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1. INTRODUCTION

In his pioneering papers [1, 2], G. Birkhoff introduced the concept of the cardinal (i.e.,
direct) arithmetic of partially ordered sets and showed that it behaves analogously to
the arithmetic of natural numbers. In particular, he proved that for any given partially
ordered sets G, H and K, the following three laws are fulfilled (x and ] denote the
direct product, Y the direct sum and 2 the isomorphism of partially ordered sets):

(GHK = GHXK _ yhe first exponential law,

[Tic; GP = (T1;c; Gi)® - the second exponential law,

[Ie; GHi = GierHi (if H;, i € I, are pairwise disjoint) - the third exponential law.

Birkhoff’s arithmetic of ordered sets was generalized in [3]. Several authors then ex-
tended the cardinal arithmetics to relational systems - see e.g.[4, 5]. Conversely, the
cardinal arithmetics were restricted from relational systems to universal algebras in [6, 7],
to partial algebras in [8] and to hyperalgebras in [9, 10]. In the present paper, we continue
the study of direct arithmetic of hyperalgebras based on [10].
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The concept of good homomorphisms of hyperalgebras was introduced in [11] by re-
stricting the concept of strong homomorphisms of relational systems in [4] to hyperalge-
bras. In this paper, we study the subsystem of the direct power of hyperalgebras carried
by the set of all good homomorphisms. With respect to good homomorphisms, we find
conditions satisfying the weak first and the second exponential laws for direct power of
hyperalgebras. We focus especially on investigating the direct powers of algebras. The
results obained are generalizations of those of [7].

The concept of hyperalgebras was proved to be useful for many application in various
branches of mathematics and computer science (automata theory). This leads to a rapid
development of the theory of hyperalgebras since the beginning of 90’s of the last century-
see e.g. [12-14]. The aim of this paper is also to contribute to the development of the
theory of hyperalgebras by using good homomorphisms.

2. PRELIMINARIES

For any given sets G and H, we denote by G¥ the set of all mappings of H into G. It
is easy to see that there is a bijection a: GE*X — (GH)X (where x denotes the Cartesian
product) given by a(h)(y)(z) = h(z,y) whenever h € GH*K 1 ¢ H and y € K. The
bijection a will be called canonical.

Throughout the paper, a mapping f: G — H (G, H sets) will often be denoted as
indexed family (f;;i € G) where f; € H for every ¢ € G, so that f; means f(i) for every
1€ G.

While arities of hyperoperations are usually considered to be natural numbers, we
consider them to be arbitrary sets. Therefore, hyperalgebras are defined as follows. Let
Q be a nonempty set. A family 7 = (Kx; A € Q) of sets will be called a type. By a universal
hyperalgebra (briefly, a hyperalgebra) of type 7, we mean a pair G = (G, (px; A € Q)) where
G is a nonempty set, the so-called carrier of G, and py: G¥* — exp G ~ {0} is a map,
the so called Kx-ary hyperoperation on G, for every A € Q. Of course, if Ky = (), then
py is nothing but a nonempty subset of G. To avoid some nonwanted singularities, all
hyperalgebras G = (G, (px; A € Q)) are considered to have a type (Kx;A € Q) with
K, # 0 for every A € Q. A hyperalgebra G = (G, (px; A € Q)) with the property card
pa(zi3i € Ky) =1 for every A € Q and every (x;;i € Ky) € GX* is called a (universal)
algebra. In the case 7 = (K) where card K = 2, hyperalgebras of type 7 are usually called
hypergroupiods.

Given a hyperalgebra G = (G, (px; A € Q)) of type 7 = (K;A € Q), A € Q and a
family X;,i € K, of subsets of G, we put p)(X;;i € K)) = U{pa(zs;i € K)) | 2 € X;
for every i € K }.

Let H = (H, (gx; X € Q)),G = (G, (px; A € Q)) be a pair of hyperalgebras of type 7.
Then G is called a subhyperalgebra of H provided that G C H and py(z;i € Ky) =
qx(z;;1 € K)) whenever A € Q and z; € H for each i € K.

A map f: H— G is called a homomorphism of H into G if, for each A € Q, f(gx(z;;¢ €
Ky)) C pa(f(zi);i € Ky). A homomorphisms f of H into G is said to be a good
homomorphism of H into G if, for each A € Q, f(qr(zi;0 € K»)) = pa(f(z:);i € K)).
We denote by Hom(H, G) the set of all homomorphisms of H into G and GHom(H, G)
the set of all good homomorphisms of H into G. If f is a bijection of H onto G and a
good homomorphisms of H into G, then f is called an isomorphism of H onto G. In
other words, an isomorphism of H onto G is a bijection f: H — G such that f is a
homomorphism of H into G and f~! is a homomorphism of G into H. If there is an
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isomorphism of G onto H, then we write H = G and say that H and G are isomorphic.
We say that H may be embedded into G and write H < G if there exists a subhyperalgebra
G’ of G such that H = G'.

