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Abstract. We introduce the notion of interval valued bipolar (λ̃ , δ̃ )-fuzzy left (resp., right, bi-) ideals in ordered

semigroups. This concept is a generalized concept of interval valued bipolar fuzzy left (resp., right, bi-) ideals

in ordered semigroups. We discuss some basic properties of our initialed notions. Furthermore, we characterize

regular and intra-regular ordered semigroups in terms of such concepts.
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1. INTRODUCTION

L. A. Zadeh first introduced the notion of fuzzy sets in his definitive paper in 1965 that can

be applied in many fields, including mathematics, statistics, computer science, electrical instru-

ments, industrial operations, business, engineering, social decisions (see [25]). The concept of

fuzzy semigroups has been first considered by Kuroki [14, 15, 16] and fuzzy ordered semigroups

by Kehayopulu and Tsingelis [5, 6, 7]. Bhakat and Das [2] gave the concepts of (α,β )-fuzzy
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subgroups by using the “belongs to” relation (ε) and “quasi-coincident with” relation (q) be-

tween a fuzzy point and a fuzzy subgroup, and introduced the concept of an (ε,ε ∨ q)-fuzzy

subgroup. In [4] Jun and Song initiated the study of (α,β )-fuzzy interior ideals of a semigroup.

Shabir et al., [20] characterized regular semigroups by the properties of (α,β )-fuzzy ideals,

bi-ideals, and quasi-ideals. Shabir et al. [21] characterized regular and intra-regular semigroups

by the properties of (ε,ε ∨qk)-fuzzy left (right, quasi-, two-sided) ideals. Khan and Anis [13]

characterized right weakly regular semigroups by the properties of their (ε,ε∨qk)-fuzzy ideals.

There are several kinds of extensions of fuzzy sets, for example, intuitionistic fuzzy sets,

interval valued fuzzy sets, vague sets. The notion of bipolar valued fuzzy sets is one of the ex-

tensions of fuzzy sets whose membership degree range is different from the above extensions.

Lee [17] introduced the notion of bipolar-valued fuzzy sets. Bipolar-valued fuzzy sets are an

extension of fuzzy sets whose membership degree range is enlarged from the interval [0,1] to

[−1,0]. In a bipolar-valued fuzzy set, the membership degree 0 indicates that elements are

irrelevant to the related property, the membership degrees on (0,1] assign that elements some-

what satisfy the property, and the membership degree on [−1,0) assign that elements somewhat

satisfy the implicit counter-property [18].

N. Yaqoob et al. [24] initiated a study on bipolar (λ ,δ )-fuzzy sets in Γ-semihypergroups.

They introduced the notion of bipolar (λ ,δ )-fuzzy sub-Γ-semihypergroups (Γ-hyperideals and

bi-Γ-hyperideals) and discussed some fundamental results on bipolar (λ ,δ )-fuzzy sets in

Γ-semihypergroups. P. Khamrot and M. Siripitukdet [12] introduced a generalization of a bipo-

lar fuzzy subsemigroup, namely a (α1,α2;β1,β2)-bipolar fuzzy subsemigroup. The notions of

(α1,α2;β1,β2)-bipolar fuzzy left (right, bi-) ideals are discussed. Furthermore, they also char-

acterized regular semigroups in terms of generalized bipolar fuzzy semigroups. K. Arulmozhi

et al. [1] introduced the notions of interval valued (η̃ , δ̃ )-bipolar fuzzy ideal, bi-ideal, interior

ideal, (ε,ε ∨ q)-bipolar fuzzy ideal of ordered Γ-semigroups and discussed some interesting

properties.
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In this paper, we introduce a generalization of interval valued bipolar fuzzy ideals in ordered

semigroups. The notions of interval valued bipolar (λ̃ , δ̃ )-fuzzy left (right, bi-) ideals are dis-

cussed. Moreover, we characterize regular and intra-regular ordered semigroups using interval

valued bipolar (λ̃ , δ̃ )-fuzzy left (right, bi-) ideals.

2. PRELIMINARIES

A structure (S;◦,≤) is called an ordered semigroup if (S;◦) is a semigroup, (S;≤) is a par-

tially ordered set, and for any a,b ∈ S, a≤ b implies ac≤ bc and ca≤ cb for all c ∈ S.

Throughout this paper, unless stated otherwise, S always stands for an ordered semigroup.

A fuzzy subset of S is a function from S to the real closed interval [0,1].

Now we will recall the concept of interval valued fuzzy sets. An interval number is ã =

[a−,a+], where 0 ≤ a− ≤ a+ ≤ 1. Let D[0,1] denote the family of all closed subintervals of

[0,1]. That is,

D[0,1] = {ã = [a−,a+] : 0≤ a− ≤ a+ ≤ 1}.

We define binary operations ≤, <, ∩ and ∪ on D[0,1] as follows. Let ã = [a−,a+] and b̃ =

[b−,b+] be elements of D[0,1]. Then

(1) ã≤ b̃ if and only if a− ≤ b− and a+ ≤ b+,

(2) ã = b̃ if and only if a− = b− and a+ = b+,

(3) ã < b̃ if and only if a− ≤ b− and a+ 6= b+,

(4) ã∩ b̃ = min{ã, b̃}= [min{a−,b−},min{a+,b+}],

(5) ã∪ b̃ = max{ã, b̃}= [max{a−,b−},max{a+,b+}].

Definition 2.1. Let S be a non-empty set. An interval valued bipolar fuzzy set Ã on S is an object

of the form

Ã := {(x, µ̃+

Ã
(x), µ̃−

Ã
(x)) | x ∈ S},

where µ̃
+

Ã
: S→ D[0,1] and µ̃

−
Ã

: S→ D[−1,0].

For the sake of simplicity, we shall use the symbol Ã = (µ̃+

Ã
, µ̃−

Ã
) for the bipolar fuzzy set

Ã := {(x, µ̃+

Ã
(x), µ̃−

Ã
(x)) | x ∈ S}.
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Interval valued bipolar fuzzy subsets Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
and B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
of an ordered semi-

group S, we denote Ã⊆ B̃ if and only if

(1) µ̃
+

Ã
(x)≤ µ̃

+
B̃
(x)

(2) µ̃
−
Ã
(x)≥ µ̃

−
B̃
(x)

for all x ∈ S.

