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Abstract: The aim is to show that from every example of a regular, intraregular, left (right) regular, left (right) quasireg-
ular, semisimple, left (right) simple, simple, or strongly simple ordered semigroup given by a table of multiplication and
an order, a corresponding example of regular, intraregular, left (right) regular, left (right) quasiregular, semisimple, left
(right) simple, simple, or strongly simple ordered hypersemigroup can be constructed having the same left (right) ideals,

bi-ideals, quasi-ideals, or interior ideals. On this occasion, some further related results have also been given.
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1. Introduction

A very important subject in the theory of ordered hypersemigroups is the determination of right (left) ideals,
bi-ideals, and quasi-ideals, which play an essential role in the investigation. This is because very often we
need counterexamples that clearly are impossible to make by hand and it is difficult to write such programs
as well. Examples of some types of ordered hypersemigroups (such as regular, intraregular, and completely
regular) are also very useful, and again it is difficult to write programs. To overcome this difficulty we use
examples that come from ordered semigroups for which we already have such programs. The examples of
ordered semigroups given by a table of multiplication and an order play an essential role in it. The paper in
[2; p. 104. 1. 12-20] was on hypersemigroups (without order) and it has been proved in it that if (S,-, <)
is an ordered semigroup and endow it with the hyperoperation aob := {x € S | z < ab}, then (S,0) is a
hypersemigroup. Here we prove that this is not only a hypersemigroup but an ordered hypersemigroup as well.
It may be mentioned that if (5,-, <) is an ordered groupoid, then the hypergroupoid (S,0) with the same
order “<7” of S is an ordered hypergroupoid. Thus, from every ordered groupoid (ordered semigroup) (.S, -, <)
given by a table of multiplication and an order, an ordered hypergroupoid (ordered hypersemigroup) (S, o, <)
can be constructed. Moreover, a set A is a right (left) ideal or quasi-ideal of the ordered groupoid (S, -, <) if
and only if it is a right (left) ideal or quasi-ideal of the ordered hypergroupoid (S,0,<); a set A is a bi-ideal
or interior ideal of the ordered semigroup (.5,-, <) if and only if it is a bi-ideal or interior ideal of the ordered
hypersemigroup (5,0,<). In addition, if an ordered groupoid (5,-, <) is left (resp. right) simple, then the
ordered hypergroupoid (5,0, <) is so. An ordered semigroup (.5,, <) is left (resp. right) simple or simple if
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and only if the ordered hypersemigroup (S, o, <) is so. An ordered semigroup (5, -, <) is regular, intraregular,
left (right) regular, left (right) quasiregular, semisimple, simple, or strongly regular if and only if the ordered
hypersemigroup (5,0, <) is, respectively, so. Hence, from every example of a regular, intraregular, left (right)
regular, left (right) quasiregular, semisimple, left (right) simple, simple, or strongly regular ordered semigroup
given by a table of multiplication and an order, a corresponding example of an ordered hypersemigroup can
be constructed having the same right (left) ideals, bi-ideals, quasi-ideals, and interior ideals. For the sake of

completeness, we will give some definitions already given in [20].

2. Prerequisites

A groupoid is a nonempty set S with a binary operation (called multiplication) “-” on S. An ordered groupoid
(po-groupoid) is a groupoid (S,-) with an order relation “<” on S such that a < b implies ac < be and
ca < ¢b for every ¢ € S. If the multiplication on S is associative, then (S, -, <) is called an ordered semigroup
(po-semigroup) [1]. For an ordered groupoid (5,-, <) and a subset A of S, we denote by (A] the subset of S
defined by (A] ={t € S|t < a for some a € A} [6]. If (S,-,<) is an ordered groupoid, a nonempty subset A
of S is called a right (left) ideal of S [6] if (1) AS C A (resp. SAC A)and (2)if a € A and S>30 <a,
then b € A —condition (2) is equivalent to (A] = A; it is called a quasi-ideal of S if (AS] N (SA4] C A and
(2)if a € A and S >b < a, then b € A [14]. A nonempty subset A of an ordered semigroup S is called a
bi-ideal of S if (1) ASA C A and (2) if a € A and S 5 b < a, then b € A [9]; an interior ideal of S if (1)
SAS C A and (2)if a€ A and S>b<a,then b € A [17]. An ordered groupoid S is called right (resp. left)
simple if S is the only right (resp. left) ideal of S; it is called simple if S is the only ideal of S. If S is an
ordered groupoid satisfying the relation (aS] = S for every a € S or (AS] = S for every A C S, then § is
right simple; if (Sa] = S for every a € S or (SA] = S for every A C S, then S is left simple. In particular,
if S is an ordered semigroup, then S is right (resp. left) simple if and only if (aS] = S for every a € S or
(AS] =S for every A C S (resp. (Sa] =S for every a € S or (SA] = S for every A C S); it is simple if and
only if (SaS] = S for every a € S, equivalently if (SAS] =S for every A C S [8]. If an ordered semigroup is
right simple or left simple, then it is simple. An ordered semigroup (5,-, <) is called regular [10] if for every
a € S there exists x € S such that a < aza, that is if a € (aSa] for every a € S or A C (ASA] for every
A C S; it is called left (vesp. right) regular [7] if for every a € S there exists € S such that a < za® (resp.
a < a’x) that is, if a € (Sa?] for every a € S or A C (SA?] for every A C S (resp. a € (a®S] for every a € S
or A C (A2%S] for every A C S); intraregular [11] if for every a € S there exist x,y € S such that a < za?y,
equivalently a € (Sa2S] for every a € S or A C (SA2S] for every A C S. An ordered semigroup (S, -, <)
is called right quasiregular if for every a € S there exist z,y € S such that a < azxay, equivalently for every
a € S we have a € (aSaS] or A C (ASAS] for every A C S; left quasiregular if for every a € S there exist
x,y € S such that a < zaya, equivalently a € (SaSa] for every a € S or A C (SASA] for every A C S; and
semisimple if for every a € S, there exist z,y,z € S such that a < zayaz, that is a € (SaSaS] for every a € S
or A C (SASAS] for every A C S [18]. The right quasiregular and the left quasiregular ordered semigroups
are semisimple. If an ordered semigroup is right simple and left simple, then it is regular [23]. An ordered

