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ORDERED LEFT PP MONOIDS

XIAOPING SHI
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ABSTRACT. An ordered monoid S in which every principal left ideal, regarded
as an S-poset, is projective is called an ordered left PP monoid, for short, an
ordered Ipp monoid. In this paper, we introduce a new kind of ordered relations
instead of Green relations adopted by J. B. Fountain, ordered lpp monoids are
described by these ordered relations. Some similar results of c-rpp semigroups
are duduced and proved, in particular, Fountain’s results about C-lpp monoids
are generalized to ordered monoids.
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0. Introduction

A monoid in which every principal left ideal, regarded as an S-act, is pro-
jective is called a left PP monoid, for short, an Ipp monoid. It is known that
such kind of monoids are generalization of regular monoids. It is clear that such
a monoid contains all left cancellative monoids. The left lpp monoids in the
literature were studied by J. B. Fountain in 1977. In particular, Fountain paid
special attention to the rpp monoids whose idempotents lie in the center of the
monoid. He then called these rpp monoids C-rpp monoids. The most important
theorem in this topics is that a C-rpp semigroup can be expressed as a strong
semilattice of left cancellative monoids [5]. This theorem has been extended and
generalized by many authors such as Y. Q. Guo, X. J. Guo, X. M. Ren and
K. P. Shum ([9]-]21]). Some ordered semigroups are discussed ([I3]-[12]). But
there are no discuss about C-rpp monoids in ordered semigroup.

Green’s relations R and £ play an important role in the algebraic theory of
semigroups. Generalized Green’s relations R* and L£* are investigated by many
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authors (see, [4], [16]). It is well known that a monoid S is an Ipp monoid if
and only if every R*-class of S contains at least one idempotent. A monoid
S is called left [semi-] hereditary if all [finitely generated] left ideals of S are
projective. Kilp had proved that commutative PP monoids are semilattices of
cancellative monoids in [I5]. Fountain generalized Kilp’s result to case of right
PP monoids with central idempotents and generalized Dorofeeva’s result about
semi-hereditary and hereditary monoids in [5].

A monoid S that is also a partially ordered set, in which the binary operation
and the order relation are compatible, is called a partially ordered monoid, or
pomonoid. Partially ordered acts over a pomonoid S, or S-posets, appear nat-
urally in the study of mappings between posets. In [19], projective S-posets are
discussed and ordered Ipp monoids are introduced. We can see the class of or-
dered Ipp monoids contains all ordered right cancellative monoids and all regular
pomonoids. In [I8], weakly po-flat and principally weakly po-flat S-posets over
ordered Ipp monoids are considered. The present paper is devoted to generalizing
some results about Ipp monoids to ordered Ipp monoids.

Let S be a partially ordered monoid. A partially ordered set A is called a left
S-poset if S acts on A in such a way that

(i) the action is monotonic in each of the variables,
(ii) for s,t € S and a € A we have s(ta) = (st)a,

(iii) la = a where 1 is the identity of S and sa denotes the result of action of
son a.

An S-morphism from S-poset A to S-poset C is a monotonic map that pre-
serves S-action. The class of left S-posets and S-morphisms forms a cate-
gory, which we denote by S-Pos (see [2]). In S-Pos, one should note that
an S-isomorphism f: A — C is an order- and action-preserving bijection and
f~': C — Ais also a monotonic map. An S-poset P is called projective if for
any S-surmorphism 7: A — B and any S-morphism ¢: P — B there exists an
S-morphism ¢: P — A such that ¢ = mp. In [19], we proved that an S-poset
P is projective if and only if P = ] Se; where ¢? = ¢; € S, i € I. A free
i€l

S-poset is the coproduct [] S, WhereGeach S; is S-isomorphic to the S-poset S,
a semifree S-poset is a colglfoduct of cyclic S-posets.

