International Journal of Innovative
Computing, Information and Control ICIC International (©2022 ISSN 1349-4198
Volume 18, Number 4, August 2022 pp. 1291-1304

ON TRIPOLAR FUZZY INTERIOR IDEALS
IN ORDERED SEMIGROUPS

NUTTAPONG WATTANASIRIPONG!, NAREUPANAT LEKKOKSUNG?
AND SOMSAK LEKKOKSUNG?*

I Division of Applied Mathematics
Faculty of Science and Technology
Valaya Alongkorn Rajabhat University under the Royal Patronage
Pathum Thani 13180, Thailand
Nuttapong@vru.ac.th

2Division of Mathematics
Faculty of Engineering
Rajamangala University of Technology Isan
Khon Kaen Campus, Khon Kaen 40000, Thailand
nareupanat.le@rmuti.ac.th; *Corresponding author: lekkoksung_somsak@hotmail.com

Received February 2022; revised May 2022

ABSTRACT. Tripolar fuzzy sets are a concept that deals with tripolar information. This
idea is a generalization of bipolar and intuitionistic fuzzy sets. In this paper, we introduce
the concepts of tripolar fuzzy interior ideals in ordered semigroups, we prove that in
reqular, intra-reqular, and semisimple ordered semigroups, the concepts of tripolar fuzzy
interior ideals and tripolar fuzzy ideals coincide. We characterize semisimple ordered
semigroups in terms of tripolar fuzzy interior ideals. Finally, we introduce the concepts
of tripolar fuzzy simple ordered semigroups. We prove that the concepts of tripolar fuzzy
simple ordered semigroups and simple ordered semigroups coincide.

Keywords: Ordered semigroup, Regularities, Tripolar fuzzy set, Tripolar fuzzy interior
ideal

1. Introduction. The theory of fuzzy sets was introduced by Zadeh [1] in 1965. Fuzzy
sets are the most appropriate theory for dealing with uncertainty. After the introduction
of the concept of fuzzy sets by Zadeh, several researchers conducted research on the
generalizations of the notions of fuzzy sets with huge applications in computer science,
artificial intelligence, control engineering, robotics, automata theory, decision theory, finite
state machine, graph theory, logic, operations research, and many branches of pure and
applied mathematics (see [2] for example).

In semigroups, regular, intra-regular, and semisimple, the interior ideals and ideals co-
incide, as well in ordered semigroups. Many authors applied fuzzy theory to (ordered)
semigroup theory. For example, Kehayopulu and Tsingelis [3] showed that in regular,
intra-regular, and semisimple, the concepts of fuzzy interior ideals and fuzzy ideals coin-
cide. In 2009, Khan and Shabir [4] introduced the concepts of («, §)-fuzzy interior ideals in
ordered semigroups as generalizing fuzzy interior ideals and proved that in regular, intra-
regular, and semisimple ordered semigroups, the concepts of («, 5)-fuzzy interior ideals
and («, §)-fuzzy ideals coincide. Shabir and Khan [5] proved that in regular, intra-regular,
and semisimple, the concepts of intuitionistic fuzzy interior ideals and intuitionistic fuzzy
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ideals coincide. Ibrar et al. [6] also proved that in regular, intra-regular, and semisim-
ple, the («, §)-bipolar fuzzy interior ideals and («, 3)-bipolar fuzzy ideals coincide. In
2022, Linesawat et al. [7] introduced the concepts of anti-hybrid interior ideals in ordered
semigroups and showed that in regular, intra-regular, and semisimple, the concepts of
anti-hybrid interior ideals and anti-hybrid ideals coincide.

The tripolar fuzzy set as a generalization of fuzzy set, bipolar fuzzy set, and intuition-
istic fuzzy set, Rao [8] introduced the notion of tripolar fuzzy set and studied tripolar
fuzzy interior ideals of I'-semigroup. Rao and Venkateswarlu [9, 10] investigated tripolar
fuzzy interior ideal, tripolar fuzzy soft ideal, and tripolar fuzzy soft interior ideal of I'-
semigroup and I'-semiring. In 2020, Rao [11] introduced the notion of the tripolar fuzzy
interior ideal of semigroup, tripolar fuzzy soft ideals, and tripolar fuzzy soft interior ideals
over semigroup. They also studied some of their algebraic properties and the relations
between them.

In this paper, some basic terminologies of ordered semigroups, fuzzy sets and tripolar
fuzzy sets are provided in Section 2. We introduce the notion of tripolar fuzzy (left, right
and interior) ideals in ordered semigroups in Section 3. Results in Section 3 show that the
concepts of tripolar fuzzy ideals and tripolar interior ideals coincide in certain classes of
ordered semigroups. Finally, we characterize simple and semisimple ordered semigroups
in terms of tripolar interior ideals. Section 4 concludes the paper and indicates future
work.

