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Abstract. We, first, characterize (m, n)-hyperideals of ordered semihypergroups in terms of its (m,0)-
hyperideals and (0, n)-hyperideals as well as minimality of (1, n)-hyperideals of ordered semihypergroups
in terms of its minimal (11, 0)-hyperideals and minimal (0, n)-hyperideals. Further characterization of (1, n)-
regular ordered semihypergroups in terms of its (im, 0)-hyperideals, (0, n)-hyperideals, (11, n)-hyperideals
and (m, n)-quasi-hyperideals is studied. After introducing relations 8B}, and @, on ordered semihyper-
groups, we prove that 8, C Q, and provide conditions for the equality to hold in this inclusion. Finally
we show that, in any ordered semihypergroups, Q, = H, and, in any (m, n)-hypersimple ordered semihy-
pergroup S, B), = @, = H), =S X S.

1. Introduction and Preliminaries

The notion of a hyperstructure by defining hypergroup was introduced by Marty [10] in 1934. The
beauty of hyperstructure is that after operating hyperoperation on two elements a set is obtained, while in
classical structures only element is obtained, which is the main reason for the researchers to attract towards
such type of structures. Thus the notion of algebraic hyperstructures is a generalization of classical notion
of algebraic structures. The concept of ordered semihypergroup was introduced by Heidari and Davvaz
in [4]. Thereafter it was studied by several authors. Davvaz et. al. [1, 2, 4, 11] studied some properties
of hyperideals, bi-hyperideals and quasi-hyperideals in ordered semihypergroups. As a generalization
of bi-ideals, Lajos [7] investigated semigroups by (m, n)-ideals. Further in [3], the notion of an (m, n)-
quasi-hyperideal was introduced by Hila et al. and they investigated characterizations and minimality of
(m, n)-quasi-hyperideals in semihypergroups.

Most of the results on bi-ideals of semigroups had been proved by S. Lajos. In [8], S. Lajos proved that
a non-empty subset B of a regular semigroup S is a bi-ideal of S if and only if there exist a right ideal R
and a left ideal L of S such that B = RL. In [5], Kehayopulu proved that a nonempty subset B of a regular
semihypergroup S is a bi-hyperideal of S if and only if it is represented in the form B = A o C for some right
hyperideal A and a left hyperideal C of S.

In this paper, we extend this result in the setting of (i1, n)-hyperideals of regular order semihypergroups.
We also characterize (m, n)-regular ordered semihypergroups by (i, n)-quasi-hyperideals. In the last section
of the paper, we introduce some relations 8, and Q, on ordered semihypergroups and prove that 8}, C Q..
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We also find conditions under which equality holds in the above inclusion. Thereafter charaterizations
of (m,n)-hypersimple ordered semihypergroups in terms of its (1, 0)-hyperideals, (0, n)-hyperideals and
(m, n)-quasi-hyperideals are studied. Finally we show that Q}, = H; in any ordered semihypergroup and
By =@, = H), =S xS in any (m, n)-hypersimple ordered semihypergroup S respectively.

A hyperoperation on a set S(# 0) isa map o : S X S = P*(S), where P*(S) denotes the power set of S
except {0}. Then (S, o) is a hypergroupoid. The image of the pair (z,0) in S X S is denoted by a o b.

A hypergroupoid (S, o) is called a semihypergroup if for all x1,xp,x3 € S

(x1 o Xz) O0X3 =X10 (X2 o .X'3).

Itmeansthat |J toxs= |J xjor

texjoxy TEXp0X3

For any Ty, T> € P*(S), we denote
T1 ] T2 = U tot.
teTy,t’eTy
Instead of {x;} o T7 and T o {x1} we shall write, in whatever follows, x; o T; and T o x3, respectively. We
shall write A” for Ao Ao Ao...o A (n-copies of A) in the sequel without further mention.

Definition 1.1. [4] Let < be an ordered relation on a set S(# 0). The triplet (S, o, <) is called an ordered semihyper-
group if (S, o) is a semihypergroup and (S, <) is a partially ordered set such that:

For every t1,ty,t € S, t1 < tp implies tj ot < thpotandtot) < tot, Heret; ot <ty ot means that for any
w € ty ot there exists w’ € tp o t such that w < w'.

Let S be an ordered semihypergroup. For a non-empty subset L of S, we denote (L] = {x € S| x <
I forsomel € L}. A subset K # 0 of S is called
(i) asubsemihypergroup of Sif Ko K C K;

(ii) anidempotent of S if K = (K o KJ;

(iii) a left (right)-hyperideal [2] of Sif So K C K(Ko S € K) and (K] C K;

(iv) an hyperideal of S if K is both a left-hyperideal and a right-hyperideal of S;

(v) abi-ideal of S if K is a subsemihypergroup of S, Ko H o K € K and (K] C K;

(vi) quasi-hyperideal of S if (Ko H] N (H o K] € K and (K] C K.

Definition 1.2. [9] A subsemihypergroup K of S is said to be an (m, n)-hyperideal of S if

(1) K" o So K" CK; and
(2) (K]CK.

Dually an (m,0)-hyperideal and an (0, n)-hyperideal of S are defined. The set of all (m,n) (resp.(m,0), (0,n))
-hyperideals of S shall be denoted, in whatever follows, by Ky ny(resp. Kooy, Kion))-

Definition 1.3. [6] A subsemihypergroup C of S is said to be an (m, n)-quasi-hyperideal of S if
(1) (C"oSIN(SoC" CC;and
(2) (C]cC

The set of all (1, n)-quasi-hyperideals of S shall be denoted, in whatever follows, by Cy,n). Clearly each
(m, n)-quasi-hyperideal of S is an (m, n)-hyperideal but the converse is not true in general.

Example 1.4. Let S = {u, v, w, x}. Define hyperoperation o and order < on S as follows:

o u v w X
u | {u,0} {u,v} {u,v} {u,0}
v | {u,0} {u,0} {u,v} {u,0}
w | {u,v} {u,v} {u,v} {v}
x | {wol {u,0}  {o} {w}

<={(u,u), (v,v), (w,w),(x,x), (u,v)}.
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The covering relation < and the figure of S are as follows;

<= {(w,0)}

Q

=

It is easy to check that K = {u,v, x} is (1,1)-hyperideal of S but not a (1,1)-quasi-hyperideal of S.