Let S be an ordered semigroup. A left ideal of S is a non-empty subset I of
S such that ST C I. By an ordered left ideal of S we mean a non-empty subset

I of S such that
(i) SICI,
(ii) a <be I implies a € I, for all a,b € S.
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We emphasize that in this paper, a left ideal of an ordered semigroup S need
not be an ordered left ideal.

In order to characterize ordered left PP semigroups by R*-classes of S, we first
introduce the relations R* and £* on ordered semigroups. Some results similar to
[4] are discussed. In the second section we discuss properties of ordered left PP
monoids and a characterization of ordered left semi-hereditary and hereditary
ordered monoids is given. In the third section we consider ordered left PP
monoids with central idempotents, some results of [5] are generalized to ordered
monoids. The results on left PP monoids can be also obtained as applications
of the results in this paper.

1. The relations R*, L* in ordered semigroups

Let S be an ordered semigroup, € S, R(z) (L(y)) denotes the ordered right
ideal (ordered left ideal) generated by z, that is,

R(z) = (28" ={seS: (e S (s<at)},
L(z)=(S'z] ={s€S: (3t e S)(s<tax)}.

In [I0], Niovi Kehayopulu introduced Green’s relations R and £ on an ordered
semigroup similar to discrete case as follows:

R:={(x,y) € SxS: R(xz)=R(y)};
L:={(z,y) € SxS: L(x)=L(y)}.
For the relation R, we have

LEMMA 1.1. Let S be an ordered semigroup and let a,b € S. Then the following
statements are equivalent:

(1) (a,b) € R;
(2) (aS'] = (bS"];
(3) There exist x,y € S' such that a < bx, b < ay.
Similar to R*, £* in semigroups, we define R* and £ on ordered semigroup
S (see also in [14]), where aR*b means that the right translations p, and p;, have

same ordered kernel, aL*b means that the left translations A\, and A, have same
ordered kernel. That is,

aR*b <= [(Vz € S")(Vy € S")(za < ya < zb < yd)];
al'b < [(Vz € S")(Vy € S")(azx < ay <= bz < by)].

1359



XIAOPING SHI

One should note that R* C R* and £* C L*, where R* := {(a,b) eSS xS:
(Vz € SY)(Vy € SY)(za = ya < b= yb)} and L* := {(a,b) € S x S :
(Vz € S*)(Vy € SY)(ax = ay <= bx = by)} are the relations in semigroups.

Example 1.2.

(1) Let N be the set of all natural numbers, then (N, x, <) becomes an ordered
monoid if the multiplication is usual multiplication and ordering of the natural
number is the usual one. Since (N, x, <) is ordered cancellable, R* = N x N.
By Lemma 1.1, R = N x N. Therefore R = R* in this ordered monoid.

(2) Let Z* be the set of all nonpositive integral numbers, then S = (Z*, +, <)
becomes an ordered monoid if the plus is usual plus and ordering is the usual one.
Since S is ordered cancellable, R* = S x S, but R = 1g, in fact, if (a,b) € R,
then there exist x,y € S such that a < b+z,b < a+y, thusa < b+z < a+z+y,
by cancellation, 0 < z+y, from the ordering we have x = y = 0, therefore a = b.

(3) Let S ={0,1} be an ordered semigroup, where the multiplication ‘+’ is
‘join’” and the ordering ‘<’ is usual ordering, that is,

1=0+1=141=1+4+0, 0=0+0
< :={(0,0),(0,1),(1,1)}

Because 0 < 0+ 1, 1 < 1+ 0, therefore 0R1. Note that 1 +1 < 140, if
(1,0) € R then 041 < 0+0, it is a contradiction. Thus R € R* in this ordered
monoid.

LEMMA 1.3. Let S be an ordered semigroup and let a,b € S. Then the following
statements are equivalent:

(1) (a,b) e R;

(2) There is an S*-isomorphism (in S-Pos) ¢: Sta — S*b with ¢(a) = b.

Proof.

