ICIC Express Letters ICIC International (©2023 ISSN 1881-803X
Volume 17, Number 6, June 2023 pp. 631-639

CHARACTERIZATIONS OF ORDERED ALMOST IDEALS
AND FUZZIFICATIONS IN PARTTALLY ORDERED
TERNARY SEMIGROUPS

RONNASON CHINRAM!, SAMRUAM BAUPRADIST?, AIYARED IAMPAN?
AND PATTARAWAN SINGAVANANDA®*

! Division of Computational Science
Faculty of Science
Prince of Songkla University
Hat Yai, Songkhla 90110, Thailand
ronnason.c@psu.ac.th

2Department of Mathematics and Computer Science
Faculty of Science
Chulalongkorn University
Phayathai Road, Pathumwan, Bangkok 10330, Thailand
samruam.b@chula.ac.th

3Department of Mathematics
School of Science
University of Phayao
Maeka Sub-District, Muang District, Phayao 56000, Thailand
ailyared.iaQup.ac.th

4Program in Mathematics
Faculty of Science and Technology
Songkha Rajabhat University
160, Moo 4, Tambon Khoa-Roob-Chang, Muang District, Songkhla 90000, Thailand
*Corresponding author: pattarawan.pe@skru.ac.th

Received September 2022; accepted December 2022

ABSTRACT. The concept of ideal theory plays a vital role in algebraic structures. A par-
tially ordered ternary semigroup is an algebraic structure under the ternary operator and
a partial order satisfying compatible laws. This algebraic structure is generalizations of
ordered semigroups and ternary semigroups. In this paper, we focus on studying the ideal
theory of partially ordered ternary semigroups. We define ordered almost ideals and fuzzy
ordered almost ideals in partially ordered ternary semigroups and we study some of their
properties. We give relationships between fuzzy ordered almost ideals and ordered almost
ideals of ordered semigroups.

Keywords: Partially ordered ternary semigroups, Ordered almost ideals, Fuzzy ordered
almost ideals

1. Introduction. Ternary algebraic systems were first studied by Kanser [1], who gave
the idea of n-ary algebras. A ternary semigroup is a non-empty set together with an
associative ternary operation. Every semigroup can be reduced to a ternary semigroup,
but a ternary semigroup generally need not necessarily reduce to a semigroup. One of
generalizations of a ternary semigroup, is so-called a partially ordered ternary semigroup
(Shortly: po-ternary semigroup). A partially ordered ternary semigroup sometimes was
said to be an ordered ternary semigroup. Moreover, the structure of partially ordered
ternary semigroups generalizes the structure of ordered semigroups. Theory for ternary
semigroups or ordered semigroups was extended to partially ordered ternary semigroups;
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we can see in [2, 3, 4, 5, 6, 7]. An ideal of a ring is a special subset of its elements. The
study of ideals in rings is one of the important fields of research in ring theories. Similarly,
an ideal theory in some algebraic structures is one of the important research fields. The
notion of almost ideals (or A-ideals) of semigroups was introduced by Grosek and Satko
8] in 1980. The fuzzy sets were introduced by Zadeh [9]. The concept of fuzzy sets was
widely studied in many fields. In 2018, Wattanatripop et al. [10] introduced the notion of
fuzzy almost ideals in semigroups by using the concept of almost ideals and fuzzy ideals
of semigroups. In [11], Suebsung et al. defined and studied some properties of almost
ideals and fuzzy almost ideals of ternary semigroups. Recently, almost ordered ideals and
their fuzzifications of ordered semigroups were studied in [12] and [13]. In this paper,
we consider almost ordered ideals and their fuzzifications of partially ordered ternary
semigroups. The results of this paper will extend some results of almost ideal theory in
ternary semigroups and ordered semigroups. The main results are contained in Section
3. The main results are divided into 2 subsections.

(1) In Subsection 3.1, we focus on almost ordered ideals and their properties.
(2) In Subsection 3.2, we study fuzzifications of almost ordered ideals and investigate
the relationships between almost ordered ideals and their fuzzifications.

Note that the results of this paper in [11] and [13] will be the special case of the results of
this paper. Firstly, we will recall some definitions and results of partially ordered ternary
semigroups in Section 2.

