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An application of /e-semigroup techniques to
semigroups, ['-semigroups and to hypersemigroups

Niovi Kehayopulu

Abstract. An le-semigroup, is a semigroup S at the same time a lattice with a greatest element
e (e > a for every a € S) such that a(bV c¢) = abV ac and (a V b)c = ac V be for all a,b,c € S.
If S is not a lattice but only an upper semilattice (V-semilattice), then is called Ve-semigroup. A
poe-semigroup is a semigroup S at the same time an ordered set with a greatest element e such
that a < b implies ac < bc and ca < ¢b for all ¢ € S. Every Ve-semigroup is a poe-semigroup.
If S is a semigroup or a I'-semigroup, then the set P(S) of all subsets of S is an le-semigroup.
If S is an hypersemigroup, then the set P*(S) of all nonempty subsets of S is an le-semigroup.
So all the results of le-semigroups, Ve-semigroups and poe-semigroups based on ideal elements,
automatically hold for semigroups, I'-semigroups and hypersemigroups. This is not the case for
ordered I'-semigroups or ordered hypersemigroups; however the main idea, even in these cases,
comes from the le (Ve)-semigroups. As an example, we study the weakly prime ideal elements of
a Ve-semigroup and their role to the different type of semigroups mentioned above.
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1. Introduction

If S is a semigroup or a I'-semigroup, then the set of (all) subsets of S is a poe-
semigroup, a Ve-semigroup and an le-semigroup. If S is an hypersemigroup, then the set
of (all) nonempty subsets of S is a poe-semigroup, a Ve-semigroup and an le-semigroup.
Every le-semigroup is a Ve-semigroup and every Ve-semigroup is a poe-semigroup. So
many results on ['-semigroups or hypersemigroups do not need any proof, unless we would
like to know how an independent proof on these structures works. This is not the case for
ordered semigroups, ordered I'-semigroups or ordered hypersemigroups; however the main
idea, even in these cases, comes from the le (Ve) or poe-semigroups.

In the present paper we first characterize the weakly prime and weakly semiprime ideal
elements of a Ve-semigroup S in terms of right and left ideal elements of S and show that
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one can get the corresponding characterizations of weakly prime and weakly semiprime
ideals of semigroups, I'-semigroups or hypersemigroups (in terms of right and left ideals),
as corollaries. Then we examine the same results in case of an ordered semigroup, an
ordered I'-semigroup and an ordered hypersemigroup.

For weakly prime ideals of rings see, for example, [5].

This is from the first chapter “What can lattices do for you?” by Garrett Birkhoff in
[Trends in Lattice Theory. Contributors: Garrett Birkhoff, Samuel S. Holland, JR., Henry
Crapo and Gian-Carlo Rota, George Grétzer. Van Nostrand Reinhold Comp. 1970]:
“In general, lattice theory has helped to simplify, unify and generalize many aspects of
mathematics ...” (p. 1); “Because of its central concept, that of order, intertwines through
almost all of mathematics ...” (p. 1); “... lattices can do things for you no matter what
kind of mathematician you are!” (p. 38).

2. Preliminaries

An ordered groupoid (po-groupoid) is a groupoid S at the same time an ordered set
such that a < b implies ac < be and ca < ¢b for all ¢ € S. A V-groupoid is a groupoid S at
the same time an upper semilattice such that (a V b)c = acV be and a(bV ¢) = ab V ac for
all a,b,c € S. If S is not only an upper semilattice, but a lattice, then it is called a lattice
ordered semigroup (or an [-semigroup) [2,4] (see also [1]). By a poe-groupoid, Ve-groupoid
or le-groupoid we mean a po-groupoid, V-groupoid or [-groupoid S, respectively, having a
greatest element usually denoted by “e” (i.e. e > a for every a € S). If the multiplication
on a po-groupoid S is associative, then S is called a po-semigroup. In a similar way we
have the Ve-semigroups and the le-semigroups.

In a poe-groupoid S, an element a is called a right ideal element if ae < a, it is called
a left ideal element if ea < a. An element which is both a right and a left ideal element
is called an ideal element [6] (see also [2; p. 328]). We denote by F, (resp. F) the set of
right (resp. left) ideal elements of S.

A nonempty set A of a groupoid (S, -) is called a right (resp. left) ideal of S if AS C A
(resp. SA C A). It is called an ideal of S if it is both a right and left ideal of S [3,17]. If
S is an ordered groupoid, then a nonempty subset A of S is called a right (resp. left) ideal
of S, if it is an ideal of the semigroup (.5, -) and, in addition, if a € A and S 5 b < a, then
b € A [7]. Either for a groupoid or for an ordered groupoid, sets that are both right and
left ideals are called ideals.

For sets A, B and T', the symbol AT'B denotes the set of all ayb with a € A, b € B,
~vel. If A=0 or B =0, we define A'B = {).

Definition 2.1. [10] Let S and I' be two nonempty sets. The set S is called a I'-groupoid
if the following two assertions are satisfied:

(1) STSCS.
(2) If a,b,¢,d € S and v, € T' such that a = ¢, b = d and v = p, then ayb = cud.
If, in addition, for all a,b,c € S and all v, u € I", we have the property
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(3) (avb)uc = ay(buc)

then S is called a I'-semigroup.