(1) = (2). Suppose that xa < ya <= b < yb, for all 2,y € S*. We can
define a map ¢: S'a — S'b such that p(sa) = sb for all s € S1. It is easy to see
that the map ¢ is an S'-isomorphism with p(a) = b.

(2) = (1). Let : Sta — S'b be an isomorphism with ¢(a) = b. If za < ya,
then xb = zp(a) = p(za) < @(ya) = yp(a) = yb; If b < yb, then za =
zp~t(b) = ¢~ (2b) < v~ (yb) = yp~ ' (b) = ya, thus (a,b) € R". O

LEMMA 1.4. ([I9: Proposition 3.2]) Let S be an ordered semigroup and e € FE(S),
a € S. Then the following statements are equivalent:
(1) (e,a) € R*;
(2) There is an S*-isomorphism (in S-Pos) ¢: Sta — Ste with p(a) = e;
(3) a =ea and sa < ta implies se < te for s,t € S.
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PROPOSITION 1.5. Let S be an ordered semigroup. Then R* (resp. L) is a
left (resp. right) congruence on S.

Proof. Tt is easy to see that R™ is a equivalence relation on semigroup S. Let
(a,b) € R* and s € S, then (xzs)a < (ys)a if and only if (zs)b < (ys)b for all
x,y € 5, that is, z(sa) < y(sa) if and only if x(sb) < y(sb), thus (sa, sb) € R*.

d

Remark. In [14], the authors show that if S is a separative ordered semigroup,
then £* is a semilattice congruence on S. Furthermore, if S is a completely sep-
arative ordered semigroup, then £* is the greatest strongly complete semilattice
congruence on S such that L] is cancellative for each a € S.

We use R, denote the R*-class which contains element a of the ordered semi-
group S. The corresponding notion will be used for the classes £*. A right (left)
ideal I of semigroup S is called a right (left) *-ideal if R, C I(L; C I) for all
acl.

From the definition of left *-ideal and right *-ideal, we have:

LEMMA 1.6. If{I): X\ € A} is a set of left *-ideals (right *-ideals) of an ordered
semigroup S, then

(1) N{Ixn: A€ A} is aleft *-ideal (right *-ideal), if it is not empty;

(2) U{Ir: A€ A} is aleft *-ideal (right *-ideal).

Let a be an element of an ordered semigroup S. In view of (1), there is
a smallest left *-ideal £*(a) containing a and a smallest right *-ideal R*(a)
containing a. We call £*(a) (R*(a)) the principal left *-ideal (principal right
*-ideal). Now we give some alternative characterizations of these *-ideals.

Similar to [4 Lemma 1.7], we have:

LEMMA 1.7. Let S be an ordered semigroup and a € S. Then

(1) b € L*(a) if and only if there exist elements ag,ay,...,a, € S, T1,...%y,
€ S1, such that a = ag, b = a,, and (a;,v;a;—1) € L fori=1,2,... n.

(2) b € R*(a) if and only if there exist elements ag,a1,...,an € S, T1,...%y,
€ S1, such that a = ag, b = a,, and (a;,a;_17;) € R* fori=1,2,...,n.

COROLLARY 1.8. For elements a,b of an ordered semigroup S, we have
(1) aL™b if and only if L (a) = L*();
(2) aR*b if and only if R*(a) = R*(b).
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2. Ordered left PP monoids

Similar to left PP monoids and left [semi-] hereditary semigroup, an ordered
monoid S is called an ordered Ilpp monoid if all principal left ideals of S are
projective, that is, the S-subposet Sz is projective for all z € S (Note, however,
that Sz may not be an ordered ideal of the ordered monoid S.) and S is ordered
left [semi-] hereditary if all [finitely generated] left ideals of the semigroup S are
projective.

LeEmMMA 2.1. ([I9: Proposition 3.2]) Let A be an S-poset and a € A. Then the
following statements are equivalent:
(1) Sa is projective;
(2) There exists an element e € E(S) such that a = ea, and sa < ta implies
se < te for s, t € S;
(3) Sa = Se in S-Pos for some e € E(S).

