 𝑡 + 𝑘 < (1 − 𝑘)/2 + (1 −𝑘)/2 + 𝑘 = 1. So 𝑧𝑡∈ ∨𝑞𝑘𝑓, which is a contradiction. Hence⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}.

Conversely, let 𝑦𝑡 ∈ 𝑓 for 𝑡 ∈ (0, 1]. Then 𝑓(𝑦) ≥ 𝑡.
Now 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2} ≥ min{𝑡, (1 − 𝑘)/2}. If𝑡 > (1 − 𝑘)/2, then 𝑓(𝑥) ≥ (1 − 𝑘)/2 and 𝑓(𝑥) + 𝑡 + 𝑘 >(1 − 𝑘)/2 + (1 − 𝑘)/2 + 𝑘 = 1, it follows that 𝑥𝑡𝑞𝑘𝑓. If𝑡 ≤ (1 − 𝑘)/2, then 𝑓(𝑥) ≥ 𝑡 and so 𝑥𝑡 ∈ 𝑓. Thus 𝑥𝑡 ∈ ∨𝑞𝑘𝑓.

Now, assume that ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}
for all 𝑥, 𝑦, 𝑧 ∈ 𝐻. Let 𝑥𝑡 ∈ 𝑓 and 𝑦𝑟 ∈ 𝑓 for all 𝑡, 𝑟 ∈(0, 1]. Then 𝑓(𝑥) ≥ 𝑡 and 𝑓(𝑦) ≥ 𝑟. Thus ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥
min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2} ≥ min{𝑡, 𝑟, (1 − 𝑘)/2}. Now if
min{𝑡, 𝑟} > (1−𝑘)/2, then⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ (1−𝑘)/2. So for every𝑧 ∈ 𝑥 ∘ 𝑦, 𝑓(𝑧) +min{𝑡, 𝑟} + 𝑘 > (1 − 𝑘)/2 + (1 − 𝑘)/2 + 𝑘 = 1,
which implies that 𝑧min{𝑡,𝑟}𝑞𝑘𝑓. If min{𝑡, 𝑟} < (1 − 𝑘)/2, then⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑡, 𝑟}. So for every 𝑧 ∈ 𝑥 ∘ 𝑦, 𝑧min{𝑡,𝑟} ∈𝑓. Thus 𝑧min{𝑡,𝑟}𝑞𝑘𝑓. Therefore 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-
subsemihypergroup of 𝐻.
Theorem 24. Let 𝑓 be a fuzzy subset of 𝐻. Then, 𝑓 is an (∈, ∈∨𝑞𝑘)-fuzzy left (resp., right) hyperideal of 𝐻 if and only if

(i) 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦 ∈𝐻.
(ii) ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑦), (1 − 𝑘)/2} (resp., ⋀𝑧∈𝑥∘𝑦𝑓(𝑧)≥ min{𝑓(𝑥), (1 − 𝑘)/2}), for all 𝑥, 𝑦, 𝑧 ∈ 𝐻.

Proof. The proof is similar to the proof of Theorem 23.

Theorem 25. Let 𝑓 be a fuzzy subset of 𝐻. Then, 𝑓 is an (∈, ∈∨𝑞𝑘) -fuzzy interior hyperideal of 𝐻 if and only if
(i) 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦 ∈𝐻.
(ii) ⋀𝑤∈(𝑥∘𝑦)∘𝑧𝑓(𝑡) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦, 𝑧,𝑤 ∈ 𝐻.

Proof. The proof is similar to the proof of the Theorem 23.

Theorem 26. Let 𝑓 be a fuzzy subset of 𝐻. Then, 𝑓 is an (∈, ∈∨𝑞𝑘)-fuzzy bi-hyperideal of 𝐻 if and only if
(i) 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥ min{𝑓(𝑦), (1 − 𝑘)/2}, for all 𝑥, 𝑦 ∈𝐻.
(ii) ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}, for all𝑥, 𝑦, 𝑧 ∈ 𝐻.
(ii) ⋀𝑤∈(𝑥∘𝑦)∘𝑧𝑓(𝑡) ≥ min{𝑓(𝑥), 𝑓(𝑧), (1 − 𝑘)/2}, for all𝑥, 𝑦, 𝑧, 𝑡 ∈ 𝐻.

Proof. The proof is similar to the proof of Theorem 23.

A fuzzy subset 𝑓 of 𝐻 is called an (∈, ∈ ∨𝑞𝑘)-fuzzy
generalized bi-hyperideal of 𝐻 if it satisfies (i) and (iii)
conditions of Theorem 26.

Theorem 27. A fuzzy subset 𝑓 of an ordered LA-semihyper-
group 𝐻 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup (resp.,
left hyperideal, right hyperideal, hyperideal, interior hyper-
ideal, and bi-hyperideal) of 𝐻 if and only if 𝑈(𝑓; 𝑡)( ̸= 0) is an
LA-subsemihypergroup (resp., left hyperideal, right hyperideal,
hyperideal, interior hyperideal, and bi-hyperideal) of 𝐻 for all𝑡 ∈ (0, (1 − 𝑘)/2].
Proof. Assume that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihy-
pergroup of 𝐻. Let 𝑥, 𝑦, 𝑧 ∈ 𝐻 be such that 𝑥 ≤ 𝑦 ∈ 𝑈(𝑓; 𝑡)
where 𝑡 ∈ (0, (1 − 𝑘)/2]. Then 𝑓(𝑦) ≥ 𝑡 and by Theorem 23,𝑓(𝑥) ≥ min{𝑓(𝑦), (1−𝑘)/2} ≥ min{𝑡, (1−𝑘)/2} = 𝑡. It follows
that 𝑥 ∈ 𝑈(𝑓; 𝑡). Let 𝑥, 𝑦 ∈ 𝑈(𝑓; 𝑡) where 𝑡 ∈ (0, (1 − 𝑘)/2].
Then 𝑓(𝑥) ≥ 𝑡 and 𝑓(𝑦) ≥ 𝑡. It follows from Theorem 23
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that⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2} ≥ min{𝑡, 𝑡, (1 −𝑘)/2} = 𝑡. Thus for every 𝑧 ∈ 𝑥 ∘ 𝑦, 𝑓(𝑧) ≥ 𝑡 and so𝑧 ∈ 𝑈(𝑓; 𝑡), that is 𝑥 ∘ 𝑦 ⊆ 𝑈(𝑓; 𝑡). Hence 𝑈(𝑓; 𝑡) is an LA-
subsemihypergroup of 𝐻.