2. Preliminaries. In this section, we will recall the basic terms and definitions from the
ordered semigroup theory and the hybrid structure theory that we will use later in this
paper.

A groupoid (S;-) consists of a nonempty set S together with a (binary) operation -
on S. A semigroup (S;-) is a groupoid in which the operation - is associative, that is,
x-(y-2)=(x-y)-zforallz,y,z€ S.

Definition 2.1 ([3]). The structure (S;-, <) is called an ordered semigroup if the following
conditions are satisfied:

(1) (S;-) is a semigroup;

(2) (S;<) is a partially ordered set;

(3) for every a,b,c € S ifa <b, thena-c<b-candc-a<c-b.

For simplicity, we denoted an ordered semigroup (S;-, <) by its carrier set as a bold
letter S. For K C S, we denote

(K] :={a€S|a<kforsome k € K}.
Let A and B be two nonempty subsets of S. Then we define
AB :={ab|a € Aand b € B}.
Let S be an ordered semigroup. A nonempty subset A of S is called a subsemigroup of

S [3] if AA C A.

Definition 2.2 ([3]). Let S be an ordered semigroup. A nonemty subset A of S is called
a left (resp. right) ideal of S if it satisfied the following conditions:

(1) SAC A (resp. AS C A);

(2) forx,y €S, ifx <y andy € A, then x € A.

A nonempty subset I of S is called an ideal if it is both a left and a right ideal of S.

Definition 2.3 ([3]). Let S be an ordered semigroup. A nonempty subset A of S is called
an interior ideal of S if it satisfied the following conditions:
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(1) SAS C A;
(2) forx,y €S, ifx <y andy € A, then x € A.

A fuzzy subset of a nonempty subset X (or a fuzzy set in a nonempty subset X) is a
mapping f: X — [0, 1] from X to a unit closed interval (see [1]).

Definition 2.4 ([8]). A fuzzy set A of a universe set X is said to be a tripolar fuzzy set,
if
A=A{(z,pa(x), Aa(x),04(z)) |z € X and 0 < pa(x) + Aa(z) < 1}

where py: X — [0,1], Aa: X — [0,1] and 64: X — [—1,0]. The membership degree
pa(x) characterizes the extent that the element x satisfies the property corresponding to
tripolar fuzzy set A, Aa(x) characterizes the extent that the element x satisfies the not
property (irrelevant) corresponding to tripolar fuzzy set A, and d4(x) characterizes the
extent that the element x satisfies the implicit counter property of tripolar fuzzy set A.
For simplicity A = (pa,Aa,04) has been used for A = {(x,pua(x), \a(x),04(x)) | © €
X and 0 < pa(z) + Aa(x) < 1}.

Now, we let Tri(S) be the set of all tripolar fuzzy subsets of S and define an operation on
such set as follows: Let A = (ua,Aa,04), B = (up, Ap,0p) be elements in Tri(S). Then

the product Ao B of A and B as the tripolar fuzzy subset AoB := (paoupg, AaoAp,d400p)
of S defined as follows: For each = € S,

\/ {min{pa(a), us(b)}} if S, #0,

(paoug) (z) = (a,b)€Sy
0 otherwise,
N {max{Aa(a), \p(b)}} if S, # 0,
(AaoAp) (x) := (a,b)€Sy
1 otherwise,
N\ {max{a(a),dp(b)}} if S, #0,
(0400B) (7)== (ab)es.
0 otherwise.

It is easy to see that the structure (77i(S);0) is a semigroup. We define the relation
C on Tri(S) as follows: A C B if and only if gus C pup, Ax 2 Ag and d4 2 dp such
that pa C up, Aa 2 Ap and d4 2 dp mean that pa(z) < pp(x), Aa(z) > Ap(x) and
da(x) > dp(z) for all € S, respectively. Finally, we define a binary operation N on
Tri(S) as follows:

ANB:=(paNpp,AaUAp, 04 Udp),
where (a4 N pp)(x) = min{ua(z), pp(z)}, (Aa U Ap)(z) = max{Aa(x), A\p(z)} and
(04U dp)(z) := max{da(x),dp(x)} for all x € S.

The tripolar fuzzy subset S := (1£,0s,15) of S is defined by 1%(z) := 1, 0s(z) := 0
and 15(x) := —1forall z € S.

Let X C S. We denote by xx := (fyy, Ayx,Oxy) the tripolar fuzzy subset of X in S
and it is defined as follows:

( ) (2) = 1 ifze X,
Foxx 1 0 otherwise,
_J 0 itzeX,
(Ayx) (@) = { 1 otherwise,
| -1 ifzeX,
(Oxx) () := { 0  otherwise.
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3. Main Results. In this section, we introduce the concepts of tripolar fuzzy interior
ideals and study their algebraic properties. We prove that in regular, intra-regular, and
semisimple ordered semigroups, tripolar fuzzy interior ideals and tripolar fuzzy ideals
coincide. Moreover, we characterize semisimple ordered semigroups in terms of tripolar
fuzzy interior ideals. Finally, simple ordered semigroups are characterized through tripolar
fuzzy simple.

