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Abstract

The aim of this paper is to investigate general hyperstructures
construction of which is based on ideas of A.D. Nezhad and R.S.
Hashemi. Concept of general hyperstructures considered by the above
mentioned authors is generalized on the case of hyperstructures with
hyperoperations of countable arity. Specifications of treated concepts
to examples from various fields of the mathematical sturctures theory
are also included.
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1 Preliminaries

A resent book [7] contains a wealth of applications of hyperstructure the-
ory developed since 1934, see [20]. There are applications to the following
subjects: geometry, hypergraphs, binary relations, lattices, fuzzy sets and
rough sets, automata, cryptography, combinatoric, codes, artificial intelli-
gence, and probability. In section 2 and 3 we give some basic definition and
then, we consider three types of actions. In section 4 we present some ap-
plications. In section 5 there are described some applications of formerly
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investigated hyperstructures and corrected certain mistake from [14]. There
is a connection between automata and dynamical systems realized by infi-
nite automata without outputs and discrete dynamical systems.They are also
shortly called as action of semigroups or groups on a given phase (or state)
set. In connection with non-deterministic automata or with multifunctions
(relations) on algebraic structures and topological spaces seems to be natural
to investigate actions of multistructures on sets of various objects. Various
generalizations of the above mentioned classical concepts are possible. Some
motivating factors are coming from the general system theory [11, 23]; one
illustrating example below is just based on the concept of a general time
system. In [8 9] there are investigated various binary relation and hyper-
structures.

Notice, the binary relation on a binary hyperstructure, e.g. on a semihy-
pergroup, are quite natural created by inner translations.

We use [1, 3, 7, 10, 21, 22, 26] for terminology and notations which are
not define here. We suppose that the reader is familiar with some well-known
notation such as presentation in hyperstructure theory. The following facts
are some definitions and propositions in the theory of hyperstructure which
we need for formulation of our results and in the proofs of the main results.
For x from an ordered set H we denote by [x). = {y € H | x < y} the upper
end generated by z. -

The following lemma is called Ends Lemma.

Lemma 1.1. [3, 6, 24, 25] Let (H,o, <) be an ordered semigroup. Let axb =
l[aob)< for any a,b € H. The following conditions are equivalent:

1) For any pair a,b € H there exists a pair ¢,d € H such that b o ¢ < a,
cod<a.

2) A hypergroupoid (H,*) associated with (H,o,<) satisfies the associa-
tivity law and the reproduction axioms, i.e., (H,*) is a hypergroup.

Dually we can define the Beginnings Lemma:

Lemma 1.2. [6] Let (H,o,<) be an ordered semigroup. Let a xb = (a o b)<
for any a,b € H. The following conditions are equivalent:

1) For any pair a,b € H there exists a pair ¢,d € H such that b o ¢ > a,
cod>a.

2) A hypergroupoid (H,*) associated with (H,o,<) satisfies the associa-
tiity law and the reproduction azioms, i.e., (H,*) is a hypergroup.
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Quasi-order hypergroups have been introduced and studied by J. Chvalina.
The following definition can be found e.g. in [7, 12, 24].

Definition 1.1. A hypergroup (H,*) such that the following condition are
satisfied:

1) a€a®>=a® foranya € H,

2) axb=a>Ub* for any pair a,b € H 1is called a quasi-order hypergroup.
If moreover the unique square root condition:

3) a,b e H, a®> = b* implies a = b
is satisfied then (H,x) is called an order hypergroup.

Definition 1.2. [19] A hypergroup (G,x) is called a transposition hyper-
group if it satisfies the transposition axiom: For all a,b,c,d € G the relation
b\anec/d#0 impliesaxdNbxc# 0.

The sets b\ a = {x € Gla € bxx},c/d = {x € G|c € x xd} are called left
and right extensions, respectively.