2. Preliminaries. In this section, we recall some definitions and results that are used
throughout the paper.

A non-empty set T is called a ternary semigroup if there exists a ternary operation
[]: T xTxT — T, written as (a, b, c) — [abc], such that [[abc|de] = |albcd)e] = [ablcde]
for all a,b,c,d,e € T. For non-empty subsets A, B and C' of a ternary semigroup (7, ]),
we let [ABC| := {[abc] | a € A,b € B,c € C}. For simplicity, a ternary operation [ | will
be identified with a multiplication of three elements, i.e., [abc] will be identified with abe
(in case a, b and c are elements) and [ABC| will be identified with ABC' (in case A, B
and C' are sets). In the case A = {a}, we write {a}BC as aBC' and similarly, in the cases
B = {b} or C' = {c}, we respectively write AbC' and ABc.

A partially ordered ternary semigroup (T, ], <) is a ternary semigroup (T, [ |) together
with a partial order relation < on 7" which is compatible with the ternary operation,
ie,a <b= ary < bry, ray < xby and zya < xyb for all a,b,x,y € T. Throughout
this paper, we will write T' for a partially ordered ternary semigroup, unless specified
otherwise.

Let T be a partially ordered ternary semigroup. For a non-empty subset A of T, we
denote (A] to be the subset of T" which is defined by (A] ;= {t € T'| t < a for some a € A}.
If A= {a}, then we write ({a}] as (a]. A non-empty subset A of T is called a left (right,
lateral) ordered ideal of T if (1) TTA C A (ATT C A, TAT C A) and (2) A = (A], that
is, forany x € Aand y € T, y < z implies y € A. If A is a left, right and lateral ordered
ideal of T, then A is called an ordered ideal of T.

A function f from a set S to the unit interval [0, 1] is called a fuzzy subset of S. The
value of f(z) is the value of the membership of x. For any two fuzzy subsets f and g
of S, define the union and intersection of f and g, denoted by f U g and f N g, by for
all x € S, (fUg)(z) = max{f(x),g(x)} and (f Ng)(x) = min{f(z),g(x)}. Let f and
g be two fuzzy subsets of a partially ordered ternary semigroup 7. Define f C ¢ by
f C g« f(zr) < g(x) for all z € T. For a fuzzy subset f of T, the support of f is
defined by supp(f) = {x € T|f(z) # 0}. The characteristic mapping of a subset A of T
is a fuzzy subset of T' defined by
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1, z€A,

The definition of fuzzy points was given by Pu and Lui [14]. Let t € T and a € (0,1]. A
fuzzy point t, of T is a fuzzy subset of T' defined by

o, T =1,
fal?) = 4, v A1

The value of « is the value of the membership of a point t. Next, let F(T') be the set of
all fuzzy subsets of T'. For any f,g,h € F(T), we define the product of f, g and h by

SUD y <y MIN{ f (1), g(v), h(w)}  if 2 < wvw where u,v,w € T,

0 otherwise.

(fogoh)(z):= {

Let T be a partially ordered ternary semigroup. A fuzzy subset f of T is called a
fuzzy left (resp. right, lateral) ordered ideal of T if for all z,y,z € T, (1) if x < y, then
f(z) > f(y) and (2) f(zyz) > f(z) (resp. f(zyz) > f(z), f(xyz) > f(y)). A fuzzy subset
f of S is called a fuzzy ordered ideal of T if it is a fuzzy left, right and lateral ordered
ideal of T

3. Main Results.

3.1. Ordered almost ideals. In this subsection, we introduce the definition of ordered
almost ideals in partially ordered ternary semigroups and we investigate some of their
properties.

Definition 3.1. Let T be a partially ordered ternary semigroup.

(1) A nonempty subset A of T is called a left ordered almost ideal of T if (ttA]NA # ()
forallt eT.

(2) A nonempty subset A of T is called a right ordered almost ideal of T' if (Att]NA # ()
forallt €T.

(3) A nonempty subset A of T is called a lateral ordered almost ideal of T' if (tAt]NA # ()
forallt eT.