An ordered semihypergroup S is called regular (left-regular, right-regular) [2] if for each t € S, t €
(toSot](te(Sotot],te(totoSs]).

Let S be an ordered semihypergroup and A;, A, are subsets of £*(S). Then (1) (A1] o (A2] € (A1 0 A2]; (2)
((A1] o (A2]] = (A1 0 Az] = (A1 0 (A2]] = ((A1] 0 A2]; (B) (A1] U (A1] € (A1 U Az]; and (4) (A1 N A2] € (A1] N (Az].

Definition 1.5. [9] An element t of S is said to be an (m,n)-reqular ( (m,0)-reqular, (0, n)-reqular) element if
te(t"oSot"](te(t™oS],te(Sot"]). An ordered semihypergroup S is said to be (m,n)-reqular ((m, 0)-reqular,
(0, n)-regular) if each element of S is (m, n)-regqular ( (m,0)-regular, (0, n)-regular) or equivalently for each subset L
of S, LC(L™oSoL"][(LC(L™oS],LC(SoL"]).

Definition 1.6. [3] An ordered semihypergroup S is said to be hypersimple(resp. left hypersimple, right hypersimple)
if S does not contain any proper hyperideal(resp. left hyperideal, right hyperideal).

Definition 1.7. [9] An ordered semihypergroup S is said to be (m,n)-hypersimple ((m,0)-hypersimple, (0, n)-
hypersimple) if S dose not contain any proper (m, n)-hyperideal ((m, 0)-hyperideal, (0, n)-hyperideal).

Let S be an ordered semihypergroup and m, n be non-negative integers. Relations 8}, and Q);, were defined
in [6, 9] as follows:

B,
Q,
Where [Z]m,n/ [w]m,n € 7<(m,n)'

{(Z, w) €SXS| [Z]m,n = [w]m,n}
{(zzw) e SX S| [Z]q(m,n) = [w]q(m,n)}-

2. (m, n)-regularity

Throughout this paper S is an ordered semihypergroup until and unless otherwise specified and m, n €
z*.

Lemma 2.1. The following statements hold in (m, n)-reqular ordered semihypergroup S:

(1) Every (m,n)-hyperideal is an (m, n)-quasi-hyperideal of S;
(2) For every (m,n)-quasi-hyperideal C of S, C = (C" 0o S o C"].

Proof. (1). Let K be an (m, n)-hyperideal of S. Take any @ # T € (K™ o S]N (S o K"]. Then T € (K™ o S] and
T € (SoK"]. (m,n)-regularity of S givesT C (T" o SoT"] C ((K" 0 S])" 0 So((SoK"])"] C(K"oSoK"] C K.
Therefore (K™ o S] N (S o K"] € K. Hence K € Cy, -

(2). Obvious O

Theorem 2.2. [9] An ordered semihypergroup of S is (m,n)-regular if and only if D N K = (K™ o D"] for each
(m, 0)-hyperideal K and for each (0, n)-hyperideal D of S.
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Lemma 2.3. Let the ordered semihypergroup S is (m, n)-regular, then the (m, 0)-hyperideals and the (0, n)-hyperideals
of S are idempotent and for each (m, 0)-hyperideal K and each (0, n)-hyperideal D of S, (K o D] € Cp ).

Proof. Let K and D be (m, 0)-hyperideal and (0, n)-hyperideal of S. Therefore K" oS C K, SoD" C D. As S
is (m, n)-regular, we have
KC(K"0S0oK"=(K"o0SoK" oK]
C(K"oSoK" o (K™oSoK"]
=(K"o(So K”_l) oK™ o (SoK")]
C(K"oSoK"oS8]
C (KoK]
and
(KoK]C ((K"0S08"0(K"0oSoK"]
=(K"o(SoK"oK"™0oS0K"]
C(K"o 8]
C(K]=K
Therefore (K o K] = K. Similarly (D o D] = D. Since (KN D)" oSN (So (KND)"] € (K" oSN (SoD"] C

KINn (D] =KnND,wehave KND € Cy, ;- Therefore, by Theorem 2.1, (K" o D"] € Ciy ). As (Ko K] = Kand
, y (m,n)
(DoD]=D,(KoD]€Cup. O

By Lemma 2.3, we may rewrite Theorem 2.2 as follows:

Theorem 2.4. An ordered semihypergroup S is (m, n)-reqular if and only if DNK = (Ko D] for each (m, 0)-hyperideal
K and for each (0, n)-hyperideal D of S.

Let K # (0 be any subset of S. Then by [K],,» and [K]y(u,n), the (m, n)-hyperideal and the (m, n)-quasi-
hyperideal of S generated by a subset K of S are given by [6, 9] as follows:
m+n
(Kl =( U K'UK"oSoK"];
i=1
max{m,n} '

[Kl gt =( U KU (K™ o H] N (H o K)).

i=

Proposition 2.5. For each (m,n)-hyperideal A of (m,n)-regular ordered semihypergrop S, there exists (m,0)-
hyperideal K and (0, n)-hyperideal D of S such that A = (K o D].

Proof. Let A be an (m, n)-hyperideal of S. Then (A™ o S 0 A"] C A. As Sis (m, n)-regular, A C (A" o S0 A"].
Therefore A = (A" 0 S o A"] and also [A];,0 = (A" 0 S] = Kand [A]p,, = (S0 A"] = D. Thus

([Almo o [Alon]l = (A" 0S]o (S0 A"]] C (A" oS0 A" = A
and
A=(A"0S50A"]
=(((A"0So0A"])" 0 S0 A"]
=((A"0S50A"0o(A"0S0A"o...0 (A" 0So0A" oS0 A"]

m-times
C(A"o0S0A"0A"0S0A"0...0c A" 0S50 A" 0S0A"]
C(A"0S50S50A"]
=((A" o S]o(SoA"]]
=KoD.
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Proposition 2.6. Let K be any (m, 0)-hyperideal of a (m, n)-reqular ordered semihypergroup S and D € P*(S). Then
(K oD] e (]<(m,n)'

Proof. Let K be any (m, 0)-hyperideal of S and @ # D € S. Now

(Ko D])" o So((KoD])*
=(KoDJ]o(KoD]o...o(KoD]oSo(KoD]o(KoD]o...o(KoD]

m-times n-times

C(KoDoKoDo.oKoD]JoSo(KoDoKoDo. oKoD]J
C(KoD]oSo(SeD]

C(KoSoSo0SoD]

C(K"oSoD] (byLemma2.3)

C (Ko D].