The direct product of a family G; = (Gi, (pi; A € Q)),i € I, of hyperalgebras of
type 7 = (Kx; A € Q) is the hyperalgebra [[,c; Gi = (I[;c; G, (ax; A € Q)) of type
7 where [],.; G denotes the Cartesian product and, for any A € Q and any (fi;k €
Ky) € ([Lier G, ax(fusk € Ky) = [Lic; PA(fi(@); k € K»). If the set I is finite, say
I ={1,...,m}, then we write Gy X ... X Gy, instead of [[,.; G;. If G; = G for every
i € I, then we write G instead of [];.; Gi.

The direct sum of a family G; = (G, (pi; A € Q)),i € I, of hyperalgebras of type
7 is the hyperalgebra > ,.; G; = (G, (qx; A € Q)) where, for every A € Q and every
(zi51 € Ky) € G qa(wisi € Ky\) = U pi(@i;i € Ky). If the set I is finite, say
I={1,...,m}, then we write Gy &... 8 G, instead of ), ; G;.

Let G = (G, (px; A € Q)) be a hyperalgebra of type 7 = (Kx; A € Q) and let \g € Q.
An element © € G is called an idempotent with respect to the hyperoperation p,, if
T € pao(mi;i € K),) whenever x; = x for every i € K,,. If every element of G is an
idempotent with respect to each hyperoperation py, A € €2, then the hyperalgebra G is
said to be idempotent.

3. DIRECT POWERS OF HYPERALGEBRAS

Generally, given a pair of hyperalgebras G, H, the subhyperalgebra K of the direct
product GH such that K = GHom(H, G) need not exist.

Example 3.1. Let H = ({1,2},q), G = ({a,b},p) be binary hyperalgebras and p, g are
given by the following tables:

q ‘ 1 2 P ‘ a b

1i{L2r {1} a|{ab} {a}

2 {1 {12} bf {a} {ab}

Let f:{1,2} — {a,b} be a map given by f(1) = a and f(2) = b and ¢: {1,2} —

{a,b} be a map given by g(1) = a and ¢(2) = a. Then f € GHom(H,G) and ¢(1) €
p(f(1), f(1)) and g(2) € p(f(2), f(2)). But, g ¢ GHom(H, G).

For hyperalgebras G, H, we give conditions for finding the subhyperalgebra GHom(H, G)
of the direct product G¥.

In the sequel, we work with K X L-matrices over G where K, L,G are nonempty
sets. These matrices are nothing but the maps z: K x L — G, i.e., the indexed sets
(xi5;1 € K,j € L) denoted briefly by (z;;).

Here we recall some definitions.

Definition 3.2 ([9]). A hyperalgebra (G, (pa; A € Q)) of type 7 = (K, A € ) is called
medial if, for every p,v € Q and every K, x K, -matrix (a;;) over G, from z; € p,(ai;;j €
K,) for each i € K, and y; € pu(a;j;i € K,,) for each j € K, it follows that p,(x;;4 €
Ky) = pulyssj € Ko).

Example 3.3. ([9]) Let (X, <) be a partially ordered set with a least element 0 and let
A be the set of all atoms of (X, <). Put 0/ = {0} and, for any x € X with = # 0, put
¥ ={ye X |y<zandye AU{0}}. Further, for any pair z,y € X put x xy = 2’ Ny’
Then (X, ) is a medial hyperalgebra of type (1,2). Indeed, it can easily be seen that,
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for any € X, we have a’ = {0} = b’ whenever a € 2’ and b € /. Further, for any
a,b,c,d € X, we have z xy = f % g whenever x € axb, y € cxd, f €Eaxcand g € bxd.
Finally, for any a,b € X, we have 2’ = y * 2 whenever x € axb, y € a’ and z € V.

Definition 3.4. Let H = (H, (¢gx; A € Q) and G = (G, (pa; A € Q)) be hyperalgebras
of the same type 7. We say that G is powerable by H if there exists a hyperalgebra
G°H = (GHom(H, G), (ryx; A € Q)) such that ry(fi;i € K)) = {f € GHom(H,G) |
f(z) € pa(fi(x);i € Kx)} whenever A € Q and (fi;i € K)) € (GHom(H, G))%*. The
hyperalgebra G°H is called the direct power of G and H.

It is easy to see that the direct power G°H of hyperalgebras of the same type is
idempotent whenever G is idempotent (and medial).