PROPOSITION 2.2. An ordered monoid S is an ordered Ipp monoid if and only
if each R*-class contains an idempotent.

Proof. It is clear by Lemma 1.4. O

COROLLARY 2.3. An ordered monoid S is an ordered lpp monoid if and only if
for each element a in S there is an idempotent e in S such that R*(a) = eS.

Proof. We observe that for an idempotent e in any pomonoid S the right ideal
eS is a right *-ideal. For if a € eS, then a = ea. For any element b in R},
since R* C R*, we have b = eb. Thus R*(e) = eS. By Proposition 2.2, an
ordered monoid S is an ordered Ipp monoid if and only if for each element a in
S there is an idempotent e in S such that eR*a, and by Corollary 1.8, we have
the result. O

DEFINITION 2.1. Let A is an S-poset, a € A,e? = e € 9, a is called ordered
right e-cancellable if a = ea and sa < ta implies se < te for s,t € S.

From Lemma 1.4, we can get that a is ordered right e-cancellable if and only
if aR™e.
COROLLARY 2.4. S is an ordered lpp monoid if and only if for all a € S there
exists an idempotent e € S such that a is ordered right e-cancellable.

Let S be a regular ordered monoid. Then pomonoid S is an ordered Ipp
monoid. In fact, for any s € S, there exists t € S such that s = sts. Put e = st,
then e? = e € S and s = es. For p,q € S, if ps < ¢s, then pst < gst, that is,
pe < ge. Therefore S is an ordered [pp monoid.
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LEMMA 2.5. Let A be an S-poset and B be an S-subposet of A, €2 = e € S.
Then B = Se if and only if B is generated by an ordered right e-cancellable
element.

Proof. Let ¢: B — Se be an S-isomorphism with ¢~!(e) = a. Then ea =
ep~1(e) = ¢p71(e) = a, if sa < ta, then se = s¢p(a) = ¢(sa) < ¢(ta) = te. The
converse is obvious by Lemma 2.1. (]

LEMMA 2.6. ([18 Lemma 2.14)) All finitely generated S-subposets [all S-sub-
posets] of an S-poset A are semifree if and only if A satisfies the condition

(¢c) incomparable cyclic S-subposets of A are disjoint [and the A.C.C. for cyclic
S-subposets of A].

COROLLARY 2.7. All finitely generated left ideals [all left ideals] of a monoid S
are semifree if and only if S satisfies the condition

(¢c) incomparable principal left ideals of S are disjoint [and the A.C.C. for

principal left ideals of S].
We note that if an S-poset P is projective, then P = [] Se; where e? = e;
iel

€ S, i €I (see [19]), thus P is semifree. From Corollary 2.7, we have the
following theorem.

THEOREM 2.8. An ordered monoid S is left semi-hereditary [hereditary] if and
only if

(1) S is an ordered lpp monoid;

(2) incomparable principal left ideals of S are disjoint;

[((3) and the A.C.C. for principal left ideals of S].

COROLLARY 2.9. A commutative ordered monoid S is left semi-hereditary if and
only if all principal left ideals of S form a chain and every principal left ideal of
S is generated by an ordered right e-cancellable element for some e> =e € S.

COROLLARY 2.10. A commutative ordered monoid S is left hereditary if and
only if all left ideals of the monoid S are principal and each is generated by an
ordered right e-cancellable element, for some e?> =e € S.

3. Ordered left PP monoids with central idempotents

An ordered semigroup (T, -, <) is called an ordered semilattice if (T',-) is a
semilattice. An ordered semilattice I is said to be naturalif a < § <— aff =«
for all o, € I'. We note that an ordered semilattice may of course be not

natural.
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In this section we discuss ordered I[pp monoids with central idempotents.

LemMA 3.1. If idempotents of an ordered lpp monoid S commute, then for
each element a € S there is a unique idempotent e such that a is ordered right
e-cancellable.