Definition 2.1 is the definition of a I'-semigroup introduced by Sen and Saha in [19] in
which the missing uniqueness condition (2) has been added (for details, see [10]).

In other words, a I'-semigroup is a set of binary operations on S and condition (3) of
Definition 2.1 is satisfied.

For an application of I'-semigroup techniques to the Green’s theorem we refer to [14].

Let us give an example of a I'-semigroup (see [10; Example 2(B)]): Consider the set
S = {a,b,c} and let I' = {~, u} be the set of two binary operations on S defined by the
tables below:

oS |=2
Qoo o
oo
QIO |

oIS e e
e lalo
SRS RN RS
alolaelo

We have (zpy)wz = xp(ywz) for all x,y,z € S and all p,w € T, so S is a I'-semigroup.

A T-groupoid (S,T") endowed with an order relation “<” such that a < b implies
aye < byc and cya < ¢yb for all ¢ € S is called an ordered I'-groupoid (po-I'-groupoid) [20].

A nonempty subset A of a I-groupoid S is called a right (resp. left) ideal of S if
AT'S C A (resp. STA C A). A nonempty subset A of a po-I'-groupoid S is called a right
(resp. left) ideal of S if it is a right (resp. left) ideal of the I'-semigroup S and, in addition,
ifa € Aand S 5 b < a, then b € A [10]. In both cases, A is called an ideal of S if it is
both a right and a left ideal of S.

Remark 2.2. If (S,T") is a I'-semigroup then, for any subsets A, B,C of S, we have
(ATB)I'C = AT(BI'C). Indeed, if x € (AI'B)I'C, then = = (a7yb)uc = avy(buc) for some
a,b,c€ S and vy, € I' and so x € AI'(BI'C'). Similarly we have AI'(BI'C) C (AT'B)I'C.

Lemma 2.3. If (S,T") is a I'-groupoid then, for any subsets A, B,C of S, we have
(1) (AUB)I'C = ATCUBIC and
(2) AT'(BUC) = AI'BU AI'C.

Proof. (1) Since AUB D A and AUB D B, we have (AUB)I'C D AI'C' and (AUB)I'C' D
BI'C and so (AU B)I'C D AI'C U BI'C. Let now =z € (AU B)I'C. Then z = tvc for
somet e AUB, yel',ceC. Ift e A, then x € AI'C; if t € B, then x € BI'C and so
x € ATC' U BT'C. The proof of property (2) is similar. O

An hypergroupoid is a nonempty set S with an hyperoperation
0: 5 xS —P*S5)|(a,b) >aobon S
and an operation * : P*(S) x P*(S) — P*(S) | (A,B) — Ax B on P*(S) (induced by
the operation of S) such that A% B = U (aobd) for every A, B € P*(S). P*(S5)
(a,b)e AxB
denotes the set of all nonempty subsets of S. Clearly, x € A x B if and only if there exist
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a € A and b € B such that x € aob. As one can easily see, for any x,y € S, we have
{z}*{y} = xoy. An hypergroupoid S is called hypersemigroup if {z}*(yoz) = (zoy)*{z}
for every z,y,z € S [11,13].

The concept of an ordered groupoid can be naturally transferred to ordered hyper-
groupoids as follows: An hypergroupoid (S, o) is called ordered hypergroupoid if there
exists an order relation “<” on S such that a < b implies aoc <bocand coa <X cob for
any ¢ € S in the sense that for every u € a o ¢ there exists v € bo ¢ such that v < v and
for every u € c o a there exists v € co b such that u < v [18].

A nonempty subset A of an hypergroupoid (S, o) is called a right (resp. left) ideal of
Sif AxS C A (resp. SxA C A). If, in particular, the hypergroupoid S is an ordered
hypergroupoid, then a set A is called a right (resp. left) ideal of S if A is a right (resp.
left) ideal of the hypergroupoid (S,0) and, in addition if @ € A and S > b < a implies
b € A. Both for hypergroupoids or ordered hypergroupoids the sets that are at the same
time right and left ideals are called ideals.

Lemma 2.4. [13; Proposition 9] For an hypersemigroup (S,0) and nonempty subsets
A, B,C of S, we have
Ax(BxC)=(AxB)xC.

The following lemma has been proved in a more general case in [13; Proposition 7].
Since this lemma plays an essential role in the present paper, for the sake of completeness,
we will give its proof.

Lemma 2.5. If (S,0) is an hypergroupoid then, for any nonempty subsets A, B,C of S,
we have

(1) (AUB)*C=(AxC)U(Bx*C) and
(2) Ax(BUC)=(AxB)U(AxC).