Example 3.5. Let H = ({a,b},q), G = ({1, 2,3}, p) be binary hyperalgebras and p, ¢ be
given by the following tables:

i enr | 2F (12 {12

b Aebh g ey ey
Let f1: {a,b} — {1,2,3} be a map given by fi(a) =1 and fi1(b) = 2 and f5: {a,b} —
{1,2,3} be a map given by fa(a) = 2 and f3(b) = 1. Then GHom(H, G) = {f1, f2}.
We have fi(z) € p(f;j(z), fu(x)) for any = € {a,b} and for any 4,j,k € {1,2}. Then
there exists a hyperalgebra G°H = (GHom(H, G),r) such that f; € r(f;, fx) for any
i,j,k € {1,2}. Thus G is powerable by H.

q
a
b

Example 3.6. Let H = ({a,b},q), G = ({1,2},p) be binary hyperalgebras and p, q be
given by the following tables:
q ‘ a b D ‘ 1 2
{a}  {a} L1y {1}
fa} {aby 2] {1} {12}
Let f: {a,b} = {1,2} be a map given by f(a) =1 and f(b) =2 and g: {a,b} — {1,2}
be a map given by g(a) =1 and g(b) = 1. Then GHom(H, G) = {f, g}. We have

f(x) € p(f(x), f(x)) for all z € {a, b},
9(x) € p(f(x),9(x)) for all z € {a,b},
g(x) € p(g(zx), f(x)) for all € {a,b}, and

9(x) € p(g(x), g(x)) for all x € {a, b}.
Then there exists a hyperalgebra G°H = (GHom(H, G),r) such that f € r(f, f),g €
r(f,9),9 €r(g,f),g9 € r(g,9). Thus G is powerable by H.

Theorem 3.7. Let H = (H, (qgx; A € Q)) and G = (G, (pa; A € Q)) be hyperalgebras of
the same type 7 and G be medial. Then G is powerable by H if and only if for every
(fi;i € Ky) € (GHom(H, G))5>| there exists a map f: H — G such that the following
two conditions are satisfied:
(i) f(z) € pA(fi(z);i € K\) for every x € H,
(1) flau(zs5i € Kpu)) = palfilau(z35 € Ku)ii € Ky) for every p € Q and for
every (zj;i € K,,) € HE».

Proof. Let A € Q and (fi;i € Ky) € (GHom(H, G))%»
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= Suppose that G is powerable by H. Let f: H — G be a map such that f(x)
pa(fi(z);i € K)) for every x € H. So we have f is a good homomorphism from
into G. Let p € Q and (zj;i € K,) € HS». We will show that f(q,(z;;j € K,))
pa(filgu(zj;d € K,)i € Ky). Let y € f(qu(zj;j € K,)). Then there exists z
qu(zj3j € K,) such that y = f(z). Since f € GHom(H,G), we have f(q.(z;;Jj
K,)) = pu(f(z;);7 € Ku)). As z € qu(zj;j € K,) and f; € GHom(H, G) for every
i € Ky, we have f;(z) € fi(qu(zj;7 € K.)) = pu(fi(z;);7 € K,,)) for every i € K. By
the definition of the map f, we have f(x;) € pa(fi(z;);i € K)) for every j € K. Since
G is medial, we have px(fi(2);i € K)\) = p.(f(z;);j € K,.)). Therefore,

mm Il Em

y=f(2) € flau(zj;j € Kp))
= pu(f(z;);j € Kp)
=pa(fi(2)ii € K)
Cpa(filgu(zy;j € Kpu)ii € Ky).

Hence, f(qu(zj;5 € Ku)) C pa(filgu(zs;i € Kpu)ii € Ky).

Let y € pa(fiqu(z;ij € Ku)yi € Kx) = U{pa(fi(zi)i1 € Kx);2i € qu(xjsj € Ky}
Then there exists z; € q,(x;;j € K,) for each i € K such that y € px(fi(z);i € K)).
As 2z € qu(zj;5 € Ky) and f; € GHom(H, G) for every i € Ky, we have f;j(z;) €
filgu(zj;5 € K,)) = pu(fi(z;);7 € K,,)) for every ¢ € K. By the definition of the
map f, we have f(x;) € pa(fi(z;);i € Ky) for every j € K\. As G is medial, we have
oa(fi(zi);1 € Kx) =pu(f(z;);5 € Ku)). Then we have

y € pa(fi(zi);i € Ky)
=pu(f(x;);5 € Kpu)
C flgu(zj;5 € Ku)).