Conversely, assume that 𝑈(𝑓; 𝑡)( ̸= 0) is an LA-
subsemihypergroup of𝐻 for all 𝑡 ∈ (0, (1−𝑘)/2]. If there exist𝑥, 𝑦 ∈ 𝐻 with 𝑥 ≤ 𝑦 such that 𝑓(𝑥) < min{𝑓(𝑦), (1 − 𝑘)/2}.
Then𝑓(𝑥) < 𝑡 < min{𝑓(𝑦), (1−𝑘)/2} for some 𝑡 ∈ (0, (1−𝑘)/2]. Then, 𝑦 ∈ 𝑈(𝑓; 𝑡) but 𝑥 ∉ 𝑈(𝑓; 𝑡), a contradiction. Thus𝑓(𝑥) ≥ min{𝑓(𝑦), (1−𝑘)/2} for all 𝑥, 𝑦 ∈ 𝐻with 𝑥 ≤ 𝑦.Now,
suppose that there exist 𝑥, 𝑦 ∈ 𝐻 such that ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) <
min{𝑓(𝑥), 𝑓(𝑦), (1−𝑘)/2}.Thus there exist 𝑧 ∈ 𝑥∘𝑦 such that𝑓(𝑧) < min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}. Choose 𝑡 ∈ (0, (1 − 𝑘)/2]
such that 𝑓(𝑧) < 𝑡 < min{𝑓(𝑥), 𝑓(𝑦), (1 − 𝑘)/2}. Then𝑥, 𝑦 ∈ 𝑈(𝑓; 𝑡) but 𝑧 ∉ 𝑈(𝑓; 𝑡) i.e., 𝑥 ∘ 𝑦 ̸⊆ 𝑈(𝑓; 𝑡), which
is a contradiction. Hence ⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), 𝑓(𝑦), (1 −𝑘)/2} and so 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
of 𝐻.
Corollary 28. A fuzzy subset 𝑓 of an ordered LA-semi-
hypergroup 𝐻 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, bi-hyperideal) of𝐻 if and only if𝑈(𝑓; 𝑡)( ̸= 0) is an
LA-subsemihypergroup (resp., left hyperideal, right hyperideal,
hyperideal, interior hyperideal, bi-hyperideal) of 𝐻 for all 𝑡 ∈(0, 0.5].
Example 29. Consider a set𝐻 = {𝑎, 𝑏, 𝑐, 𝑑}with the following
hyperoperation “∘” and the order “≤”:

∘ 𝑎 𝑏 𝑐 𝑑𝑎 𝑎 𝑎 𝑎 𝑎
𝑏 𝑎 𝑏 𝑐 𝑑
𝑐 𝑎 𝑑 {𝑐, 𝑑} {𝑐, 𝑑}
𝑑 𝑎 𝑐 {𝑐, 𝑑} {𝑐, 𝑑}

≤fl {(𝑎, 𝑎) , (𝑎, 𝑏) , (𝑎, 𝑐) , (𝑎, 𝑑) , (𝑏, 𝑏) , (𝑐, 𝑐) , (𝑑, 𝑑)} .

(15)

We give the covering relation “≺” and the figure of 𝐻 as
follows:

≺= {(𝑎, 𝑏) , (𝑎, 𝑐) , (𝑎, 𝑑)} .
(16)

Then (𝐻, ∘, ≤) is an ordered LA-semihypergroup. Here,{𝑎}, {𝑏}, {𝑎, 𝑏}, {𝑎, 𝑐, 𝑑}, {𝑏, 𝑐, 𝑑} and {𝑐, 𝑑} are LA-subsemi-
hypergroups of𝐻.Now let 𝑓 be a fuzzy subset of𝐻 such that

𝑓 : 𝐻 → [0, 1] | 𝑥 → 𝑓 (𝑥) =
{{{{{{{{{{{{{{{

0.8 if 𝑥 = 𝑎
0.2 if 𝑥 = 𝑏
0.6 if 𝑥 = 𝑐
0.7 if 𝑥 = 𝑑

(17)

and

𝑈(𝑓; 𝑡) =
{{{{{{{{{{{{{{{

𝐻 if 0 < 𝑡 ≤ 0.2
{𝑎, 𝑐, 𝑑} if 0.2 < 𝑡 ≤ 0.6
{𝑎} if 0.6 < 𝑡 ≤ 0.8
0 if 0.8 < 𝑡 ≤ 1.

(18)

Then by Theorem 27, 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemi-
hypergroup of 𝐻 for 𝑘 ∈ [0, 1).
Lemma 30. The intersection of any family of (∈, ∈ ∨𝑞𝑘)-
fuzzy LA-subsemihypergroups (resp., left hyperideals, right
hyperideals, interior hyperideals, bi-hyperideals, generalized
bi-hyperideals) of 𝐻 is an LA-subsemihypergroup (resp., left
hyperideal, right hyperideal, interior hyperideal, bi-hyperideal,
generalized bi-hyperideal) of 𝐻.
Proof. Let {𝑓𝑖}𝑖∈𝐼 be a family of (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperide-
als of 𝐻 and 𝑥, 𝑦 ∈ 𝐻. Then

⋀
𝑧∈𝑥∘𝑦

{∧
𝑖∈𝐼

𝑓𝑖 (𝑧)} = ∧
𝑖∈𝐼

{ ⋀
𝑧∈𝑥∘𝑦

𝑓𝑖 (𝑧)} . (19)

Since 𝑓𝑖 is a (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideals of 𝐻. Thus

⋀
𝑧∈𝑥∘𝑦

{∧
𝑖∈𝐼

𝑓𝑖 (𝑧)} ≥ ∧
𝑖∈𝐼

{𝑓𝑖 (𝑦) ∧ 1 − 𝑘2 }
= (∧
𝑖∈𝐼

𝑓𝑖 (𝑦)) ∧ 1 − 𝑘2
= (∧
𝑖∈𝐼

𝑓𝑖) (𝑦) ∧ 1 − 𝑘2 .
(20)

Hence ∧𝑖∈𝐼𝑓𝑖 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻. The
other cases can be seen in a similar way.

Lemma 31. The union of any family of (∈, ∈ ∨𝑞𝑘)-fuzzy
LA-subsemihypergroups (resp., left hyperideals, right hyper-
ideals, interior hyperideals, bi-hyperideals) of an ordered LA-
semihypergroup 𝐻 is an LA-subsemihypergroup (resp., left
hyperideal, right hyperideal, interior hyperideal, bi-hyperideal)
of 𝐻.
Proof. The proof is similar to the proof of the Lemma 30.

Proposition 32. Let 𝐻 be an ordered LA-semihypergroup
with pure left identity 𝑒. Then every (∈, ∈ ∨𝑞𝑘)-fuzzy right
hyperideal of 𝐻 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻.

Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻. For𝑥, 𝑦, 𝑧 ∈ 𝐻, we have

⋀
𝑧∈𝑥∘𝑦

𝑓 (𝑧) = ⋀
𝑧∈(𝑒∘𝑥)∘𝑦

𝑓 (𝑧) = ⋀
𝑧∈(𝑦∘𝑥)∘𝑒

𝑓 (𝑧)

≥ min{ ⋀
𝑤∈𝑦∘𝑥

𝑓 (𝑤) , 1 − 𝑘2 }
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≥ min{𝑓 (𝑦) , 1 − 𝑘2 , 1 − 𝑘2 }
= min{𝑓 (𝑦) , 1 − 𝑘2 } .