(4) A nonempty subset A of T' is called an ordered almost ideal of T' if it is a left, right
and lateral ordered almost ideal of T'.

Proposition 3.1. Let T be a partially ordered ternary semigroup. The following state-
ments are ture.

(1) Every left ordered ideal of T is a left ordered almost ideal of T

(2) Ewvery right ordered ideal of T is a right ordered almost ideal of T.
(3) Ewvery lateral ordered ideal of T is a lateral ordered almost ideal of T
(4) Every ordered ideal of T' is an ordered almost ideal of T.

Proof: We prove that (1) holds. Let A be a left ordered ideal of T" and ¢ € T'. Then
ttA # () and ttA C A. So () # (ttA] C (A] C A. Thus, (ttA]N A # (. Hence, A is a left
ordered almost ideal of S. The proofs of (2) and (3) can be seen in the same manner.
The statement (4) follows from (1), (2) and (3). O

The converse of Proposition 3.1(1), is not true in general as shown in the next example.

der the addition on Zg and the partial order <:= {(0,0), (1,1), (2,2), (3,3), (4,4), (5.5)}.
Let A= {1,3,4_1}. We have

(0+0+ANA=ANA=A4,

(I+1+ANnA={350}nA={3},
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Then (t +t+ AN A # O for all t € Zg. Thus, A is a left ordered almost ideal of Zg.
However, A is not a left ordered ideal of Zg.

Theorem 3.1. Let T be a partially ordered ternary semigroup. Then the following con-
ditions hold.

(1) If A is a left ordered almost ideal of T, then every subset A" of T such that A C A’
is a left ordered almost ideal of T.

(2) If A is a right ordered almost ideal of T, then every subset A" of T' such that A C A’
is a rTight ordered almost ideal of T

(3) If A is a lateral ordered almost ideal of T, then every subset A" of T' such that A C A’
15 a lateral ordered almost ideal of T'.

(4) If A is an ordered almost ideal of T, then every subset A" of T such that A C A’ is
an ordered almost ideal of T.

Proof: (1) Assume that A is a left ordered almost ideal of 7. Let A’ be a subset of
T such that A C A" and t € T. Then ttA C ttA’, so (ttA] C (ttA’]. This implies that
0 # (ttAlNn A C (ttA1N A", Thus, A" is a left ordered almost ideal of T. The proofs of
(2) and (3) are similar to that of (1). By statements (1), (2) and (3), it follows that the
statement (4) holds. O

Corollary 3.1. Let T be a partially ordered ternary semigroup. The following statements
are true.

(1) If Ay and Ay are left ordered almost ideals of T, then A1 U Ay is a left ordered almost
wdeal of T'.

(2) If Ay and Ay are right ordered almost ideals of T, then Ay U Ay is a right ordered
almost ideal of T'.

(3) If Ay and Ay are lateral ordered almost ideals of T', then Ay U Ay is a lateral ordered
almost ideal of T'.

(4) If Ay and As are ordered almost ideals of T, then Ay U Ay is an ordered almost ideal
of T.

Proof: Each of (1), (2), (3) and (4) follows from each of coresponding items in Theorem
3.1. O

For in case the intersection of two left ordered almost ideals is not true as shown in the
following example.

Example 3.2. Consider the ordered semigroup Zg¢ = {0,1,2,3,4,5} under the addi-
tion on Zeg and the partial order <:= {(6, ()), (1, 1), (2, 2), (3, 3), (Zl, Zl), (5, 5)} Let Ay =
{1,3,21} and Ay = {2,3,5}. By FExample 3.1, Ay is a left ordered almost ideal of Zg.
Similarly, it is easy to show that As is a left ordered almost ideal of Zg, too. However,
AlNAy, = {3} is not a left ordered almost ideal of Zg because (1 +1+ (AN Ag)} N (AN
A)=(1+1+{3}]n{3} ={5}n{3} =0.