Consequently, px(fi(qu(zj;7 € Ku);i € Kx) C f(qu(zj;j € Ku)).
< Let € Q and let f: H — G be a map such that the following two conditions are
satisfied:

(1) f(x) € pa(fi(x);i € K)) for every x € H,
(i) flgu(zj5i € Ku)) = palfilgu(zj;5 € Kp);i € Ky) for every p € Q and for
every (z;;i € K,,) € HEn,

We will show that f is a good homomorphism from H into G, i.e., f(qu(z;;j € K,,)) =
pu(f(x:);t € K,,). Let y € f(qu(x;;5 € K,,)). Then there exists z € ¢,(z;;j € K,,) such
that y = f(2). As z € qu(z;;5 € K,) and f; € GHom(H, G) for every i € K\, we have
fi(2) € filau(zj35 € K,)) =pu(fi(zj);j € Ku)) for every i € K. By the definition of the
map f, we have f(z;) € pA(fi(z;);i € K,) for every j € K and f(z) € pa(fi(2):i € K»).
Since G is medial, we have p(fi(2);i € Kx) = p,(f(x;);7 € K,,)). Therefore, y = f(z) €
pa(fi(2);i € Ky) = pu(f(z;);j € K,). Hence, f(qu(x;;7 € Kpu)) Cpu(f(z));5 € Kp)-
Lety € p.(f(x;);j € K,.). By the definition of the map f, we have f(z;) € pA(fi(z;);i €
K)) for every j € Ky. Since f; € GHom(H, G) for every i € K, we have f;(qu(z;;j €
K,)) =pu(fi(z;);5 € K,,)) forevery i € Kx. As G is medial, we have px(fi(2;);i € Ky) =
pu(f(z;);5 € K,)) such that f(z) € pu(f(x;);7 € K,) for some z; € q,(z;;5 € K,,) for
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each i € K. Therefore
Yy € pulflz));j € Kp)
=pa(fi(zi);i € K)
Coa(filgu(zy;j € Kpu)ii € Ky)
=pA(f(qu(zj55 € Kyu)).
Consequently, p,(f(x;);j € K.) C flau(zj;j € Ku)).
n

Theorem 3.8. Let G,H be hyperalgebras of the same type. If G is medial and G is
powerable by H, then G°H is medial, too.

Proof. Let H = (H, (qx; ) € Q)), G = (G, (px; X € Q)), GE = (GHom(H, G), (r\; A €
D)), p,v € Q and let (f;;) be a K, x K,-matrix over GHom(H,G). Suppose that
hi € r,(fij;7 € K,) for all i € K,, and g; € r,(fij;¢ € K,) for all j € K,. For every
x € H, we have h;(x) € p,(fij(x);j € K,) for all i € K, and g;(x) € p,(fij(z);i € K,)
for all j € K,. Since G is medial, we have p,(hi(z);i € K,) = p,(gj(x);j € K,) for
every x € H. Therefore, 7, (h;;i € K,,) =7,(hj;j € K,), so that G°H is medial. [

Theorem 3.9 and Theorem 3.10 can be proved by using a similar way as in Theorem
3.7.

Theorem 3.9. Let G,H, K be hyperalgebras of the same type, H x K = (H x K, (vy; A €
2)) and G = (G, (pa; A € Q). If G is medial, then G is powerable by H x K if and only
if for every (fi;i € Ky) € (GHom(H x K, G))%*, there exists a map f: H x K — G
such that the following two conditions are satisfied:
(1) f(z,y) € palfi(z,y);i € K») for everyx € H andy € K,
(1) f(ou((z5,95):5 € Kp)) = palfilvu((z5, ;)15 € Kp)ii € Kx) for every p € Q
and for every ((x;,y;);i € K,,) € (H x K)u.
Theorem 3.10. Let G,H, K be hyperalgebras of the same type, K = (K, (sx; A € Q)),
GH = (GHom(H, G), (rx; A € Q). If G is medial and G is powerable by H, then G°H
is powerable by K if and only if (fi;i € Ky) € (GHom(K, G*H))Ex | there exists a map
f: K — GHom(H, G) such that the following two conditions are satisfied:
(1) f(x) err(fi(z);i € Ky) for every xz € K,
(i) f(su(zj55 € Ku)) = ralfi(su(zjij € Ku)ii € Ky) for every pn € Q and for
every (x;3i € K,) € KXn,
Theorem 3.11. Let G,H,K be hyperalgebras of the same type. If G is medial, G
is powerable by H, G is powerable by H x K, G°H s powerable by K and H, K are

idempotent, then
G<>(H><K) < (GOH)OK.

Proof. Let H = (H, (gx; X € Q)),G = (G, (py; A € Q)),K = (K, (s\; A € Q)), GH =
(GHom(H, G), (r; A € Q)), HxK = (Hx K, (vx; A € Q)), (GH)™ = (GHom (K, G*H),
(tu A €Q), G = (GHom(H x K, G), (ux; A € Q)).

We define a map ¢ : GHom(H x K, G) - GHom(K, G°H) by ¢(g)(2)(y) = g(y, 2)
whenever g € GHom(H x K, G), z€ Z and y € H.