Therefore (K o D] € Ky O

By Propositions 2.5 and 2.6, we have:

Theorem 2.7. Let A # (0 be a subset of an (m, n)-regular ordered semihypergroup S. Then A € Ky if and only
there exist (m, 0)-hyperideal K and (0, n)-hyperideal D of S such that A = (D o K].

Theorem 2.8. [9] Let A # (0 be any subset of S. Then

(1) (([ALna)" © S © ([Alnn)"| = (4" 0 S 0 A"]
@ (([Almo)™ o S] = (A" 0 S].
3 (So(Alow)"] = (SoA"]

Lemma 2.9. If S is an (m, n)-reqular ordered semihypergroup, then

(1) Foreachz € S, [Z]m,n = ([Z]m,O o [Z]O,n]/
(2) (A" oS]IN(SoA"]=(A"oSNSoA"].

Proof. (1). Lett € [z]yn. As S is (m,n)-regular, t € (" o S o t"]. By Theorem 2.7, t € (" o S o t"] C
(([2] )" 0So([2]mn)"] = (2" 0S0z"] = (2" o(Soz")oz] C (z"0S0z]. Sincez € [z]0,2"0S C ([2]n0)"0S C [2]mo-
As z € [z]on, 2" 0 S0z € [z]mp © [z]on. Therefore t € (" 0 So t"] C (2" 0 Soz] C ([z]mo © [z]ox]. Hence
(210 € ([2]m0 © [zlon]-

For the reverse inclusion, take any y € ([z]y0 © [z]ox]- Then y < w such that w € r o s for some r € [z];0
and s € [z]o,. Now the following cases may arise:
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Case 1. r € (z], where k € {1,2, ...,m} and s € (S 0 z"]. Then

ros
c @o(s0z"]
(@ oS0z ]o(s0z"]

((zmoSoz”]o(z"’oSoz”]o...o(zmoSoz”]]O(Soz”]

k-times

Q((zmoSoz"]o(zmoSoz"]o(z"’oSoz"]o...O(zmoSoz”]]o(Soz”]

k—2-times

C(Z"o0So0Z"]

c [Z]m,nr

as required.

Case 2. 7 € (z" o S]and s € (z], where k € {1,2, ..., m}. Similar to case 1.

Case3.re(z"oS]lands e (Soz"]. Thenros C (z"0S]o(Soz"] C(Z"0S50S502"] C (2" 0 Soz"] C [z]lmn, as
required.

Case 4. r € (z'] and s € (7], where p € {1,2,...,m} and g € {1,2,..,n}. Thenros C (z"]o (z7] C (zF 0 2] =

(Zp+q] - (([Z]m,n)p+q] Cc ([Z]m,n] = [Z]m,n, as required.

(2). Wehave (A" oSN SoA"] C (A" oS]N(SoA"]. For reverse inclusion, take any f € (A" o S]N(SoA"]. Then
te(A"oS]and t € (SoA"]. AsSis (m,n)-regular, t € (" 0o Sot"] C (A" o S])" 0So((SoA])"] € (A" oS0 A"].
Since (A" o So A"] € (A" o S] and (A" oS0 A"l C (S0 A"], (A" oS0 A"l C (A" oSN (S o A"]. Thus
te(Am"oSIN(SoA"]. Hence (A" oSNSo A"l =(A"oSIN(S0o A"]. O

Definition 2.10. An (m, n)-quasi-hyperideal C of S is said to be minimal if for each C' € Cyuy such that C' € C
implies C" = C.

Similarly, we may define a minimal (m, 0)-hyperideal and a minimal (0, n)-hyperideal of S. The set all
minimal (m, n)-hyperideals (minimal (11, 0) and (0, n)-hyperideals) of S shall be denoted, in whatever follows,

by M(m,n) (M(m,O) and M(O,n))-

Theorem 2.11. Let A # 0 be any subset of an (m, n)-regular ordered semihypergroup S. Then A € My yy if and
only if A = (K o D] for some K € M0y and D € M.

Proof. Let A € M(y,ny. Then for each z € A, [z]n = A. Thus, by Lemma 2.9, A = ([z]uo0 © [z]ox]. To
show that [z],,0 € M) take any K € M, 0) such that K C [z],0. As S is (m, n)-regular, by Theorem 2.4,
[2]soN[zlon = (Zlmo0[2lo,]. Again, by Theorem 2.4, (Ko[lo,] = KNIzlon € [2luwoN[zlon = (Zlmoo[2lon] = A.
By Proposition 2.6, (K o [z]o,n] € Kim,n. Since (K o [z]o] € A, by minimality of A, we have (Ko [z]px] = A
and [z]0 N [z]on = KN [z]on. Now since z € [z],,0 N [2]o, z € K N [z]o,, implying that z € K. So [z]m0 € K,
and, hence K = [z],,0. Thus [a],,0 € Mu,0). Similarly one may show that [z]o, € M.

Conversely assume that A = (K o D] for some K € M, 0) and C € M,y of S. By Theorem 2.11, we have
A € Kinm. To show that A € My, take any A’ € Ky, ») such that A” € A. Then (A" o S] € (A" o S] C
((KoeD])"oS] = ((KoD]o(KoD]o...o(KoD]oS] € (KoDoKoDo...oKoDoD] C (KoD] C ((K"oS0K"]oS] =
(K™0SoK"0S] € (K™oS] C (K] = K. As(A’™oS]is (m,0)-hyperideal of Sand K € M, ), we have (A" oS] = K.
Similarly (SoA""] = C. Now A = (KoD] = ((A’"0S]o(SoA’"]] = (A" 0S50S50A] C (A0S0 A" C (A'] = A'.
Hence A € Kinwy- O

Combining Theorems 2.4, 2.8 and 2.11 we have:
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Theorem 2.12. Let A # 0 be any subset of an (m, n)-regular ordered semihypergroup S. Then A € Muyy if and
only if A = KN D for some K € M0y and D € Mg ).