(21)

Thus 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻.

Proposition 33. Let 𝐻 be an ordered LA-semihypergroup
with pure left identity 𝑒. Then 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right
hyperideal of 𝐻 if and only if it is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior
hyperideal of 𝐻.

Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻. For𝑥, 𝑦, 𝑧 ∈ 𝐻, we have

⋀
𝑎∈(𝑥∘𝑦)∘𝑧

𝑓 (𝑎) ≥ min{ ⋀
𝑤∈𝑥∘𝑦

𝑓 (𝑤) , 1 − 𝑘2 }

= min
{{{ ⋀
𝑤∈(𝑒∘𝑥)∘𝑦

𝑓 (𝑤) , 1 − 𝑘2 }}}
= min

{{{ ⋀
𝑤∈(𝑦∘𝑥)∘𝑒

𝑓 (𝑤) , 1 − 𝑘2 }}}
≥ min{ ⋀

𝑠∈𝑦∘𝑥

𝑓 (𝑠) , 1 − 𝑘2 , 1 − 𝑘2 }
≥ min{𝑓 (𝑦) , 1 − 𝑘2 , 1 − 𝑘2 , 1 − 𝑘2 }
= min{𝑓 (𝑦) , 1 − 𝑘2 } ,

(22)

which implies that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyper-
ideal. Conversely, for any 𝑥 and 𝑦 in 𝐻 we have

⋀
𝑎∈𝑥∘𝑦

𝑓 (𝑎) = ⋀
𝑎∈(𝑒∘𝑥)∘𝑦

𝑓 (𝑎) ≥ min{𝑓 (𝑥) , 1 − 𝑘2 } . (23)

This shows that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻. This completes the proof.

Proposition 34. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal
of an ordered LA-semihypergroup𝐻with pure left identity 𝑒. If𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal of 𝐻, then it is an(∈, ∈ ∨𝑞𝑘)-fuzzy bi-hyperideal of 𝐻.

Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of𝐻.Then
for every 𝑧 ∈ 𝐻, there exist 𝑥, 𝑦 ∈ 𝐻 such that

⋀
𝑧∈𝑥∘𝑦

𝑓 (𝑧) ≥ min{𝑓 (𝑦) , 1 − 𝑘2 } . (24)

Let 𝑒 be a pure left identity in 𝐻. So,
⋀
𝑧∈𝑥∘𝑦

𝑓 (𝑧) = ⋀
𝑧∈(𝑒∘𝑥)∘𝑦

𝑓 (𝑧) ≥ min{𝑓 (𝑥) , 1 − 𝑘2 } . (25)

This implies that

⋀
𝑧∈𝑥∘𝑦

𝑓 (𝑧) ≥ min{𝑓 (𝑥) , 𝑓 (𝑦) , 1 − 𝑘2 } . (26)

Thus 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup of 𝐻.
Now for any 𝑥, 𝑦, 𝑧 ∈ 𝐻,

⋀
𝑎∈(𝑥∘𝑦)∘𝑧

𝑓 (𝑎) = ⋀
𝑎∈(𝑥∘(𝑒∘𝑦))∘𝑧

𝑓 (𝑎) = ⋀
𝑎∈(𝑒∘(𝑥∘𝑦))∘𝑧

𝑓 (𝑎)

≥ min{ ⋀
𝑡∈𝑥∘𝑦

𝑓 (𝑡) , 1 − 𝑘2 }

= min
{{{ ⋀
𝑡∈(𝑒∘𝑥)∘𝑦

𝑓 (𝑡) , 1 − 𝑘2 }}}
≥ min{𝑓 (𝑥) , 1 − 𝑘2 , 1 − 𝑘2 }
= min{𝑓 (𝑥) , 1 − 𝑘2 } .

(27)

Also

⋀
𝑎∈(𝑥∘𝑦)∘𝑧

𝑓 (𝑎) = ⋀
𝑎∈(𝑧∘𝑦)∘𝑥

𝑓 (𝑎) = ⋀
𝑎∈(𝑒∘(𝑧∘𝑦))∘𝑥

𝑓 (𝑎)

≥ min{ ⋀
𝑡∈𝑧∘𝑦

𝑓 (𝑡) , 1 − 𝑘2 }

= min
{{{ ⋀
𝑡∈(𝑒∘𝑧)∘𝑦

𝑓 (𝑡) , 1 − 𝑘2 }}}
≥ min{𝑓 (𝑧) , 1 − 𝑘2 , 1 − 𝑘2 }
= min{𝑓 (𝑧) , 1 − 𝑘2 } .

(28)

Hence we get

⋀
𝑎∈(𝑥∘𝑦)∘𝑧

𝑓 (𝑎) ≥ min{𝑓 (𝑥) , 𝑓 (𝑧) , 1 − 𝑘2 } . (29)

This shows that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-hyperideal of 𝐻.
Proposition35. Let𝐻 be an ordered LA-semihypergroupwith
pure left identity. If 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy subset of 𝐻 and 𝑔
is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻, then 𝑓 ∗ 𝑔 is an(∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻.
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Proof. Let 𝑥, 𝑦 ∈ 𝐻 such that 𝑥 ≤ 𝑦. Let (𝑎, 𝑏) ∈ 𝐴𝑦 then𝑦 ≤ 𝑎 ∘ 𝑏. Since 𝑥 ≤ 𝑦, so 𝑥 ≤ 𝑎 ∘ 𝑏 implies (𝑎, 𝑏) ∈ 𝐴𝑥.Hence𝐴𝑦 ⊆ 𝐴𝑥. Now
(𝑓 ∗ 𝑔) (𝑦) = ⋁

(𝑎,𝑏)∈𝐴𝑦

min {𝑓 (𝑎) , 𝑔 (𝑏)}
= ⋁
(𝑎,𝑏)∈𝐴𝑦⊆𝐴𝑥

{𝑓 (𝑎) , 𝑔 (𝑏)}
≤ ⋁
(𝑎,𝑏)∈𝐴𝑥

{𝑓 (𝑎) , 𝑔 (𝑏)} = (𝑓 ∗ 𝑔) (𝑥) .
(30)

Thus (𝑓 ∗ 𝑔)(𝑥) ≥ (𝑓 ∗ 𝑔)(𝑦). Let 𝑥, 𝑦 ∈ 𝐻. Then

min{(𝑓 ∗ 𝑔) (𝑦) , 1 − 𝑘2 }
= min

{{{( ⋁
(𝑝,𝑞)∈𝐴𝑦

min {𝑓 (𝑝) , 𝑔 (𝑞)}) , 1 − 𝑘2 }}}
= ⋁
(𝑝,𝑞)∈𝐴𝑦

min{𝑓 (𝑝) , 𝑔 (𝑞) , 1 − 𝑘2 } .
(31)