Proof. Since AUB D A, B, we have (AUB)*C 2 (AxC)U(B=xC). If x € (AUB) xC,
then € uoc for someu € AUB,ce€ C. Ifu € A, then z € AxC; if u € B, then
x€BxC,s0x € (AxC)U(Bx*C). O

Definition 2.6. [7,8] Let S be a groupoid or an ordered groupoid. A subset M of S is
called prime if for any subsets A, B of S such that AB C M, we have AC M or B C M.
It is called semiprime if for any subset A of S such that A2 C M, we have A C M.

Definition 2.7. [7,8] Let S be a groupoid or an ordered groupoid. A subset M of S is
called weakly prime if for any ideals A, B of S such that AB C M, we have A C M or
B C M. Tt is called weakly semiprime if for any ideal A of S such that A?> C M, we have
ACM.

Definition 2.8. [9] Let S be a I'-groupoid or an ordered I'-groupoid. A subset M of S is
called prime if for any subsets A, B of S such that AI'B C M, we have A C M or B C M.
It is called semiprime if for any subset A of S such that AT'A C M, we have A C M.
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Definition 2.9. [9] Let S be a I'-groupoid or an ordered I'-groupoid. A subset M of S
is called weakly prime if for any ideals A, B of S such that AB C M, we have A C M
or BC M. It is called weakly semiprime if for any ideal A of S such that AT'A C M, we
have A C M.

Definition 2.10. [15] Let (S,0) be an hypergroupoid or an ordered hypergroupoid. A
subset M of S is called prime if for any nonempty subsets A, B of S such that Ax B C M,
we have A C M or B C M. It is called semiprime if for any nonempty subset A of .S such
that Ax A C M, we have A C M.

Definition 2.11. [15] Let (S,0) be an hypergroupoid or an ordered hypergroupoid. A
subset M of S is called weakly prime if for any ideals A, B of S such that Ax B C M, we
have A C M or B C M. It is called weakly semiprime if for any ideal A of S such that
Ax AC M, we have A C M.

For a nonempty subset A of a semigroup, ordered semigroup, I'-semigroup, ordered I'-
semigroup, hypersemigroup or ordered hypersemigroup S, we denote by I(A) the ideal of
S generated by A, and we have I(A) = AUSAUASUSAS, I(A) = (AUSAUASUSAS],
I(A) = AUSTAUATSUSTATS, I(A) = (AUSTAUATSUSTATS], I(A) = AUS* AU
AxSUS«xAxS, I(A) = (AUSx AUA*SUS x Ax S|, respectively; where for a subset
B of S, the symbol (B] denotes the subset of S defined by {t € S |t < b for some b € B}.

When is convenient and no confusion is possible, we identify the singleton {a} by the
element a.

3. On Ve-semigroups

Let (S,-,<) be a poe-groupoid. An element m of S is called weakly prime if for any
ideal elements a,b of S such that ab < m we have a < m or b < m. It is called weakly
semiprime if for any ideal element a of S such that a®> < m we have a < m. An element
m of a poe-groupoid S is called prime if for any elements a,b of S such that ab < m we
have a < m or b < m. It is called semiprime if for any element a of S such that a®> < m
we have a < m. For a Ve-semigroup S and an element a of S, we denote by i(a) the ideal
element of S generated by a, and we have i(a) = a Vea V ae V eae.

Proposition 3.1. Let S be a Ve-semigroup and m be an ideal element of S. The following
are equivalent:

(1) m is weakly prime.

(2) If a,b € F, such that ab < m, then a < m or b <m.

(3) If a,b € F; such that ab < m, then a < m or b < m.

(4) If a € F, and b € F} such that ab < m, then a < m or b < m.

Proof. (1) = (2). Let a,b € F, such that ab < m. We consider the ideal elements i(a)
and i(b) of S generated by a and b, respectively, and we have

i(a)i(b) = (aVeaVaeVeae)bVebV beV ebe)
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= abVeabVaebV eaebV abe V eabe V aebe V eaebe.

We have ab < m, e(ab) < em < m, (ae)b < ab < m, e(ae)b < eab < m, (ab)e < me < m,
e(abe) < em < m, (ae)(be) < ab < m, e(aebe) < em < m. Thus we have i(a)i(b) < m.
Since m is weakly prime and i(a), i(b) are ideal elements of S, we have i(a) < m or
i(b) < m, thus we have a < m or b < m and property (2) holds.

(1) = (3). Let a,b € F; and ab < m. We have

i(a)i(b) = abV eabV aeb V eaeb V abe V eabe \V aebe \V eaebe.
We also have ab < m, e(ab) < em < m, a(eb) < ab < m, (ea)(eb) < ab < m, (ab)e <
me < m, e(abe) < em < m, (aeb)e < me < m, e(aebe) < em < m. Then i(a)i(b) < m
and, by (1), i(a) <m or i(b) <m and so a < m or b < m.

(1) = (4). Let a € F,, b € F; and ab < m. We have
i(a)i(b) = abV eab V aeb V eaeb V abe V eabe V aebe V eaebe,

ab < m, e(ab) < em < m, (ae)b < ab < m, e(aeb) < em < m, (ab)e < me < m,
e(abe) < em < m, a(eb)e < abe < m, e(aebe) < em < m. By hypothesis, we have
i(a) <mori(b) <m and so a <m or b <m.