We now establish numerous conceptions of tripolar fuzzy sets in ordered semigroups
since the origin of tripolar fuzzy sets was first defined in I'-semigroups.

Definition 3.1. Let S be an ordered semigroup. A tripolar fuzzy subset A = (pa, Aa,04)
of S s called a tripolar fuzzy subsemigroup of S if it satisfied the following conditions:
for any xz,y € S,

(1) pa(zy) > min{pa(x), pa(y)};
(2) Aa(ry) < max{Aa(x), Aa(y)};
(3) 0a(zy) < max{da(z),da(y)}.

The following are some more strongly concepts for tripolar fuzzy subsemigroups.

Definition 3.2. Let S be an ordered semigroup. A tripolar fuzzy subset A = (pa, Aa,d4)
of S is called a tripolar fuzzy left (resp. right) ideal of S if it satisfied the following
conditions: for every x,y € S,

(1) pa(ry) > paly) (resp. pa(ry) > pa(z));

(2) Aa(zy) < Aa(y) (resp. Aa(zy) < pa(z));

(3) da(zy) < da(y) (resp. da(wy) < da(w));

(4) © <y implies pa(x) > pa(y), Aa(x) < Aaly) and 64(x) < da(y).

A tripolar fuzzy subset A = (a4, Aa,d4) of S is called a tripolar fuzzy two-side ideal
(or, tripolar fuzzy ideal) if it is both a tripolar fuzzy left and a tripolar fuzzy right ideal
of S.

We define a critical idea that is important in this work.

Definition 3.3. Let S be an ordered semigroup. A tripolar fuzzy subset A = (pa, Aa,d4)
of S is called a tripolar fuzzy interior ideal of S if it satisfied the following conditions: for
every x,y,z € S,

(1) pa(ryz) > paly);
(2) Aa(zyz) < Aaly);
(3) da(zyz) < daly);
(4) v <y implies pa(x) > pay), Aa(x) < Aa(y) and 64(z) < da(y).

The following proposition shows that the intersection of tripolar fuzzy interior ideals of
S is also a tripolar fuzzy interior ideal of S.

Proposition 3.1. Let S be an ordered semigroup. If {A; |i € I} is a family of tripolar
fuzzy interior ideals of S, then a tripolar fuzzy subset (N,c; Ai = (Mics trass Uies Aass
Uics 0 2) of S is a tripolar fuzzy interior ideal of S and is deﬁned by

(ﬂ u) (2) i= (V#a, () = inf{pa, (2) | i € T},

el 1€l

(U )\Az> ([L’) = U)‘Ab(x) = Sup{AAi(z) | (S [}7

el i€l
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and

(U 5> (@) == oa.(a) = supfon,(a) | i € 1),

forallxz € S.
Proof: Let z,y, 2 € S. We obtain that

(ﬂ m) (wyz) = () pa,(zy2)

i€l el
= inf{pa, (zy2) | i € I}
> inf{pa,(y) [ 1 € 1}

el

= (ﬂ MAi) (v),

(U A) (2y2) = A, (ay2)

iel iel
= sup{Aa,(zyz) | i € I}
< sup{Aa,(y) |7 € I}

= U )\Ai (y>

el

(U 5) (2y2) = | J o, (ey2)

el 1€l

and

= sup{da,(zyz) |i € I}
< sup{da,(y) |1 € [}

= U 04, (y)

el

Let x,y € S be such that x < y. We obtain

i€l el
inf{pa,(2) | i € I}
> inf{jua,(y) | i € I}

el
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= (ﬂﬂm) (v),

iel iel
= sup{Aa,(x) |1 €I}
< sup{Aq,(y) | i € I}
iel
= (U )‘Az) (y)a
iel
and
(U 5Ai> (x) = (Joa.(@)
iel iel
= sup{d,(z) |i € I}
< sup{da,(y) | i € I}
iel
iel
Therefore, (,.; A; is a tripolar fuzzy interior ideal of S. O

The following result illustrates a relationship between tripolar fuzzy ideals and tripolar
fuzzy interior ideals in ordered semigroups.

Proposition 3.2. Let S be an ordered semigroup. Then every tripolar fuzzy ideal of S is
a tripolar fuzzy interior ideal of S.

Proof: Let A = (ua,\a,04) be a tripolar fuzzy ideal of S and z,y,z € S. Then we
obtain that

I
=
=
<

S
S~—
S~—
|
=
=
<
Xy
v
=
=
s

pa(zyz)
Aa(zyz)

A (yz)) < Aa(yz) < Aal

<
:_/

and
a(zyz) = 6(x(yz)) < dalyz) < da(y).