Remark 2.13. Inany ordered semihypergroup left[right]-hyperideals, bi-hyperideals and quasi-hyperideals are (m, 0)[ (0, n)]-
hyperideals, (m, n)-hyperideals and (m, n)-quasi-hyperideals respectively.

Lemma 2.14. Let S be any (m, n)-regular ordered semihypergroup. Then

(1) (m,0)-hyperideals [(0,n)-hyperideals] and right-hyperideals [left-hyperideals] coincide;
(2) (m,n)-hyperideals and bi-hyperideals coincide;
(3) (m,n)-quasi-hyperideals and quasi-hyperideals coincide.

Proof. (1). Let Kbe an (1, 0)-hyperideal of S. As Sis (m, n)-regular, KoS C ((K"0SoK"]oS] = (K"0S0K"0S] C
(K™ o S] € (K] = K. Thus K is a right hyperideal of S.
(2). Let D € K,y As Sis (m,n)-regular, DoSoD C (D" oSoD"|oSo(D"oSoD"|=(D"oS0D"]o
(S]o(D"oSoD" ] C(D"oSoD"oS50D™oSoD"] C(D"oSoD"] C (D] =D. Thus D is a bi-hyperideal of S.
(3). Let C € Cynuy. As Sis (m,n)-regular, (CoS]N(SoC C((C"oSoC"oS]IN(So(C"oS50C"]] =
(C"oSoC"oSIN(SoC"oSoC"C(C"oS]N(SoC"] € (C]=C. Thus Cis quasi-hyperideal of S.

Theorem 2.15. [6] Let K # () be any subset of S. Then

(1) ((IKlgmm)™ 0 S| = (K" o S];
@ (So ([Klynn)'] = (S0 k"]

Lemma 2.16. For m > 2 or n > 2, the ordered semihypergroup S is (m,n)-regular if and only if C = (C?] for each
Ce C(m,n)-

Proof. Let S be (m, n)-regular ordered semihypergroup and Q be any (1, n)-quasi-hyperideal of S. Then, by
Lemma 2.1, Q = (Q™ o H o Q"]. Now

= (C"oSo((C" oS0
C"oSo(C"oSo(C"o(C"oSoC"o..0(C"oSoC"]
C"oSo(C"oSoC"o(C"oSo0(C"0..0C"o0So(C"]
(C"oSoC"o(C"oSoC]

Reverse inclusion is obvious because C € Cy,,). Hence C = (C?].
Conversely assume that C = (C?] for each C € Cnn)- Take any element z € S. Then, as [z]you,n) € Conn),
we have

[Z]q(m,n) = ([Z]q(m,n) © [Z]q(m,n)]
= ([Z]q(m,n) o ([Z]q(m,n) © [Z]q(m,n)]]
= ([Z]q(m,n) o [Z]q(m,n) o [Z]q(m,n)]

)m+n+1]

= (([Z]q(m,n)
€ (([zlgmm)™ © S o ([z]g0mm)"]
C(Z"o0SoZ"].

Since z € [z]ygu,n), z € (2" 0 S 0 z"]. Hence S is (m, n)-regular. [J
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Corollary 2.17. For m > 2 or n > 2, the ordered semihypergroup S is (m, n)-regular if and only if B = (B2] for each
B e 7((-,"/7,).

The following example shows that the condition m > 2 or n > 2 in Lemma 2.16 and Corollary 2.17 is
necessary.

Example 2.18. Let H = {v, w, x, y, z}. Define hyperoperation o and order < on S as follows:

o | w X Y z
v | o a v v v
w | v {ow} v {v,y} v
x|v {v,z} {o,x} f{v,w} {vz}
v o o oy by i)
z |v {v,z v {v, x} v

<=1{(v,0), (w,w), (x, %), (z,2), (z,2), (0,w), (©v,%), (v, y), (v, 2)}
The covering relation < and the figure of S are as follows;
<= (@, w),(v,%), (v, y), (v, 2)}

w Yy z

X
o

0

Now (S, o, <) is a reqular ordered semihypergroup. It is easy to check that A = {v,z} is a bi-hyperideal as well as a
quasi-hyperideal of S but A # (A?].

Proposition 2.19. For m > 2 or n > 2, the ordered semihypergroup S is (m,n)-regular if and only if KN D =
(Ko DIN (D o K] for each K, D € K.

Proof. Let K, D € K. Then KND € Kp,n. So, by Corollary 2.17, KND = (KND)?*] = (KND)o(KND)] €
(Ko D]. Similarly KN D € (D o K]. Therefore KN D C (Ko D] N (D o K]. Now

(Ko D])y" e So((KoD])
=(KoD]o(KoDJ]o...o(KoD]oSo(KoD]o(KoDJ]o...o(KoD]

m-times n-times
=((KOD)o(KODOKODO...OKODOSOKODOKODO...OK)OD]

C(KoDoSoD]
=(KoD"oSo D"
C(KoD].

Therefore (K o D] € Kpny. Similarly (D o K] € Kpny. Therefore (Ko D] N (D o K] € Kiu,ny. Again, by
Corollary 2.17, (Ko D] N (Do K] = (Ko DIN (Do K])?)] € (Ko D]o (Do K] € ((Ko So D] C K. Similarly
((KoD]o(DoK]ZCD.Therefore (Ko DN (DoK]CKND.Hence KND = (Ko D]N(DoK].

Converse is obvious. [
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Theorem 2.20. Let m > 2 or n > 2). Then for any K, D, C € Kiy,n) such that (Ko D] N (D o K] € C implies K< C
or D € Cifand only if S is (m, n)-regular and Ky forms a chain.