The implications (2) = (1), (3) = (1) and (4) = (1) are obvious and they hold in
po-groupoids in general. O
Proposition 3.2. Let S be a Ve-semigroup and m an ideal element of S. The following
are equivalent:

(1) m is weakly semiprime.

(2) If a € F, such that a®> < m, then a < m.

(3) If b € F; such that b*> < m, then b < m.
Proof. (1) = (2). Let a € F, and a*> < m. Then

i(a)> = (aVeaVaeVeae)(aVeaVaeV eae)

= a2 V ea2 V aea V eaea V a2e V 6(126 V aeae V eaeae.

We have a? < m, ea? < em < m, (ae)a < a® < m, e(aeca) < em < m, a’e < me < m,
e(a?e) < em < m, (ae)(ae) < a® < m, e(aecae) < em < m. Since i(a) is an ideal element
of S and i(a)? < m, by (1), we have i(a) < m and so a < m.

(1) => (3). Let b € F; and b*> < m. Then

i(b)% = b2V eb® V beb V ebeb \ b2e \ eb’e V bebe V ebebe.

We have b2 < m, eb?> < em < m, b(eb) < b? < m, (eb)(eb) < b> < m, b?e < me < m,
e(b?e) < em < m, (beb)e < me < m, e(bebe) < em < m. Since i(b) is an ideal element of
S and i(b)? < m, by (1), we have i(b) < m and b < m.

The implications (2) = (1) and (3) = (1) are obvious and they hold in po-groupoids
in general. g
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4. Applications to semigroups, ['-semigroups and to hypersemigroups

In this section, we apply the above results to semigroups, I'-semigroups, and to hyper-
semigroups.

Let us begin with a semigroup. As an application of Proposition 3.1 to semigroups,
we have the following corollary.

Corollary 4.1. Let (S, ) be a semigroup and M an ideal of S. The following are equivalent:

1) M is weakly prime.

2) If A, B are right ideals of S such that AB C M, then AC M or BC M.

(1)
(2)
(3) If A, B are left ideals of S such that AB C M, then AC M or BC M.
(4)

4) If A is a right ideal and B is a left ideal of S such that AB C M, then A C M or

BCM.

Proof. (1) = (2). Let A, B be right ideals of S such that AB C M. The set P(S) of
all subsets of S with the multiplication A o B := AB and the inclusion relation “C” is a
Ve-semigroup, M is a weakly prime ideal element of (P(S),0,C) and A, B are right ideal
elements of (P(S),0,C) such that Ao B C M. By Proposition 3.1(1) = (2), we have
A C M or BC M, so property (2) is satisfied. The implications (1) = (3) and (1) = (4)
can be proved in a similar way. The implications (2) = (1), (3) = (1) and (4) = (1) are
obvious and they hold in groupoids in general. O

In a similar way, applying Proposition 3.2 to semigroups we get the following corollary.

Corollary 4.2. Let S be a semigroup and M an ideal of S. The following are equivalent:
(1) M is weakly semiprime.
(2) If A is a right ideal of S such that A> C M, then A C M.
(3) If B is a left ideal of S such that B> C M, then B C M.

We apply now Proposition 3.1 to I'-semigroups.

Corollary 4.3. Let (S,I') be a I'-semigroup and M be an ideal of S. The following are
equivalent:

1) M is weakly prime.

(1)

(2) If A, B are right ideals of S such that ATB C M, then A C M or B C M.
(3) If A, B are left ideals of S such that ATB C M, then AC M or BC M.
(4)

4) If A is a right ideal and B is a left ideal of S such that AUB C M, then A C M or

BCM.
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Proof. (1) = (2). Let A, B be right ideals of S such that AT'B C M. The set P(S) of

all subsets of S with the multiplication A o B = AI'B and the inclusion relation “C” is

a Ve-semigroup, the set M is a weakly prime ideal element of (P(5),0,C) and, A, B are

ideal elements of (P(S), 0, C) such that Ao B C M. By Proposition 3.1, we have A C M

or BC M. [l
In a similar way, Proposition 3.2 can be applied to the following corollary.

Corollary 4.4. Let (S,T") be a I'-semigroup and M an ideal of S. The following are
equivalent:

(1) M is weakly semiprime.
(2) If A is a right ideal of S such that ATA C M, then A C M.
(3) If B is a left ideal of S such that BTB C M, then B C M.

Finally, we apply Proposition 3.1 to hypersemigroups.

Corollary 4.5. Let (S,0) be an hypersemigroup and M be an ideal of S. The following
are equivalent:

1) M is weakly prime.

2) If A, B are right ideals of S such that Ax BC M, then AC M or BC M.

(1)
(2)
(3) If A, B are left ideals of S such that Ax B C M, then AC M or B C M.
(4)

4) If A is a right ideal and B a left ideal of S such that Ax B C M, then A C M or

BCM.