semigroup (5, -, <) is called strongly regular [16] if for every a € S there exists z € S such that a < axa and
ar = za.
We denote by P*(S) the set of nonempty subsets of S; and the notation A < B, where A, B are subsets

of an ordered set (.5, <) means that for every a € A there exists b € B such that a < b. An hypergroupoid is a
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nonempty set S with an “operation”
0:5x8—=P*S)|(a,b) >aob
on S called hyperoperation (as it maps to each couple a,b of elements of S a nonempty subset aob of S) and
an operation
x: PH(S) x P*(S) = P*(S)| (A,B) > Ax B
on P*(S) (induced by the hyperoperation of S) such that

AxB= U (aobd) for every A, B € P*(S).
(a,b)e AxB

A hypergroupoid is called hypersemigroup if {x} * (yoz2) = (zoy) * {2z} for every x,y,2 € S. If S is a

43

hypergroupoid then, for every x,y € S, we clearly have {z} * {y} = z oy. As the operation “x” depends on
the hyperoperation “o”; for a hypergroupoid S we use the notation (5,0, <) instead of (S, o0, %, <).

The following two properties, though obvious, play an essential role in the investigation:

(1) If € A« B, then x € aob for some a € A, b € B.
(2)If ac Aand be B, then aobC Ax B.

In a hypergroupoid, A C B implies AxC C BxC and Cx A C C«x B for any A, B,C € P*(S). The operation
“x” on a hypersemigroup S is associative, that is (P*(S),*) is a semigroup. The concepts related to ordered
groupoids (ordered semigroups) mentioned above are naturally transferred to ordered hypergroupoids (ordered
hypersemigroups). A hypergroupoid is called an ordered hypergroupoid if there is an order relation “<” on S
such that a < b implies aoc X boc and coa =< cob for every ¢ € S [3]. In an ordered hypersemigroup
the symbol (A] denotes the same set as in an ordered semigroup and has the same properties as in ordered
semigroup. A nonempty subset A of an ordered hypergroupoid (S, 0, <) is called a right (resp. left) ideal of
Sif (1) A*S C A (resp. SxAC A)and (2)if a € A and S 3¢t < a, then t € A, that is, if (4] = A;
it is called an ideal of S if it is both a right ideal and a left ideal of S. A nonempty subset Q) of an ordered
hypergroupoid S is called a quasi-ideal of S if (1) (Q*S]N(S*Q] C Q and (2)if a € Q and S >t < a, then
t € Q. A nonempty subset B of an ordered hypersemigroup S is called a bi-ideal of S if (1) Bx S+« B C B
and (2) if a € B and S 3t < a, then t € B; a nonepty subset A of S is called an interior ideal of S is (1)
Sx*AxSCAand (2)if a € Aand S >t <a,then t € A. An ordered hypersemigroup (5,0, <) is called
regular if for every a € S there exists « € S such that {a} < (aox)*{a}; it is called right regular if for every
a € S there exists € S such that {a} < (aoa)*{x}; left regular if for every a € S there exists x € S such
that {a} = {z}* (aoa); intraregular if for every a € S there exist x,y € S such that {a} < (zoa)*(aoy). As
is an ordered semigroup, an ordered hypersemigroup is regular, for example, if and only if @ € ({a}*S*{a}] for
every a € S or A C (A*Sx* A] for every nonempty subset A of S. The other type of ordered hypersemigroups

mentioned above can also be characterized in a similar way.