Definition 1.3. [15, 16, 17] Let X be a set, (G,®) be a (semi)hypergroup
and m: X Xx G — X a mapping such that

n(m(z,t),s) € m(x,tes), where n(z,tes)={n(z,u);uctes)} (1)

for each v € X, s,t € G. Then (X,G, ) is called a discrete transformation
(semi)hypergroup or an action of the (semi)hypergroup G on the phase set
X. The mapping 7 s usually said to be simply an action.

Remark 1.1. [16] The condition (1) used above is called Generalized Mixed
Associativity Condition, shortly GMAC.

2 General hyperstuctures and w-hyper-
structures

Throughout this paper, the symbol X, Y will denote two non-empty sets,
where P*(X UY') denotes the set of all non-empty subsets of X UY.

A general hyperstructure is formed by two non-empty sets X, Y together
with a hyperoperation

x: X XY — P*(XUY), (z,y)—xxyC(XUY)ND.
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Remark 2.1. A general hyperoperation * : X x Y — P*(X UY) yields a
map of powersets determined by this hyperoperation.  Thus the map
®: P (X)x P*(Y) — P*(XUY) is defined by A B= |J axb.
a€AbEB
Conversely an general hyperoperation on P*(X) x P*(Y) yields a general
hyperoperation on X x Y, defined by = xy = {2z} ® {y}.
In the above definition if AC X, BCY, z € X, y €Y, then we define,

A*y:A*{y}:Ua*y, x*B:{a:}*B:Ua:*b,

acA beB

A®B= U ax*b.

acA,beB

Remark 2.2. [f X =Y = H, then we obtain the classical hyperstructure
theory. The concept of general hyperstructure with a hyperoperation which is
a mapping

x: X XY — P (XUY)

mentioned above (used by A.D. Nezhad and R.S. Hashemi) allows straight-
forward generalization onto case of “hyperoperation of an arbitrary finite
arity ” or direct generalization to hyperoperation of countable arity.

Let us define the general w-hyperstructure:

Definition 2.1. Let w be the smallest infinite countable ordinal. As usually,

we consider the smallest infinite ordinal w as the set of all smaller ordi-

nals, i.e. as the domain of all finite ordinals (non-negative integers). Let

{Xy; k € w} be a system of non-empty sets. By an general w-hyperstructure

we mean the pair ({Xp;k € w},*,), where x,: [[ Xi — P*(U Xk> is
kew kew

a mapping assigning to any sequence {Titrew € [[ Xk a non-empty subset

o ({Thtrew) € U Xi. hew

kew

Similarly as above, with this hyperoperation there is associated a mapping

of power sets
@ [P (x0) =P (U %)

kew kew

defined by

Qu ({ Ak }rew) = U{*w ({zrtrew); {zrtren) € H Ak}~

kew

Let us formulate the special case:
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Definition 2.2. [13] Let n € w be an arbitrary positive integer, n > 1. Let
{Xi;k = 1,...,n} be a system of non-empty sets. By a general n-hyper-
structure we mean the pair

{ Xk k=1,...,n},%,),
n n
where *,: [] Xp — P*(U Xk> 1S a mapping assigning to any n-tuple
k=1 k=1

(x1,...,2,) € [[ Xk a non-empty subset *,(z,...,2,) C J Xi.
k=1 k=1

Similarly as above, with this hyperoperation there is associated a mapping

of power sets
k=1 k=1

defined by

(A, ..., Ap) = U{*n(xl, coy )i (w1, ) € ﬁAk}

This construction is based on an idea of Nezhad and Hashemi for n = 2.

Hyperstructures with n-ary hyperoperations are investigated among others
in [2, 27].