Let g € GHom(H x K, G). We will show that ¢(g)(z) € GHom(H, G) for each z € K,
e, o(9)(2)(palyi;i € Ky)) = pale(9)(2)(yi);i € Ky) for each z € K and each A € Q.
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Let z€ K, A€ Q, and f € p(g9)(2)(gr(ys;¢ € Ky)). Then there exists y € gx(yi;7 € K»)
such that f = ¢(g)(2)(y). Since K is idempotent, we have (y,z) € vx((y;, 2);¢ € K)).
Consequently, g(y, 2z) € g(va((y:,2);1 € K))). As g is a good homomorphism, we have
g(ua((yi, 2);1 € Kx) = pal9(yi,2);i € Ky). Since f = ¢(9)(2)(y) = g(y,z), we have
f€pa(gyi, 2)ii € Ky). Thus, ¢(9)(2)(ax(yisi € Ki)) € pale(9)(2)(yi)i1 € Ki).

Let f € pa(e(9)(2)(y:);i € Ky). Then f € pa(g(yi,2));i € K»). Now, as g is a good
homomorphism, it follows that py(g(yi, 2);7 € Kx) = g(va((yi, 2);7 € K))). Then there
exists (y,2) € va((ys,2);1 € Ky) such that f = g(y, 2). Therefore, f = p(g)(2)(y) such
that y € qx(yisi € Kx)). Thus f € ¢(g)(2)(gr(yisi € Ky)). Hence pa(p(g)(2)(y:);i €
K») C o(9)(2)(gr(yi;i € Ky)). Consequently, p(g)(z) € GHom(H, G) for each z € K.

Next, we will show that p(g) € GHom(K,G°H). Let g € GHom(H x K, G), X € Q,
and z; € K for every i € K. We will show that ¢(g)(sx(zi;i € K))) = rale(g9)(zi);i €
K)).

Let f € p(g)(sa(zi;i € Ky)). Then there exists z € sy(z;;1 € Ky) such that f =
©(g)(z). Since H is idempotent, we have (y, z) € va((y, 2;); i € K) for each y € H. Since
g € GHom(H x K, G), we have g(y,z) € g(va((y,2:);1 € Kx)) = pa(9(y, z);i € Ky)
for each y € H. It follows that f(y) = ¢©(9)(2)(y) € pr(w(9)(z:)(y);i € K)) for each
y € H, and hence f = ¢(g)(z) € ra(p(9)(2i);i € Ky). Therefore, p(sx(zi;1 € Ky) C
ra(p(9)(zi);i € Ki).

Let f € ra(e(g)(zi);i € Kx). Then f(y) € palp(g9)(z:)(y);i € Ky) for each y € H.
Hence f(y) € pa(g(y,z:);i € K)) for each y € H. Now, as g is a good homomorphism,
it follows that px(g(y,z:);7 € Kx) = g(va((y,2:);7 € K))) for each y € H. Then there
exists (y,z) € va((y, z);4 € Ky) such that f(y) = g(y,z) for each y € H. Therefore,
) = ¢(9)(2)(y) such that z € sx(z;;7 € K)) for each y € H. Then f = ¢(g)(z) €
o(9)(52(zi11 € Kn)). Thus m2(p(9)(20)s7 € K») C plg)(sx(2x71 € K)). Consequently,
o(g) € GHom(K, G°H),

Next, we will show that ¢ is a homomorphisms. Let A € Q and f € p(ux(g:;7 € K»)).
Then there exists g € ux(g;;¢ € Ky) such that f = ¢(g). Since g € ux(gi;i € Ky)), we
have g(y, z) € pa(gi(y, 2);i € Ky)) for every (y,z) € H x K, which implies p(g)(2)(y) €
pa(e(9:)(2)(y);i € K)) for every y € H and every z € K. It follows that ¢(g)(z) €
ra(e(gi)(2);i € K)) for every z € K. Therefore, f = ¢(g) € tx(p(gi);i € K)). Then
P(ur(giii € Kx)) S tale(g:)ii € Kx).

Finally, we will show that ¢ is an injection. Let ¢(g1) = ¢(g2) for a pair g1,92 €
GHom(H xK, G). Then ¢(g1)(2) = ¢(g2)(z) for every z € K and we have ¢(g1)(2)(y) =
©(g2)(2)(y) for every z € K and y € H. Hence g1(y, z) = g2(y, z) for every (y,2) € Hx K.
Thus, g1 = g2 and we have shown that ¢ is an injection.

Therefore ¢ is an embedding of G°H*X) into (GH)°K and the proof is complete. m

Theorem 3.12. Let G; = (G4, (pi; A € Q)),i € I, be a family of hyperalgebras of type
T = (KA € Q), [Lie; Gi = ([Lic; Gi, (ra; A € Q)), and let H be a hyperalgebra of
type 7. If Gy is medial for every i € I, then [[;c; Gy is powerable by H if and only if
(fesk € Ky\) € (GHom(H, [[;c; G;))**, there exists a map f: H — [[,c; G; such that
the following two conditions are satisfied:

(1) f(x) erx(fr(x);k € Ky) for every x € H,
(i) f(su(zj55 € Ku)) = ra(fu(su(zs; ) € Ku)ik € Ky) for every pn € Q and for
every (x;;i € K,,) € HEx.