Proof. To prove the direct part let z € S. Since [zls € Kiun and (([2lwn)?] € (([2]nn)?], by hypothesis,
[l  (([21a)?]- Now

(Iz10)?]
[zl © ([2)?]]
(2 © ()’
(12l n)*]

[z]nn

Il N

o
(
(
(

N

«hmnww“]
(([dmm)™ © S o (21"
((121)™ © ST o (([21n)"]]
:<z 0Soz" ]

IN

Since z € [z]y, = z € (2" 0 S 0 z"]. Hence S is (m, n)-regular. Next we show that K, ,) forms a chain. For
this take any Kj, Ky € Ku,n). By Proposition 2.19, K1 N K; = (Kj 0 K] N (K; o Ky]. Since Ky N Ky € Kipn,ny, by
hypothesis, K1 € K1 N K; or Ky € K3 N Ky. If Ky € Kj N Ky, then K; € K;. For the other case if K, € K; N Ky,
then K, C Kj, as required.

Conversely assume that for any K, D, C € K, such that (Ko D] N (D o K] € C. As S is (m, n)-regular,
by Proposition 2.19, KN D = (Ko D] N (D o K] € C. Now, by hypothesis, either K C D or D C K. Therefore
either KND =KorKND =D. Henceeither KCCorDCC. O

Theorem 2.21. [9] Let S be an ordered semihypergroup. Then
(1) Sis (m,0)-regular if and only if K = (K™ o S] V K € Kin,0),
(2) Sis (0, n)-regular if and only if D = (S o D"] ¥ D € Kio,n);
(3) Sis (m,n)-regqular if and only if L = (L™ o S o L"] ¥ L € K-

Theorem 2.22. An ordered semihypergroup S is (m, n)-regular if and only if BN L C (B™ o L"] for each B € Ky,n
and for each L € K ).

Proof. The statement is trivially true form =0 =n. If m = 0and n # 0 or m # 0 and n = 0, then the result
follows by Theorem 2.21. So, letm # 0, n # 0, B € Ky,ny and L € K{gny. As S is (m, n)-regular, we have

(BNL)
C((BNL)Y"oSo(BNL)"]
C(B"oSolL"]

C(B"ol]
=(B"o(LolL]] (by Lemma 2.3)
=(B"oLol]

C(B"oL".

Therefore BN L C (B™ o L"].
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Conversely assume that BN L € (B" o L"] for each B € K{;,» and for each L € K. Take any z € S. As
[z]nn € Kinmy and S € Ky, we have

[zl = [2lmn NS = (([z]mn)" © S"]  (by hypothesis)
C (([zlmn)" oSl =(z"oS]  (by Theorem 2.8).

Similarly [z]o,, € (S 0 2"]. As (z" 0 S§] € K,y and (S o 2] € Km,n), by hypothesis
{z} € [zl N [2lon € (2" 0 SIN (S 0 2"]
= (((" o S])" o (S0 2"])"]
C(Z"o0So07"].
Hence S is (m, n)-regular. [

Similarly one may prove the following:

Theorem 2.23. An ordered semihypergroup S is (m, n)-regular if and only if BN K C (B™ o K"] for each B € Ky,n
and for each K € Ky, ).

Theorem 2.24. An ordered semihypergroup S is (m, n)-regular if and only if CN L C (C™ o L"] for each C € Cp,n
and for each L € Ko ).

Proof. Statement follows by Theorem 2.22 because each (m, n)-quasi-hyperideal of S is an (m, n)-hyperideal
of S.

Conversely assume that CN L € (C™" o L"] for each C € C(y,ny and L € Ko ). Let z € S. As [z]ygu,n) € Cmpn)
and S is a (0, n)-hyperideal of S, we have

[Z]gomm = [2lmn O S = (([2lgmm)™ © S"]  (by hypothesis)
€ (([z]4mm)" © S] = (@™ o S] (by Theorem 2.15).

Similarly [z]o,, C (S 0 z"]. As (2" o S] € C,ny and (S o z"'] € Koy, by hypothesis, we have
{z} € [Zlgamm N [2lon € (2" 0 SIN(Soz"] = (((z" o S o ((Soz"])"] C (z" 0 Soz"].
Hence, S is (m, n)-regular. [
Similarly we may prove the following:

Theorem 2.25. An ordered semihypergroup S is (m, n)-regular if and only if C N K C (C™ o K"] for each C € Cp,n
and for each K € K, 0).

Theorem 2.26. An ordered semihypergroup S is (m, n)-reqular if and only if LN K = (K™ o L] N (K o L"] for each
Ke (}<(m,0) and L € 7((0,,1).

Proof. The statement is trivially true for m = 0 = n. If m # 0 and n = 0, then we have to show that S is
(m, 0)-regular if and only if K = (K" o 5] that follows directly by Theorem 2.17. Similarly when m = 0 and
n # 0, then the result follows by Theorem 2.21. So, letm # 0, n # 0, and take any K € K0y and L € K ). As
Sis (m, n)-regular, By Theorem 2.2 and Lemma 2.3, KNL = (K" oL"] = (K" oL]and KNL = (K" oL"] = (KoL"].
SoLNK=(K"oL]N(KoL"].

Conversely assume that L N K = (K" o L] N (K o L"] for each K € K(;,0) and L € Ko). Letz € S. As
[z]m,0 € Kimo) and S is a (0, n)-hyperideal of S, we have

[zlmo = [2lmo N S = (([z]m0)"™ © ST N ([z]lmo © S"] ~ (by hypothesis)
C (([z]m0)" 0 S] = (z" o S] (by Theorem 2.8).
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Similarly [z]o, € (S 0 2"]. As (2" 0 S] € Ki,0) and (S o z"] € Ko,4), by hypothesis, we have

[Z]m,O N [Z]O,n

C(Z"oSIN(Soz"]

= (" o SD™ o (Soz"]JN((z" o S]o ((Sez"'])"]
=((z"08S]o(z"0S]...(z" 0 S]o(S 0 2"]]

m-times

N((Z"oS]o(Soz']o(SozZ"]...(S0z2"]]

n-times

C((z"oS]o(z"o0S]...(z" 0 S]o(z" 0 Soz"]]

m—1-times

N((Z"oS0z"o(S0z"0(S0z2"]...(S0z"]]

n—1-times

C(Z"o0SoZ"].
Hence S is (m, n)-regular. [

Corollary 2.27. The following are equivallent in an ordered semihypergroup S:

(1) Sis (m,n)-reqular;

(2) BNL C (B™ o L"] for each B € Ku,ny and for each L € Ko );

(3) CNLC(C"oL"] foreach C € Cip,ny and for each L € Ko ),

(4) KN B C (K™ o B"] for each B € Kiy,ny and for each K € Kim,0);

(5) KN C < (K™ o C"] for each C € Cipny and for each K € Kiu0);

(6) LNK = (K™oL]N (Ko L"] for each K € Kiu,0) and for each L € Ko n).