Definition 2.3. Let G, (w) = ({Xy; k € w}, %), Ga(w) = ({Yis k € w},0,),
be a pair of general w-hyperstructures. By a good homomorphism
H: G,(w) — Gy(w) we mean any system of mappings H = {hy: Xy — Yi}
such that the following diagram is commutative:

[1X, —— P (U X)

kew

I | |+ (D1)
[ —— P(UY)

kew
Here [] hi({z}kew) = {h.(v,)}rew for any sequence {z,}re, and
kew
¢ P (U Xi) — P*(U Yi) is the lifting of a mapping ¢: J Xp — U Y&
kew kEw kew kew

defined by the mathematical induction. For x € X, we put ¢(x) = hy(x).

k k k
Suppose ¢: |J X; — | Y] is well-defined. Then for any » € X, ,\ U X
. ~ =0

7=0 7=0

7
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we put o(x) = hy,,(z). Then using mathematical induction the mapping
v: U Xk — U Yx is well-defined.

kew kew
If all mappings hy € H are bijections (or isomorphism if all Hy, Y} are

endowed with some structures) we call the H the isomorphism of w- hyper-
structures Gy (w), Go(w).

3 (General w-hyperstructures created by or-
dered sets and by differential operators

As a certain generalization of the general n-hyperstructure from [13],
Example 3.2, we will construct the following structure:

Example 3.1. Consider a countable system of pairwise disjoint ordered sets
(Xk, <), k € w and for x € Xy, let us denote [x), = {y € Xp;x < y}, i.e.
[x)x is the principal end generated by the element x within the ordered set
(Xk, <g). Further, put

so ({2 hhew) = ([0

kew

for any sequence *,, ({xk}kew) € [[ Xx. Then *w({%}kew) C U Xy, thus
kw kew

Gw) = ({Xk; k € w}, %)

is a general w-hyperstructure in the sense of the above definition.
IfH(w) = ({Yi; k € w}, e,) is a general w-hyperstructure such that (Yy, Z),
k € w are pairwise disjoint ordered sets and

.w({yk}kEw) = U[yk)k C U Yk

kew k€Ew

for any sequence {y, }rew € [] Yi we consider a system hy: (X, <p) —
kew

(Yi,=k), k € w, of strongly isotone mappings, i.e. for any x € X}, there
holds hy, ([zx)r) = [hk(ack))k Then denoting H = {hy.: Xy, — Yk € w}
we obtain that H is a good homomorphism of the general w-hyperstructure;
G(w) into the general w-hyperstructure H(w).

Indeed, consider an arbitrary sequence {zx, }rew € [] Xi. As above denote
k€w

by o 77*( U Xk)—> P*(U Yi) the lifting of the mapping p: U Xi — U Ya

kEw kEw kEw kEw
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induced by the system {hy: X, — Yi;k € w}—here in such a way that

©| Xy = hi.. Then for any sequence {x, }rew € [[ Xk we have
kew

p(rmhies)) = o(Ul) = U ellone) = U b (o)

— U [P (1)) = o ({1 (2),) brew)
= e, (H hy ({xk}kew)) )

i.e. pox, =e,o0 [[ hg, thus the diagram
kew

X —= P*(U Xk)

I | |+ (D2)
v — P*(U Yk>

kew

15 commutative.
From the above example there follows immediately the following assertion.

Proposition 3.1. Let (X,,<,), (Y., =,), k € w, be two countable collections
of pairwise disjoint ordered sets and G(w), H(w) be the corresponding w-
general hyperstructures. Suppose (Xg, <) = (Yi, =k) for each k € w and
hi: ( Xk, <p) — (Yi,=k) are corresponding order-isomorphisms. Then we
have G(w) = H(w).

Example 3.2. Let J C R be an open interval, C*(J) be the ring (with
respect to usual addition and multiplication of functions) of all real functions
f:J — R with continuous derivatives up to the order n > 0 including.
Denote

L(p07p17 s 7pn—1): (Cn(J) - Cn(‘])
the linear differential operator defined by

d"y(x)

L(po,pys -y Pn-1)(y) = " ips($> d*y(z)

dxs

dx»

where y € C*(J) and ps € C*(J), s = 0,1,...,n — 1. In accordance with
[4, 5] we put

9
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Instead of L(pyg,D11,---+P1n1) we write L(py). We put L(py) < L(p2)
whenever

L(p;) = L(pj70,...,pj’n71), j =12, plys(x) < pzﬁs(x), s=0,1,....n —1,
x € J and po(x) = pyo(x). Defining

s (L)), L(a), - L(B)) = (JAL() € LAL(T); L() < L(P)}

for any n-tuple (L(p,) )y L(py)) € TI LAL(J) we obtain that
k=1
L(n) =({LAy(J); k = ., n}, %) is a general n-hyperstructure.