If 𝑦 ∈ 𝑝 ∘ 𝑞, then 𝑥 ∘ 𝑦 ⊆ 𝑥 ∘ (𝑝 ∘ 𝑞) = 𝑝 ∘ (𝑥 ∘ 𝑞). Now for
each 𝑧 ∈ 𝑥 ∘ 𝑦, there exist 𝑎 ∈ 𝑥 ∘ 𝑞 such that 𝑧 ∈ 𝑝 ∘ 𝑎. Since𝑔 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻, ⋀𝑎∈𝑥∘𝑞𝑔(𝑎) ≥
min{𝑔(𝑞), (1−𝑘)/2}, that is 𝑔(𝑎) ≥ min{𝑔(𝑞), (1−𝑘)/2}.Thus

min{(𝑓 ∗ 𝑔) (𝑦) , 1 − 𝑘2 }
≤ ⋁
(𝑝,𝑎)∈𝐴𝑧

min {𝑓 (𝑝) , 𝑔 (𝑎)} = (𝑓 ∗ 𝑔) (𝑧)
for every 𝑧 ∈ 𝑥 ∘ 𝑦 ⊆ 𝑝 ∘ 𝑎.

(32)

So⋀𝑧∈𝑥∘𝑦(𝑓 ∗ 𝑔)(𝑧) ≥ min{(𝑓 ∗ 𝑔)(𝑦), (1 − 𝑘)/2}.Thus 𝑓∗𝑔
is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻.
Definition 36. Let 𝑓 and 𝑔 be any two fuzzy subsets of𝐻. We
define the product 𝑓∗𝑘 𝑔 by

(𝑓 ∗𝑘 𝑔) (𝑥)
= {{{{{

⋁
(𝑦,𝑧)∈𝐴𝑥

min{𝑓 (𝑦) , 𝑔 (𝑧) , 1 − 𝑘2 } 𝑖𝑓 𝐴𝑥 ̸= 0
0 𝑖𝑓 𝐴𝑥 = 0.

(33)

Definition 37. The symbols 𝑓𝑘, 𝑓∩𝑘 𝑔 and 𝑓∪𝑘 𝑔 mean the
following fuzzy subsets of 𝐻:

𝑓𝑘 (𝑥) = min{𝑓 (𝑥) , 1 − 𝑘2 } , ∀𝑥 ∈ 𝐻,
(𝑓∩𝑘 𝑔) (𝑥) = min{𝑓 (𝑥) , 𝑔 (𝑥) , 1 − 𝑘2 } ,

∀𝑥 ∈ 𝐻,

(𝑓∪𝑘 𝑔) (𝑥) = min{𝑓 (𝑥) , 𝑔 (𝑥) , 1 − 𝑘2 } ,
∀𝑥 ∈ 𝐻.

(34)

Denote byF(𝐻) the family of all fuzzy subsets in 𝐻.
Theorem 38. Let 𝐻 be an ordered LA-semihypergroup. Then
the set (F(𝐻), ∗𝑘, ⊆) is an ordered LA-semihypergroup.

Proof. ClearlyF(𝐻) is closed. Let𝑓, 𝑔 and ℎ be inF(𝐻) and
let 𝑥 be any element of 𝐻 such that it is not expressible as
product of two elements in 𝐻. Then we have

((𝑓 ∗𝑘 𝑔) ∗𝑘 ℎ) (𝑥) = 0 = ((ℎ ∗𝑘 𝑔) ∗𝑘 𝑓) (𝑥) . (35)

Let 𝐴𝑥 ̸= 0. Then there exist 𝑦 and 𝑧 in 𝐻 such that (𝑦, 𝑧) ∈𝐴𝑥. Therefore by using left invertive law, we have

((𝑓 ∗𝑘 𝑔) ∗𝑘 ℎ) (𝑥) = ⋁
(𝑦,𝑧)∈𝐴𝑥

{(𝑓∗𝑘 𝑔) (𝑦) ∧ ℎ (𝑧) ∧ 1 − 𝑘2 }

= ⋁
(𝑦,𝑧)∈𝐴𝑥

{{{ ⋁
(𝑝,𝑞)∈𝐴𝑦

{{𝑓 (𝑝) ∧ 𝑔 (𝑞) ∧ 1 − 𝑘2 } ∧ ℎ (𝑧) ∧ 1 − 𝑘2 }}}}
= ⋁
𝑥≤(𝑝∘𝑞)∘𝑧

{𝑓 (𝑝) ∧ 𝑔 (𝑞) ∧ ℎ (𝑧) ∧ 1 − 𝑘2 ∧ 1 − 𝑘2 }
= ⋁
𝑥≤(𝑧∘𝑞)∘𝑝

{ℎ (𝑧) ∧ 𝑔 (𝑞) ∧ 𝑓 (𝑝) ∧ 1 − 𝑘2 ∧ 1 − 𝑘2 }

= ⋁
(𝑤,𝑝)∈𝐴𝑥

{{{ ⋁
(𝑧,𝑞)∈𝐴𝑤

(ℎ (𝑧) ∧ 𝑔 (𝑞) ∧ 𝑓 (𝑝) ∧ 1 − 𝑘2 ∧ 1 − 𝑘2 )}}}
= ⋁
(𝑤,𝑝)∈𝐴𝑥

{(ℎ ∗𝑘 𝑔) (𝑤) ∧ 𝑓 (𝑝) ∧ 1 − 𝑘2 } = ((ℎ ∗𝑘 𝑔) ∗𝑘 𝑓) (𝑥) .

(36)

Hence (F(𝐻), ∗𝑘) is an ordered LA-semihypergroup.
Assume that 𝑓 ⊆ 𝑔 and let 𝐴𝑥 = 0 for any 𝑥 ∈ 𝐻; then

(𝑓 ∗𝑘 ℎ) (𝑥) = 0 = (𝑔 ∗𝑘 ℎ) (𝑥) ⇒ 𝑓∗𝑘 ℎ ⊆ 𝑔∗𝑘 ℎ. (37)

Similarly we can show that 𝑓∗𝑘 ℎ ⊇ 𝑔∗𝑘 ℎ. Let 𝐴𝑥 ̸= 0. Then
there exist 𝑦 and 𝑧 in 𝐻 such that (𝑦, 𝑧) ∈ 𝐴𝑥, therefore

(𝑓 ∗𝑘 ℎ) (𝑥) = ⋁
(𝑦,𝑧)∈𝐴𝑥

{𝑓 (𝑦) ∧ ℎ (𝑧) ∧ 1 − 𝑘2 }
≤ ⋁
(𝑦,𝑧)∈𝐴𝑥

{𝑔 (𝑦) ∧ ℎ (𝑧) ∧ 1 − 𝑘2 }
= (𝑔 ∗𝑘 ℎ) (𝑥) ,

(38)

Similarly we can show that 𝑓∗𝑘 ℎ ⊇ 𝑔∗𝑘 ℎ. It is easy to see
that F(𝐻) is a poset. Thus (F(𝐻), ∗, ⊆) is an ordered LA-
semihypergroup.