3. Relations 8" and Q" in Ordered Semihypergroups

Definition 3.1. Let S be an ordered semihypergroup and m, n be non-negative integers. For any z,v € S, define a
relation 1 on S as follows:

(1) either z = v or
(2) ze (v oSov"]andv € (z" o SoZ"].

Lemma 3.2. The relation 1) is an equivalence relation on S.

Proof. 1 is clearly reflexive and symmetric. To show that 1) is transitive, suppose that (z,v) € nand (v, w) € 7.
If z=vorv=w,then we are done. If z # vand v # w, thenz € (v o0 Sov"],v € (z"0S0z"],v € (W" 0 Sow"]
and w € (v™ o S 0 v"]. Now

z€ (@ oSo?v"]C (" oSow"])" oSo((w"oSow"])'] C(w" oS ow"]

and
we @ oSo0v"|C(((z"oSo0z")"oSo((z"oSoz"])']C (2" 0Soz"].

It givesz € (w" o Sow"] and w € (z" o S 0 2"']. So we have (z, w) € n and 7 is transitive. Hence proved. [

Theorem 3.3. Letz,v € S. Then z n v if and only if [z]yun = [Olmn -
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Proof. Assume that z = v, then we are done. So, we assume that z # v. Then z € (v" o S 0 v"] and
veE(zZ"oSoz"]. Now forany i € {1,2,...,m + n}, we have
Z C((W" 0 Sov"))

=@"o0So0v" oW 0S0v"]...(v" 0 Sov"]

i-times
C@WoSov'ov"oSov](voSo0v"]o(v"oSov"]...(v" oS00

i—2-times
C(@W"oSov"o(@o0So0v"]o(@ o0Sov"]...(v" 0S5 o0v"]

i—2-times

=(@" o So?"].
) m+n m+n
Therefore z' C (v™ o Sov"] foreachi € {1,2,..,m+n}. So |J z' C (v"oSov"]. Thus (| z'] C (v o0 Sov"].
i=1 i=1
Alsoz"0Soz" C (" oSov"])" 0o So ((v o0 Sov"])" C (v" oS ov"]. Therefore
m+n )
[zlmn = (U Z2UzZ"0 850" C((0"0So0v"]U[@" 0Sov"]] C[v]yn-
i=1
Similarly [0]yx C [z]m- Hence [z]my = [0

Conversely assume that [z],,, = [0]n,. If z = v, then we are done. So assume that z # v. Then the
following cases may arise.

Casel.Ifz € (v" o Sov"]and v € (z o S 0 Z"], then by definition, (z,v) € 1.
Case 2. z € (0], where k € {1,2,...,m + n} and v € (z" 0 S 0 z"]. Now

ze (@] c (((z’” oSo z”])k]

:((z”’oh1 oz"'lo(zZ"ohoZ"o...0(Z" ol oz”]]

k-times

g((UmkOSOU"k]O(UkaSOZ}”k]o,,,o(vmkoSOUnk]]

k-times
C (" oSo?"].
Thus z 1 v.
Case 3. z € (v'] and v € (v] where p,q € {1,2,...,m + n}. Now z € (¢/] C (2] C @1 C (ZPT] C (PT]....
Choose an integer | > 0 such that p'*lg' > m +n+ 1. Thus z € (0" 0 S 0 v"]. Similarly v € (2" o S 0 z"]. Hence
zno.
Case 4. Ifz € (v 0 Sov"] and v € (zX], where k € {1,2, ..., m + n}.
ve (@ oSov")

:((vmoSOU”]o(vmoSov”]...(U'”oSov”]]

k-times

g((kaOSOan]O(kaosOznk],,,(zkaSOznk]]

k-times
C(Z"o0So0z"].

Thusvnz. 0O
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Definition 3.4. Let S be an ordered semihypergroup. Then for any z,v € S, define a relation C on S as follows:

(1) either z = v or
(2) ze (o S]N(Sov"and v e (2" o S] N (S o z"].

Lemma 3.5. The relation C is an equivalence relation on S.

Proof. Clearly C is reflexive and symmetric. To show transitivity, assume that (z,v) € Cand (v,c) € C. Ifz = v
or v = ¢, then we are done. So,letz # vand v # ¢, thenz € (v o S] N (S0 v"],v € (z" 0 S] N (S 0 z"] and
ve(™oSIN(Soc"],ce (v oSN (Soc"]. Now we have

z€@" oS C(((¢"oS])"oS]C(c"oS]
and
z€(Sov"]C(So((Soc"])"C(Soc"].
Thus z € (¢" 0 S]N (S o c"]. Similarly c € (z" o S]N (S o z"]. It implies that (z,¢) € C and Cis transitive. Hence
proved. O
Theorem 3.6. Let z,v € S. Then z C v if and only if [z]yuu,n) = [0]gemn)-

Proof. Assume that z = v, then we are done. So, we assume that z # v. Then z € (v o 5] N (S 0 v"] and
v € (Z" o S]N(Soz"]. It implies that z € (v" 0 S] N (S 0 v"'] C [0]y4u,n) and v € (2 o S] N (S © 2"'] C [z]y(m,n)- SO
[Z]q(m,n) - [U]q(m,n) and [v]q(m,n) c [Z]q(m,n)- Hence [Z]q(m,n) = [v]q(m,n)~

Conversely assume that [z]4u,n) = [0]gonn- If z = v, then we are done. So assume that z # v. Then the
following cases may arise:
Casel.Ifz € (v" o S]N(Sov"] and w € (z" o S] N (S o "], then by definition (z,v) € C.
Case 2. z € (v'], where k € {1,2, ..., max{m, n}} and v € (z" o S] N (S 0 2"].