3. Main results

Lemma 1. (cf. also [2; p. 104, 1. 12-20]) Let (S,-, <) be an ordered groupoid. We consider the hyperoperation
“o”on S defined by

0:8xS—=P*(S)] (a,b) = aob, where

aob:={x eS|z <ab}.
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Then (S,0,<) is an ordered hypergroupoid. If the multiplication of the groupoid (S,-,<) is associative, then
(S,0) is a hypersemigroup.

In the following we denote by (.5, -, <) the ordered groupoid and by (.S, 0, <) the ordered hypergroupoid
constructed in Lemma 1.

Corollary 2. If (S,-,<) is an ordered semigroup, then (S,0,<) is an ordered hypersemigroup.

Theorem 3. A set A is a right (left) ideal, ideal, or quasi-ideal of an ordered groupoid (S,-, <) if and only if
A is a right (left) ideal, ideal or quasi-ideal, respectively, of the ordered hypergroupoid (S,o,<). In particular, if
(S,-,<) is an ordered semigroup, then A is a bi-ideal or interior ideal of (S,-, <) if and only if A is a bi-ideal

or interior ideal of (S,0,<).

Proof Let A be a right ideal of (5,,<). If ¢t € A% S then t € aox for some a € A, x € S, then
t <ar € AS C A and so ¢t € A; thus A is a right ideal of (S,0,<). Similarly, if A is a left ideal of
(S,-, <), then A is a left ideal of (S,0,<). As a consequence, if A is an ideal of (S,-,<), then A is an ideal
of (S,0,<). Let A be a right ideal of (S,0,<). If ¢ € AS, then ¢t = az for some a € A, x € S. We have
ar €aox C AxS C A andso t € A. Similarly, if A is a left ideal of (5,0, <), then A is a left ideal of (5, , <).
Hence, if A is an ideal of (S,0,<), then A is an ideal of (S,-, <).

Let @ be a quasi-ideal of (S,-,<) and ¢ € (Q * S] N (S *Q]. Since t € (Q * S], we have ¢t < z for
some x € QQ x.S; since t € (S xQ], we have t < y for some y € S * . Then we have x € go s for some
g€ Q,se S, and y € cod for some c€ S, d € Q. Then we have t <z <¢gs € QS and t <y < cd € SQ
and then ¢t € (QS]N (SQ] C Q. Thus we have (Q * S| N (S * Q] C Q and so Q is a quasi-ideal of (5,0, <).
Let @ be a quasi-ideal of (S,0,<) and t € (QS] N (SQ]. Since t € (QS], we have t < ¢s for some ¢ € @,
s € S. Since t € SQ, we have t < c¢d for some ¢ € S, d € Q. Then we have t € gos € QxS C (Q *.S] and
te€codeSxQ C(S+Q]. Then t € (Q*S]N(S*Q] CQ and so Q is a quasi-ideal of (S,-,<).

Let A be a bi-ideal of (S5,,<) and t € (A*S)* A. Then t € zoy for some © € A% S, y € A and
x €aos for some a € A, s € S. Then we have t < zy < (as)y € ASA C A, and t € A. Thus we have
AxSxAC A and so A is a bi-ideal of (5,0, <). Let A be a bi-ideal of (S,0,<) and t € ASA. Then ¢t = (as)b
for some a,b € A, s € S. Since (as)b < (as)b, we have (as)b € (as) o b = {as} = {b}. Since as < as, we have
as € aos, that is {as} Caos. Thus we have t = (as)b € (aos)*{b} ={a} xS+ {b} C A+ S+ A C A; then
t € A and so A is a bi-ideal of (S, -, <).

Let now A be an interior ideal of (S,-,<) and t € (SxA)*S. Then t € xoy for some z € SxA, ye S
and & € soa for some s € S, a € A. Then we have t < a2y < (sa)y € SAS C A; then t € A. Thus we have
SxAxS C A, and A is an interior ideal of (5,0, <). Finally, let A be an interior ideal of (S,0,<) and t € SAS.
Then ¢ = (xa)y for some z,y € S, a € A. Then (za)y € (za)oy C (zoa)x{y} = {z}*{a}x{y} C SxAxS C A4;
then ¢t € A and so A is an interior ideal of (5, -, <). O

If S is an ordered hypergroupoid, an element A € P*(S) is called proper if A # S; it is called
subidempotent if (Ax A] C A.

Definition 4. An ordered hypergroupoid S is called right (resp. left) simple if S does not contain proper right
(resp. left) ideals, that is if A is a right (resp. left) ideal of S, then A = S it is called simple if S does not
contain proper ideals, that is if A is an ideal of S, then A = S.