Hence A is a tripolar fuzzy interior ideal of S. U

We note that the converse of Proposition 3.2 may not be true in general. Corollary
3.1, Corollary 3.2, and Corollary 3.3 show that the concepts of tripolar fuzzy ideals and
tripolar fuzzy interior ideals are the same thing in certain classes of ordered semigroups:
regular, intra-regular, and semisimple.

An ordered semigroup S is regular if for each element a € S there exists element x € S
such that a < axa. Firstly, we illustrate the converse of Proposition 3.2 for regular ordered
semigroups.

Theorem 3.1. Let S be a reqular ordered semigroup. Then every tripolar fuzzy interior
ideal of S is a tripolar fuzzy ideal of S.
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Proof: Let A = (ua,Aa,04) be a tripolar fuzzy interior ideal of S and a,b € S. Since
S is regular, there exists x € S such that a < axza and we obtain

pa(ab) = pa(azab) = pa((ax)ab) > pa(a),
Aa(ab) < Aa(axab) = Aa((ax)ab) < Aa(a),
and
da(ab) < da(axab) = da((ax)ab) < da(a).
Thus, A is a tripolar fuzzy right ideal of S. Similarly, we can show that A is a tripolar

fuzzy left ideal of S. Therefore, A is a tripolar fuzzy ideal of S. O
Combining Proposition 3.2 and Theorem 3.1, we have the following corollary.

Corollary 3.1. In regular ordered semigroup the concepts of tripolar fuzzy ideals and
tripolar fuzzy interior ideals coincide.

An ordered semigroup S is called intra-regular if for each element a € S there exist
elements x,y € S such that a < xza?y. For intra-regular ordered semigroups, the other
direction of Proposition 3.2 is provided below.

Theorem 3.2. Let S be an intra-regular ordered semigroup. Then every a tripolar fuzzy
interior ideal of S us a tripolar fuzzy ideal of S.

Proof: Let A = (i, Aa,04) be a tripolar fuzzy interior ideal of S and a,b € S. Since
S is an intra-regular ordered semigroup, there exist x,y € S such that a < xa?y. Then
ab < za*yb = (za)a(yb). Since A is tripolar fuzzy interior ideal, we have that

pa(ab) > pa (za’yb) = pa((za)a(yb)) > pa(a),

Aa(ab) < A4 (za’yb) = Aa((za)a(yd)) < Aa(a),
and
da(ab) < 04 (za’yb) = da((za)a(yb)) < da(a).
Thus, A is a tripolar fuzzy right ideal of S. Similarly, we can prove A is also a tripolar
fuzzy left ideal of S. Therefore, A is a tripolar fuzzy ideal of S. U
We obtain the coincidence of tripolar fuzzy ideals and tripolar fuzzy interior ideals by
combining Proposition 3.2 and Theorem 3.2.

Corollary 3.2. In intra-reqular ordered semigroup, the concepts of tripolar fuzzy ideals
and tripolar fuzzy interior ideals coincide.

An ordered semigroup S is called semisimple if for each element a € S there exist
elements z,y,z € S such that a < zxayaz. If an ordered semigroup is semisimple, the
following theorem demonstrates the converse of Proposition 3.2.

Theorem 3.3. Let S be a semisimple ordered semigroup. Then every tripolar fuzzy inte-
rior ideal of S is a tripolar fuzzy ideal of S.

Proof: Let A = (ua,Aa,04) be a tripolar fuzzy interior ideal of S and a,b € S. Since
S is a semisimple ordered semigroup, there exist x,y, 2z € S such that a < rayaz. Then
ab < zayazb = (xay)a(zb). Since A is a tripolar fuzzy interior ideal of S, we have that

pra(ab) > pa(zayazb) = pa((vay)a(zb)) > pala),
Aa(ab) < Aa(zayazb) = Aa((zay)a(zb)) < Aa(a),
and
da(ab) < da(zayazb) = d04((xay)a(zb)) < da(a).
Thus, A is a tripolar fuzzy right ideal of S. Similarly, we can prove that A is a tripolar
fuzzy left ideal of S. Therefore, A is a tripolar fuzzy ideal of S. U
Proposition 3.2 and Theorem 3.3 lead in the following corollary.
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Corollary 3.3. In semisimple ordered semigroup, the concepts of tripolar fuzzy ideals and
tripolar fuzzy interior ideals coincide.

In terms of tripolar fuzzy ideals, the following remark helps characterize left (right, and
interior) ideals in ordered semigroups.

Remark 3.1. Let X be a subset of S and xx = (fyx, Ayx» Oxyx) @ tripolar fuzzy subset of
X in S. Suppose that one of the following statements holds:

(1) (pxx ) () = 1;
(2) (A )(x) = 0;
(3) (0yx)(@) = —1.
Then x € X.

The following lemma illustrates a characterization of left ideals in ordered semigroups
using tripolar fuzzy left ideals.