Theorem 39. Let 𝐻 be an ordered LA-semihypergroup. Then
the property

(𝑓 ∗𝑘 𝑔) ∗𝑘 (ℎ ∗𝑘 𝑘) = (𝑓∗𝑘 ℎ) ∗𝑘 (𝑔 ∗𝑘 𝑘) (39)

holds inF(𝐻), for all 𝑓, 𝑔, ℎ and 𝑘 inF(𝐻).
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Proof. The proof is straightforward.

Theorem 40. If an ordered LA-semihypergroup 𝐻 has a pure
left identity, then the following properties hold inF(𝐻).

(i) (𝑓 ∗𝑘 𝑔)∗𝑘(ℎ ∗𝑘 𝑘) = (𝑘 ∗𝑘 ℎ) ∗𝑘 (𝑔 ∗𝑘 𝑓),
(ii) 𝑓∗𝑘 (𝑔 ∗𝑘 ℎ) = 𝑔∗𝑘 (𝑓 ∗𝑘 ℎ),
for all 𝑓, 𝑔, ℎ and 𝑘 inF(𝐻).

Proof. The proof is straightforward.

Proposition 41. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal
of 𝐻 and 𝑔 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻. Then𝑓∗𝑘 𝑔 ⊆ 𝑓∩𝑘 𝑔.
Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻 and𝑔 an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻. Let 𝑧 ∈ 𝐻 and
suppose that there exist 𝑥, 𝑦 ∈ 𝐻 such that 𝑧 ∈ 𝑥 ∘ 𝑦. Then

(𝑓 ∗𝑘 𝑔) (𝑧) = ⋁
(𝑥,𝑦)∈𝐴𝑧

min{𝑓 (𝑥) , 𝑔 (𝑦) , 1 − 𝑘2 }
= ⋁
(𝑥,𝑦)∈𝐴𝑧

min{𝑓 (𝑥) , 𝑔 (𝑦) , 1 − 𝑘2 , 1 − 𝑘2 , 1 − 𝑘2 }

≤ ⋁
(𝑥,𝑦)∈𝐴𝑧

min{ ⋀
𝑧∈𝑥∘𝑦

𝑓 (𝑥) , ⋀
𝑧∈𝑥∘𝑦

𝑔 (𝑦) , 1 − 𝑘2 }
= min{𝑓 (𝑥) , 𝑔 (𝑦) , 1 − 𝑘2 } = 𝑓∩𝑘 𝑔.

(40)

Let us suppose that there do not exist any 𝑥, 𝑦 ∈ 𝐻 such that𝑧 ∈ 𝑥 ∘ 𝑦. Then, (𝑓 ∗𝑘 𝑔)(𝑧) = 0 ≤ 𝑓∩𝑘 𝑔. Hence 𝑓∗𝑘 𝑔 ⊆𝑓∩𝑘 𝑔.
Lemma 42. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihyper-
group (resp., left hyperideal, right hyperideal, hyperideal,
interior hyperideal, bi-hyperideal, generalized bi-hyperideal) of𝐻.Then 𝑓𝑘 is a fuzzy LA-subsemihypergroup (resp., left hyper-
ideal, right hyperideal, hyperideal, interior hyperideal, bi-
hyperideal, generalized bi-hyperideal) of 𝐻.
Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of 𝐻.
Then for all 𝑥, 𝑦, 𝑧 ∈ 𝐻, we have 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥
min{𝑓(𝑦), (1 − 𝑘)/2} and⋀𝑧∈𝑥∘𝑦𝑓(𝑧) ≥ min{𝑓(𝑥), (1 − 𝑘)/2}.
This implies that

min{𝑓 (𝑥) , 1 − 𝑘2 } ≥ min{𝑓 (𝑦) , 1 − 𝑘2 } . (41)

So 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦). Also
min{ ⋀

𝑧∈𝑥∘𝑦

𝑓 (𝑧) , 1 − 𝑘2 } ≥ min{𝑓 (𝑥) , 1 − 𝑘2 } . (42)

So⋀𝑧∈𝑥∘𝑦𝑓𝑘(𝑧) ≥ 𝑓𝑘(𝑥).Thus𝑓𝑘 is a fuzzy right hyperideal of𝐻. Other cases can be seen in a similar way.

For an ordered LA-semihypergroups 𝐻, the fuzzy subset
H is defined as follows:

H : 𝐻 → [0, 1] | 𝑥 → H (𝑥) fl 1. (43)

Proposition 43. For a fuzzy subset 𝑓 of 𝐻, the following
conditions are true for all 𝑥, 𝑦 ∈ 𝐻.

(i) If 𝑓 is a fuzzy LA-subsemihypergroup of 𝐻, then𝑓∗𝑘 𝑓 ⊆ 𝑓𝑘 and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦),
(ii) If 𝑓 is a fuzzy left hyperideal of 𝐻, then H∗𝑘 𝑓 ⊆ 𝑓𝑘

and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦),
(iii) If 𝑓 is a fuzzy right hyperideal of𝐻, then 𝑓∗𝑘H ⊆ 𝑓𝑘

and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦),
(iv) If 𝑓 is a fuzzy interior hyperideal of 𝐻, then(H∗𝑘 𝑓)∗𝑘H ⊆ 𝑓𝑘 and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦),
(v) If 𝑓 is a fuzzy generalized bi-hyperideal of 𝐻, then(𝑓 ∗𝑘H)∗𝑘 𝑓 ⊆ 𝑓𝑘 and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦),
(vi) If 𝑓 is a fuzzy bi-hyperideal of 𝐻, then 𝑓∗𝑘 𝑓 ≤ 𝑓𝑘,(𝑓 ∗𝑘H)∗𝑘 𝑓 ⊆ 𝑓𝑘 and 𝑥 ≤ 𝑦 ⇒ 𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦).

Proof. (i) Let 𝑓 be a fuzzy LA-subsemihypergroup of 𝐻. If𝐴𝑥 = {(𝑦, 𝑧) ∈ 𝐻 × 𝐻 : 𝑥 ∈ 𝑦 ∘ 𝑧} = 0, then
(𝑓 ∗𝑘 𝑓) (𝑥) = 0 ≤ 𝑓𝑘 (𝑥) . (44)

If 𝐴𝑥 ̸= 0, then
(𝑓 ∗𝑘 𝑓) (𝑥) = min{(𝑓 ∗ 𝑓) (𝑥) , 1 − 𝑘2 }

= min{ ⋁
𝑥∈𝑦∘𝑧

min {𝑓 (𝑦) , 𝑓 (𝑧)} , 1 − 𝑘2 }
≤ min{ ⋁

𝑥∈𝑦∘𝑧

⋀
𝑥∈𝑦∘𝑧

𝑓 (𝑥) , 1 − 𝑘2 }
(𝑓 is a fuzzy LA-subsemihypergroup)

= min{𝑓 (𝑥) , 1 − 𝑘2 }
= 𝑓𝑘 (𝑥) .