Of course, LA (J) I8 the set of all first-order linear differential operators
of the form L(po)(y) = v'(x) + po(x)y, where py € C(J) and y € C*(J).
BEvidently LA;(J) N ILAk( ) = 0 whenever j # k.

It is to be noted that if k,m € {1,2,..., n} are fixed different integers then
setting X = LA, (J), Y = LA,,(J) we obtain from the above construction
an example of a general hyperstructure in sense of Nezhad and Hashemi. If,
moreover X =Y = LA, (J) then the resulting general hyperstructure is an

order hypergroup of linear differential n-order operators in the sense of [3],
chap. IV, or [4, 5].

Theorem 3.1. Let w be the smallest infinite countable ordinal, J C R be an

open interval. If
_ (H La(J), %, P (| LAk(J)))

kew kew
is the general w-hyperstructure of ordinary linear differential operators and
W) = (H V() 00 P (L VAk(J)))
kew kEw

is the general w-hyperstructure of solution spaces of linear ordinary homoge-
neous differential equations associated with L(J;w). Then we have

L(J;w) = S(J;w),

i.e. in the commutative diagram

[1 L) — P( U Law())

e [# (D3)
[T VAK() === P (U Var())

kcw kew
arrows [] @, ©* are bijections.
kew

10
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Proof. By [4, 5] we have ®;: LA,(J) — VA(J) is a group-isomorphism
for any k € w thus [[ ®x: [[ LAx(J) — [] VAL(J) is a bijection. Since

kew kew kew
{LA,(J);k € w}, {VA(J);k € w} are pairwise disjoint families we have
that the mapping ¢: |J LAL(J) — |J VAg(J) such that p|LAg(J) = P,

kew kew

k € w is a well-defined bijection hence the bijection 73*( U LAk(J)> —

kew

73*< U VA, (J )) is also well-defined.

kew
Now, for an arbitrary sequence {L, }ncw € [] LAk(J) we obtain that
kew

L (( H (I)Ic){Ln}HEw> = .w{(pn (L")}new = ‘w{Vn}nEw =

kew

= @(*w{(br:l(Ln)}n€w> = @ﬁ(*w{[’n}neaz)»

since the hyperoperation “e,” is associated with the hyperoperation “x,” .

Therefore the diagram D3 in the Theorem 3.1 is commutative. [

Let {(Sk, <k)ik € w} be a system of quasi-ordered semigroups. Define
a mapping ©,: [[ Sk — P*( U Sk) by the rule

kew kew

<>w<x17"'7xn):: LJ[xi)Sk
kew
for any sequence {z }reomega € [[ Sk. Then the general w-hyperstructure is

kEw
called the general w-hyperstructure determined by the Ends Lemma or shortly

EL-determined general w-hyperstructure.

Corollary of Theorem 3.1
Let w be the smallest infinite countable ordinal, w # 0, J C R be an

open interval. Let LFL(J;n) = <H LAg(J), #,, P* (U LAk(J))> be the
kew kew

EL-determined general w-hyperstructure of all linear ordinary differential

operators of all orders k € w.

Let SPL(J;n) = <H VAL(J), %0, P* (U VAk(J))) be the EL-determined
kew

kEw
general w-hyperstructure of solutions of homogeneous linear ordinary differ-

ential equations Ly = 0, L € |J LA, (J). Then LEE(J;n) = SFL(J;n).
kew
In the above construction we can use a finite sequence of positive inte-

gers {my, m,,...,m,} and then define the w-hyperoperation ®,, ({$k}kew) =

U [z™)<, for any w sequence {zy }rew € [ Sk-
kew kew

11
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4 General R-hyperstuctures (or L-hyper-
stuctures)

In the paper [13], due to ideas of Nezhad and Hashemi, there are consid-
ered General R-hyperstuctures (or L-hyperstuctures) in the following sense.
A general Right hyperstructure (or Left-hyperstructure) consist of two non-
empty sets X, Y together with a hyperoperation:

g X XY — P*(X) or 1, X XY — P(Y)
(z,y) = zxry C X, (,y) =z, y CY.