Lemma 3.1. Let S be an ordered semigroup. Then the following statements are equiva-
lent:

(1) L is a left ideal of S;

(2) XL = (fx,s Ayp» Oy,) S @ tripolar fuzzy left ideal of S.

Proof: (1)=(2). Let z,y € S. Since L is a left ideal of S, we have p,, (zy) =1 =
P (Y), A (zy) =0 = Ay, (y) and d,, (zy) = —1 = 6,, (y) whenever y € L. If y ¢ L, we
obtain sy, (zy) = 0= 1y, (y), Ay, (zy) < 1= X, (y) and &y, (zy) < 0=y, (y)-

Let x,y € S be such that x < y. Since L is a left ideal of S, we have © € L and
then i, (z) = 1 = py, (y) whenever y € L. If y ¢ L, we have p,, (x) > 0 = pu,, (y),
Ay, () <1= A, (y) and 0y, (z) <0 =0y, (y). Therefore, we obtain xr = (fy,, Ay.:0y.)
is a tripolar fuzzy left ideal of S.

(2)=(1). Let x € S and y € L. Since x1 = ({5, , Ay.: 0y, ) I8 a tripolar fuzzy left ideal
of S, we have 1 > pu,, (xy) > iy, (y) = 1. This implies that pu,, (zy) = 1. By Remark 3.1,
we have xy € L. Therefore, SL C L.

Let x,y € S be such that x < y. If y € L, since x1 = (tby,, Ay, 9y, ) 1S & tripolar fuzzy
left ideal of S, we have 1 > p,, () > iy, (y) = 1. This implies that p,, (z) = 1 and by
Remark 3.1, we obtain x € L. Therefore, L is a left ideal of S. 0J

We can prove the following lemma using similar arguments used in Lemma 3.1.

Lemma 3.2. Let S be an ordered semigroup. Then the following statements are equiva-
lent:

(1) R is a right ideal of S;
(2) XB = (Loyxps Axns Oxr) 1S @ tripolar fuzzy right ideal of S.

By Lemma 3.1 and Lemma 3.2, we obtain the following corollary.

Corollary 3.4. Let S be an ordered semigroup. Then the following statements are equiv-
alent:

(1) D is an ideal of S;
(2) XD = (Hxps Axp» Oxp) @5 @ tripolar fuzzy ideal of S.

We now characterize interior ideals by using tripolar fuzzy interior ideals as follows.

Lemma 3.3. Let S be an ordered semigroup and I a nonempty subset of S. Then the
following statements are equivalent:

(1) I is an interior ideal of S;
(2) X1 = (fbyss Ayy» Ox;) s a tripolar fuzzy interior ideal of S.
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Proof: (1)=-(2). Let I be an interior ideal of S and x,y,a € S. Suppose that a € I.
Since I is interior ideal, we have that (u,,)(zay) = 1 = (uy,)(a), (Ay,)(zay) = 0 =
(A, )(a) and (dy,)(zay) = —1 = (dy,)(a). If a ¢ I, we have that (p,,)(zay) > 0 =
(:uxz)(a)’ ()\XI)(xay) <l= ()\XI)(G') and (6X1)(xay) <0= (6)(1)(@)'

Let z,y € S be such that x < y. If y ¢ I, we obtain (uy,)(z) > 0 = (1y,)(v),
(M) (@) <1 = (A,)(y) and (0y,)(x) < 0 = (6y,)(y). Since [ is interior ideal, we have
that x € I whenever y € I. Then (u,,)(y) =1 = (py,)(x), (A\y,)(y) =0 = (A,)(x) and
(0, )(y) = =1 = (dy,)(x). Thus, x1 = (fty,» A\xss O, ) 18 a tripolar fuzzy interior ideal of S.

(2)=(1). Let x,y € S and a € I. By hypothesis, we obtain (p,,)(zay) > (i, )(a) = 1.
This implies that (uy,)(zay) = 1. By Remark 3.1, we have that zay € I, that is SIS C 1.
Let z,y € S be such that < y. If y € I, we obtain (p,,)(z) > (ty,)(y) = 1 and then
(fty,)(x) = 1. By Remark 3.1, we obtain x € I. Therefore, I is an interior ideal of S. [

The complexity of tripolar fuzzy ideals is demonstrated in Lemma 3.1, Lemma 3.2,
Lemma 3.3, and Corollary 3.4. According to our results, any ideals in ordered semigroups
can only be represented by tripolar fuzzy sets with two outputs.

A series of lemmas is presented as a helpful tool for describing semisimple ordered
semigroups.