(45)

Thus 𝑓∗𝑘 𝑓 ⊆ 𝑓𝑘. For 𝑥 ≤ 𝑦 ⇒ 𝑓(𝑥) ≥ 𝑓(𝑦), we have
min{𝑓(𝑥), (1 − 𝑘)/2} ≥ min{𝑓(𝑦), (1 − 𝑘)/2}. This implies𝑓𝑘(𝑥) ≥ 𝑓𝑘(𝑦).Theproofs of (ii) to (vi) can be seen in a similar
way.

Proposition 44. Let 𝐻 be an ordered LA-semihypergroup
with pure left identity.Then for any (∈, ∈ ∨𝑞𝑘)-fuzzy left hyper-
ideal 𝑓, which is idempotent inC(𝐻), the following properties
hold:

(i) 𝑓𝑘 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal;
(ii) 𝑓𝑘 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-hyperideal.

Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻 and𝑓∗𝑘 𝑓 = 𝑓𝑘.
(i) We have

(H∗𝑘 𝑓) ∗𝑘H ⊆ 𝑓𝑘 ∗𝑘H = (𝑓∗𝑘 𝑓) ∗𝑘H
= (H∗𝑘 𝑓) ∗𝑘 𝑓 ⊆ 𝑓𝑘 ∗𝑘 𝑓 = 𝑓∗𝑘 𝑓
= 𝑓𝑘.

(46)

This implies that 𝑓𝑘 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal𝐻.
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(ii) We have

(𝑓 ∗𝑘H) ∗𝑘 𝑓 = (𝑓∗𝑘H) ∗𝑘 𝑓𝑘
= (𝑓∗𝑘H) ∗𝑘 (𝑓 ∗𝑘 𝑓)
= (𝑓∗𝑘 𝑓) ∗𝑘 (H∗𝑘 𝑓) ⊆ 𝑓𝑘 ∗𝑘 𝑓𝑘
= 𝑓𝑘.

(47)

This implies that 𝑓𝑘 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-hyperideal of𝐻.
Theorem 45. Let 𝐻 be a regular ordered LA-semihypergroup.
Then (𝑓 ∗𝑘H)∗𝑘 𝑓 = 𝑓𝑘 for every (∈, ∈ ∨𝑞𝑘)-fuzzy general-
ized bi-hyperideal 𝑓 of 𝐻.

Proof. Let us suppose that 𝐻 is a regular ordered LA-
semihypergroup and let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy generalized
bi-hyperideal of 𝐻. Let 𝑎 ∈ 𝐻 and so 𝑎 ∈ (𝑎 ∘ 𝑥) ∘ 𝑎 for some𝑥 ∈ 𝐻. Thus we have

((𝑓 ∗𝑘H) ∗𝑘 𝑓) (𝑎) = min{((𝑓*H) ∗ 𝑓) (𝑎) , 1 − 𝑘2 }

= min{ ⋁
𝑎∈𝑦∘𝑧

min {(𝑓*H) (𝑦) , 𝑓 (𝑧)} , 1 − 𝑘2 }

≥ min{min{ ⋁
𝑡∈𝑎∘𝑥

(𝑓*H) (𝑡) , 𝑓 (𝑎)} , 1 − 𝑘2 }

≥ min{min{ ⋁
𝑎∘𝑥=𝑝∘𝑞

min {𝑓 (𝑝) ,H (𝑞)} , 𝑓 (𝑎)} ,
1 − 𝑘2 } ≥ min{min {𝑓 (𝑎) , 1, 𝑓 (𝑎)} , 1 − 𝑘2 }

= min{𝑓 (𝑎) , 1 − 𝑘2 } = 𝑓𝑘 (𝑎) .

(48)

Therefore, 𝑓𝑘 ⊆ (𝑓∗𝑘H)∗𝑘 𝑓. Since (𝑓 ∗𝑘H)∗𝑘 𝑓 ⊆ 𝑓𝑘, by
Proposition 43(v), we have (𝑓 ∗𝑘H)∗𝑘 𝑓 = 𝑓𝑘 for every (∈, ∈∨𝑞𝑘)-fuzzy generalized bi-hyperideal 𝑓 of 𝐻.

Proposition 46. If𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of
a regular ordered LA-semihypergroup𝐻 with pure left identity𝑒, then 𝑓𝑘(𝑥 ∘ 𝑦) = 𝑓𝑘(𝑦 ∘ 𝑥) holds for all 𝑥, 𝑦 ∈ 𝐻.

Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of a
regular ordered LA-semihypergroup𝐻with pure left identity𝑒. Let 𝑥, 𝑦 ∈ 𝐻. Since 𝐻 is regular, 𝑥 ∈ (𝑥 ∘ 𝑎) ∘ 𝑥 and𝑦 ∈ (𝑦 ∘ 𝑏) ∘ 𝑦 for some 𝑎, 𝑏 ∈ 𝐻. Now by using the medial
and paramedial laws, we get

𝑥 ∘ 𝑦 ⊆ ((𝑥 ∘ 𝑎) ∘ 𝑥) ∘ ((𝑦 ∘ 𝑏) ∘ 𝑦)
= (𝑦 ∘ 𝑥) ∘ ((𝑦 ∘ 𝑏) ∘ (𝑥 ∘ 𝑎)) . (49)

Since 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal, for every 𝑤 ∈𝑥 ∘ 𝑦 ⊆ (𝑦 ∘ 𝑥) ∘ ((𝑦 ∘ 𝑏) ∘ (𝑥 ∘ 𝑎)), we have
⋀

𝑤∈𝑥∘𝑦⊆(𝑦∘𝑥)∘((𝑦∘𝑏)∘(𝑥∘𝑎))

𝑓 (𝑤)

≥ min{ ⋀
𝑠∈𝑦∘𝑥

𝑓 (𝑠) , 1 − 𝑘2 } = ⋀
𝑠∈𝑦∘𝑥

𝑓𝑘 (𝑠) .
(50)

Again by using the medial and paramedial laws, we get
𝑦 ∘ 𝑥 ⊆ ((𝑦 ∘ 𝑏) ∘ 𝑦) ∘ ((𝑥 ∘ 𝑎) ∘ 𝑥)

= (𝑥 ∘ 𝑦) ∘ ((𝑥 ∘ 𝑎) ∘ (𝑦 ∘ 𝑏)) . (51)

Since 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal, for every 𝑡 ∈𝑦 ∘ 𝑥 ⊆ (𝑥 ∘ 𝑦) ∘ ((𝑥 ∘ 𝑎) ∘ (𝑦 ∘ 𝑏)), we have
⋀

𝑡∈𝑦∘𝑥⊆(𝑥∘𝑦)∘((𝑥∘𝑎)∘(𝑦∘𝑏))

𝑓 (𝑡) ≥ min{ ⋀
𝑝∈𝑥∘𝑦

𝑓 (𝑝) , 1 − 𝑘2 }
= ⋀
𝑝∈𝑥∘𝑦

𝑓𝑘 (𝑝) . (52)

This shows that𝑓𝑘(𝑥∘𝑦) = 𝑓𝑘(𝑦∘𝑥) holds for all𝑥, 𝑦 ∈ 𝐻.