To be more precise a general Right hyperstructure (or Left hyperstructure)
is the quadruple (X,Y,P*(X),*g) or (X,Y,P*(X), ), shortly general R-
hyperstructure or general L-hyperstructure.

The set of points Yrz = {x*y : y € Y} that can be reached from a given
point x € X by the R-hyperoperation of two non-empty sets X,Y, is called
the R-hyperorbit of x.

If Yrxr = X for all x € X. Then the set Y is said to be R-hypertransitive
on Y. If Yrx = {x}. Then z is called a R-hyperfixed point to the R-
hyperoperation. The set {y € Y : x gy = {z}}, is called R-hyperisotopy
set at x.

Example 4.1. Let X # () be an arbitrary set, f: X — X be a mapping,
i.e. the pair (X, f) is a monounary algebra. Put' Y = N (the set of all
positive integers) and define *2: X xY — PYX) by the rule x *é n =
{f*(x);k € Nyn < k}. Then the quadruple (X,Y, P*(X),*]};) is a general
Right hyperstructure, i.e. R-hyperstructure. (Here, f* is the k-th iteration
of f)

Example 4.2. Let T be a linearly ordered set (i.e. a chain) with the least
element. Then T is called a time scale or time axis. Suppose A # () # B are
arbitrary sets and S is a binary relation between sets of mappings (impulses)
AT BT, de. S C AT x BT. Then the triad (AT, BT,S) is called a general
time system with input space AT, the output space BT and with input-output
relation (or the transition relation) S—cf.[23]. Now, denote X = AT, Y =
BT and define ¥7: X x Y — P*(Y) by z %7 y = S(z) = {u € Y;xSu}
for any pair of time-impulses x: T — A,y: T — B. Then we obtain the
quadruple (X,Y, P*(X),*?) which is a general Left hyperstructure, i.e. a
general L-hyperstructure.

In the above mentioned classical monography [23] as a general system

is considered a relation S C [[V; on non-void abstract sets. However—in
il

12
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detail—the index set I is decomposed into two subsets I, I, and by input-
output system is ment a relation S C X x Y, where X = [] V; is called
il
the input object and Y = [] V; is termed as the output object. (cf. [23],
i€ly

Definition 1.2).

In the connection with general w-hyperstructures we introduce input-
output systems with inner evaluated input and output objects. Denote K =
{1,2,...,n}. By an IEO-general system, i.e. an Input-Output general system

with Inner Evaluated Objects we mean a qudruple ( [[ X, [[ Y&, R, Fr),
keK keK
where Xy, Y; are non-empty sets, R C [ X x ][ Y% is a domain full
keK ke K
binary relation, i.e. DomR = [[ Xy = {x € [] Xx;3Jy € []: xRy},
kK keK keK
w,0 [ X = P(U Xi), %yt [[ Y — P(U Yi) are mappings (i.e. n-
keK keK keK keEK
ary multioperations)—thus ( [[ X, *.),( [ Yk, *,) are general n-ary hyper-
kK keK
structures and Fr: P(|J Xix) — P(U Yi) is a mapping defined in this

keK keK
way:

For a non-empty set M C |J Xg, i.e. M € P(J Xi) we denote My =
keK ek

{lzg, ..\ (2y, . 3, € kH Xy #x (21, ..o, (g, ..., 2,)n) N M # 0}. Then
€K

we put Fr(M) = *,(R(Myx) € U Yi. If My = 0 we define Fr(M) = 0.
KEK
(This definition includes the case Fg()) = 0)). Hence the diagram