Lemma 3.4. Let S be an ordered semigroup and X, Y are subsets of S. Then the following
statements hold:

(1) xx = xy if and only if X =Y;
(2) xx © Xy = X(xv];
(3) xx N Xy = XanB-

Proof: Let X, Y be subsets of S. We give only the proof of (2) since the rests are not
difficult to verify. If a € (XY, then there exist x € X and y € Y such that a < xy. This
means that S, # (). Thus, we obtain

(i © i) (@) <1
~ (iven ) (@)
= min { (1) (@), (1) ()}
<V {min {(na) 0); () (@)1}

(p,4)€Sa
= (Kax © fixy ) (@),
(Ax 0 Ay ) (@) = 0
<)‘X(XY]) (a)
max {(Ayy) (#), (M) ()}
A Amax{(A) @), A (@)1}

(P,9)€Sa

= ()\XX © AXY) (CL),

v

and
(Oxx ©0xy) (@) = —1
= <5X(XY]> (a)
= max {(0yx) (z), 0y, ) ()}
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> A {max{(0) ), (6) (0}

(p 9)€Sa
= (5XX ° 5XY) (a)
This implies that (ry,,, ) (a) = (xx 0 0w ) (@) (M, ) (8) = Ox 0 Aiy) (), and

<5X(XY]> (@) = (0yy 00y, ) (a). If a ¢ (XY, then there is no =,y € S such that a < zy.
This implies that S, = (). Thus, we obtain

(lu’X(XY]> (CL) =0= (:uXX © NXY) (CL),

(M) (@) = 1= Oy 0 Ay) ()
and
(G ) (0) = 0= (B 081,.) (@):
Therefore, we have that xx o xy = x(xv]- O

The following result shows that the product of any two tripolar fuzzy interior ideals is
a subset of their intersection.

Lemma 3.5. Let S be a semisimple ordered semigroup and A = (pa,Aa,04), B =
(1B, A\, 0B) are tripolar fuzzy interior ideals of S. Then Ao B C AN B.

Proof: Let A, B be tripolar fuzzy interior ideals of S. Since S is semisimple, by
Theorem 3.3, A, B are tripolar fuzzy ideals of S. Let a € S. Since S is semisimple, there
exist z,y,2 € S such that a < xayaz. This implies that S, # (). Then we obtain

(paops)(a) = \/ {min{ua(p), ns(0)}}

(P,9)€Sa

\/ A{min{pa(pg), ns(pq)}}

(p.9)€Sa
\/ {min{pa(a), us(a)}}
(p.9)€8Sa
= min{pa(a), pp(a)}
= (pa Nus)(a),
(Aaop) (@) = N {max{Aa(p), As(q)}}

(p,9)E€Sa

/\ {max{Aa(pq), As(pq)}}

(p,9)ESa

> N\ {max{Aa(a), Ap(a)}}

(p,9)€Sa
= max{A4(a), Ag(a)}
= (A4 U Ap)(a),
and

(6a00p) (@) = N\ {max{6a(p),65(¢)}}

(P,9)€Sa

N {max{04(pg), 05(pq)}}

(p,9)€Sa
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> /\ {max{d4(a),op(a)}}

(P,a)€8Sa
= max{da(a),dp(a)}
= (04U dp)(a).

Therefore, Ao BC AN B. 0J
Semisimple ordered semigroups can be characterized in terms of ideals as follows.

Lemma 3.6 ([3]). Let S be an ordered semigroup. Then the following statements are
equivalent:

(1) S is semisimple;

(2) I = (I?] for every ideal I of S.

Remark 3.2. Fvery ideal of S is an interior ideal of S.

Now, we characterize semisimple ordered semigroups by using tripolar fuzzy interior
ideals.

Theorem 3.4. Let S be an ordered semigroup. Then the following statements are equiv-
alent:

(1) S is semisimple;
(2) Ao B = AN B for every tripolar fuzzy interior ideals A = (pa, Aa,04) and B =
(,uB, >\B75B) Of S.

Proof: (1)=(2). Let A and B be tripolar fuzzy interior ideals of S. Since S is a
semisimple ordered semigroup, B is a tripolar fuzzy ideal of S. Let a € S. Then there
exist x,y,z € S such that a < zayaz = (zay)(az). This implies that S, # (. Then

(paops)(a) = \/ {min{ua(p), ps(q)}}

(p,4)€Sa
> min{pa(vay), js(a2)}
> min{pa(a), pp(a)}
= (naNpp)(a),
A Amax{Xa(p), As(q)}}
(p,9)€8Sa
< max{Aa(zay), Ag(az)}
< max{Aa(a), \g(a)}
= (AaUAp)(a),

(AaoAp)(a)

and

(6acdp)(a) = N {max{da(p) ds(q)}}
(P,9)€Sa
< max{da(zay),dp(az)}
< max{da(a),dp(a)}
= (04 UdB)(a).
Therefore, Ao B D AN B. On the other hand by Lemma 3.5, Ao B C AN B. Altogether
we obtain Ao B= AN B.