Definition 2.2. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
and B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be two interval valued bipolar fuzzy

subsets of an ordered semigroup S. Then for all x ∈ S, their intersection Ã∩ B̃ is defined by

Ã∩ B̃ =
(

µ̃
+

Ã∩B̃
(x), µ̃−

Ã∩B̃
(x)
)
.

where

µ̃
+

Ã∩B̃
(x) = min{µ̃+

Ã
(x), µ̃+

B̃
(x)} and µ̃

−
Ã∩B̃

(x) = min{µ̃−
Ã
(x), µ̃−

B̃
(x)},

for all x ∈ S. Their union Ã∪ B̃ is defined by

Ã∪ B̃ =
(

µ̃
+

Ã∪B̃
(x), µ̃−

Ã∪B̃
(x)
)
.

where

µ̃
+

Ã∪B̃
(x) = max{µ̃+

Ã
(x), µ̃+

B̃
(x)} and µ̃

−
Ã∪B̃

(x) = max{µ̃−
Ã
(x), µ̃−

B̃
(x)},

for all x ∈ S.

Let a ∈ S. We denote Aa = {(x,y) ∈ S×S | a≤ xy}.

Definition 2.3. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
and B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be two interval valued bipolar fuzzy

subsets of an ordered semigroup S. Then for all x ∈ S, their product Ã◦ B̃ is defined by

Ã◦ B̃ =
(

µ̃
+

Ã◦B̃
(x), µ̃−

Ã◦B̃
(x)
)

where

µ̃
+

Ã◦B̃
(x) =


∨

x≤yz
{min{µ̃+

Ã
(y), µ̃+

B̃
(z)} if Ax 6= /0

0̃ otherwise

and

µ̃
−
Ã◦B̃

(x) =


∧

x≤yz
{max{µ̃−

Ã
(y), µ̃−

B̃
(z)} if Ax 6= /0

0̃ otherwise
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for all x,y,z ∈ S.

Let A be a subset of S. The interval valued bipolar characteristic function χ̃A of A is define by

χ̃A =
(
χ̃
+
A (x), χ̃−A (x)

)
for all x ∈ S, where

χ̃
+

Ã
(x) =

 1̃ if x ∈ A

0̃ otherwise

and

χ̃
−
Ã
(x) =

 −1̃ if x ∈ A

0̃ otherwise.

Let S be an ordered semigroup. Then, we define an interval valued bipolar fuzzy subset S̃ of

S by

S̃ =
(

S̃+(x), S̃−(x)
)
,

for all x ∈ S, where

S̃+(x) = χ̃
+
S (x) and S̃−(x) = χ̃

−
S (x).

From now on, we let λ̃+, δ̃+ ∈D[0,1] be such that 0̃≤ λ̃+ < δ̃+ ≤ 1̃ and λ̃−, δ̃− ∈D[−1,0]

with −̃1≤ δ̃− < λ̃− ≤ 0̃. Both λ̃ , δ̃ are arbitrary but fixed.

Definition 2.4. An interval valued bipolar fuzzy subset Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup

S is called an interval valued bipolar (λ̃ , δ̃ )-fuzzy subsemigroup of S if

max{µ̃+

Ã
(xy), λ̃+} ≥min{µ̃+

Ã
(x), µ̃+

Ã
(y), δ̃+}

and

min{µ̃−
Ã
(xy), λ̃−} ≤max{µ̃−

Ã
(x), µ̃−

Ã
(y), δ̃−},

for all x,y ∈ S.
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Example 2.5 ([1]). Let S = {a1,a2,a3,a4} and defined a binary operation ◦ on S with the

following Cayley table as follows:

◦ a1 a2 a3 a4

a1 a1 a1 a1 a1

a2 a1 a2 a3 a4

a3 a1 a3 a3 a3

a4 a1 a3 a3 a3

From the Cayley table, S is a semigroup. We define a partial order relation ≤ on S as follows:

≤= {(a1,a2),(a1,a3),(a1,a4),(a2,a3),(a2,a4),(a4,a3)}∪∆S,

where ∆S is an equality relation on S. We obtain that S is an ordered semigroup. Define interval

valued bipolar fuzzy subset

Ã =
(

µ̃
+

Ã
(x), µ̃−

Ã
(x)
)
,

where

µ̃
+

Ã
(x) =



[0.6,0.7] if x = a1

[0.4,0.5] if x = a2

[0.1,0.2] if x = a3

[0.2,0.3] if x = a4,

and

µ̃
−
Ã
(x) =



[-0.9,-0.8] if x = a1

[-0.7,-0.6] if x = a2

[-0.3,-0.2] if x = a3

[-0.6,-0.5] if x = a4.

Then Ã is an interval valued bipolar ([0.5,0.6], [0.7,0.8])-fuzzy subsemigroup of S.

Definition 2.6. An interval valued bipolar fuzzy subset Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup

S is called an interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideal of S if for all x,y ∈ S:

(1) max{µ̃+

Ã
(xy), λ̃+} ≥min{µ̃+

Ã
(y), δ̃+}.

(2) If x≤ y, then max{µ̃+

Ã
(x), λ̃+} ≥min{µ̃+

Ã
(y), δ̃+}.

(3) min{µ̃−
Ã
(xy), λ̃−} ≤max{µ̃−

Ã
(y), δ̃−}.
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(4) If x≤ y, then min{µ̃−
Ã
(x), λ̃−} ≤max{µ̃−

Ã
(y), δ̃−}.

Definition 2.7. An interval valued bipolar fuzzy subset Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup

S is called an interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideal of S if for all x,y ∈ S:

(1) max{µ̃+

Ã
(xy), λ̃+} ≥min{µ̃+

Ã
(x), δ̃+}.

(2) If x≤ y, then max{µ̃+

Ã
(x), λ̃+} ≥min{µ̃+

Ã
(y), δ̃+}.

(3) min{µ̃−
Ã
(xy), λ̃−} ≤max{µ̃−

Ã
(x), δ̃−}.

(4) If x≤ y, then min{µ̃−
Ã
(x), λ̃−} ≤min{µ̃−

Ã
(x), λ̃−} ≤max{µ̃−

Ã
(y), δ̃−}.

An interval valued bipolar fuzzy subset Ã=
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup S is called an

interval valued bipolar (λ̃ , δ̃ )-fuzzy ideal of S if it is both an interval valued bipolar (λ̃ , δ̃ )-fuzzy

left ideal and an interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideal of S.

Definition 2.8. An interval valued bipolar fuzzy subset Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup

S is called an interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal of S if for all x,y,z ∈ S:

(1) max{µ̃+

Ã
(xy), λ̃+} ≥min{µ̃+

Ã
(x), µ̃+

Ã
(y), δ̃+}.