Lemma 3.1. Let T be a partially ordered ternary semigroup and |T| > 1. Then the
following properties hold.
(1) T has no proper left ordered almost ideals if and only if for all a € T, there exists
an element t, € T' such that (t,t,(T — {a})] = {a}.
(2) T has no proper right ordered almost ideals if and only if for all a € T, there exists
an element t, € T such that ((T — {a})t.t.) = {a}.
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(3) T has no proper lateral ordered almost ideals if and only if for all a € T', there exists
an element t, € T' such that (t,(T — {a})t,) = {a}.

Proof: We prove that statement (1) holds. Assume 7" has no proper left ordered almost
ideals and let @ € T. Then T'— {a} is not a left ordered almost ideal of 7". That is there
exists t, € T such that (t,t.(T — {a})] N (T —{a}) = 0. Thus, (t,t.(T — {a})] = {a}.

Conversely, let A be a proper nonempty subset of 7. Then A C T — {a} for some
a € T. By assumption, there exists t, € T such that (t,t.(T" — {a})] = {a}. Since
tataA C tato(T — {a}), it follows that (t,t,A] C (tate(T — {a})]. We have that

(tala A] N A C (tata(T = {a})] (T — {a}) = {a} (T — {a}) = 0.
Thus, (tatsA] N A = (0 which implies that A is not a left ordered almost ideal of T

Therefore, T" has no proper left ordered almost ideals. Statements (2) and (3) can be
proved in a similar manner. O

3.2. Fuzzy ordered almost ideals. In this subsection, we define fuzzy ordered almost
ideals of partially ordered ternary semigroups and we examine some of their properties.
Moreover, we provide the relationships between fuzzy ordered almost ideals and ordered
almost ideals of partially ordered ternary semigroups.

Let T be a partially ordered ternary semigroup. For a fuzzy subset f of T', we defined
(f1: T —[0,1] by (f](z) = sup,<, f(y) for all z € T'.

Proposition 3.2. Let f, g and h be fuzzy subsets of a partially ordered ternary semigroup
T. The following statements hold.

(1) f< (/]
(2) If f € g, then (f] C (g]-
(3) If f S g, then (f o h] (g0 h] and (ho f] C (hog].

Proof: (1) Let x € T. We have x < x. Then (f](r) = sup,<, f(y) > f(x). Thus,

fC(fl.

(2) Assume that f C g. Then f(x) < g(z) for all x € T. Let x € T. Thus, (f|(z) =
sup, <, f(y) < sup,<, 9(y) = (g)(x). Hence, (f] < (g].

(3) Assume that f C g. Thus, foh Cgohand ho f C hog. It follows from (1) that,
(fohl|C(goh|and (ho f] C (hog]. O

Proposition 3.3. Let f be a fuzzy subset of a partially ordered ternary semigroup T'. The
following statements are equivalent.

(1) If v <y, then f(x) > f(y).
2) (fI=71.

Proof: Let z € T. By assumption, f(x) > f(y) for all y € T whenever z < y. Then
(fl(x) = sup,<, f(y) = f(x). Hence, (f] = f. Conversely, we assume that z,y € T" and

x < y. Therefore, we have f(z) = (f](z) = sup,<, f(y) > f(y). Thus, f(z) > f(y). O

Definition 3.2. Let T be a partially ordered ternary semigroup.

(1) A fuzzy subset f of T is called a fuzzy left ordered almost ideal of T' if (t, oty o f]
Nf#0 forallteT and a € (0,1].

(2) A fuzzy subset f of T is called a fuzzy right ordered almost ideal of T' if (f oty 0ty
Nf#0 forallt €T and a € (0,1].

(3) A fuzzy subset f of T is called a fuzzy lateral ordered almost ideal of T if (t, 0 f oty
Nf#0 forallteT and a € (0,1].

(4) A fuzzy subset f of T is called a fuzzy ordered almost ideal of T' if f is a fuzzy left,
right and lateral ordered almost ideal of T

Proposition 3.4. Let f be a nonzero fuzzy subset of a partially ordered ternary semigroup
T.
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) Every fuzzy left ordered ideal of T is a fuzzy left ordered almost ideal of T.