(2)=-(1). Let I be an ideal of S. By Remark 3.2, I is an interior ideal of S and by
Lemma 3.3, we obtain x; is a tripolar fuzzy interior ideal of S. By our presumption, we
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obtain
X2 = X1oXr =XxrNXxr = Xxr-
By Lemma 3.4, we have (I?] = I and by Lemma 3.6, S is semisimple. O
By the above theorem, we obtain the following corollary immediately.

Corollary 3.5. Let S be an ordered semigroup. Then the following statements are equiv-
alent:

(1) S is semisimple;

(2) A= Ao A for every tripolar fuzzy interior ideal A of S.

In contrast to Lemma 3.6 and Theorem 3.4, instead of using the concept of ideals to
describe semisimple ordered semigroups, we can use a more general concept: tripolar
fuzzy ideals.

We define the following useful notion in characterizing simple ordered semigroups. Let
A = (pa,Aa,04) be a tripolar fuzzy subset of an ordered semigroup S and a € S, we
denote by A(a) the subset of S defined as follows:

Aa) :={be S| pa(b) > pa(a),\a(b) < Ag(a) and §4(b) < da(a)}.
We can see that A(a) is not empty set since a € A(a).

Lemma 3.7. Let S be an ordered semigroup and A = (jia, Aa,04) a tripolar fuzzy subset
of S. If A is a tripolar fuzzy left ideal of S, then A(a) is a left ideal of S for every a € S.

Proof: Let a € S and b € A(a). Since A is a tripolar fuzzy ideal of S, we have
palab) > pa(b) > pa(a), Aa(ab) < Aa(b) < Aa(a) and da(ab) < 5a(b) < da(a). Then
ab € A(a). Therefore, SA(a) C A(a). Let x,y € S be such that x < y and y € A(a).
Since A = (pa,Aa,04) is a tripolar fuzzy left ideal of S, we have pu4(z) > pa(y) >
pala), Aa(x) < Aa(y) < Aala) and d4(z) < da(y) < da(a). This implies that = € A(a).
Therefore, A(a) is a left ideal of S. O

Similarly to Lemma 3.7, we can prove the following lemma.

Lemma 3.8. Let S be an ordered semigroup and A = (pia, Aa,04) a tripolar fuzzy subset
of S. If A is a tripolar fuzzy right ideal of S, then A(a) is a right ideal of S for every
aes.

By Lemma 3.7 and Lemma 3.8, we obtain the following lemma.

Lemma 3.9. Let S be an ordered semigroup and A = (pua, Aa,04) a tripolar fuzzy subset
of S. If A is a tripolar fuzzy ideal of S, then A(a) is an ideal of S for every a € S.

We recall the concept of simple ordered semigroups. An ordered semigroup S is called
simple [3] if S does not contain proper ideals, that is, for every ideal D of S, we have
D=2S.

Definition 3.4. An ordered semigroup S is called tripolar fuzzy simple if every tripolar
fuzzy ideal of S is a tripolar fuzzy constant function, that is, for every tripolar fuzzy ideal
A= (pa,Aa,04) of S, we have pa(a) = pa(b), Aa(a) = Aa(b) and d4(a) = 04(b) for all
a,bes.

Now, we characterize simple ordered semigroups by using tripolar fuzzy simple.

Theorem 3.5. Let S be an ordered semigroup. Then the following statements are equiv-
alent:

(1) S is simple;
(2) S is tripolar fuzzy simple.
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Proof: (1)=-(2). Let A = (ua, A4, d4) be a tripolar fuzzy ideal of S and a,b € S. By
Lemma 3.9, we have A(a) is an ideal of S. Since S is simple, A(a) = S and then b € A(a).
This means that pa(b) > pa(a), Aa(b) < Aa(a) and d4(b) < da(a). Similarly, we can
prove that pa(a) > pa(b), Aa(a) < Aa(b) and d4(a) < §4(b). This implies pa(a) = pa(b),
Aa(a) = Aa(b) and d4(a) = da(b). Therefore, A is a tripolar fuzzy constant function, and
we obtain that S is tripolar fuzzy simple.

(2)=-(1). Assume that S contains proper ideals and let D be an ideal of S. By Lemma
3.3, we have xp = (lyp, AypsOyp) 18 a tripolar fuzzy ideal of S. Let x € S. Since S is
tripolar fuzzy simple, we have p, , (x) = iy, (0), Ay () = Ay, (b) and 6y, (x) = 9, (b) for
all b€ S. Let a € D. Then pu,,(z) = py,(a) = 1. By Remark 3.1, we have x € D. This
implies that S C D. This is a contradiction. Therefore, D = S, and then S is simple. [

Before we leave this section, we provide an example of the notion of tripolar fuzzy
interior ideals in ordered semigroups playing a vital role in this paper. This example
demonstrates the effectiveness of tripolar fuzzification settings to the theory.