An ordered Ipp monoid S is called ordered C-Ipp monoid if all idempotents
are central.

Note that if all idempotents of semigroup S commute, then they form a
semilattice with respect to the natural ordering.

Let S be an ordered C-Ipp monoid. For each idempotent e in S, put

Se =R, ={a€S: a is ordered right e-cancellable}.

THEOREM 3.2. Let S be an ordered C-lpp monoid and E the set of all idempo-
tents of S. Then S is a strong semilattice of ordered right cancellative monoids
Se (e € E). Furthermore, if S is an ordered left semi-hereditary [hereditary/
monotd, then

(1) F is a chain with a maximum element [an inversely well-ordered chain,
that is, E 1s a well-ordered chain and there exist a mazimum element in
every non-empty subset of EJ;

(2) if E has a zero z, then S, is left semi-hereditary [left hereditary] and if
e is a non-zero element of B then S. has its principal left ideals linearly
ordered [is an ordered principal left ideal monoid).

Proof. From Corollary 2.4, we see that S = J S. where F is the set of all
eckE
idempotents of S.

In view of Lemma 3.1, if e, f € E and e # f, then S, NSy = 0.

Let a € S, and b € Sy. We have ab = ea - fb = efab, if sab < tab, then
saf <taf,so sfa <tfa, consequently sfe < tfe. It follows that ab € S,y and
similarly ba € Sey.

If a,b € Se, then ab € S.. = S, that is, S, is an ordered subsemigroup of .S
with identity e. If ba < ca for a, b, c € Se, then be < ce, that is, b < c.

For each pair of e, f € I such that e X f, we define a map ¢f.: Sy — Se by
¢t.e(a) = ae, then it is easy to see that the map is well defined and an ordered
monoid morphism.

From the above proof we have ¢, . is the identity mapping of S, for every
ec kE.

Ife, f,g € E with e X f < g, then for a € 5, we have

Orepg.r(a) = @relaf) = afe =ae = py.(a).
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Thus S is a strong semilattice of ordered right cancellative monoids S, (e € E).

(1) Suppose that S is an ordered left semi-hereditary monoid. For e, f € E,
ef € SenSf, by Theorem 2.8, Se and Sf are comparable, say Se C Sf, then
e = sf for some s € S, so ef = e, that is, e < f. We note that e < 1 for any
e € E, hence FE is a chain with the maximum element 1. If S is an ordered left
hereditary monoid, then S satisfies the A.C.C. for principal left ideals of monoid
S, it follows that F is an inverse well-ordered chain.

(2) The proof is similarly to [5]. O

Note that there is no idempotent other than e in S,. In fact, if f2 = f € S,,
then fe = e by e-cancellation. On the other hand, ef = f since e is identity,
thus f =e.

Let I" be a natural ordered semilattice with identity. For every a € T', let .S,
be an ordered monoid (let the identity be e,) such that S, () Sz = 0 if o # B.
Assume that for each pair of elements o, 8 € I' with a < 3, there exists an
ordered monoid morphism g : Sg — S, satisfying:

(1) Ya,a = 1g, for each a € T}
(2) ©y,898,0 = Pvy,a for every o, 3,7 € I' such that « < 8 < .

Let S = |J Sa, define a multiplication “” and an order “<” on it by the rule
acl’
that: if ap € Sy, bg € S3,

aabs = Pa,ap(@a)ps,ap(bs),
o <bg <= a = and a, < @g,a(bg) in S,.

Then S is an ordered monoid, which is called strongly naturally ordered semi-
lattice of its ordered submonoids S, (a € T") (see [1], [3]).
For the converse of Theorem 3.2, we have the following theorem.