Proof. (1) = (2). Let A, B be right ideals of (5, 0) such that A+ B C M. By Lemma
2.5, the set P*(S) of all nonempty subsets of S with the multiplication Ae B := Ax B and
the inclusion relation “C” is a Ve-semigroup; the set M is a weakly prime ideal element
of (P*(S),e,C) and A, B are right ideal element of (P*(S), e, C) such that Ae B C M.
By Proposition 3.1(1) = (2), we have A C M or B C M and property (2) holds. The rest
of the corollary can be proved at a similar way. O

Similarly, applying Proposition 3.2 to hypersemigroups, we get the following corollary.

Corollary 4.6. Let (S,0) be an hypersemigroup and M an ideal of S. The following are
equivalent:

(1) M is weakly semiprime.
(2) If A is a right ideal of S such that Ax A C M, then A C M.
(3) If B is a left ideal of S such that B+ B C M, then B C M.

If we want to obtain the results of this section independently, then their proof is on
the line of the corresponding proofs of the Ve-semigroups given in the previous section.
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5. On ordered semigroups

If S is an ordered semigroup then, for any nonempty subsets A and B of S, we have
(A](B] € (AB]; AC B = (A] C (BJ; and if M is an ideal of S, then (M] = M. Using
these properties, we prove the following proposition. For the sake of completeness we will
give its proof.

Proposition 5.1. (cf. also [7; the Theorem]) Let (S,-, <) be an ordered semigroup and
M be an ideal of S. The following are equivalent:

1) M is weakly prime.

2) If A, B are right ideals of S such that AB C M, then AC M or BC M.

(1)
(2)
(3) If A, B are left ideals of S such that AB C M, then AC M or BC M.
(4)

4) If A is a right ideal and B a left ideal of S such that AB C M, then A C M or

BCM.

Proof. (1) = (2). Let A, B be right ideals of S such that AB C M. We consider the
ideals I(A) and I(B) of S generated by A and B respectively. We have

I(A)I((B) = (AUSAUASUSAS|(BUSBUBSUSBS]
( (AUSAUASUSAS)(BUSBUBS U SBS)

= (ABUSABUASBUSASBUABSUSABSUASBS U SASBS]
(M] =

N

N

Since I(A)I(B) € M, by (1), we have I(A) C M or I(B) C M and so A C M or B C M.
(1) = (3). Let A, B be left ideals of S such that AB C M. In a similar way as in the
previous case, we have I(A)I(B) C M, then I(A) C M or I(B) C M and so A C M or
BCM.
(1) = (4). Let A be aright ideal and B a left ideal of S such that AB C M. Then again
I(A)I(B) C M andso AC M or BC M.
The implications (2) = (1), (3) = (1) and (4) = (1) are obvious. O
Although for an ordered semigroup (5,-, <), the set P(S) is again a Ve-semigroup,
one can easily check that Proposition 3.1 cannot be applied to ordered semigroups and
an independent proof of Proposition 5.1 is needed; though its proof is again on the line of
Proposition 3.1.

Proposition 5.2. (cf. also [7; Remark 4]) Let S be an ordered semigroup and M an ideal
of S. The following are equivalent:

(1) M is weakly semiprime.

2) If A is a right ideal of S such that A> C M, then A C M.
(2) 9 ;
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(3) If B is a left ideal of S such that B> C M, then B C M.

Note. The results on semigroups, that is Corollaries 4.1 and 4.2 can be also obtained
as application of the corresponding results of this section. As an example, suppose (S, -)
is a semigroup, M a weakly prime ideal of (S,-) and A, B be right ideals of (S,-) such
that AB C M. We endow (S, -) with the order <= {(z,y) | x = y}. Then (S5,-,<) is an
ordered semigroup, the set M is a weakly prime ideal of (S,-, <) and A, B are ideals of
(S, -, <) such that AB C M. By Proposition 5.1(1) = (2), we have A C M or B C M and
property (2) of Corollary 4.1 is satisfied (see also [7, 8]; the introduction).

6. On ordered ['-semigroups

For an ordered I'-semigroup S and nonempty subsets A and B of S, we have (A]T'(B] C
(AT'B]; A C B = (A] C (B]; and if M is an ideal of S, then (M] = M. Using these
properties, we prove the following proposition.

Proposition 6.1. Let S be an ordered I'-semigroup and M be an ideal of S. The following
are equivalent:

1) M is weakly prime.

2) If A, B are right ideals of S such that ATB C M, then AC M or BC M.

(1)
(2)
(3) If A, B are left ideals of S such that ATB C M, then AC M or BC M.
(4)

If A is a right ideal and B a left ideal of S such that AB C M, then A C M or
BCM.

Proof. Let us prove the implication (1) = (3). Let A, B be left ideals of S such that
AI'B C M. Then we have

I(ATI(B) = (AUSTAUAI'SUSTAI'S|(BUSI'BUBTSUSTBIL'S]
((A USTAU ATS U STADS)(B U STB U BI'S U SFBFS)]

= (ATBUSTATBUATSTBUSTATSTBUATBT'S
USTAT'BT'S U AT'STBT'S U STAT'STBT'S]
C (M]=M.

N

Since I(A)I'I(B) € M, by hypothesis, we have I(A) C M or I(B) C M and so A C M or

BCM.