z € (v"]
c (@ o5
=((@@"oSlo(z"0S]o...0(z" 0 5]]

k-times

C((vkaS]O(U’”kOS]O...O(v’"kOS]]

k-times

= ((U"’ 0" Mo S]o (0 08]o..o@o H]]

k—1-times

- ((U”’ 0 "™ 6 500" 0 S]o (@™ oSlo..0@W™ o S]]

k—2-times

C ((vm 0S]o (@™ o0Slo..o@W™ o S]]

k—2-times

C (@ o8]

Therefore z € (v" o S] and similarly z € (S0 v"]. So,z € (v™ 0 S]N (S 0 v"]. Thusz Cv.
Case 3. z € (v'] and v € (z7], where p, g € {1,2, ..., max{m, n}}. Now z € (¢/] C (z"7] C (@1 C (@7 C @T]....
Choose an integer ! > 0such thatp'*1g' > max{m, n}+1. Thusz € (v"0S]N(Sov"]. Similarly v € (z"oS]N(Soz"].
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Hence z C v.
Case4.Ifz € (v" 0 S| N(Sov"] and v € (z¥], where k € {1, 2, ..., max{m + n}}. Now

v e (ZF]
c ((@" o s)]
= ((vm 0Slo(@" o8Slo..o (V" oS]]

k-times

- ((ka 0S]o(z"™0S]o..o0 "o S]]

k-times

= ((z”’ 02" 6 8]0 (2" 0 8]o..o0 ("o S]]

k—1-times

= ((z’” 02" M6 802" 080 (2™ 0S]o..0(" 0 S]]

k—2-times

- ((z’” 0S]o(@z™o0S]o..0(@™ o S]]

k—2-times

C (2" o S].
Therefore v € (z o S]. Similarly v € (Soz"]. Thusz Cv. O
Remark 3.7. By Theorem 3.3 and Theorem 3.6, it is clear that, n = B}, and C = Q.

Lemma 3.8. Let S be an ordered semihypergroup. Then By, C Q.

5712

Proof. Let (z,w) € BI. Then [z]lnn = [Wlnu So {z} € [w]n, and {w} C [z],. Therefore (z" o S] C
([wlmn)™ o S] = (™ o S]and (S 0 2"] € (S o ([wln,x)"] = (S o w"]. Thus (z" 0 SN (S0 2"] C (W™ 0 SN (S o w"].

Now

[Z]q(m,n)
. <L{J] U (E" o SIn (o)
c (WxL{rj,n]([w]m,n)fl V("o SIN(S o) (because fz} € [wh)
il U (@™ o S]A (Sou™]) (3 (7 0] (S0 € (" 0 5] (5 o)
] (Uw"uw’” 0Sow U ((@" o SIN (S 0 w"])
i=1
& (Jtwhinm U (@l o 50 [lynm1U (@ 0510 (5 0 7))

i=1
= [wlgmm U ((([@]gnm)" © S| © ([@lgmm)" | U (@™ 0 ST N (S 0 w"])
= [wlymm U (0" 0 ] o ([@lgnn)"| U (@™ 0 STN (S0 w"]) (by Theorem 2.15)
]

= [ZU q(m,n) U (wm oSo ([w]q(m,n))n] U ((wm o S] N (S o w”])
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= [@lyon U (@ 0 (S o ([@lyn)"]] U (@" 0 SIN (S 0 "))

|
= [@lynn) U (0" o (Sow"|| U (@" 0 STN (Sow"]) (by Theorem 2.15)
|
|

= [w q(mn)u(w oSouw" ] ((meS]ﬂ(Sow”])
= [wlgon,n-

Similarly, as {w} C [z],,, one may show that [W]yumny S [Zlgumm- Thus [zlemn = (Wl ie. (z,w) € Q.
Hence 8}, € Q},, as required. [J

Lemma 3.9. [6] Let S be an order semihypergroup and a,b € S are Q-related. Then, (a" o S] = (0" 0 S], (Soa"] =
(Sob"and (@™ oSoa™]l =" oSob"].

Theorem 3.10. In an (m, n)-reqular ordered semihypergroup S, Q& = BI.

Proof. Let (a,x) € Q). Then [alyonn) = [X]gon,n it follows that {a} C [x]yonny and {x} C [alyonn). As (a,x) € Q).
So, by Lemma 2.4, (a" o Soa"] = (x™ o S 0o x"]. Now

m+n

[@lnn = (| Ja'Ua" oS 0a"]
i=1

m+n

c (U([x]qm,n))" Ua"oSoa'] (because {a} € [x],)

c ([x]q(m,n) Ua"oSo 11”]
= ([x]q(m,n)] U (am oSo a”]
= [x]gmm U (x" o Sox"] (asa™oSog"=x"oSox")

max{m,n}

=(J Au@ esinsox
i=1

- (U x'Ju ((xm 0S]lo(So x”]) (by Theorem 2.4)

m+n

= (UinmeSox”]
i=1
= [x]m,n-
Similarly [x]nx € [almn- SO [almn = [X]ms = (a,%) € BlL,. Thus Q}, € BY,. Hence, by Lemma 3.8, Q, = 8!, O

Proposition 3.11. If B, and B, are two (m, n)-regular By, -classes contained in the same Q},~class of ordered semihy-
pergroup S, then By = B,

Proof. Asxand y are (m, n)-regular elements of S, x € (x" o Sox"] and y € (y" o So y"]. So {x} C (x" 0 Sox"]
and {y} C (y" o Soy"] foreachi€ (1,2, -+ ,m+mn}. Thus U"x' C (x" 0 Sox™]and U{" y' C (y" 0 Soy™].
Therefore, [x]y, = (X" 0 S o x"] and [y]nn = (y" o S o y"]. Since x and y are contained in the same Q!},-class,
by Lemma 3.9, (x" o So x"] = (y" o S o y"]. So [x]mn = [y]m,n. Therefore xB},y. Hence, B, = B,. [

Proposition 3.12. Let S be an ordered semihypergroup. If

(1) Sis (m,0)-hypersimple, then Q!, = BL,.
(2) Sis (0, n)-hypersimple, then Q;;, = By,
(8) S is (m, n)-hypersimple, then Ql}, =
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Proof. (1). Let A € Kyn,n) and S be an (m, 0)-hypersimple. Since (A" o H] € K0, by hypothesis, (A" 0S5] = S.
Therefore (A" o SN (S0 A"] = (S0 A"] = (A" 0 S]o A"] = (A" 0 S0 A"] C (A] = A. Thus A € Ky, and so
each (m, n)-hyperideal of S is an (m, n)-quasi-hyperideal. Hence Q}, = Bj,.