i€l
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Proof. Since G; is medial for every i € I, we have [[,.; G; is medial. We can prove the
statement by using the same arguments as in Theorem 3.7. [

Theorem 3.13. Let G; = (G, (pi; A € Q)),i € I, be a family of hyperalgebras of type
7= (Kx; A € Q) and let H be a hyperalgebra of type 7. If G; is medial , G; is powerable
by H for every i € I and [[,.; Gi is powerable by H then

[Te*=q]c)™

iel i€l
Proof. Let H=(H, (qgx; A € 0)), [L;e; Gi=[1;c; Gi, (ra; A € Q)), GIH=(GHom(H, G;),
(WA € Q) for every i € I, [[;,c; G = (I[,c; GHom(H, G;), (sx;A € Q) and
(I,es Go)*¥ = (GHom(H, [T, Go). (tx: A € ).

We define amap ov: [[,c; GHom(H, G;) = (IT;e; Gi)" by a(f i € I)(2)=(f'(2); i €
I) for each (f*; i € I) € [[,c; GHom(H,G;) and each z € H. Let (f*; i € I) €
[I,c; GHom(H,G;) and X\ € Q. We will show that a(f*; i € I)(ga(zj;5 € Ky)) =
rala(fs i€ I)(x);5 € Kx). Let h € a(f% i € I)(ga(zj;5 € Ky)). Then h = a(f*; i €
I)(z) where = € g\(zj;j € K)). Thus, h = a(f%i € I)(z) = (fi(z);i € I). Since z €
an(x;37 € K)\) and f' € Hom(H, G;) for every i € I, we have fi(x) € pi(fi(z;);j € K))
for every i € I. Thus, h = (fi(x);i € I) € rA((fi(zj);i € I);5 € Ky) = rala(f’; i €
I)(ﬂ)ﬂj);j € K)). Consequently, a(f’s i € I)(ga(z;3j € K))) C rala(f’; i € I)(2;);j €
Ky,

Let h € ra(a(f's i € I)(x;);j € Kx) = ra((f*(2;);i € 1);5 € K)\). Then h = (h';i € I)
such that h' € px(fi(z;);j € K)) for every i € I. Since f' € GHom(H, G;), we have
pA(fi(x;);5 € K)) = figr(zj;j € K))) for every i € I. Therefore h = (h%;i € I) €
(f'(an(zy55 € Kn)yi € I) = a(f' i € I)(an(zj55 € Ky)). Thus ra(a(fs i € I)(x5);7 €
Ky\) C a(f' i€ I)(g(z;;5 € K»)). Therefore, o f*; i € I) € GHom(H,[],.; G ) We
have shown that o maps [[,.; GHom(H, G;) into GHom(H [Lic; Gio)-

Further, we define a map ¢: GHom(H, [[;,c; Gi) — [[;c; GHom(H, G;) by ¢(f) =
(pri - f;i € I) whenever f € GHom(H,[[,.; Gi) where pri: [[,c; Gi — G is the i-th

projection for every i € I. It may easily be seen that ¢(f) € [[,c; GHom(H, G;) and

-1
el =a

Finally, we will show that a(sx((f}; i € I);j € Ky)) = ta(a(f}; i € I);j € K»)
whenever X € Q and (f}; i € I) € [[;,c; GHom(H,G;). It is easy to see that the

following conditions are equivalent:
(a) fea(sk(( ji i€ 1)) € K)));
(b) f (f’zEI)where(szEI)es)\((ZzEI)jGK)\);
(c) f( ) = (f'(z);i € I) for every x € H and f*(z) € p}(fi(z);j € K))
for every i € I and for every x € H;
(e) f(x) = (fi(z)ii € I) era((fi(x); i € I);j € K) for every x € H;
(f) f(z) e rala(f}; i € I)(x);j € Ky) for every x € H;

(8) fetrlalfl; ie)jeK)).
Consequently, [T;c; GI* = ([T;c; Gi)™. n

Definition 3.14 ([9]). A hyperalgebra (G, (px; A € Q)) of type 7 is called diagonal if, for
every A € Q and every Ky x Ky-matrix (a;;) over G, we have

pa(Pa(aij;j € Ky)yi € Ky))) Npa(palaij;i € Ky);j € Ky) C palai;i € Ky).

iel

i€l
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Example 3.15. (1) It may easily be seen that the hyperalgebra from Example 3.3 is
diagonal.

(2) For any point (zg,yo) of the real plane R X R, put (zo,y0)” = {(z,y) € R X R |
x <zo,y <yo} (ie., (zo,y0)" is the left lower quarter of R x R with the vertex (zo, yo)).
Further, for any pair (z1,y1), (22, y2) of points of R x R put (x1,y1)* (z2,y2) = (x1,y2)".
Then (R X R, x) is a diagonal hypergroupoid.