The implications (1) = (2) and (1) = (4) can be proved at a similar way; and the

implications (2) = (1), (3) = (1) and (4) = (1) are obvious. O
In a similar way we prove the following proposition.

Proposition 6.2. Let S be an ordered I'-semigroup and M an ideal of S. The following
are equivalent:
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(1) M is weakly semiprime.
(2) If A is a right ideal of S such that ATA C M, then A C M.
(3) If B is a left ideal of S such that BTB C M, then B C M.

The results on I'-semigroups, that is Corollaries 4.3 and 4.4 can be also obtained as
application of the corresponding results of this section in the way indicated in the Note of
section 5.

7. On ordered hypersemigroups

For an ordered hypersemigroup (.5, o, <) and nonempty subsets A and B of S, we have
(A« (B] C (AxB] [11]; AC B = (A] C (B]; and if M is an ideal of S, then (M] = M.
Using these properties, we prove the following proposition.

Proposition 7.1. Let (S,0,<) be an ordered hypersemigroup and M an ideal of S. The
following are equivalent:

1) M is weakly prime.

2) If A, B are right ideals of S such that Ax B C M, then A C M or B C M.

3) If A, B are left ideals of S such that Ax B C M, then AC M or BC M.

(
(
(
(4

)
)
)
) If A is a right ideal and B a left ideal of S such that Ax B C M, then A C M or
BC M.

Proof. Let us prove the implication (1) = (4). Let A be a right ideal and B a left ideal
of S such that A+ B C M. We have

I(A)«xI(B) = (AUS*AUA*SUS*xAxS]«(BUS*BUB*xSUSx%B=xS]
((AUS*AUA*SUS*A*S)(BUS*BUB*SUS*B*S)

(A*xBUS*A*BUA*S+«BUS*AxS*xBUAxBxS
US* A« B*SUA*S*B*xSUS*AxSxBx0S]
C (M]=M.

N

Since I(A)+xI(B) C M, by (1), we have I(A) C M or I(B) C M andso A C M or B C M.

The implications (1) = (2) and (1) = (3) can be proved at a similar way and the impli-

cations (2) = (1), (3) = (1) and (4) = (1) are obvious. O
The proof of the following proposition is analogous.

Proposition 7.2. Let (S,0,<) be an ordered hypersemigroup and M an ideal of S. The

following are equivalent:

(1) M is weakly semiprime.
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(2) If A is a right ideal of S such that Ax A C M, then A C M.
(3) If B is a left ideal of S such that B+ B C M, then B C M.

The following note is referred to sections 5-7.

Note. To pass from ordered semigroups to ordered I'-semigroups or to ordered hyper-

(1%

semigroups, it is enough to put a “I'” or “x” in the appropriate place.

8. Another characterization of weakly prime ideal elements-ideals

Proposition 8.1. Let S be a poe-semigroup and m € S. Suppose that for every right ideal
element a of S and any b € S, aeb < m implies a < m or b < m. Then m is weakly prime.

Proof. Let a,b be ideal elements of S such that ab < m. Since a is a right ideal element
of S, b€ S and aeb = (ae)b < ab < m, by hypothesis, we have a < m or b < m, thus m is
weakly prime. O

Proposition 8.2. Let S be a poe-semigroup and m € S. Suppose that for every left ideal
element b of S and any a € S, aeb < m implies a < m orb < m. Then m is weakly prime.

Proof. Let a,b be ideal elements of S such that ab < m. Since b is a left ideal element of
S, a € S and aeb = a(eb) < ab < m, by hypothesis, we have a < m or b < m, thus m is
weakly prime. ]

Corollary 8.3. Let (S,-) be a semigroup and M a subset of S. Suppose that for any right
ideal A of S and any B C S (or for any left ideal B of S and any A C S), ASB C M,
implies A C M or B C M. Then M is weakly prime.

Corollary 8.4. Let (S,I') be a I'-semigroup and M a subset of S. Suppose that for
any right ideal A of S and any B C S (or for any left ideal B of S and any A C S),
ATSTB C M, implies A C M or BC M. Then M is weakly prime.

For its proof, it is enough to remark that (P(S), -, C) is a poe-semigroup (P(S) is the
set of subsets of S). If we put I' = {-}, then Corollary 8.3 can be obtained.

Corollary 8.5. Let (S,0) be an hypersemigroup and M a subset of S. Suppose that for
any right ideal A of S and any B C S (or for any left ideal B of S and any A C S),
AxSxBC M, implies AC M or BC M. Then M is weakly prime.

Proposition 8.6. Let S be a Ve-semigroup and m an ideal element of S. If m is weakly
prime then, for every a,b € S such that aeb < m, we have a < m or b < m.