(2) max{µ̃+

Ã
(xyz), λ̃+} ≥min{µ̃+

Ã
(x), µ̃+

Ã
(z), δ̃+}.

(3) If x≤ y, then max{µ̃+

Ã
(x), λ̃+} ≥min{µ̃+

Ã
(y), δ̃+}.

(4) min{µ̃−
Ã
(xy), λ̃−} ≤max{µ̃−

Ã
(x), µ̃−

Ã
(y), δ̃−}.

(5) min{µ̃−
Ã
(xyz), λ̃−} ≤max{µ̃−

Ã
(x), µ̃−

Ã
(z), δ̃−}.

(6) If x≤ y, then min{µ̃−
Ã
(x), λ̃−} ≤max{µ̃−

Ã
(y), δ̃−}.

Example 2.9 ([1]). Let S = {a1,a2,a3,a4} and defined a binary operation ◦ on S with the

following Cayley table as follows:

◦ a1 a2 a3 a4

a1 a1 a1 a1 a1

a2 a1 a2 a3 a4

a3 a1 a3 a3 a3

a4 a1 a3 a3 a3

From the Cayley table, S is a semigroup. We define a partial order relation ≤ on S as follows:

≤= {(a1,a2),(a1,a3),(a1,a4),(a2,a3),(a2,a4),(a4,a3)}∪∆S,
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where ∆S is the equality relation on S. We obtain that S is an ordered semigroup. Define interval

valued bipolar fuzzy subset

Ã =
(

µ̃
+

Ã
(x), µ̃−

Ã
(x)
)
,

where

µ̃
+

Ã
(x) =



[0.81,0.91] if x = a1

[0.62,0.72] if x = a2

[0.34,0.44] if x = a3

[0.43,0.53] if x = a4,

and

µ̃
−
Ã
(x) =



[-0.85,-0.75] if x = a1

[-0.65,-0.55] if x = a2

[-0.30,-0.20] if x = a3

[-0.50,-0.40] if x = a4.

Then Ã is an interval valued bipolar ([0.70,0.80], [0.60,0.90])-fuzzy bi-ideal of S.

Definition 2.10. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
and B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be two interval valued bipolar fuzzy

subsets of an ordered semigroup S. Then we define:

(1) The polar fuzzy subset Ã◦λ̃

δ̃
B̃ =

(
µ̃
+

Ã◦λ̃

δ̃
B̃
(x), µ̃−

Ã◦λ̃

δ̃
B̃
(x)

)
, where

µ̃
+

Ã◦λ̃

δ̃
B̃
(x) = max{min{µ̃+

Ã◦B̃
(x), λ̃+}, δ̃+}

and

µ̃
−
Ã◦λ̃

δ̃
B̃
(x) = min{max{µ̃−

Ã◦B̃
(x), λ̃−}, δ̃−},

for all x ∈ S.

(2) Ã∩λ̃

δ̃
B̃ =

(
µ̃
+

Ã∩λ̃

δ̃
B̃
(x), µ̃−

Ã∩λ̃

δ̃
B̃
(x)

)
, where

µ̃
+

Ã∩λ̃

δ̃
B̃
(x) = max{min{µ̃+

Ã∩B̃
(x), λ̃+}, δ̃+}

and

µ̃
−
Ã∩λ̃

δ̃
B̃
(x) = min{max{µ̃−

Ã∩B̃
(x), λ̃−}, δ̃−},

for all x ∈ S.
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Let A be a subset of S. The interval valued characteristic function of A is defined by

(χ̃A)
λ

δ
=
(
(χ̃+

A )λ

δ
(x),(χ̃−A )λ

δ
(x)
)

for all x ∈ S, where (
χ̃
+
A

)λ

δ
(x) = max{min{(χ̃+

A )(x), λ̃+}, δ̃+},

and (
χ̃
−
A

)λ

δ
(x) = min{max{(χ̃−A )(x), λ̃−}, δ̃−}.

3. REGULAR AND INTRA-REGULAR ORDERED SEMIGROUPS

In this section, we characterize regular and intra-regular ordered semigroups in terms of

interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideals, interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideals,

and interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideals of ordered semigroups.

An ordered semigroup S is regular if, for each element a ∈ S, there exists x ∈ S such that

a≤ axa.

Lemma 3.1 ([23]). An ordered semigroup S is regular if and only if B = (BSB] for any bi-ideal

B of S.

Lemma 3.2. If an interval valued bipolar fuzzy subset Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
of an ordered semigroup

S is an interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal of S, then Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
.

Proof. Let a ∈ S. If Aa = /0, then(
µ̃
+

Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã

)
(a) = max{min{µ̃+

Ã◦S̃◦Ã
(a), δ̃+}, λ̃+}

= δ̃
+

≤max{min{µ̃+

Ã
(a), δ̃+}, λ̃+}

=
(

µ̃
+

Ã

)λ̃

δ̃
(a)
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and

(
µ̃
−
Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã

)
(a) = min{max{µ̃−

Ã◦S̃◦Ã
(a), δ̃−}, λ̃−}

= δ̃
−

≥min{max{µ̃−
Ã
(a), δ̃−}, λ̃−}

=
(

µ̃
−
Ã

)λ̃

δ̃
(a).

Thus, Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
. If Aa 6= /0, then there exist x,y, p,q ∈ S such that (x,y) ∈ Aa and (p,q) ∈

Ax. That is, a≤ xy and x≤ pq. Since Ã is an interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal of S,

we have

max{µ̃+

Ã
(pqy), λ̃+} ≥min{µ̃+

Ã
(p), µ̃+

Ã
(y), δ̃+}

and

min{µ̃−
Ã
(pqy), λ̃−} ≤max{µ̃−

Ã
(p), µ̃−

Ã
(y), δ̃−}.

Thus,

(
µ̃
+

Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã

)
(a) = max{min{µ̃+

Ã◦S̃◦Ã
(a), δ̃+}, λ̃+}

= max{min{
∨

(x,y)∈Aa

{min{µ̃+

Ã◦S̃
(x), µ̃+

Ã
(y)}}, δ̃+}, λ̃+}

= max{min{
∨

(x,y)∈Aa

∨
(p,q)∈Ax

{min{µ̃+

Ã
(p), µ̃+

S̃
(q), µ̃+

Ã
(y)}}, δ̃+}, λ̃+}

= max{min{
∨

(x,y)∈Aa

∨
(p,q)∈Ax

{min{µ̃+

Ã
(p), µ̃+

Ã
(y)}}, δ̃+}, λ̃+}
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= max{min{
∨

(x,y)∈Aa

∨
(p,q)∈Ax

{min{µ̃+

Ã
(p), µ̃+

Ã
(y), δ̃+}}, δ̃+}, λ̃+}

≤max{min{
∨

(x,y)∈Aa

∨
(p,q)∈Ax

{max{µ̃+

Ã
(pqy), λ̃+}}, δ̃+}, λ̃+}

= max{max{
∨

(x,y)∈Aa

{min{µ̃+

Ã
(pqy), δ̃+}, λ̃+}}, λ̃+}

≤max{min{max{µ̃+

Ã
(a), λ̃+}, δ̃+}, λ̃+}

= max{max{min{µ̃+

Ã
(a), δ̃+}, λ̃+}, λ̃+}

= max{min{µ̃+(a), δ̃+}, λ̃+}

=
(

µ̃
+

Ã

)λ

δ
(a).