I1X —— P(U X&)

keK keK

Rl J/FR (D4)
[N —— P(UY%)

keK kek

is commutative.
Now, in the case when X, = A, Y, = B for all £ € K, then denoting the
index set K by T (the time set-continuous, which means a linearly ordered

continuum with the minimal element, or discrete Ny) we obtain [] X = AT,
keK

[I Y. =B"and U Xp, = A |J Y, = B. Thus the above IEO-general

keK keK keK

system turns to the above mentioned general time system (here with an

inner evaluation) (AT, BT, R, x4, *p), where Fro %, = *p o R.

13
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By a homomorphism of an IEO-general system ( [ X, [] Yx, R, *x, *y)

keK keK

into another IEO-general system ( [] U, [[ Vi, S, *u, *17) we mean a quadru-

keK keK

ple of mappings H = [®xy, Pyv, Ppxv, Pryv], Oxv: [[ Xk — [[Us;

(I)yvi HYk — HVk7 (I)pXUf P(U Xk — P(U Uk), (I)pyvi P(U Yk) —
K K K K K

K

such that the diagram

11

keK

IV

keK

*

keK
dxvu dpxuU
[Tx =, »(Ux)
keK keK
R Fgr Fs
1% (U
keK keK
Syu Ppyv
& P(UW)
keK

v P(U Uk>

TE(J Vi)

is commutative. In concrete cases of modelling special systems, the used
objects and their mappings take a concrete interpretation.

4.1 L-hyperoperation (or R-hyperoperation) of a hy-
perstucture on a non-empty set

In this paragraph, we recall two definitions of a L-hyperoperation (or R-
hyperoperation) of a hyperstucture on a non-empty set. Let us make our
point clear with some examples.

Definition 4.1. [13] Let (G, *) be a hyperstructure and X be a non-empty set.

14
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A generalized L-hyperaction of G on X is a L-hyperoperation ¢ : G x X —
P*(X) such that the following axioms are satisfied:

1) Forall g,h € G and x € X, (g h,x) C ¢¥(g,¢¥(h,x)),

2) Forallg € G, (g9, X) = X.

For any g € G and A C X, (g, A) = U ¥(g,x), also for any x € X and
€A
B C G, Y(B,z) = U W(b,x). If in the axiom 1) of definition the equality

beB
holds, the generalized R-hyperaction is called strong.

As application of the above concepts we mention the classical interval
binary hyperoperation on a linearly ordered group. See [18]. In detail if
(G, -, <) is a linearly ordered group then we define a binary hyperoperation
x: G x G — P*(G) by

axb= [min{a,b})_N (max{a,b}|_ = [min{a, b}, max{a,b}]_
= {x € G;min{a, b} <z < max{a, b}}

(which is a closed interval) where min{a, b}, max{a, b} is the least element,
the greatest element of the set {a,b}, respectively. It is easy to verify that
the obtained hypergroupoid (G, %) is an extensive commutative hypergroup.
This hypergroup we obtain even in the case if we restrict ourselves onto the
set G of all positive elements of the linearly ordered group (G, -, <), (cf. the
proof of Proposition 4.1).

Proposition 4.1. Let (G, -, <) be a linearly ordered group, G, be its subset
of all positive elements (i.e. the positive cone) endowed with the interval
binary hyperoperation “,”. Define a mapping

Yo G x G — P*(G)

by
Yala,b) = (a+bl. ={zr € Gr <a+b}

for all pairs (a,b) € G, x G. Then the quadruple (G, G, P*(G), ) is the
generalized L-hyperoperation of the commutative extensive hypergroup (G, *; )
on the group (G,+, <).