If S is an ordered hypergroupoid such that ({a} * S] = S for every a € S or (A S] = S for every
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A € P*(S5), then S is right simple; if (S * {a}] = S for every a € S or (S x A] = S for every A € P*(5),
then S is left simple. An ordered hypersemigroup S is simple if and only if (S x {a} * S] = S for every a € S,
equivalently if (S * AxS] =S for every A € P*(S); it is right simple if and only if ({a} *S] = S for every
a € S, equivalently if (AxS] =S for every A € P*(S); left simple if and only if (S {a}] =S for every a € S,
equivalently if (S x A] = S for every A € P*(S); and an ordered hypersemigroup that is right simple or left
simple, it is simple.

Remark 5. The results on left and right simple ordered semigroups considered in [23] can be naturally
transferred to ordered hypersemigoups and Proposition 1 in it can be proved using only sets. In fact, if S is a
hypersemigroup that is both right and left simple and A a bi-ideal of S then, since (A*S] =S and (SxA] =S,
we have S = (S+x Al = (A« S]*Al = ((A*S)x Al = (AxS*xA] C (A] = A; then A =S and so S does not
contain proper bi-ideals. Conversely, if an ordered hypersemigroup S does not contain proper subidempotent
bi-ideals and A is a left ideal of S then, since S* A C A, we have A% (S*xA) C AxAC SxAC A and
(Ax A] C (A] = A and so A is a subidempotent bi-ideal of S; by hypothesis, we have A =S and so S is left
simple. Similarly S is right simple. On the other hand, if an ordered hypersemigroup is left and right simple,

then it is regular, and in regular ordered hypersemigroups the bi-ideals and the subidempotent bi-ideals are the
same.

Theorem 6. If an ordered groupoid (S,-,<) is left (resp. right) simple, then the ordered hypergroupoid
(S,0,<) is so. An ordered semigroup (S,-,<) is left (resp. right) simple or simple if and only if the ordered
hypersemigroup (S, o0, <) is so.

Proof Let (S5,-,<) be left simple and a,b € S. Since (Sa] = S, we have b < za for some x € S. Then we
have b € zoa = {z} x {a} C S« {a} C (S *{a}]; then S = (S * {a}] and so (5,0, <) is left simple. Let now
(S,0,<) be a left simple ordered hypersemigroup and a,b € S. Since (S x {a}] =5, we have b < ¢ for some
te Sx«{a}. Then ¢t € xoa for some z € S and so t < xza. We have b <t < za € Sa; thus b € (Sa] and so
(S, -, <) is left simple.

Let (S,-,<) be a simple ordered semigroup and a,b € S. Then we have (SaS] = S and so b < (za)y
for some x,y € S; thus b € (za)oy. Since za € xoa, we have b € (za)oy C (voa)*{y} ={a}*x{a} *x{y} C
Sx{a} xS C (Sx{a}*S]; then S =(S*{a}=S5] and so (S, 0, <) is simple. Conversely, let (5,0, <) be simple
and a,b € S. Then (S*{a}*S] =5 and b <t for some ¢t € (S *{a})*S. Then we have ¢ € uo s for some
u€ S«+{a}, s€S,and u € voa for some v € S. Then b <t < us < (va)s = vas € Sas, a € (SaS], and
S = (SaS] and so (5, -, <) is simple. O

Definition 7. An ordered hypersemigroup S is called left quasireqular if for every a € S there exist x,y € S
such that {a} = (zoa)* (yoa). It is called right quasiregular if for every a € S there exist x,y € S such that

{a} X (aoz)*(aoy).
Definition 8. An ordered hypersemigroup S is called semisimple if for every a € S there exist x,y,z € S
such that {a} X (zoa)*(yoa)x{z}.

Exactly as in ordered semigroups, the right quasiregular and the left quasiregular ordered hypersemi-

groups are semisimple.

Theorem 9. An ordered semigroup (S, -, <) is reqular, right (left) regular, intraregular, right (left) quasiregular,

or semisimple if and only if the ordered hypersemigroup (S,o,<) is, respectively, so.
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Proof Let (S,-, <) be regular and a € S. Then there exists = € S such that a < (az)a. Then a € (ax)oa.
Since az € aox, we have azoa C (aox)*{a}. Since a € (aox)*{a} and a < a, we have {a} < (aoz)*{a} and
so (S,0,<) isregular. Let (5,0, <) beregular and a € S. Then there exists © € S such that {a} < (aox)*{a}.
That is, there exist x,t € S such that ¢t € (aox) * {a} and a < t. Then t € uoa for some u € aox, from
which ¢ < ua and u < az. Thus we get a <t < (azx)a = axa and so (5, -, <) is regular.