) Every fuzzy right ordered ideal of T is a fuzzy right ordered almost ideal of T

) Every fuzzy lateral ordered ideal of T is a fuzzy lateral ordered almost ideal of T.
) Every fuzzy ordered ideal of T is a fuzzy ordered almost ideal of T

(1
(2
(3
(4

Proof: (1) Assume that f is a fuzzy left ordered ideal of 7. Let t € T and a € (0, 1].
Since f is a nonzero function, there exists an element a € T such that f(a) # 0. Let
x = tta. Since f is a fuzzy left ordered ideal, it follows that f(z) = f(tta) > f(a) # 0, so
f(z) # 0. Then we see that

(to oto o fl(x) > sup(ta o f)(u)

r<u

> (tqotq o f)(x)
= sup min{ta(u),to(v), f(w)}

r<uvw

> min{ta(t), f(a)} = min{a, f(a)} #0.

Thus, ((to o te o f] N f)(z) = min{(t, o to o fl(x), f(x)} # 0. Hence, f is a fuzzy left
ordered almost ideal of 7.

The proofs of (2) and (3), can be seen in the same manner.

(4) follows by (1), (2) and (3). O

under the addition on Zg and the partial order <:= {(a,a)|la € Z¢}. Define a function
f:Z6—> [071] by

f(0) =0, f(1) =04, f(2) =0, f(3) =0, f(4) =03, f(5) =0.1.
Thus, for each t € Zg and a € (0, 1], there exists an element x© € Zg such that ((t, oty o

fINnf)(x) #0. Hence, f is a fuzzy left ordered almost ideal of Zg but not a fuzzy left ideal
Of Z6 .

From the example above, it shows that the converse of Proposition 3.4(1) is not true
in general.

Theorem 3.2. Let T be a partially ordered ternary semigroup. The following statements
are true.

(1) If f is a fuzzy left ordered almost ideal of T, then every fuzzy subset g of T' such that
f C g is a fuzzy left ordered almost ideal of T'.

(2) If [ is a fuzzy right ordered almost ideal of T, then every fuzzy subset g of T such
that f C g s a fuzzy right ordered almost ideal of T.

(3) If f is a fuzzy lateral ordered almost ideal of T, then every fuzzy subset g of T such
that f C g is a fuzzy lateral ordered almost ideal of T

(4) If f is a fuzzy ordered almost ideal of T, then every fuzzy subset g of T such that
f C g is a fuzzy ordered almost ideal of T.

Proof: (1) Assume f is a fuzzy left ordered almost ideal of 7. Let g be a fuzzy subset
of T such that f C g and let t € T' and « € (0, 1]. Then we have t, ot,o f Ct,ot,0g
and so (ty 0ty 0 f] C (ta 0ty 0g]. Thus, (tootao flNf C (taotsog]Ng. Since fis a
fuzzy left ordered almost ideal, (t, oty 0 f]N f # 0. Hence, (to0t,0g]Ng # 0. Therefore,
g is a fuzzy left ordered almost ideal of T'.

(2), (3) and (4) follow in the same way. O

Corollary 3.2. Let T be a partially ordered ternary semigroup. The following statements
are true.

(1) If f and g are fuzzy left ordered almost ideals of T, then fU g is a fuzzy left ordered
almost ideal of T'.
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(2) If f and g are fuzzy right ordered almost ideals of T, then f U g is a fuzzy right
ordered almost ideal of T.

(3) If f and g are fuzzy lateral ordered almost ideals of T, then f U g is a fuzzy lateral
ordered almost ideal of T'.

(4) If f and g are fuzzy ordered almost ideals of T, then f U g is a fuzzy ordered almost
ideal of T'.

Proof: The proof follows from Theorem 3.2. a

under the addition on Zg and the order <:= {(a,a)|a € Z¢}. Define functions f : Zg —
[0,1] by

f(0) =0, f(1I) =06, f(2) =0, f(3) =0, f(4) =05, f(5) =0.2,
and g : Zg — [0,1] by

g(0) =0, 9(1) =0.7, g(2) =02, g(3) =0, g(4) =0, g(5) = 0.4.
Thus, for each t € Zg and « € (0, 1], there are elements x,y € Zg such that ((t, oty ©
1N f)(x) #0 and ((ta ota 0 gl N g)(y) # 0. Hence, f and g are fuzzy left ordered almost

1deals of Zg.
Next consider f N g : Zg — [0, 1] where

(fNg)(0) =0, (fng)(1) =06, (fNg)(2) =0,

(fng)(3) =0, (fNg)(d) =0, (fng)(5) =0.2
It is easy to see that f N g is not a fuzzy left ordered almost ideal of Zg.