Example 3.1. Let S = {a,b,c,d}. Define a binary operation - on S by following table:

la b ¢ d
ala a a a
bla a a a
cla a a b
dia a b ¢

We define an order relation < as follows:

<= {(a’ a)> (ba b)> (C> C)> (da d)> (aa b)}

Now, S:=(S; -, <) is an ordered semigroup. We define tripolar fuzzy subset A= (s, Aa,04)
of S as follows:

S|lpa Aa 0

a|0.7 02 —0.8

b|104 05 —0.5

c|06 03 —-0.3

d|0.2 07 —0.2
By careful calculation, we have that A is a tripolar fuzzy interior ideal of S. If we assign
A = (pa,Aa), then A is an intuitionistic fuzzy interior ideal of S, and if A = (pa,04),
then A is a bipolar fuzzy interior ideal of S (see [5, 6]).

4. Conclusion. The notion of tripolar fuzzy ideals was first introduced for I'-semigroups.
In this paper, we focus on the concept of tripolar fuzzy ideals in ordered semigroups. We
introduced and studied various tripolar fuzzy ideals. We proved that tripolar fuzzy interior
ideals and tripolar fuzzy ideals coincide in regular, intra-regular, and semisimple ordered
semigroups. Using tripolar fuzzy interior ideals, the characterization of semisimple ordered
semigroups was provided. Furthermore, we characterized simple ordered semigroups via
tripolar fuzzy simple. We will apply these notions and results for studying related notions
to algebraic hyperstructures in future work.

Acknowledgment. The authors appreciate the reviewers’ valuable remarks and recom-
mendations, which have helped improve the presentation.

REFERENCES

[1] L. A. Zadeh, Fuzzy sets, Inform. Control, vol.8, pp.338-353, 1965.
[2] A.L.Samatha, Afiahayatiand F. Hamsyah, Clustering Indonesian patients with personality disorders
using fuzzy C-means, ICIC Ezpress Letters, Part B: Applications, vol.12, no.11, pp.995-1001, 2021.



1304 N. WATTANASIRIPONG, N. LEKKOKSUNG AND S. LEKKOKSUNG

[3] N. Kehayopulu and M. Tsingelis, Fuzzy interior ideals in ordered semigroups, Lobachevskii J. Math.,
vol.21, pp.65-71, 2006.
[4] A. Khan and M. Shabir, (a, 8)-fuzzy interior ideals in ordered semigroups, Lobacheuvskii J. Math.,
vol.30, no.1, pp.30-39, 2009.
[5] M. Shabir and A. Khan, Intuitionistic fuzzy interior ideals in ordered semigroups, J. Appl. Math. &
Informatics, vol.27, nos.5-6, pp.1447-1457, 2009.
[6] M. Ibrar, A. Khan and F. Abbas, Generalized bipolar fuzzy interior ideals in ordered semigroups,
Honam Math. J., vol.41, no.2, pp.285-300, 2019.
[7] K. Linesawat, S. Lekkoksung and N. Lekkoksung, On anti-hybrid interior ideals in ordered semi-
groups, J. Appl. Math. & Informatics, 2022.
[8] M. M. K. Rao, Tripolar fuzzy interior ideals of I'-semigroup, Ann. Fuzzy Math. Inform., vol.15, no.2,
pp-199-206, 2018.
[9] M. M. K. Rao and B. Venkateswarlu, Tripolar fuzzy ideals of I'-semiring, Asia Pacific J. of Math.,
vol.5, no.2, pp.192-207, 2018.
[10] M. M. K. Rao and B. Venkateswarlu, Tripolar fuzzy soft interior ideals and tripolar fuzzy soft interior
ideals over I'-semiring, Facta Universitatis (NIS') Ser. Math. Inform., vol.35, no.1, pp.29-42, 2020.
[11] M. M. K. Rao, Tripolar fuzzy interior ideals and tripolar fuzzy soft interior ideals over semigroups,
Ann. Fuzzy Math. Inform., vol.20, no.3, pp.243-256, 2020.

Author Biography

Nuttapong Wattanasiripong obtained his M.Sc. from Suan Sunandha Rajabhat
University. He is currently a lecturer at the Valaya Alongkorn Rajabhat University
under the Royal Patronage, since 2011. His research interests include numerical
optimization fuzzy theories various algebraic structures theories and programs for
solving mathematical problems.

Nareupanat Lekkoksung obtained his Ph.D. from Khon Kaen University. He is
currently a lecturer at the Rajamangala University of Technology Isan, Khon Kaen
Campus, since 2020. His research interests are hypersubstitution theory and various
algebraic structures theories such as ordered semigroups and ordered semihyper-
groups.

Somsak Lekkoksung obtained his M.Sc. from Khon Kaen University, Thailand,
and a Ph.D. from the University of Potsdam, Germany. He is currently an associate
professor at the Rajamangala University of Technology Isan, Khon Kaen Campus.
His research interests include many-sorted hypersubstitutions theory, semigroups
theory, and fuzzy algebraic systems.