Let (S,-,<) be right regular and a € S. Then there exists 2 € S such that a < a?z. Since a < (aa)r,
we have a € aaox. Since aa € aoa, we have aaox C (aoa)*{x}. Thus we have a € (aoa)*{z} and a < a;
then {a} < (aoa)x{z} and so (5,0, <) is right regular. Let (S, 0, <) be right regular and a € S. Then there
exists € S such that {a} < (aoa)*{z}. Then a € uoz for some u € aoa. Since a < uz and u < a?, we
have a < a’x and so (S9,-, <) is right regular. Similarly (S,-, <) is left regular if and only if (S, 0, <) is so.

Let (S,-, <) be intraregular and a € S. Then there exist x,y € S such that a < za?y = (za)(ay). Then
a € (za)o(ay) and, since za € roa and ay € aoy, we have xaoay C (zoa)x(aoy). Since a € (zxoa)*(aoy)
and a < a, then {a} X (xoa)*(aoy), and (S,0,<) is intraregular. Let (5,0, <) be intraregular and a € S.
Then there exist z,y,t € S such that ¢t € (xoa)*(aoy) and a <t. Then t € uow for some v € xoa, v € aoy
and so t <wuv, u < xa, and v < ay. Then we have a <t < (za)(ay) = xa’y and so (S, -, <) is intraregular.

Let (S,-, <) be right quasiregular and a € S. Then there exist z,y € S such that a < (ax)(ay). Then
a € (ax)o(ay) C (aox)* (aoy) and so a € (aox) * (aoy); then {a} <X (aox)* (aoy) and (S,0,<)
is right quasiregular. Let (S,0,<) be right quasiregular and a € S. Then there exist x,y € S such that
{a} 2 (aox)*(aoy). Then there exists ¢ € S such that ¢t € (aox)* (aoy) and a < t. Then we have t € uow
for some u € aoxz, v € aoy and then t < wv, u < ax, and v < ay. Hence a < ¢ < (ax)(ay) = azay, and
(S,+,<) is right quasiregular. In a similar way, (5, -, <) is left quasiregular if and only if (5,0, <) is so.

Let (5,-, <) be semisimple and a € S. Then there exist z,y,z € S such that a < (za)(yaz). Then we
have a € (za)o(yaz). We also have za € zoa and (ya)z € (ya)oz C (yoa)*{z}. We have a € (roa)*(yoa)*{z}
and a < a and so we have {a} = (zoa)*(yoa)x{z}, and (S, 0, <) is semisimple. Let now (5,0, <) be semisimple
and a € S. Then there exist z,y,z,t € S such that t € ((zoa)* (yoa))*{z} and a <¢. Then ¢t € uo z for
some u € (xoa)*(yoa) and u € vow for some v Exoa, w e yoa. We have t <uz, u <vw, v < za, and
w < ya. Then we have a <t <wuz < (vw)z < (xza)(ya)z = zayaz and so (5, -, <) is semisimple. O
Definition 10. An ordered hypersemigroup (S, o, <) is called strongly regular if for every a € S there exists
x € S such that {a} X (aoz)*{a} and aox =z 0a.

Lemma 11. Let (S,-, <) be an ordered hypergroupoid and a,x € S. Then ax = za if and only if acx =xo0a.

Proof —. Let ax =xza. If t Eaox, then t <ar =za,thatist€xoa andso aoxr Czroa. Iftexoa,
then t <za=ax,s0t€aox and xroaCaox andso aoxr =zoa.

<. Let aox =xo0a. Since ax € aox = xroa, we have ar < za. Since ra € roa = aox, we have za < ax.
Thus we have ax = za. O

Theorem 12. An ordered semigroup (S,-,<) is strongly regular if and only if the ordered hypersemigroup
(S,0,<) is so.
As application of the theorems of the paper we give the following examples.

Example 13. (cf. [13; Example 1]) The set S = {a,b,¢,d, f} with the multiplication “-” given by Table 1 and

the order “<” below is an example of an intraregular ordered semigroup.
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Table 1. Multiplication table of Example 13.

f
a

ISHESHESH RS ESH S

o o oo | o
ol oo

Q|| |Te

b
b
d
f

—~|alo o

<= {(a’a)7 (b’ b)? (C, b)a (Cv C)? (d7 d)v (fv d)v (fa f)}

The covering relation “ <" of (5, -, <) is the following:

=<={(¢,0),(f,d)};

and the figure of (S, -, <) is given by Figure 1.

b d

c f

Figure 1. Figure corresponding to the order of Example 13.

The right, left ideals, bi-ideals, and quasi-ideals of (S, -, <) are the same and they are the sets {a,b, c}
and S.

The hypersemigroup (5,0, <) that corresponds to the ordered semigroup (S, -, <) is given by Table 2 of
the hyperoperation and the same order as (9, -, <).