Proof. For the proof see [13]. O

15
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5 Homomorphism of transformation
semihypergroups

Definition 5.1. Let (X, G, ), (Y, H,n) be two generalized transformation
semihypergroups (GTS). A pair of mappings ® = [u, ¢| such that p: G — H
1s & homomorphism of semihypergroups and p: X — Y 1is a mapping, is said
to be a homomorphism of GTS (X, G,v) into GTS (Y, H,n) if for any pair
lg,2] € G x X the equality

n(u(9), ¢(x)) = @(v(g, )

is satisfied, i.e. the diagram, where ¢*: P*(X) — P*(Y') is the corresponding
liftation of the mapping p: X — Y,

GxX —2 PH(X)
uwl lw* (D6)
HxY —“ PY)
commautes.
Example 5.1. Let XY be equivalent non-empty sets and f: X — X,
h:Y — Y be mappings such that mono-unary algebras (X, f) = (Y,h).
Denote G = {f™;n € No}, H={h",n € No} and define binary hyperopera-

tions
*x: G x G — P (G), o: Hx H— P*(H),

by
fPxfm={f"kecNy,m+n<k} and h"eh™ = {h¥F;k € Ng,m +n < k}.

Define mappings ¢: G x X — P*(X), n: HxY — 73*( ), by the same
rule Y(f" x) = {fF(x);k € {0,n,n+1,n+2,...}}, wh",y) = {h*(y);k €
{0,n,n+1,n+2,...}}. Suppose &: (X, f) — (Y h) is an isomorphism and
v: (X, f) = (Y, h) a homomorphism of the mono-unary algebra (X, f) onto
the mono-unary algebra (Y, h). Denote ® = [u, ¢| the pair of mappings such
that u(f™) = o fro &=t Then ® is a II-homomorphism of the generalized
transformation semihypergroup (X, G, ) into the GTS (Y, H,w).
Indeed, for an arbitrary pair [f™, x] € G x X we have

p(U(f",2) = ofa, f(2), [ (@), .} = {el2), o (f(2), 0 (f (@), }
= {p(2),0(h"(2)), (h"+1 (7)), } = w(h" p(2))
=w(€o ot p(x)) =w(p(f"). o)) = w(p x Q)[f", 2]).
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The following example of generalized transformation hypergroup is based
on consideration published in [4, 5].

Example 5.2. Let J C R be an open interval and denote C°(J) the ring
of all infinitely differentiable functions on J. Let us consider the set LA, (J),
n € N, of linear differential operators of the n-th order in the form

-1
mn dk
L(p07"'7pn71> = dzn + E pk<$)dxk
k=0

Where p, € C*°(J), k=0,1,...,n—1; L(po,...,pn-1): C®(J) — C>=(J),
thus

L(po, - s pa1)(f) = F (@) 4pacr () f7 D (@) 4 po () f(2), | € OF(J).

Let 6;; stand for the Kronecker symbol 6. For any but fitedm €{0,1,...,n — 1}
we denote by

LAn(J)m - {L(p07 s 7pn—1>|pk € OOO<J>7pm > 0}

Shortly we put p = (po(z),...,pa_1(x)),x € J and on the set LA, (J),, we
define a binary operation “o,,” and a binary relation <, in this way:

L(p) om L(q) = L(u)
where ug(2) = pm(x)qr(2) + (1 — Opm)pr(x), 2 € J,O< k <n-—1, and
L(p) <m L(q)

whenever p () < (@), k £ m,k € {0,1,....n — 1}, p() = gu(z),z € J.
It is easy to verify that (LA, (J)m,om, <m) is an ordered noncommauta-

tive group with the neutral element D(w), where D(w) = (wo, ..., w,_1),
Wi (2) = Ogm. An inverse to any D(q) is D71(q) = 22y q%, e %

Let (Z,+, <) be an additive group of all integers with an usual ordering
“<”. Then by Lemma 1.1 the structure (Z,«), where

*x: L x 7 — P*(Z)

was defined by k1 = [k + 1)< is a hypergroup.
For fired D(q) € LA, (J).,, we define an action ¢, : Z x LA, (J),, —
P*(LA,(J)m) as follows,

ok, L(p)) = {L"(q) o L(p)[t < k}.

So (LA, (J)m, Z, p,) is a generalized transformation hypergroup.
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