Proof. Let a,b € S such that aeb < m. Then we have (eae)(ebe) < e(aeb)e < eme < m.
Since eae, ebe are ideal elements of .S and m is weakly prime, we have eae < m or ebe < m.
Let eae < m. Then

i(a)%i(a) = (aVeaVaeVeae)* (aVeaV aeV eae)

< (eaVeae)(aVeaV aeV eae)
< eae <m.
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Since the elements i(a)? and i(a) are ideal elements of S and m is weakly prime, we have
i(a)? < mori(a) <m. If i(a) < m, then we have a < i(a) < m. If i(a)? < m then, since
i(a) is an ideal element of S and m is weakly prime, we have i(a) < m and so a < m.
From ebe < m, by symmetry, we have b < m. O

Corollary 8.7. Let (S,-) be a semigroup and M an ideal of S. If M is weakly prime then,
for every subsets A, B of S such that ASB C M, we have AC M or BC M.

Corollary 8.8. Let (S,T") be a I'-semigroup and M an ideal of S. If M is weakly prime
then, for every subsets A, B of S such that AST'B C M, we have AC M or BC M.

Corollary 8.9. Let (S,0) be an hypersemigroup and M an ideal of S. If M is weakly prime
then, for every nonempty subsets A, B of S such that Ax S+ B C M, we have A C M or
BCM.

In addition, by Proposition 8.1 or Proposition 8.2 and Proposition 8.6, the following
proposition holds.

Proposition 8.10. Let S be a Ve-semigroup and m an ideal element of S. The following
are equivalent:

(1) m is weakly prime.
(2) For every a,b € S such that aeb < m, we have a < m or b < m.

Clearly, the analogous for semigroups, I'-semigroups and hypersemigroups also holds.
An ideal M of an hypersemigroup (S,0), for example is weakly prime if and only if for
any nonempty subsets A, B of S such that AxS*x B C M, we have A C M or B C M.
This is equivalent to saying that for any a,b € S such that a xS *b C M we have a € M
or b € M. In the last characterization, if we delete the operation “x” and put “.” instead,
then this is the definition of a weakly prime ideal of a semigroup given by Petrich in [17;
I1.3.1 Definition]. Petrich uses the terms “prime”, “completely prime” while we use the

terms “weakly prime”, “prime”.

In the rest of this section, we consider the case of ordered semigroups, ordered I'-
semigroups and ordered hypersemigroups.

Proposition 8.11. Let S be an ordered semigroup and M be a subset of S such that
M = (M]. Suppose that for any right ideal A of S and any B C S, (ASB] C M implies
ACM or BC M. Then M is weakly prime.

Proof. Let A, B be ideals of S such that AB C M. Then (ASB] C (AB] C (M] = M.

Since A is a right ideal of S, B C S and (ASB] C M, by hypothesis, we have A C M or

B C M, thus M is weakly prime. O
In a similar way the following proposition holds.

Proposition 8.12. Let S be an ordered semigroup and M be a subset of S such that
M = (M]. Suppose that for any left ideal B of S and any A C S, (ASB] C M implies
ACM or BC M. Then M is weakly prime.



N. Kehayopulu / Eur. J. Pure Appl. Math, 12 (1) (2019), 208-225 221

Proposition 8.13. Let S be an ordered semigroup and M be an ideal of S. Suppose that
for any right ideal A of S and any B C S, ASB C M implies AC M or BC M. Then
M is weakly prime.

Proposition 8.14. Let S be an ordered semigroup and M be an ideal of S. Suppose that
for any left ideal B of S and any A C S, ASB C M implies AC M or BC M. Then M
18 weakly prime.

The proof of the last two propositions mimics the proof of Propositions 8.11 and 8.12;
however they can be also obtained as corollaries to Propositions 8.11 and 8.12.

Proposition 8.15. Let S be an ordered semigroup and M an ideal of S. If M is weakly
prime then, for any A, B C S such that (ASB] C M, we have AC M or BC M.

Proof. For A = () or B = (), the proposition holds. Let A, B nonempty subsets of S such
that (ASB] C M. Then we have

(SAS](SBS] < (SAS®’BS] C (S(ASB)S] = (S(ASB]S] C (SMS]
C (M]=M.

Since (SAS], (SBS] are ideals of S and M is weakly prime, we have (SAS] C M or
(SBS] C M. Let (SAS] € M. Then

I(AP = (AUSAUASUSAS2(AUSAUASUSAS]
SAUSAS](AUSAUAS U SAS]
(SAUSAS)(AUSAU AS U SAS)

SAS] C M.

—~

N 1N 1N

Then we have
(I(A)I(A) = (I(A*)(I(A)] € (I(A)%] € (M] = M.

Since I(A) is an ideal of S, (I(A)?] is an ideal of S as well (in general, A, B ideals = (AB]
ideal). Since (I(A)?], I(A) are ideals of S and M is weakly prime, we have (I(A)%] C M
or I(A) C M. If I(A) C M, then A C M. If (I(A)?] C M, then I(A)? C (I(A)?] C M.
Since I(A) is an ideal of S and M is weakly prime, we have I(A) C M and again A C M.
(]

Remark 8.16. If S is an ordered semigroup and M is an ideal of .S, then the following
are equivalent:

(1) for any A,BC S, (ASB] C M implies A C M or B C M.
(2) for any A,BC S, ASB C M implies A C M or B C M.