On the other hand, we have that(
µ̃
−
Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã

)
(a) = min{max{µ̃−

Ã◦S̃◦Ã
(a), δ̃−}, λ̃−}

= min{max{
∧

(x,y)∈Aa

{max{µ̃−
Ã◦S̃

(x), µ̃−
Ã
(y)}}, δ̃−}, λ̃−}

= min{max{
∧

(x,y)∈Aa

∧
(p,q)∈Ax

{max{µ̃−
Ã
(p), µ̃−

S̃
(q), µ̃−

Ã
(y)}}, δ̃−}, λ̃−}

= min{max{
∧

(x,y)∈Aa

∧
(p,q)∈Ax

{max{µ̃−
Ã
(p), µ̃−

Ã
(y)}}, δ̃−}, λ̃−}

= min{max{
∧

(x,y)∈Aa

∧
(p,q)∈Ax

{max{µ̃−
Ã
(p), µ̃−

Ã
(y), δ̃−}}, δ̃−}, λ̃−}

≥min{max{
∧

(x,y)∈Aa

∧
(p,q)∈Ax

{min{µ̃−
Ã
(pqy), λ̃−}}, δ̃−}, λ̃−}

= min{min{
∧

(x,y)∈Aa

{max{µ̃−
Ã
(pqy), δ̃−}, λ̃−}}, λ̃−}

≥min{max{min{µ̃−
Ã
(a), λ̃−}, δ̃−}, λ̃−}

= min{min{max{µ̃−
Ã
(a), δ̃−}, λ̃−}, λ̃−}

= min{max{µ̃−(a), δ̃−}, λ̃−}

=
(

µ̃
−
Ã

)λ

δ
(a).
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Altogether, we obtain Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
. �

Now, we provide a characterization of regular ordered semigroups in terms of interval valued

bipolar (λ̃ , δ̃ )-fuzzy bi-ideals.

Theorem 3.3. Let S be an ordered semigroup and Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
an interval valued bipolar

fuzzy subset of S. Then the following statements are equivalent:

(1) S is regular.

(2) Ãλ̃

δ̃
= Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã for any interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal Ã of S.

Proof. (1)⇒ (2). Let Ã be an interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal of S and a∈ S. Since

S is regular, there exists x ∈ S such that a≤ axa. That is, (ax,a) ∈ Aa. Thus,

µ̃
+

Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã
(a) = max{min{µ̃+

Ã◦S̃◦Ã
(a), δ̃+}, λ̃+}

= max{min{
∨

a≤yz
{min{(µ̃+

Ã◦S̃
)(y), µ̃+(z)}}, δ̃+}, λ̃+}

≥max{min{min{(µ̃+

Ã◦S̃
)(ax), µ̃+(a)}, δ̃+}, λ̃+}

= max{min{(µ̃+

Ã◦S̃
)(ax), µ̃+(a), δ̃+}, λ̃+}

= max{min{
∨

ax≤pq
{min{µ̃+

Ã
(p), µ̃+

S̃
(q)}}, µ̃+(a), δ̃+}, λ̃+}

≥max{min{min{µ̃+

Ã
(a), µ̃+

S̃
(x)}, µ̃+(a), δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), µ̃+

S̃
(x), µ̃+(a), δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), µ̃+

Ã
(a), δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), δ̃+}, λ̃+}

=
(

µ̃
+

Ã

)λ

δ
(a),
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and

µ̃
−
Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã
(a) = min{max{µ̃−

Ã◦S̃◦Ã
(a), δ̃−}, λ̃−}

= min{max{
∧

a≤yz
{min{(µ̃−

Ã◦S̃
)(y), µ̃−(z)}}, δ̃−}, λ̃−}

≤min{max{max{(µ̃−
Ã◦S̃

)(ax), µ̃−(a)}, δ̃−}, λ̃−}

= min{max{(µ̃−
Ã◦S̃

)(ax), µ̃−(a), δ̃−}, λ̃−}

= min{max{
∧

ax≤pq
{max{µ̃−

Ã
(p), µ̃−

S̃
(q)}}, µ̃−(a), δ̃−}, λ̃−}

≤min{max{max{µ̃−
Ã
(a), µ̃−

S̃
(x)}, µ̃−(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), µ̃−

S̃
(x), µ̃−(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), µ̃−

Ã
(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), δ̃−}, λ̃−}

=
(

µ̃
−
Ã

)λ

δ
(a).

Hence, Ãλ̃

δ̃
⊆ Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã. By Lemma 3.2, we have Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
. Therefore, Ãλ̃

δ̃
= Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã.

(2)⇒ (1). Let B be a bi-ideal of an ordered semigroup S. Then χ̃B is an interval valued

bipolar (λ̃ , δ̃ )-fuzzy bi-ideal of S. Let a ∈ B. Then

max{min{µ̃+

χ̃B◦S̃◦χ̃B
(a), δ̃+}, λ̃+}= µ̃

+

χ̃B◦λ̃

δ̃
S̃◦λ̃

δ̃
χ̃B
(a) =

(
µ̃
+
χ̃B

)λ̃

δ̃
(a) = δ̃

+.

This implies that Aa 6= /0, that is, there exist b,c ∈ S such that a≤ bc. Thus,

µ̃
+

χ̃B◦S̃◦χ̃B
(a) =

∨
(b,c)∈Aa

{min{µ̃+

χ̃B◦S̃
(b), µ̃+

χ̃B
(c)}}= 1̃.