Table 2. The hyperoperation of Example 13.

a b c d f
{b,c} [ {a} |{a} |{a} |{a}
{a} [ {b,c} | {b,c} | {bc} | {b,c}
{a} [ {b.c} | {b,c} | {b;c} | {b,c}
{a} [ {b,c} [{b,c} | {d f}[{d [}
{a} [ {bc} [ {c} [{d. f}[{S}

S| &0 |S& | O

According to Theorems 3 and 9, the ordered hypersemigroup (S, 0, <) is intraregular and has the same

right, left ideals, bi-ideals, and quasi-ideals as the ordered semigroup (.S, -, <).
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Example 14. (cf. also [15; the Example]) The set S = {a,b, ¢, d, f} with the multiplication “-” given by Table

3 and the order below is an example of a regular ordered semigroup.

Table 3. Multiplication table of Example 14.

alb|lc|d|f
alalalalala
blal|blal|d]|a
cla|flclelf
dla|b|d|d|b
flal|flalc|a

<= {(a7 a)? (a7 b)v (a'7 C)? (av d)7 (a7 f)7 (b7 b)? (C, C), (d, d)7 (f7 f)}

The covering relation “ <" of (5, -, <) is the following:

<={a,b),(a,c),(a,d), (a, f)};

and its figure is given by Figure 2.

a

Figure 2. Figure corresponding to the order of Example 14.

The right ideals of (S, -, <) are the sets: {a}, {a,b,d}, {a,c, f}, and S.
The left ideals of (S, -, <) are the sets: {a}, {a,c,d}, {a,b, f}, and S.
The bi-ideals and the quasi-ideals of (5,-, <) are the same and they are the following: {a}, {a,b}, {a,c},
{a,d}, {a, f}, {a,b,d}, {a,¢,d}, {a,b, f}, {a,c, f},and S.

The ordered hypersemigroup (5,0, <) that corresponds to (S, -, <) is given by Table 4.

According to Theorems 3 and 9, the ordered hypersemigroup (S, o, <) is regular and has the same right
ideals, left ideals, bi-ideals, and quasi-ideals as the ordered semigroup (.5, -, <).

Example 15. (cf. also [12; Example 1]) The set S = {a,b,c¢,d, e} with the multiplication “-” given by Table

5 and the order “<” below is an ordered semigroup that is regular, right regular, left regular, and intraregular.
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Table 4. The hyperoperation of Example 14.

ola b c d f
a|{a}|{at |{a} |{a} |{a}

b | {a} | {a,b} [{a} |{a,d}|{a}
c | {a} | {a, f} [ {a;c} | {a,c} | {a, f}
d | {a} | {a,b} | {a,d} | {a,d} | {a,b}
f1da} [ {a, f} | {a} [{a,c} | {a}

Table 5. Multiplication table of Example 15.

< = {(a,0),(a,¢),(a,d),(a,e), (b,0), (b, d), (b, e), (¢, ), (c,e),

ISERSEESEESRESRES]

QIO [

oo |e|o

[SHESHESHES YRS RS

ISHESHESHESH IS

Q| Q|| | | ®

(d,d),(d,e), (e, e)}

The covering relation of (5, -, <) is the following:

<= {(a7 C)? (a’ d)’ (C, 6), (ba d)7 (da 6)};

and its figure is given by Figure 3.

Figure 3. Figure corresponding to the order of Example 15.

a

The right ideals of (S,-, <) are the sets: {a,b,d} and S.

The left ideals of (5, -, <) are the sets: {a},{a,c},{a,b,d},{a,b,¢,d}, and S.

S
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The bi-ideals and the quasi-ideals of (5, -, <) coincide with the left ideals of (S, -, <).
The hypersemigroup (9,0, <) that corresponds to the ordered semigroup
(S,+,<) is given by Table 6.

Table 6. The hyperoperation of Example 15.

a b c d e
{a} | {a,b,d} | {a} {a,b,d} | {a,b,d}
{a} | {0} {a} |{a,b,d} | {a,b,d}
{a} | {a,b,d} | {a,c} | {a,b,d} | S
{a} | {a,b,d} | {a} | {a,b,d} | {a,b,d}
{a} | {a,b,d} | {a,c} | {a,b,d} | S

IO [0

According to Theorems 3 and 9, the ordered hypersemigroup (S,o0,<) is regular, right regular, left
regular, and intraregular and the right (left) ideals, bi-ideals, and quasi-ideals of (5,0, <) are the same as the
right (left) ideals, bi-ideals, and quasi-ideals of (S, -, <).

Example 16. (cf. also [9; the Example]) We consider the ordered semigroup S = {a,b,c,d,e} defined by the
multiplication “-” given by Table 7 and the order “<” below.

Table 7. Multiplication table of Example 16.

SHESHESHESHESH ST
D[] D

SRR SR ES RS R ES)

[SHESHESHRSHESH Ry

DI O |
ISHESHESE RS ESHES]

< = {(a,a),(a,b),(a,c),(a,d),(a,e),(bd),(b,c), (bd),(b,e),
(¢c,¢),(c,e),(d,d),(d,e), (e, e)}.