THEOREM 3.3. If S is strongly naturally ordered semilattice of its ordered right
cancellative submonoids S, (o € T'), then S is an ordered C-lpp monoid. Mo-
erover, if I has a zero (, let S¢ be left semi-hereditary [left semi-hereditary] and
if a is a non-zero element of I', let S, have its principal left ideals linearly or-
dered [be a principal left ideal monoid]. Then S is an ordered left semi-hereditary
[hereditary] monoid with central idempotents.

Proof. Suppose that aq is the identity of semilattice I'. Let a € S, say a € Sq,
then aeq, = Pa,aa0(@a)Pag,a00(€ay) = Pa,al@a)Pag,al(Cag) = Gata = aa = a,
this implies S is monoid and identity is the identity e,, of monoid Sy, .

Clearly, E(S) = {eo : « € T'}. From [5], we know that idempotents are
central.
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Let a € S,, then a = eqa. Now for every two elements s,t € S, say s € Sg,
t € S, with sa < ta, by the order we have fa < vy and sa < a4 (ta). Hence

©8,60(8)Pa,pala) = sa < Pra,pa(ta) = Oya,pa(Pryra()Paryala))
= ‘Pva,,@a(‘P“/,"/oc(t))Spva,Boc(SOoc,oc"/(a)) = ‘Pv,ﬁa(t)ﬂpa,ﬂa(a)v

that is, ©3,84(5)¢Ya,8a(a) < ©v.8a(t) Ya,sala). Since Ssq is ordered right can-
cellable, this gives @3 ga(s) < ¥y 8a(t), thus

@B,Ba(s)(pa,ﬁa<eo¢) < @7,,3(1@)9@1,604 (ea)a

that is, se, < te,. Therefore a is ordered right e,-cancellable and consequently
S is an ordered C-Ipp monoid. The residue of proof is similarly to [5]. O

Observe that if every R*-class has an idempotent, then so does every R*-class.
Hence the monoids in Theorem 3.2 and 3.3 are left abundant with central idem-
potents.

From Theorem 3.2 and Theorem 3.3, and noting that ¢y .(b) = be for e < f
in Theorem 3.2, we have

THEOREM 3.4. The following conditions are equivalent on an ordered monoid S':
(1) S is an ordered lpp [left semi-hereditary (hereditary)] monoid with central
idempotents satisfying:
(Va € Se)(VbE Sf)(ag b < e=<f and agbe),
where Se = {a € S: a is ordered right e-cancellable};
(2) there exists natural ordered semilattice I' such that S is a strong natural
ordered semilattice of ordered right cancellable monoids S, (o € T);

[(2) T is a chain with a maximum element (an inverse well-ordered chain), and
if T has a zero z, then S, be left semi-hereditary (left hereditary) and if
e is a non-zero element of I' then S, has its principal left ideals linearly
ordered (is an ordered principal left ideal monoid)].

Let S be a C-Ipp monoid, note that we also have the monoid S, to work with,
and therefore we can define an ordered relation on S as following

(VaGSe)(VbGSf)(aSb < e=c¢ef and a:be),

where S, = {a € S : a isright e-cancellable}. It is easy to see that monoid
S become an ordered monoid and e < f if and only if e < f for e, f € E(S5).
Let a € S, b € S, c € Sy for e, f,g € E(S). If ac < be, then eg = egfyg
and ac = bceg since ac € Sey, bc € Syy. By g-cancellable and ac = beeg,
we have ag = beg, thus ag = bgeg and eg = fg, therefore ag < bg, hence c
is ordered right g-cancellable. Thus S is an ordered C-Ipp monoid and ordered
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right e-cancellable coincides with right e-cancellable. From the above discussion,
we have:

COROLLARY 3.5. The monoid S is a C-lpp monoid if and only if S is a strong
semilattice of right cancellable monoids.