This yields µ̃
+

χ̃B◦S̃
(b) = 1̃ and µ̃

+
χ̃B
(c) = 1̃. Then c ∈ B. Since µ̃

+

χ̃B◦S̃
(b) = 1̃, we obtain Ab 6= /0,

and there exist p,q ∈ S such that b≤ pq. Thus,

∨
(p,q)∈Ab

{min{µ̃+
χ̃B
(p), µ̃+

S̃
(q)}}= µ̃

+

χ̃B◦S̃
(b) = 1̃.
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This yields µ̃
+
χ̃B
(p) = 1̃. Then p ∈ B, and a≤ bc≤ pqc ∈ BSB. That is, a ∈ (BSB]. On the other

hand, since B is a bi-ideal of S, we have (BSB]⊆ B. Therefore B = (BSB]. By Lemma 3.1, S is

regular. �

Lemma 3.4. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
be an interval valued bipolar fuzzy subset of an ordered semi-

group S. Then Ã is an interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideal of S if and only if Ã satisfies

that

(1) If x≤ y, then

(a) max{µ̃+

Ã
(x), δ̃+} ≥min{µ̃+

Ã
(y), λ̃+}

(b) min{µ̃−
Ã
(x), δ̃−} ≤max{µ̃−

Ã
(y), λ̃−}

for all x,y ∈ S.

(2) S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
.

Proof. (⇒). Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
be an interval valued bipolar (λ̃ , δ̃ )-fuzzy subset of an ordered

semigroup S. Thus, (1) holds. Let a ∈ S. If Aa = /0, then

µ̃
+

S̃◦λ̃

δ̃
Ã
(a) = max{min{µ̃+

S̃◦Ã
(a), λ̃+}, δ̃+}

≤max{min{µ̃+

Ã
(a), λ̃+}, δ̃+}

=
(

µ̃
+

Ã

)λ̃

δ̃
(a),

and

µ̃
−
S̃◦λ̃

δ̃
Ã
(a) = min{max{µ̃−

S̃◦Ã
(a), λ̃−}, δ̃−}

≥min{max{µ̃−
Ã
(a), λ̃−}, δ̃−}

=
(

µ̃
−
Ã

)λ̃

δ̃
(a).
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Thus, S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
. If Aa 6= /0, then

µ̃
+

S̃◦λ̃

δ̃
Ã
(a) = max{min{µ̃+

S̃◦Ã
(a), λ̃+}, δ̃+}

= max{min{
∨

(x,y)∈Aa

{min{S̃+(x), µ̃+(y)}}, λ̃+}, δ̃+}

= max{min{min{µ̃+(y), λ̃+}, λ̃+}, δ̃+}

≤max{min{max{µ̃+(xy), δ̃+}, λ̃+}, δ̃+}

= max{min{µ̃+(xy), λ̃+}, δ̃+}

= max{min{min{µ̃+(xy), λ̃+}, λ̃+}, δ̃+}

≤max{min{max{µ̃+(a), δ̃+}, λ̃+}, δ̃+}

= max{min{µ̃+(a), λ̃+}, δ̃+}

=
(

µ̃
+

Ã

)λ̃

δ̃
(a),

and

µ̃
−
S̃◦λ̃

δ̃
Ã
(a) = min{max{µ̃−

S̃◦Ã
(a), λ̃−}, δ̃−}

= min{max{
∧

(x,y)∈Aa

{max{S̃−(x), µ̃−(y)}}, λ̃−}, δ̃−}

= min{max{max{µ̃−(y), λ̃−}, λ̃−}, δ̃−}

≥min{max{min{µ̃−(xy), δ̃−}, λ̃−}, δ̃−}

= min{max{µ̃−(xy), λ̃−}, δ̃−}

= min{max{max{µ̃−(xy), λ̃−}, λ̃−}, δ̃−}

≥min{max{min{µ̃−(a), δ̃−}, λ̃−}, δ̃−}

= min{max{µ̃−(a), λ̃−}, δ̃−}

=
(

µ̃
−
Ã

)λ̃

δ̃
(a).

Thus, S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
. For any two cases, we obtain that S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
.
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(⇐). Assume that (1) and (2) hold. Let x,y ∈ S. Then

max{µ̃+

Ã
(xy), δ̃+} ≥max{min{µ̃+

Ã
(xy), λ̃+}, δ̃+}

=
(

µ̃
+

Ã

)λ̃

δ̃
(xy).

≥ µ̃
+

S̃◦λ̃

δ̃
Ã
(xy)

= max{min{µ̃+

S̃◦Ã
(xy), λ̃+}, δ̃+}

= max{min{
∨

(a,b)∈Axy

{min{µ̃+

S̃
(a), µ̃+

Ã
(b)}}, λ̃+}, δ̃+}

≥max{min{{min{µ̃+

S̃
(x), µ̃+

Ã
(y)}}, λ̃+}, δ̃+}

= max{min{µ̃+

Ã
(y), λ̃+}, δ̃+}

≥min{µ̃+

Ã
(y), λ̃+},

and

min{µ̃−
Ã
(xy), δ̃−} ≤min{max{µ̃−

Ã
(xy), λ̃−}, δ̃−}

=
(

µ̃
−
Ã

)λ̃

δ̃
(xy).

≤ µ̃
−
S̃◦λ̃

δ̃
Ã
(xy)

= min{max{µ̃−
S̃◦Ã

(xy), λ̃−}, δ̃−}

= min{max{
∧

(a,b)∈Axy

{max{µ̃−
S̃
(a), µ̃−

Ã
(b)}}, λ̃−}, δ̃−}

≤min{max{{max{µ̃−
S̃
(x), µ̃−

Ã
(y)}}, λ̃−}, δ̃−}

= min{max{µ̃−
Ã
(y), λ̃−}, δ̃−}

≤max{µ̃−
Ã
(y), λ̃−}.

Therefore, Ã is an interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideal of S. �

Similarly to Lemma 3.4, we obtain the following two lemmas. Moreover, the proofs are also

similar to that of Lemma 3.4.
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Lemma 3.5. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
be an interval valued bipolar fuzzy subset of an ordered semi-

group S. Then Ã is an interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideal of S if and only if Ã

satisfies that

(1) If x≤ y, then

(a) max{µ̃+

Ã
(x), δ̃+} ≥min{µ̃+

Ã
(y), λ̃+}

(b) min{µ̃−
Ã
(x), δ̃−} ≤max{µ̃−

Ã
(y), λ̃−}

for all x,y ∈ S.

(2) Ã◦λ̃

δ̃
S̃⊆ Ãλ̃

δ̃
.