Theorem 3.16. Let G, H be hyperalgebras of the same type and G be powerable by H.
If G is medial and diagonal, then G°H is diagonal.

Proof. Let H = (H,(qgx; A € Q)), G = (G, (px; A € Q)), GH = (GHom(H, G), (rx; ) €
V), A € Q and let (f;;) be a Ky x Ky-matrix over GHom(H, G). Suppose that f €
ra(ra(fijsd € Ka)ii € Kx) Nra(ra(fijsi € Ka);j € Kx). Then f(z) € pa(pa(fij(2):j €
K));i € Ky)) Npapa(fij(z);i € Ky);j € Ky) for every « € H. Since G is diagonal, we
have f(z) € pa(fii(z);i € K)) for every x € H. Thus, f € 7\(fii;i € K»). Hence, G°H
is diagonal. [

Theorem 3.17. Let H = (H,(g\; A € Q)), G = (G, (px; A € Q)) be hyperalgebras of the
same type T = (Kx; A € Q) and let G be powerable by H and G°® = (GHom(H, G),
(ra; A € Q). If G be medial and diagonal, then for any A € Q, any (fi;i € K)) €
(GHom(H,G))%5>, and any f € GHom(H,G), f € r\(fi;i € K) implies f(qx(zi;i €
K))) Cpalfi(wi)si € Ky) for every (vi3i € Ky) € H.

Proof. Let A € Q, (fi;i € K)) € (Hom(H,G))5*, f € Hom(H, G), and let f € ry(fi;i €
K)). Let (x;;i € K,) € HX* and suppose that y € f(gx(z;;i € K))). Then there exists
x € ga(z;;i € Ky) such that y = f(x). Thus, we have f(z;) € pa(fi(x;);i € K)) for
each i € K and f(x) € pa(fi(z);i € K)). Since f; is a good homomorphism, we
get fi(x) € pa(fj(xs);i € Ky) for each j € K. Hence, the diagonality of G implies
f(x) € pa(fi(wi);i € Ky). L]

4. DIRECT POWERS OF ALGEBRAS

Next, we will restrict the concept of power discussed in the previous section for hyper-
algebras to algebras. The hyperalgebras G = (G, (px; A € Q)) of type 7 = (Kx\; A € Q)
having the property that card py(x;;i € K)) = 1 for every A € Q and every (z;;i € K)) €
GX> are nothing but the usual algebras.

Let H= (H,(qgx; ) € 2)),G = (G, (pr; A € Q)) be a pair of algebras of type 7. Then
G is called a subalgebra of H provided that it is a subhyperalgebra of H. Since the good
homomorphisms between algebras coincide with the usual homomorphism of algebras, we
write Hom(H, G) instead of GHom(H, G).

Clearly, the direct product of a family G; = (G, (pi; A € Q)),4 € I, of algebras of type
T = (Kx; A € Q) is the algebra [[,.; Gi = ([[;c; Gi, (gx; A € Q)) of type 7 where [ [, ; G
denotes the Cartesian product and, for any A € Q and any (fi; k € Kx) € ([1,e; Gi)**,
ax(fisk € Kx\) = [Lie; pA(fr(i); k € Ky).

Let G = (G, (pa; X € Q)) be an algebra of type 7 = (Ky; A € Q) and let A\g € Q. An
element = € G is called an idempotent with respect to the operation py, if © = py, (x4 €
K,) whenever x; = x for every i € K,. If every element of G is an idempotent with
respect to each operation py, A € 0, then the algebra G is said to be idempotent.

Let G = (G, (pa; A € Q)) be an algebra of type 7 = (K, A € Q). Cleary, G is



1074 Thai J. Math. Vol. 20 (2022) /N. Phrommarat and S. Leeratanavalee

medial if and only if for every p,v € Q and every K, x K,-matrix (a;;) over G,
pu(pulaij;j € Kusi € Ky) = py(pulaiy;i € Ku);j € Ky).

G is called diagonal if, for every A € Q and every K x Kj-matrix (a;;) over G and
x € G, we have px(pa(a;j;7 € Ki)ji € Ky)) = pa(pa(aj;t € Ky);j € Ky) =z and it
follows that py(ai;i € Ky)) = .

The medial algebras are often called commutative or the algebras satisfying the inter-
change law and they were dealt with in [15]. For idempotent algebras with one finitary
operation, the diagonality introduced coincides with the diagonality which was studied in

[7]-

Example 4.1. (a) Obviously, if G is a nonvoid set and if p : G — G is a constant
map or projection, then (G, p) is a medial and diagonal n-ary algebra. Let us consider all
the binary operations p on the set {1,2,3} for which the groupoid ({1, 2,3}, p) is medial
and diagonal: these are the three constant operations, the two projections, the six binary
operations given by the following tables

1 2 3 1 2 3 1 2 3
111 1 1 111 1 1 111 1 1
212 2 2 213 3 3 212 2 2
312 2 2 313 3 3 31 1 1

1 2 3 1 2 3 1 2 3
111 1 1 112 2 2 113 3 3
211 1 1 213 3 3 212 2 2
313 3 3 313 3 3 313 3 3

and the six dual operations.(Binary operations p,q on set G is said to be dual if

p(z,y) = q(y,z) for all 2,y € G.)