REFERENCES

[1] BLYTH, T. S.: Naturally ordered orthodox Dubreil-Jacotin semigroups, Comm. Algebra
20 (1992), 1167-1199.
2] BULMAN-FLEMING, S—MAHMOUDI, M.: The category of S-posets, Semigroup Fo-
rum 71 (2005), 443-461.
[3] CAO, Y.: Decompositions and pseudo-orders of ordered semigroups, Semigroup Forum
68 (2004), 177-185.
[4] FOUNTAIN, J. B.: Abundant semigroups, Proc. Lond. Math. Soc. (3) 44 (1982), 103-129.
[5] FOUNTAIN, J. B.: Right PP monoids with central idempotents, Semigroup Forum 13
(1977), 229-237.
[6] GUO, X.J.—SHUM, K. P.: A Structure theorem for perfect abundant semi-groups, Asian-
Eur. J. Math. 1 (2008), 69-76.
[7] GUO, X. J.—SHUM, K. P.—CHEN, W.: On left negatively ordered rpp semigroups, Int.
J. Pure Appl. Math. 32 (2006), 105-116.
[8] GUO, X. J.—SHUM, K. P—GUO, Y. Q.: Perfect rpp semigroups, Comm. Algebra 29
(2001), 2447-2459.
[9] GUO, Y. Q.—SHUM, K. P.—ZHU, P. Y.: The structure of left C-rpp semigroups, Semi-
groups Forum 50 (1995), 9-23.
KEHAYOPULU, N.: Note on Green’s relations in ordered semigroups, Math. Japon. 36
(1991), 211-214.
[11] KEHAYOPULU, N.: Ordered semigroups whose elements are separated by prime ideals,
Math. Slovaca 62 (2012), 417-424.
KEHAYOPULU, N.—TSINGELIS, M.: On left reqular and intra-reqular ordered semi-
groups, Math. Slovaca 64 (2014), 1123-1134.
KEHAYOPULU, N.—TSINGELIS, M.: On ordered semigroups which are semilattices of
left simple semigroups, Math. Slovaca 63 (2013), 411-416.
KEHAYOPULU, N.—TSINGELIS, M.: On separative ordered semigroups, Semigroup
Forum 56 (1998), 187-196.
[15] KILP, M.: Commutative monoids all of whose principal ideals are projective, Semigroup
Forum 6 (1973), 334-339.
[16] MARKI, L.—STEINFELD, O.: A generalization of Green’s relations in semigroups,
Semigroup Forum 7 (1974), 74-85.
[17] REN, X. M.—SHUM, K. P.: Structure theorem for right pp semigroups with left central
idempotents, Discuss Math. Gen. Algebra Appl. 20 (2000), 63—67.
[18] SHI, X. P.: Strongly flat and po-flat S-posets, Comm. Algebra 12 (2005), 4515-4531.
[19] SHI, X. P.—LIU, Z. K.—WANG, F. G.—BULMAN-FLEMING, S.: Indecomposable, pro-
jective and flat S-posets, Comm. Algebra 33 (2005), 235-251.
[20] SHUM, K. P.: Rpp semigroups, its generalizations and special subclasses. In: Adv. Alge-
bras Combin., World Sci. Publ., Hackensack, NJ, 2008, pp. 303—-334.

[10

[12

[13

[14

1367



XIAOPING SHI

[21] SHUM, K. P.—GUO, Y. Q.: Regular semigroups and their generalizations. In: Rings
Groups and Algebras. Lect. Notes Pure Appl. Math. 181, Dekker, New York, 1996,
pp. 181-226.

[22] SHUM, K. P—REN, X. M.: The structure of right C-rpp semigroups, Semigroup Forum
68 (2004), 280-292.

Received 11. 4. 2011 Department of Mathematics
Accepted 8. 8. 2012 Nanjing Forestry University
Nanjing 210037
P.R. CHINA

E-mail: xpshinj@gmail.com

1368



	Abstract
	0. Introduction
	1. The relations R*, L* in ordered semigroups
	2. Ordered left PP monoids
	3. Ordered left PP monoids with central idempotents
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldMT
    /ArialMT
    /Times
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
    /CZE ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [498.898 708.661]
>> setpagedevice