(2). On the lines similar to the proof of (1), we may prove (2).

(3). Let S be an (m, n)-hypersimple ordered semihypergroup. Then there does not exists any proper
(m, n)-hyperideal and, thus, the only (1, n)-hyperideals are the (1, nn)-quasi-hyperideals. Hence each (1, n)-
hyperideal of S is an (m, n)-quasi-hyperideal. [

Theorem 3.13. [6] Let S be an ordered semihypergroup and C be an (m, n)-quasi-hyperideal of S. Then
(1) Foreachv € S, [0]youny = [0lmo N [0]o,n; and
(2) C=[Clumo N [Clon.

Theorem 3.14. Let S be an ordered semihypergroup. Then, Q) = H.

Proof. Let (v,v") € Q). Then, [0lyuun = [0']jmn. By Theorem 3.13 [v],0 N [0]on = [0']mo N[00 As
v € [0]mo N [0]o,n, we have v € [0']0 N[V ]on S [0 ]mo. Thus [0]0 € [0']moe. Similarly [0']0 S [0]mo- So
[0]m0 = [¢']mo. By the similar argument we also have [v]y,, = [v']o,». Hence (v,v") € H]} i.e. Q) € H]..

For the reverse inclusion, let (v,v") € H},. Therefore [v],0 = [0']mo and [v]on = [¢']o,n. Thus, [0]m0 N
[©lon = [©']mo N [©'lon. By Theorem 3.13 [0]ypnn) = [0'lgmm- Thus (v,v") € @. Hence H);, < @}, as
required. [

Theorem 3.15. An ordered semihypergroup S is (m, n)-hypersimple if and only if S is both (m, 0)-hpersimple and
(0, n)-hypersimple.

Proof. Assume that S is (m, n)-hypersimple. Take any (m,0)-hyperideal A of S. Clearly (A" o S 0 A"] C
(A™ o S] € A implies A is also an (m, n)-hyperideal of S. Hence A = Si.e. S is (m, 0)-hypersimple. Similarly
S is (0, n)-hypersimple.

Conversely assume that S is both (m,0) and (0, n)-hypersimple. Let A be any (m, n)-hyperideal of S.
Since (A" o S] and (S o A"] are (m,0) and (0, n)-hyperideals of S respectively, by assumption (A" o S] = S
and (S o A"] = S. Therefore (A" c S0 A"] = (S0 A"] =S5. As (A" oS0 A"l C A, wehave S C A. Hence S is
(m, n)-hypersimple. [

Proposition 3.16. An ordered semihypergroup S is (m, n)-hypersimple if and only if S is (m,n)-quasi-hypersimple.

Proof. Let S be (m,n)-hypersimple and C be any (m, n)-quasi-hyperideal of S. Clearly (C" o S o C"] C
(C" o S]N(SoC"] € Cimplies Cis an (m, n)-hyperideal of S. Since S is (m, n)-hypersimple, C = Sie. Sis
(m, n)-quasi-hypersimple.

Conversely assume that S is (m, n)-quasi-hypersimple. As each (m,0)-hyperideal (resp. each (0, 7)-
hyperideal) of S is an (m, n)-quasi-hyperideal of S, S is both (m, 0)-hypersimple and (0, n)-hypersimple.
Thus, by Theorem 3.15, S is (m, n)-hypersimple. [

Theorem 3.17. Let S be an ordered semihypergroup. If S is (m, n)-hypersimple, then
B, =Q, =H,; =5xS.

Proof. Firstly to show that B}, = S X S, take any v,v" € S. Then [v];,, and [v'],, are (m, n)-hyperideals of
S. (m,n)-hypersimplicity of S gives [v],,, = S and [¢V'],,,n = S. So we have [v],, = [V ]nn 1. (0,0") € By,
Hence 8], = Sx S.

Next to show that Q, = S x S, take any v,v’ € S. Since S is (m, n)-hypersimple, by Proposition 3.16, S is
also (m, n)-quasi-hypersimple and [0](u,n) , [0 ]4n,n) are (m, n)-quasi-hyperideals of S. It gives [0]yun = S
and [0’ ]ymn) = S. Thus [0]yen,n) = [0']gon,n) ie. (v,7") € Q). Hence @), = S x S.

Finally to show that H;, = S x S, take any v,v" € S. Then [v],,0 and [v'],0 are (m, 0)-hyperideals of S.
Since S is (m, n)-hypersimple, by Theorem 3.15, S is (m, 0)-hypersimple. Therefore [v],,0 = S and [¢'],,0 = S.
Thus [0]0 = [¢']mo ie. (v,0") € . Similarly (v,v") € .. Hence H: =SxS. O
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4. Conclusion

The main objective of the current paper is to characterize (m, n)-hyperideals in terms of (1, 0)-hyperideals
and (0, n)-hyperideals of ordered semihypergroups. We have also investigated the minimality of (m, n)-
hyperideals in terms of the minimality of (m, 0)-hyperideals and (0, n)-hyperideals of ordered semihyper-
groups. In this article we generalize the results for ordered semihypergroups proved earlier by S. Lajos
[8] for semigroups and by N. Kehayopulu [5] for semihypergroups. The characterization of (m, n)-regular
ordered semihypergroups in terms of (m, n)-quasi-hyperideals has also been studied. In the last section of
this paper we introduce some relations 8}, and Q, in ordered semihypergroups and look into their relation
in different class of ordered semihypergroups. To ennoble the understanding of the above relations we
prove that @, = H] in any ordered semihypergroups and 8, = Q/, = H], = SX S in any (m, n)-hypersimple
ordered semihypergroup S.
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