Lemma 3.6. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
be an interval valued bipolar fuzzy subset of an ordered semi-

group S. Then Ã is an interval valued bipolar (λ̃ , δ̃ )-fuzzy ideal of S if and only if Ã satisfies

that

(1) If x≤ y, then

(a) max{µ̃+

Ã
(x), δ̃+} ≥min{µ̃+

Ã
(y), λ̃+}

(b) min{µ̃−
Ã
(x), δ̃−} ≤max{µ̃−

Ã
(y), λ̃−}

for all x,y ∈ S.

(2) Ã◦λ̃

δ̃
S̃⊆ Ãλ̃

δ̃
and S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
.

Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
be an interval valued bipolar fuzzy subset of an ordered semigroup S.

Then we define the interval valued bipolar fuzzy subset Ãλ̃

δ̃
=

(
µ̃
+

Ãλ̃

δ̃

(x), µ̃−
Ãλ̃

δ̃

(x)

)
of an ordered

semigroup S as follows:

µ̃
+

Ãλ̃

δ̃

(x) = max{min{µ̃+

Ã
(x), δ̃+}, λ̃+},

and

µ̃
−
Ãλ̃

δ̃

(x) = min{max{µ̃−
Ã
(x), δ̃−}, λ̃−},

for all x ∈ S.

Lemma 3.7. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
, B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be interval valued bipolar fuzzy subsets of an

ordered semigroup S. Then Ãλ̃

δ̃
∩ B̃λ̃

δ̃
= Ã∩λ̃

δ̃
B̃.
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Proof. Let x ∈ S. Then

µ̃
+

Ãλ̃

δ̃
∩B̃λ̃

δ̃

(x) = min{µ̃+

Ãλ̃

δ̃

(x), µ̃+

B̃λ̃

δ̃

(x)}

= min{max{min{µ̃+

Ã
(x), δ̃+}, λ̃+},max{min{µ̃+

B̃
(x), δ̃+}, λ̃+}}

= max{min{min{µ̃+

Ã
(x), µ̃+

B̃
(x), δ̃+}, λ̃+}

= max{min{µ̃+

Ã∩B̃
(x), δ̃+}, λ̃+}

= µ̃
+

Ã∩λ̃

δ̃
B̃
(x),

and

µ̃
−
Ãλ̃

δ̃
∩B̃λ̃

δ̃

(x) = min{µ̃−
Ãλ̃

δ̃

(x), µ̃−
B̃λ̃

δ̃

(x)}

= min{min{max{µ̃−
Ã
(x), δ̃−}, λ̃−},min{max{µ̃−

B̃
(x), δ̃−}, λ̃−}}

= min{max{min{µ̃−
Ã
(x), µ̃−

B̃
(x), δ̃−}, λ̃−}

= min{max{µ̃−
Ã∩B̃

(x), δ̃−}, λ̃−}

= µ̃
−
Ã∩λ̃

δ̃
B̃
(x).

Therefore, Ãλ̃

δ̃
∩ B̃λ̃

δ̃
= Ã∩λ̃

δ̃
B̃. �

Now, we provide a characterization of regular ordered semigroups in terms of interval valued

bipolar (λ̃ , δ̃ )-fuzzy bi-ideals and interval valued bipolar (λ̃ , δ̃ )-fuzzy ideals.

Theorem 3.8. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
, B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be interval valued bipolar fuzzy subsets of

an ordered semigroup S . Then the following statements are equivalent:

(1) S is regular.

(2) Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã = Ã∩λ̃

δ̃
B̃ for any interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal Ã and interval

valued bipolar (λ̃ , δ̃ )-fuzzy ideal B̃ of S.

Proof. (1)⇒ (2). Let Ã, B̃ be an interval valued bipolar (λ̃ , δ̃ )-fuzzy bi-ideal and an interval

valued bipolar (λ̃ , δ̃ )-fuzzy ideal of S, respectively. Then, by Lemma 3.2, we have

Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã⊆ Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã⊆ Ãλ̃

δ̃
.
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Since B̃ is an interval valued bipolar (λ̃ , δ̃ )-fuzzy ideal of S, by Lemma 3.6, we obtain

Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã⊆ S̃◦λ̃

δ̃
B̃◦λ̃

δ̃
S̃⊆ B̃λ̃

δ̃
.

Thus Ã ◦λ̃

δ̃
B̃ ◦λ̃

δ̃
Ã ⊆ Ãλ̃

δ̃
∩ B̃λ̃

δ̃
= Ã∩λ̃

δ̃
B̃. On the other hand, let a ∈ S. Since S is regular, there

exists x ∈ S such that a ≤ axa ≤ axaxa, so (a,xaxa) ∈ Aa Since B̃ is an interval valued bipolar

(λ̃ , δ̃ )-fuzzy ideal of S, we have

max{µ̃+
B̃
(xax), λ̃+} ≥min{µ̃+

B̃
(ax), δ̃+}

≥min{max{µ̃+
B̃
(ax), λ̃+}, δ̃+}

≥min{min{µ̃+
B̃
(a), δ̃+}, δ̃+}

= min{µ̃+
B̃
(a), δ̃+}.

Thus,

µ̃
+

Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã
(a) = max{min{µ̃+

Ã◦B̃◦Ã
(a), δ̃+}, λ̃+}

= max{min{
∨

(y,z)∈Ax

{min{µ̃+

Ã
(y), µ̃+

B̃◦Ã
(z)}}, δ̃+}, λ̃+}

≥max{min{min{µ̃+

Ã
(a), µ̃+

B̃◦Ã
(xaxa)}, δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), µ̃+

B̃◦Ã
(xaxa), δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a),

∨
(p,q)∈Axaxa

{min{µ̃+
B̃
(p), µ̃+

Ã
(q)}}, δ̃+}, λ̃+}

≥max{min{µ̃+

Ã
(a),min{µ̃+

B̃
(xax), µ̃+

Ã
(a)}}, δ̃+}, λ̃+}

≥max{min{µ̃+

Ã
(a),min{max{µ̃+

B̃
(xax), λ̃+}, µ̃+

Ã
(a)}}, δ̃+}, λ̃+}

≥max{min{µ̃+

Ã
(a),min{min{µ̃+

B̃
(a), δ̃+}, µ̃+

Ã
(a)}}, δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), µ̃+

B̃
(a), δ̃+}, λ̃+}

= max{min{µ̃+

Ã∩B̃
(a), δ̃+}, λ̃+}

= µ̃
+

Ã∩λ̃

δ̃
B̃
(a),
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and

min{µ̃−
B̃
(xax), λ̃−} ≤max{µ̃−

B̃
(ax), δ̃−}

≤max{min{µ̃−
B̃
(ax), λ̃−}, δ̃−}

≤max{max{µ̃−
B̃
(a), δ̃−}, δ̃−}

= max{µ̃−
B̃
(a), δ̃−}.