(b) Clearly, a groupoid G = (G,p) is a medial and diagonal if and only if it is a
semigroup with xyz = xz whenever x,y,z € G. Idempotent and diagonal groupoids are
called rectangular bands.

As a consequence of Theorem 3.7 and the definition of the direct power of hyperal-
gebras, we get that for any algebras H and G of the same type 7, G medial, there is a
subalgebra of the direct product G¥ whose carrier is Hom(H, G). Therefore, we get the
following proposition:

Proposition 4.2. Let H and G be algebras of the same type 7 and G be medial. Then
G°H = (Hom(H, G), (rx; A € Q)) where r\(fi;i € Kx)(x) = pa(fi(z);i € K)) whenever
r € H, N€Q and (fi;i € K)\) € (Hom(H, G))¥x.

By Theorem 3.8 and Theorem 3.16, we get the following theorem.
Theorem 4.3. Let G, H be algebras of the same type. If G is medial and diagonal, then
50 is GH,

As a consequence of Theorem 3.13, we get

Theorem 4.4. Let G; = (G, (pi; A € Q)),i € I, be a family of algebras of type T =
(Kx; A € Q) and let H be an algebra of type 7. If G, is medial for every i € I, then

[Te*=(q[ay™

i€l iel
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By Theorem 3.7, we immediately have the following theorem.

Theorem 4.5. Let G,H, K be algebras of the same type. If G is medial and H, K are
idempotent, then
Go(HxK) < (GOH)QK.

By Theorem 3.17, we get the following theorem.

Theorem 4.6. Let H = (H,(qx; )\ € Q)), G = (G, (px; X € Q)), GH = (Hom(H, G),
(ra; A € Q)) be algebras of the same type T = (Kx; A € Q) and let G be medial and diag-
onal. Then any \ € Q, any (fi;i € Ky) € (Hom(H,G))%>, and any f € Hom(H,G),
f = ra(firi € Ky) implies f(qr(zii € K))) = pa(fi(zi);i € K)) for any (2550 € K)\) €
H*>.

Theorem 4.7. Let G,H, K be algebras of the same type. If G is both medial and diagonal
and H K are idempotent, then

Go(HxK) ~ (GOH)QK.

Proof. Let H = (H, (g\; A € Q)),G = (G, (py; A € Q)),K = (K, (sx; ) € Q)), GH =
(Hom(H, G), (rx; A € Q)), HOK = (HxK, (vy; A € Q)), (GE)E = (Hom(K,GH), (tx; ) €
Q)), GE*K = (Hom(H x K, G), (ux; A € Q)) and let G be diagonal and medial.

We will show that the canonical bijection a: (GH)X — GH*X restricted to Hom(K, GH)
is a bijection of Hom(K,GH) onto Hom(H x K,G). Let A € Q, h € Hom(K,GH)
and let (y;,2;) € H x K for every i € K. To show that a(h)(va((y:,2:);i € K))) =
PA(@(R) (i, 2005 € K), let alh)(y, 2) = () (ox (i, )5 € K)) where (y, 2) = v (3, 20)5 €
K)). Thus, y = q\(yi;;i € K») and z = s,(2;;i € K)). Since h € Hom(K, GH), we have
h(z) = rx(h(2;);i € Ky). By Theorem 4.6, we get h(z)(y) = px(h(2z;)(y:);i € K)) because
y = qx(yi;i € K)) and G is diagonal. Thus a(h)(y, z) = pr(a(h(ys, zi);i € Ky)). We
have shown that a(h) € Hom(H x K, G).

We will show that « is a homomorphism. Let a(h) = a(tx(h;i € K))) such that
h =1tx(hi;i € Ky). Since h = ty(hi;i € Ky), we have h(z) = ra(h;(2);i € Ky)) for every
z € K. Therefore, h(z)(y) = pa(hi(2)(y);i € K)) for every y € H. Then a(h)(y,z) €
pa(a(hy)(y,2);i € K)) for every (y,z) € H x K. Hence, a(h) = ux(a(h;);i € K)).
Thus, a(tx(hi;i € Ky)) = ux(a(h;);i € Ky). We have shown that a(ty(hi;i € Ky)) =
ux(a(hy);i € Ky).

By Theorem 3.11 and Theorem 4.5, it may easily be seen that « is an isomorphism
with =1 = a, i.e., GOHXK) == (GoH )oK, L]
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