Example 3.4 implies that the intersection of two fuzzy left ordered almost ideals need
not be a fuzzy left ordered almost ideal.

Theorem 3.3. Let A be a nonempty subset of a partially ordered ternary semigroup T
Then the following properties hold.

(1) A is a left ordered almost ideal of T if and only if Ca is a fuzzy left ordered almost
ideal of T

(2) A is a right ordered almost ideal of T if and only if Ca is a fuzzy right ordered almost
ideal of T'.

(3) A is a lateral ordered almost ideal of T if and only if Cy is a fuzzy lateral ordered
almost ideal of T'.

(4) A is an ordered almost ideal of T if and only if Cy is a fuzzy ordered almost ideal of
T.

Proof: (1) Assume A is a left ordered almost ideal of T. Let t € T and a € (0,1].
Then (ttA] N A # (). That is there exists © € A and x € (ttA]. So Ca(x) =1 # 0 and
z < tta for some a € A. We have

(to oto 0 Cal(x) =sup(ty oty 0 Ca)(y)

> (ta ot o C)(a)
= sup min{t,(u),t,(v),Ca(w)}

> min{t,(t), Ca(a)}
= min{a, 1} # 0.

Hence, ((ty 0 to 0 Ca] N C4)(x) # 0. Therefore, Cy is a fuzzy left ordered almost ideal of
T.
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Conversely, assume that C'4 is a fuzzy left ordered almost ideal of T. Let t € T.
There exists € T such that ((t, o tn 0 Ca] N C4)(z) # 0 for all a € (0,1]. That is
Ca(z) # 0 and (t, 0ty 0 Cyl(z) # 0 for all @ € (0,1]. So x € A. Since (t, oty 0 Cul(x) =
SUp,<, (ta 0 ta © Ca)(y) # 0, there is y € T such that < y and

(taotq 0o Ca)(y) = sup min{t,(u),ts(v), Ca(w)} # 0.
y<uvw
Thus, y < tta for some a € A. Since z < y, we get x < tta, so x € (ttA]. Hence,
x € (ttA] N A. Therefore, A is a left ordered almost ideal of T'.
(2) and (3), can prove similarly to (1).
By properties (1), (2) and (3), it can see that property (4) holds. O

Theorem 3.4. Let T be a partially ordered ternary semigroup. Then the following prop-
erties hold.

(1) f is a fuzzy left ordered almost ideal of T if and only if supp(f) is a left ordered
almost ideal of T'.

(2) f is a fuzzy right ordered almost ideal of T' if and only if supp(f) is a right ordered
almost ideal of T

(3) f is a fuzzy lateral ordered almost ideal of T' if and only if supp(f) is a lateral ordered
almost ideal of T'.

(4) f is a fuzzy ordered almost ideal of T if and only if supp(f) is an ordered almost
ideal of T

Proof: (1) Assume that f is a fuzzy left ordered almost ideal of T'. Let ¢t € T'. There
exists © € T such that ((t, ot o f]N f)(z) # 0 for all @ € (0,1]. That is f(x) # 0 and
(taotao f](z) # 0 for all @ € (0,1]. So x € supp(f). For all a« € (0, 1], there is an element
y € T such that x < y and (t, 0ty 0 f)(y) # 0. Since (ty oty o f)(y) # 0, we obtain
y < tta for some a € T such that f(a) # 0. Thus, z < tta for some a € supp(f). This
implies that = € (tt(supp(f))]. Hence, z € (tt(supp(f))] N supp(f). Therefore, supp(f) is
a left ordered almost ideal of T'.