Thus,

µ̃
−
Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã
(a) = min{max{µ̃−

Ã◦B̃◦Ã
(a), δ̃−}, λ̃−}

= min{max{
∧

(y,z)∈Ax

{max{µ̃−
Ã
(y), µ̃−

B̃◦Ã
(z)}}, δ̃−}, λ̃−}

≤min{max{max{µ̃−
Ã
(a), µ̃−

B̃◦Ã
(xaxa)}, δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), µ̃−

B̃◦Ã
(xaxa), δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a),

∧
(p,q)∈Axaxa

{min{µ̃−
B̃
(p), µ̃−

Ã
(q)}}, δ̃−}, λ̃−}

≤min{max{µ̃−
Ã
(a),min{µ̃−

B̃
(xax), µ̃−

Ã
(a)}}, δ̃−}, λ̃−}

≤min{max{µ̃−
Ã
(a),min{max{µ̃−

B̃
(xax), λ̃−}, µ̃−

Ã
(a)}}, δ̃−}, λ̃−}

≤min{max{µ̃−
Ã
(a),min{min{µ̃−

B̃
(a), δ̃−}, µ̃−

Ã
(a)}}, δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), µ̃−

B̃
(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã∩B̃

(a), δ̃−}, λ̃−}

= µ̃
−
Ã∩λ̃

δ̃
B̃
(a).

This means that Ã∩λ̃

δ̃
B̃⊆ Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã. Therefore Ã◦λ̃

δ̃
B̃◦λ̃

δ̃
Ã = Ã∩λ̃

δ̃
B̃.

(2)⇒ (1). Since S̃ itself is an interval valued bipolar (λ̃ , δ̃ )-fuzzy ideal of S, by hypothesis,

we obtain

Ãδ̃

λ̃
= Ãδ̃

λ̃
∩ S̃δ̃

λ̃
= Ã∩δ̃

λ̃
S̃ = Ã◦λ̃

δ̃
S̃◦λ̃

δ̃
Ã.

By Theorem 3.3, S is regular. �
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An ordered semigroup S is intra-regular if, for each element a ∈ S, there exist x,y ∈ S such

that a≤ xa2y.

Lemma 3.9 ([23]). For an ordered semigroup S the following conditions are equivalent.

(1) S is intra-regular.

(2) R∩L⊆ (LR] for every right ideal R and every left ideal L of S.

Now, we characterize intra-regular ordered semigroups in terms of interval valued bipolar

(λ̃ , δ̃ )-fuzzy left ideals and interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideals.

Theorem 3.10. Let Ã =
(

µ̃
+

Ã
, µ̃−

Ã

)
, B̃ =

(
µ̃
+
B̃
, µ̃−

B̃

)
be interval valued bipolar fuzzy subsets of

an ordered semigroup S. Then the following statements are equivalent:

(1) S is intra-regular.

(2) Ã∩λ̃

δ̃
B̃ ⊆ B̃ ◦λ̃

δ̃
Ã for every interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideal Ã and every

interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideal B̃ of S.

Proof. (1)⇒ (2). Assume that S is an intra-regular ordered semigroup, Ã and B̃ is an interval

valued bipolar (λ̃ , δ̃ )-fuzzy right ideal and an interval valued bipolar (λ̃ , δ̃ )-fuzzy left ideal of

S, respectively. Let a ∈ S. Then, there exist x,y ∈ S such that a ≤ xa2y, that is (xa,ay) ∈ Aa.

Thus,

µ̃
+

B̃◦δ̃

λ̃
Ã
(a) = max{min{µ̃+

B̃◦Ã
(a), δ̃+}, λ̃+}

= max{min{
∨

(w,z)∈Aa

{min{µ̃+
B̃
(w), µ̃+

Ã
(z)}}, δ̃+}, λ̃+}

≥max{min{min{µ̃+
B̃
(xa), µ̃+

Ã
(ay)}, δ̃+}, λ̃+}

= max{min{µ̃+
B̃
(xa), µ̃+

Ã
(ay), δ̃+}, λ̃+}

≥max{min{max{µ̃+
B̃
(xa), λ̃+},max{µ̃+

Ã
(ay), λ̃+}, δ̃+}, λ̃+}

≥max{min{min{µ̃+
B̃
(a), δ̃+},min{µ̃+

Ã
(a), δ̃+}, δ̃+}, λ̃+}

= max{min{µ̃+
B̃
(a), µ̃+

Ã
(a), δ̃+}, λ̃+}

= max{min{µ̃+

Ã
(a), µ̃+

B̃
(a), δ̃+}, λ̃+}
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= max{min{µ̃+

Ã∩B̃
(a), δ̃+}, λ̃+}

= µ̃
+

Ã∩δ̃

λ̃
B̃
(a),

and

µ̃
−
B̃◦δ̃

λ̃
Ã
(a) = min{max{µ̃−

B̃◦Ã
(a), δ̃−}, λ̃−}

= min{max{
∧

(w,z)∈Aa

{max{µ̃−
B̃
(w), µ̃−

Ã
(z)}}, δ̃−}, λ̃−}

≤min{max{max{µ̃−
B̃
(xa), µ̃−

Ã
(ay)}, δ̃−}, λ̃−}

= min{max{µ̃−
B̃
(xa), µ̃−

Ã
(ay), δ̃−}, λ̃−}

≤min{max{min{µ̃−
B̃
(xa), λ̃−},min{µ̃−

Ã
(ay), λ̃−}, δ̃−}, λ̃−}

≤min{max{max{µ̃−
B̃
(a), δ̃−},min{µ̃−

Ã
(a), δ̃−}, δ̃−}, λ̃−}

= min{max{µ̃−
B̃
(a), µ̃−

Ã
(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã
(a), µ̃−

B̃
(a), δ̃−}, λ̃−}

= min{max{µ̃−
Ã∩B̃

(a), δ̃−}, λ̃−}

= µ̃
−
Ã∩δ̃

λ̃
B̃
(a).

This means that Ã∩λ̃

δ̃
B̃⊆ B̃◦λ̃

δ̃
Ã.

(2)⇒ (1). Assume that (2) holds. Let R and L is a right ideal and a left ideal of S, respectively.