Theorem 47. Let 𝐻 be a regular ordered LA-semihypergroup
with pure left identity 𝑒. Then 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left
hyperideal of 𝐻 if and only if 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-
hyperideal of 𝐻.
Proof. Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻. Let𝑥, 𝑦, 𝑧 ∈ 𝐻. We have

⋀
𝑤∈(𝑥∘𝑦)∘𝑧

𝑓 (𝑤) = ⋀
𝑤∈(𝑧∘𝑦)∘𝑥

𝑓 (𝑤) ≥ min{𝑓 (𝑥) , 1 − 𝑘2 }
≥ min{𝑓 (𝑥) , 𝑓 (𝑧) , 1 − 𝑘2 } .

(53)

This shows that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy generalized bi-
hyperideal of 𝐻, and clearly 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-
subsemihypergroup. Therefore 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-
hyperideal of 𝐻.

Conversely, assume that 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy bi-
hyperideal of 𝐻. Let 𝑥, 𝑦 ∈ 𝐻. Since 𝐻 is regular, by the left
invertive law and medial law, we have𝑥 ∘ 𝑦 ⊆ 𝑥 ∘ ((𝑦 ∘ 𝑧) ∘ 𝑦) = (𝑦 ∘ 𝑧) ∘ (𝑥 ∘ 𝑦)

= ((𝑥 ∘ 𝑦) ∘ 𝑧) ∘ 𝑦 = ((𝑥 ∘ 𝑦) ∘ (𝑒 ∘ 𝑧)) ∘ 𝑦
= ((𝑥 ∘ 𝑒) ∘ (𝑦 ∘ 𝑧)) ∘ 𝑦 = (𝑦 ∘ ((𝑥 ∘ 𝑒) ∘ 𝑧)) ∘ 𝑦.

(54)

Thus for every 𝑤 ∈ 𝑥 ∘ 𝑦 ⊆ (𝑦 ∘ ((𝑥 ∘ 𝑒) ∘ 𝑧)) ∘ 𝑦, we have
⋀
𝑤∈𝑥∘𝑦

𝑓 (𝑤) ≥ ⋀
𝑠∈(𝑦∘((𝑥∘𝑒)∘𝑧))∘𝑦

𝑓 (𝑠)
≥ min{𝑓 (𝑦) , 𝑓 (𝑦) , 1 − 𝑘2 }
= min{𝑓 (𝑦) , 1 − 𝑘2 } .

(55)

Hence 𝑓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy left hyperideal of 𝐻.
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4. Homomorphism

Let (𝐻1, ∘1, ≤1) and (𝐻2, ∘2, ≤2) be two ordered LA-semi-
hypergroups and 𝜓 a mapping from 𝐻1 into 𝐻2. 𝜓 is called
isotone if 𝑥, 𝑦 ∈ 𝐻1, 𝑥≤1 𝑦 implies 𝜓(𝑥) ≤2 𝜓(𝑦). 𝜓 is said
to be inverse isotone if 𝑥, 𝑦 ∈ 𝐻1, 𝜓(𝑥) ≤2 𝜓(𝑦) implies𝑥≤1 𝑦 [each inverse isotone mapping is 1-1]. 𝜓 is called a
homomorphism if it is isotone and satisfies 𝜓(𝑥 ∘1 𝑦) =𝜓(𝑥) ∘2 𝜓(𝑦), for all 𝑥, 𝑦 ∈ 𝐻1. Moreover, 𝜓 is said to
be isomorphism if it is onto homomorphism and inverse
isotone.

Definition 48. Let (𝐻1, ∘1, ≤1) and (𝐻2, ∘2, ≤2) be two ordered
LA-semihypergroups and 𝜓 a mapping from 𝐻1 into 𝐻2. Let𝑓1 and 𝑓2 be fuzzy subsets of 𝐻1 and 𝐻2, respectively. Then
the image 𝜓(𝑓1) of 𝑓1 is defined by

𝜓 (𝑓1) : 𝐻2 → [0, 1] | 𝑦2
→ {{{

⋁
𝑦1∈𝜓
−1(𝑦2)

𝑓1 (𝑦1) if 𝜓−1 (𝑦2) ̸= 0
0 otherwise.

(56)

And the inverse image 𝜓−1(𝑓2) of 𝑓2 is defined by

𝜓−1 (𝑓2) : 𝐻1 → [0, 1] | 𝑦1 → 𝑓2 (𝜓 (𝑦1)) . (57)

Theorem 49. Let (𝐻1, ∘1, ≤1) and (𝐻2, ∘2, ≤2) be two ordered
LA-semihypergroups and𝜓 a mapping from𝐻1 onto𝐻2. Let 𝑓
and 𝑔 be (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup (resp., left
hyperideal, right hyperideal, hyperideal, interior hyperideal,
bi-hyperideal) of 𝐻1 and 𝐻2, respectively. Then

(i) 𝜓(𝑓) is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, bi-hyperideal) of𝐻2, provided 𝜓 is inverse isotone.

(ii) 𝜓−1(𝑔) is an (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroup
(resp., left hyperideal, right hyperideal, hyperideal, interior
hyperideal, bi-hyperideal) of 𝐻1.

(iii) The mapping 𝑓 → 𝜓(𝑓) defines a one-to-one corre-
spondence between the set of all (∈, ∈ ∨𝑞𝑘)-fuzzy LA-sub-
semihypergroups (resp., left hyperideals, right hyperideals,
hyperideals, interior hyperideals, bi-hyperideals) of𝐻1 and the
set of all (∈, ∈ ∨𝑞𝑘)-fuzzy LA-subsemihypergroups (resp., left
hyperideals, right hyperideals, hyperideals, interior hyperide-
als, bi-hyperideals) of 𝐻2, provided 𝜓 is inverse isotone.

Proof. The proof is straightforward.

Theorem 50. Let 𝜓 : (𝐻1, ∘1, ≤1) → (𝐻2, ∘2, ≤2) be a surjec-
tive homomorphism from an ordered LA-semihypergroup 𝐻1
to an ordered LA-semihypergroup 𝐻2. If 𝐻1 contains a pure
left identity 𝑒, then

(i) the image of (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal of 𝐻1
is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of 𝐻2, provided 𝜓 is
inverse isotone.