Conversely, assume that supp(f) is a left ordered almost ideal of T. By Theorem 3.3
(1), Caupp(y) is a fuzzy left ordered almost ideal of T. Let t € T and o € (0,1]. Then
there exists © € T such that ((ta 0 ta © Cuupp(s)] N Coupp(p)) () # 0 which implies that
Coupp() () # 0 and (ta oty 0 Csupp(f)} () # 0. So x € supp(f) and there exists y € T'
such that < y and (ta oty 0 Csupp(f)) (y) # 0. Thus, y < tta for some a € supp(f).
This implies that < tta where f(x) # 0 and f(a) # 0. Hence, ((to ot 0 f]N f)(z) # 0.
Therefore, f is a fuzzy left ordered almost ideal of T'.

(2) and (3), can prove similarly to (1).

(4) follows from (1), (2) and (3). O

4. Conclusions. In this paper, we define ordered almost ideals and fuzzy ordered almost
ideals of partially ordered ternary semigroups. We show that the union of any two ordered
almost ideals is also an ordered almost ideal but the intersection of any two ordered almost
ideals need not be an ordered almost ideal. The case of fuzzy ordered almost ideals is
similar. Moreover, we show the relationships between ordered almost ideals and their
fuzzifications in Theorems 3.3 and 3.4.

In the future, we can extend some results of partially ordered semigroups and/or ternary
semigroups to the results of partially ordered ternary semigroups.

REFERENCES

[1] E. Kanser, An extension of the group concept (repoted by L. G. Weld), Bulletin of the American
Mathematical Society, vol.10, no.6, pp.290-291, 1904.

[2] M. Y. Abbasi, S. A. Khan and A. Basar, On generalised quasi-ideals in ordered ternary semigroups,
Kyungpook Mathematical Journal, vol.57, no.4, pp.545-558, 2017.



3]

ICIC EXPRESS LETTERS, VOL.17, NO.6, 2023 639

A. Tampan, Characterizing the minimality and maximality of ordered lateral ideals in ordered ternary
semigroups, Journal of the Korean Mathematical Society, vol.46, no.4, pp.775-784, 2009.

A. Tampan, On ordered ideal extensions of ordered ternary semigroups, Lobachevskii Journal of
Mathematics, vol.31, no.1, pp.13-17, 2010.

S. Kar, A. Roy and I. Dutta, On regularities in po-ternary semigroups, Quasigroups and Related
Systems, vol.28, no.1, pp.149-158, 2020.

S. A. Khan, M. Y. Abbasi and A. Ali, A study on covered lateral ideals of ordered ternary semigroups,
Quasigroups and Related Systems, vol.27, no.1, pp.73-76, 2019.

D. Shinde and M. Gophane, On irreducible pseudo symmetric ideals of a partially ordered ternary
semigroup, Quasigroups and Related Systems, vol.30, no.1, pp.169-180, 2022.

O. Grosek and L. Satko, A new notion in the theory of semigroups, Semigroup Forum, vol.20,
pp-233-240, 1980.

L. A. Zadeh, Fuzzy sets, Information and Control, vol.8, pp.338-353, 1965.

K. Wattanatripop, R. Chinram and T. Changphas, Quasi-A-ideals and fuzzy A-ideals in semigroups,
Journal of Discrete Mathematical Sciences and Cryptography, vol.21, pp.1131-1138, 2018.

S. Suebsung, K. Wattanatripop and R. Chinram, A-ideals and fuzzy A-ideals of ternary semigroups,
Songklanakarin Journal of Science and Technology, vol.41, no.2, pp.299-304, 2019.

S. Suebsung, R. Chinram, W. Yonthanthum, K. Hila and A. Tampan, On almost bi-ideals and almost
quasi-ideals of ordered semigroups and their fuzzifications, ICIC Ezxpress Letters, vol.16, no.2, pp.127-
135, 2022.

S. Suebsung, W. Yonthanthum and R. Chinram, Ordered almost ideals and fuzzy ordered almost
ideals in ordered semigroups, Italian Journal of Pure and Applied Mathematics, vol.48, pp.1206-1217,
2022.

P.-M. Pu and Y.-M. Liu, Fuzzy topology. I. Neighborhood structure of a fuzzy point and Moore-
Smith convergence, Journal of Mathematical Analysis and Applications, vol.76, no.2, pp.571-599,
1980.