We give the covering relation of (5,-, <); and its figure is given by Figure 4.

== {(a7 b), (b7 C), (b7 d), (c.e), (d’ e)}

This is a simple ordered semigroup, as (SaS] = S for every a € S; it is also right quasiregular and left
quasiregular, and so semisimple as well.
The right ideals of (S, -, <) are the sets: {a,b,c} and S.
The left ideals of (5, -, <) are the sets: {a,b,d} and S.
The bi-ideals of (S, -, <) are the sets: {a}, {a,b}, {a,b,c}, {a,b,d}, and S.
The quasi-ideals of (S, -, <) are the sets: {a,b}, {a,b,c}, {a,b,d}, and S.

The ordered hypersemigroup (5,0, <) that corresponds to the ordered semigroup (.5, <) is given by
Table 8.

2054



KEHAYOPULU/Turk J Math

a

Figure 4. Figure corresponding to the order of Example 16.

Table 8. The hyperoperation of Example 16.

ola b c d e
a | {a} {a} {a,b,¢} | {a} {a,b, ¢}
blta)  [ta)  [labd [l [{abd
¢ | {a} {a} {a,b,¢} | {a} {a,b, ¢}
d{{a,b,d} [ {a,b,d} | S {a.b,d} | S
e | {a,b,d} | {a,b,d} | S {a,b,d} | S

According to Theorems 3, 6, and 9, the ordered hypersemigroup (.5, o, <) is also simple, right quasiregular,
and left quasiregular, and has the same right, left ideals, ideals, bi-ideals, and quasi-ideals as the ordered

semigroup (5, -, <).

Example 17. (cf. also [16; the Example]) The set S = {a,b,c,d,e, f} with the multiplication given by Table

9 and the order defined by Figure 5 is a strongly regular ordered semigroup.

Table 9. Multiplication table of Example 17.

d

—lolalalo|s|e

o lalalalo|e

AN ECN ESH ESH ESH E-H Rel

| O & & &

AN RGN ESH RS S0 FSH RN
| O | | & &

ool
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The right ideals of (S,-, <) are the sets: {a,b,c,d}, {a,b,c,d,e}, {a,b,e,d, f}, and S. The only left
ideal of (5,-, <) is the set S itself. The bi-ideals and the quasi-ideals of (S, -, <) coincide with the right ideals

of (5,-,<).

The hypersemigroup (9,0, <) that corresponds to the above ordered semigroup is given by Table 10.

KEHAYOPULU/Turk J Math

a b

f

C

Figure 5. Figure that shows the order of Example 17.

Table 10. The hyperoperation of Example 17.

ol a b c d e f

a | {b} {c} {a,b,c,d} {a,b,c,d} {a,b,c,d} {a,b,c,d}

b {a} {av b7 G, d} {a7 b, &) d} {aﬂ b, &) d} {aﬂ b, &) d} {a’a b, &) d}

¢ | {a,b,c,d} {a,b,c,d} {a,b,c,d} {a,b,c,d} {a,b,c,d} {a,b,c,d}

d | {a,b,c,d} {a,b,c,d} {a,b,c,d} {a,b, c,d} {a,b, c,d} {a,b, c,d}

e | {a,b,c,d,e} | {a,b,c,d,e} | {a,b,c,d,e} | {a,b,c,d,e} | {a,b,c,d,e} | {a,b,c,d, e}
/ {aabvcadaf} {avbvcadaf} {avbvcvdaf} {a’bvcvdvf} {aabvcvdvf} {a,b,c,d,f}

According to Theorems 3 and 12, (S, o, <) is a strongly regular ordered hypersemigroup having the same

right (left), bi-ideals, and quasi-ideals as the ordered semigroup (.S, -, <).

Example 18. (cf. also [22; Theorem 1]) Let us consider the ordered semigroup (S,-, <) defined by Table 11
and Figure 6.
This is right regular and so intraregular as well, not left regular, right quasiregular, not left quasiregular,

semisimple, not regular, right simple, not left simple, not simple, not strongly regular.

The right ideals of (S, -, <) are the sets: {a,b,c,d}, {a,b,¢,d, f}, and S.

The left ideals of (S,-,<) are the sets: {a}, {a,b}, {a,b,¢c,d}, {a,b,c,d, f}, and S. The bi-ideals and the

quasi-ideals of (S, -, <) are the same as the left ideals of (S5, -, <).
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Table 11. Multiplication table of Example 18.

alblc|dle|f
alalala|d|d|d
blala|bl|d|d|d
clalalc|d|d|d
dlal|la|d|d|d]|d
elalald|d|e|f
flalald|d|e|f
e
®
o /
d
]
a b c

Figure 6. Figure that shows the order of Example 18.
The ordered hypersemigroup (5,0, <) that corresponds to the ordered semigroup (5, <) is given by
Table 12. Tt is of the same type as (S, -, <) and has the same right, left ideals, bi-ideals, and quasi-ideals as the

ordered semigroup (S,-,<).