(ii) the preimage of an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻2 is an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal of 𝐻1.
Proof. (i) Let 𝑓 be an (∈, ∈ ∨𝑞𝑘)-fuzzy interior hyperideal of𝐻1 and let 𝑥2, 𝑦2, 𝑧2 ∈ 𝐻2. Then there exist 𝑥1, 𝑦1, 𝑧1 ∈ 𝐻1

such that 𝜓(𝑥1) = 𝑥2, 𝜓(𝑦1) = 𝑦2 and 𝜓(𝑧1) = 𝑧2. Now, we
have

⋀
𝑧2∈𝑥2∘2𝑦2

𝜓 (𝑓) (𝑧2) = ⋀
𝑧2∈𝑥2∘2𝑦2

{{{ ⋁
𝑡∈𝜓−1(𝑧2)

𝑓 (𝑡)}}}
≥ ⋀
𝑧2∈𝑥2∘2𝑦2

𝑓 (𝑧1)
= ⋀
𝜓(𝑧1)∈𝜓(𝑥1)∘2𝜓(𝑦1)

𝑓 (𝑧1)
= ⋀
𝜓(𝑧1)∈𝜓(𝑥1∘1𝑦1)

𝑓 (𝑧1)
= ⋀
𝑧1∈𝑥1∘1𝑦1

𝑓 (𝑧1)
= ⋀
𝑧1∈(𝑒∘1𝑥1)∘1𝑦1

𝑓 (𝑧1)

≥ min{𝑓 (𝑥1) , 1 − 𝑘2 }

≥ min
{{{ ⋁
𝑥1∈𝜓
−1(𝑥2)

𝑓 (𝑥1) , 1 − 𝑘2 }}}
≥ min{𝜓 (𝑓) (𝑥2) , 1 − 𝑘2 } .

(58)

Let 𝑥2 ≤2 𝑦2. Since 𝜓 is inverse isotone, there exist unique𝑥1, 𝑦1 ∈ 𝐻1 such that 𝜓(𝑥1) = 𝑥2, 𝜓(𝑦1) = 𝑦2 and 𝑥1 ≤1 𝑦1.
Thus we have

𝜓 (𝑓) (𝑥2) = ⋁
𝑡∈𝜓−1(𝑥2)

𝑓 (𝑡) = 𝑓 (𝑥1)

≥ min{𝑓 (𝑦1) , 1 − 𝑘2 }

= min
{{{ ⋁
𝑡∈𝜓−1(𝑦2)

𝑓 (𝑡) , 1 − 𝑘2 }}}
= min{𝜓 (𝑓) (𝑦2) , 1 − 𝑘2 } .

(59)

This shows that the image of an (∈, ∈ ∨𝑞𝑘)-fuzzy interior
hyperideal of 𝐻1 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right hyperideal of𝐻2. The proof of (ii) can be seen in a similar way.

In the following example we show that in an ordered LA-
semihypergroup 𝐻1 without pure left identity, the image of
an (∈, ∈ ∨𝑞𝑘)-fuzzy subset 𝑓 under 𝜓 can be or cannot be an(∈, ∈ ∨𝑞𝑘) -fuzzy right hyperideal of 𝐻2.
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Example 51. Let 𝐻1 = {𝑥, 𝑦, 𝑧, 𝑤} and 𝐻2 = {𝑎, 𝑏, 𝑐} be
two ordered LA-semihypergroups defined by the following
hyperoperations “∘1, ∘2” and the orders “≤1, ≤2”:

∘1 𝑥 𝑦 𝑧 𝑤𝑥 𝑥 𝑥 𝑥 𝑥
𝑦 𝑥 {𝑦, 𝑤} {𝑥, 𝑧} {𝑦, 𝑤}
𝑧 𝑥 {𝑥, 𝑧} 𝑧 {𝑥, 𝑧}
𝑤 𝑥 𝑦 {𝑥, 𝑧} 𝑦
≤1 fl {(𝑎, 𝑎) , (𝑎, 𝑏) , (𝑎, 𝑐) , (𝑎, 𝑑) , (𝑏, 𝑏) , (𝑐, 𝑐) , (𝑑, 𝑑)}
∘2 𝑎 𝑏 𝑐𝑎 𝑏 𝑏 𝑐
𝑏 {𝑎, 𝑏} {𝑎, 𝑏} 𝑐
𝑐 𝑐 𝑐 𝑐

≤2 fl {(𝑎, 𝑎) , (𝑎, 𝑏) , (𝑎, 𝑐) , (𝑎, 𝑑) , (𝑏, 𝑏) , (𝑐, 𝑐) , (𝑑, 𝑑)} .

(60)

We define a homomorphism 𝜓 : (𝐻1, ∘1, ≤1) → (𝐻2, ∘2, ≤2)
by

𝜓 : 𝐻1 → 𝐻2 | 𝑟 → 𝜓 (𝑟) fl
{{{{{{{{{

𝑐 if 𝑟 ∈ {𝑥, 𝑧}
𝑏 if 𝑟 = 𝑦
𝑎 if 𝑟 = 𝑤.

(61)

We take a fuzzy subset 𝑓 of 𝐻1 as 𝑓(𝑥) = 0.1, 𝑓(𝑦) = 0.6,𝑓(𝑧) = 0.7 and 𝑓(𝑤) = 0.5. By routine calculation one can
see that the image of 𝑓 under 𝜓 is an (∈, ∈ ∨𝑞𝑘)-fuzzy right
hyperideal of𝐻2 for 𝑘 ∈ [0, 1), but𝑓 is not an (∈, ∈ ∨𝑞𝑘)-fuzzy
interior hyperideal of 𝐻1.
Theorem 52. Let 𝜓 : (𝐻1, ∘1, ≤1) → (𝐻2, ∘2, ≤2) be a homo-
morphism from an ordered LA-semihypergroup 𝐻1 to an
ordered LA-semihypergroup 𝐻2. If 𝐻1 contains a pure left
identity 𝑒, then the preimage of every (∈, ∈ ∨𝑞𝑘)-fuzzy interior
hyperideal of 𝐻2 is an (∈, ∈ ∨𝑞𝑘)-fuzzy generalized bi-hyper-
ideal of 𝐻1, provided 𝜓 is inverse isotone.

Proof. Theproof is similar to the proof ofTheorem 50(i).

5. Conclusions

Fuzzification of algebraic hyperstructures plays an important
role in mathematics with wide range of applications in many
disciplines such as computer sciences, chemistry, engineer-
ing, andmedical diagnosis. In this paper, we have introduced
the concept of (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideals in ordered LA-
semihypergroup and investigated their related properties.
We hope that this work would offer foundation for further
study of the theory on ordered LA-semihypergroup and fuzzy
ordered LA-semihypergroup. The obtained results probably
can be applied in various fields such as computer sciences,
control engineering, coding theory, theoretical physics, and
chemistry. In our future research, we will consider the
characterization of intraregular ordered LA-semihypergroup
in terms of (∈, ∈ ∨𝑞𝑘)-fuzzy hyperideals.
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