Then χ̃R and χ̃L is an interval valued bipolar (λ̃ , δ̃ )-fuzzy right ideal and an interval valued

bipolar (λ̃ , δ̃ )-fuzzy left ideal of S, respectively. Let a ∈ R∩L. Then, by hypothesis,

δ̃
+ = max{min{χ̃+

R∩L(a), δ̃
+}, λ̃+}

= (χ̃+
R∩L)

δ̃

λ̃
(a)

= ((χ̃+
R )δ̃

λ̃
∩ (χ̃+

L )δ̃

λ̃
)(a)

= (χ̃+
R ∩

δ̃

λ̃
χ̃
+
L )(a)

≤ (χ̃+
L ◦

δ̃

λ̃
χ̃
+
R )(a)
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= max{min{(χ̃+
L ◦ χ̃

+
R )(a), δ̃+}, λ̃+}

= max{min{χ̃+
(LR](a), δ̃

+}, λ̃+}

≤ δ̃
+.

This means that max{min{χ̃+
(LR](a), δ̃

+}, λ̃+}= δ̃+ and then χ̃
+
(LR](a) = 1̃. Thus, a ∈ (LR] and

δ̃
− = min{max{χ̃−R∩L(a), δ̃

−}, λ̃−}

= (χ̃−R∩L)
δ̃

λ̃
(a)

= ((χ̃−R )δ̃

λ̃
∩ (χ̃−L )δ̃

λ̃
)(a)

= (χ̃−R ∩
δ̃

λ̃
χ̃
−
L )(a)

≥ (χ̃−L ◦
δ̃

λ̃
χ̃
−
R )(a)

= min{max{(χ̃−L ◦ χ̃
−
R )(a), δ̃−}, λ̃−}

= min{max{χ̃−(LR](a), δ̃
−}, λ̃−}

≥ δ̃
−.

This means that min{max{χ̃−
(LR](a), δ̃

−}, λ̃−} = δ̃− and then χ̃
−
(LR](a) = −1̃. Thus, a ∈ (LR].

Therefore R∩L⊆ (LR], by Lemma 3.9, S is intra-regular. �

ACKNOWLEDGMENT

This work was financially supported by National Research Council of Thailand:

NRCT (FRB630010/1074-P63A173000054).

CONFLICT OF INTERESTS

The author(s) declare that there is no conflict of interests.

REFERENCES

[1] K. Arulmozhi, V. Chinnadurai, A. Swaminathan, Interval valued bipolar fuzzy ideals in ordered Γ-

semigroups, J. Int. Math. Virtual Inst. 9 (2019), 1–17.

[2] S.K. Bhakat, P. Das, (∈,∈∨q)-fuzzy subgroup, Fuzzy Sets Syst. 80 (1996), 359–368.



3636 H. SANPAN, N. LEKKOKSUNG, S. LEKKOKSUNG

[3] P. Julatha, Y. Rimcholakarn, Characterizing semigroups by their generalized (εγ ,εγ ∨qδ )-fuzzy ideals, Glob.

J. Pure Appl. Math. 15 (2019), 875–888.

[4] Y.B. Jun, S.Z. Song, Generalized fuzzy interior ideals in semigroups, Inform. Sci. 176 (2016), 3079–3093.

[5] N. Kehayopulu, Remarks on ordered semigroups, Math. Japon. 35 (1990), 1061–1063.

[6] N. Kehayopulu, On intra-regular ordered semigroups, Semigroup Forum. 46 (1993), 271–278.

[7] N. Kehayopulu, On regular ordered semigroups. Math. Japon. 45 (1997), 539–543.

[8] N. Kehayopulu, M. Tsingelis, Fuzzy sets in ordered groupoids, Semigroup Forum. 65 (2002), 128–132.

[9] N. Kehayopulu, M. Tsingelis, The embedding of an ordered groupoid into a poe-groupoid in terms of fuzzy

sets, Inform. Sci. 152 (2003), 231–236.

[10] N. Kehayopulu, M. Tsingelis, Fuzzy bi-ideals in ordered semigroups, Inform. Sci. 171 (2005), 13–28.

[11] C. S. Kim, J. G. Kang, J. M. Kang, Ideal theory of semigroups based on the bipolar valued fuzzy set theory,

Ann. Fuzzy Math. Inform. 2 (2011), 193–206.

[12] P. Khamrot, M. Siripitukdet, On properties of generalized bipolar fuzzy semigroups, Songklanakarin J. Sci.

Technol. 41 (2019), 405–413.

[13] M. Khan, S. Anis, Semigroups characterized by their generalized fuzzy ideals, J. Math. 2013 (2013), 592708.

[14] N. Kuroki, On fuzzy ideals and fuzzy bi-ideals in semigroups, Fuzzy Sets Syst. 5 (1981), 203–215.

[15] N. Kuroki, On fuzzy semigroups, Inform. Sci. 53 (1991), 203–236.

[16] N. Kuroki, Fuzzy generalized bi-ideals in semigroups, Inform. Sci. 66 (1992), 235–243.

[17] K.M. Lee, Bipolar-valued fuzzy sets and their operations. In: Proceedings of international conference on

intelligent technologies, Bangkok, Thailand, 2000, pp 307–312.

[18] K.-M. Lee, K.-M. Lee, K.J. Cios, Comparison of interval-valued fuzzy sets, intuitionistic fuzzy sets, and

bipolar-valued fuzzy sets, in: Computing and Information Technologies, World Scientific, Montclair State

University, NJ, USA, 2001: pp. 433–439.

[19] M. Shabir, A. Khan, Fuzzy filters in ordered semigroups, Lobachevskii J. Math. 29 (2008), 82–89.

[20] M. Shabir, Y. B. Jun, Y. Nawaz, Characterizations of regular semigroups by (α,β )-fuzzy ideals, Comput.

Math. Appl. 59 (2010), 161–175.

[21] M. Shabir, Y. B. Jun, Y. Nawaz, Semigroups characterized by (∈,∈ ∨qk)-fuzzy ideals, Comput. Math. Appl.

60 (2010), 1473–1493.

[22] M. Shabir, M. Ali, Characterizations of semigroups by the properties of their (∈γ ,∈γ ∨qδ )-fuzzy ideals, Iran.

J. Sci. Technol. Trans. A. Sci.37 (2013), 117–131.

[23] J. Tang, X.Y. Xie, On (∈,∈ ∨qk)-fuzzy ideals of ordered semigroups, Fuzzy Inf. Eng. 5 (2013), 57–67.

[24] N. Yaqoob, M. Aslam, I. Rehman, M.M. Khalaf, New types of bipolar fuzzy sets in Γ-semihypergroups,

Songklanakarin J. Sci. Technol. 38 (2016), 119–127.

[25] L. A. Zadeh, Fuzzy sets, Inf. Control. 8 (1965), 338–353.