Table 12. The hyperoperation of Example 18.

ol|a b c d e f

a | {a} | {a} | {a} {a,b,¢e,d} | {a,b,c,d} | {a,b,c,d}

b | {a} | {a} | {b} {a,b,¢,d} | {a,b,c,d} | {a,b,c,d}

¢ | {a} | {a} | {c} {a,b,¢,d} | {a,b,c,d} | {a,b,c,d}

d | {a} | {a} | {a,b,c,d} | {a,b,c,d} | {a,b,c,d} | {a,b,c,d}

e | {a} | {a} | {a,b,c,d} | {a,b,c,d} | S {a,b,c,d, f}
f1{a} | {a} | {a,b,c,d} | {a,b,c,d} | S {a,b,c,d, f}

In the above examples the ordered hypersemigroup (5,0, <) has the same interior ideals as the ordered
semigroup (5,-, <). One can write a program to find the interior ideals of (S, -, <).
Remark 19. By a poe-semigroup we mean an ordered semigroup (: po-semigroup) having a greatest element

e” (i.e. e >a forall a € S). If we have a poe-semigroup given by a table of multiplication and a figure and

we want to check if it is regular, left (right) regular, intraregular, left (right) quasiregular or semisimple, then
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we can easily check—by hand—if for every a € S we have a < aea, a < ea® (a < a%e), a < ea’e, a < eaea

(a < aeae), or a < eaeae, respectively (cf. also [4]).

The following question is natural: What about the filters? If (.5, -, <) is an ordered semigroup and F' a
filter of (5,-, <), then is F' a filter of the hypersemigroup (5,0, <)? The following theorem gives the answer.

For the sake of completeness, let us first give the definition of the filter in an ordered semigroup and in
an ordered hypersemigroup. If (S,-, <) is an ordered semigroup, a nonempty subset F' of S is called a filter
of S [5] if the following hold: (1) if a,b € F', then ab € F'; (2) if a,b € S such that ab € F, then a € F and
be F,and (3)if a € F and S 2b>a, then b € F. A nonempty subset F of (S5,0,<) is called a filter of S if
the following hold: (1) if a,b € F', then aob C F; (2) if a,b € S such that aob C F, then a € F and b € F;
(3) for every a,b€ S, we have aob C F or (aob)NF =0, and (4) if a € F and S>b>a, then b € F [19].

Theorem 20. If F is a filter of (S,0,<), then it is a filter of (S,-,<). The converse statement does not hold

in general.

Proof Let F be a filter of (5,0,<) and a,b € F. Then we have aob C F. On the other hand, ab € a o b;
thus we get ab € F. Let now a,b € S such that ab € F. Since ab € aob, we have (aob) N F # (; then
aobC F. Since F is a filter of (5,0,<), we have a,b € F'. Hence F is a filter of (5,-, <).

For the converse statement we give the following example. O

Example 21. ([21; Example 2]) We consider the ordered semigroup (S, -, <) defined by Table 13 and Figure
7.

Table 13. Multiplication table of Example 21.

alblc|dlel|f
alalalalalala
bla|b|b|blel|e
clalb|b|b|e]e
dla|bl|blclele
elalb|b|b|le]e
flalb|blclele

The ordered hypersemigroup (S, o, <) that corresponds to the ordered semigroup (.5, -, <) is given by Table 14

and the same order as (S5, -, <).

Table 14. The hyperoperation of Example 21.

a b c d e f

{a} | {a} [{a} |{a} {a} {a}

{a} | {a,b} | {a,b} | {a,b} {a,b,c,e} | {a,b,c, e}
{a} | {a,b} | {a,b} | {a,b} {a,b,c,e} | {a,b,c,e}
{a} | {a,b} | {a,b} | {a,b,c} | {a,b,c,e} | {a,b,c,e}
{a} | {a,b} | {a,b} | {a,b} {a,b,c,e} | {a,b,c, e}
{a} | {a,b} | {a,b} | {a,b,c} | {a,b,c,e} | {a,b,c,e}

ool o
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f

a

Figure 7. Figure that shows the order of Example 21.

The set {b,c,d, e, f} is a filter of (9,-, <) but it is not a filter of (5,0, <)
(: boc={a,b} € {b,c.d,e, [}).
Note. In the above examples the part related to ordered semigroups has been implemented using our computer
programs. Clearly it was not possible to construct such examples by hand. Having examples on ordered
semigroups given by a table of multiplication and a figure, we get the corresponding examples on ordered
hypersemigroups using the theorems given in the present paper.

I would like to thank the two anonymous referees for their time to read the paper —something lately not

very usual.
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