By Proposition 8.11 (or 8.12), Proposition 8.15 and Remark 8.16, the following propo-
sition holds.

Proposition 8.17. (see also [7; the Theorem]|) Let (S,-) be an ordered semigroup and M
an ideal of S. The following are equivalent:
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1) M is weakly prime.

2) For any subsets A and B of S such that (ASB] C M, we have A C M or B C M.

4

(1)

(2)

(3) For any a,b € S such that (aSb] C M, we have a € M orb e M.

(4) For any subsets A and B of S such that ASB C M, we have A C M or B C M.
(5)

5) For any a,b € S such that aSb C M, we have a € M orbe M.

The above results on ordered semigroups can be transferred to ordered I'-semigroups

Wy

resp. ordered hypersemigroups) by putting a resp. “x”) in the appropriate place
dered h i b tti “r” in th iate pl
and we have the following results.

Proposition 8.18. Let (S, -) be an ordered I'-semigroup and M an ideal of S. The following
are equivalent:

1) M is weakly prime.
2) For any subsets A and B of S such that (ATSTB] C M, we have A C M or B C M.

4

(1)

(2)

(3) For any a,b € S such that (aT'STb] C M, we have a € M orb e M.

(4) For any subsets A and B of S such that ATSTB C M, we have AC M or BC M.
(5)

5) For any a,b € S such that al’STb C M, we have a € M or b e M.

Proposition 8.19. Let (S,0) be an ordered hypersemigroup and M an ideal of S. The
following are equivalent:

(1) M is weakly prime.

(2) For every nonempty subsets A and B of S such that (AxSxB] C M, we have A C M
or BC M.

(3) For every a,b € S such that (a xS *b) C M, we have a € M orb e M.

(4) For every nonempty subsets A and B of S such that Ax S+ B C M, we have A C M
or BC M.

(5) For every a,b € S such that a xS *bC M, we have a € M orb e M.

By easy modification of the proof of Proposition 8.17, the following proposition holds.

Proposition 8.20. (see also [7; Remark 4]) For an ideal M of an ordered semigroup S,
the following are equivalent:

(1) M is weakly semiprime.

(2) For any subset A of S such that (ASA] C M, we have A C M.
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(3) For any a € S such that (aSa] C M, we have a € M.
(4) For any subset A of S such that ASA C M, we have A C M.
(5) For any a € S such that aSa C M, we have a € M.

The analogous result for ordered I'-semigroups and ordered hypersemigroups also holds.
In case of an ordered hypersemigroup S, the subset A of S in properties (2) and (4) of the
above proposition should be a nonempty set.

9. Some further results related to ordered hypergroupoids
Let (S,-, <) be an ordered groupoid and “o” the hyperoperation on S defined by
aob:={zx eS|z <ab}

and the same order “<”. Then (S,0,<) is an ordered hypergroupoid. In particular, if
(S,+,<) is an ordered semigroup, then (5,0, <) is an ordered hypersemigroup [16; Lemma
1].

Proposition 9.1. We have A« B = (AB].

Proof. Indeed, we have

r€EAxB <= x€aobforsomeac A,be B
< x<abe AB
<= xz € (AB].

O
Proposition 9.2. If M is a prime (resp. semiprime) subset of an ordered groupoid
(S, -, <), then it is a prime (resp. semiprime) subset of the ordered hypergroupoid (S, o, <).
Proof. Let M be a prime subset of (S,-,<) and A, B be nonempty subsets of (S, o0, <)
such that A« B C M. By Proposition 9.1, we have AB C (AB] = A* B C M. By
hypothesis, we have A C M or B C M, thus M is a prime subset of (S, 0, <). Similarly, if
M is a semiprime subset of (S, -, <) and A is a nonempty subset of S such that Ax A C M
then, by Proposition 9.1, we have A? C (4%2) C A* A C M and so A C M, thus M is a
semiprime subset of (.5, o, <). O

Proposition 9.3. [16; Theorem 3] A set M is an ideal of an ordered groupoid (S, -, <) if
and only if M is an ideal of the ordered hypergroupoid (S,o,<).

Proposition 9.4. A set M is a prime (resp. semiprime) ideal of an ordered groupoid
(S,-, <) if and only if M is a prime ideal of the ordered hypergroupoid (S,o,<).

Proof. =—>. This follows from Propositions 9.2 and 9.3.

<. Let M be a prime ideal of (S, 0, <) and A, B be subsets of (.5, -, <) such that AB C M.
By Proposition 9.1, we have A« B = (AB] C (M] = M. By hypothesis, we have A C M
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or B C M, thus M is a prime ideal of (5, -,<). The proof for semiprime ideals is similar.
O

Proposition 9.4 remains true if we replace the word “prime” by “weakly prime” and
the following proposition holds.

Proposition 9.5. A set M is a weakly prime ideal of an ordered groupoid (S, -, <) if and
only if M is a weakly prime ideal of the ordered hypergroupoid (S, o0, <).

I would like to thank the anonymous referee for his/her time to read the paper carefully
and his/her prompt reply.
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