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Finding a satisfactory combinatorial description of an (n, m)-semigroup given by its (n, m)-presentation
(B;A) is a quite difficult and complex problem. The majority of results obtained so far consider some
particular cases or they relate to a special class of presentations of (n, m)-semigroups called vector (n,m)-
presentations of (n,m)-semigroups. This is because vector (n,m)-presentations of (n,m)-semigroups induce
corresponding binary semigroup presentations, and the question of the existence of a good combinatorial
description for (B; A) is closely related to the question of the existence of a good combinatorial description
for the corresponding induced binary semigroup (B;A). An expository overview of the obtained results is
given. We classify conditions under which a good combinatorial description for (B; A) implies word problem
solvability for (B; A). Furthermore, we state a couple of open problems and consider the application of this

ideas in varieties of (n, m)-semigroups, giving suggestions for future investigations.
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INTRODUCTION

The development of the theory of mul-
tivariable groups (called most often n-ary
groups or just n-groups) was initiated, we
might say, by the paper |22]| of E. L. Post.
Later, several authors have made general-
izations for m-ary semigroups, semigroups of
transformations and algebras of multiplace
functions (see for example [16, 17, 23, 24,
25]). Motivated partly by some of these pa-

pers, Gj. Cupona and B. Trpenovski have in-
troduced in [1, 30] the notion of an (n,m)-
semigroup, that is, a set having a multivari-
able vector valued associative operation. In
continuation we present their definition. The
set of positive integers will be denoted by
N = {1,2,3,...} and the set of the first ¢
positive integers will be denoted by N, =
{1,2,3,...,t}. Moreover, Ny = NU {0} and
Nyo = N, U {0}. For a given set Q # 0,
and t € N, let Q' be the cartesian product

of t copies of Q. If x = (ay,aq,...,a;) € QF,
then we write x = a}, and moreover we iden-
tify x with the word aqas...a;. For such an
x we say that its length |x| is t. Let Q7
be the union of all the cartesian products
Q!, t € N, which is, by the above identifica-
tion, the free semigroup generated by ). Let
n,m,k € N, n=m+ k be given. A map f :
Q" — Q™ is called an (n, m)-operation on @,
and (@, f) is called an (n, m)-groupoid, i.e. a
vector valued groupoid. An (n, m)-groupoid
(@, f) is called an (n, m)-semigroup (vector
valued semigroup), if the (n, m)-operation is
associative, i.e. if f(xf(y)z) = f(uf(v)w),
for any xyz = uvw € Q"**, y,v € Q™. An
(n, m)-semigroup (@, f) is called an (n,m)-
group if for each a € Q*, b € Q™ the
equations f(xa) = b = f(ay) have solu-
tions X,y € Q™. For m = 1 = k, the

above notions are the usual notions of bi-
nary groupoids, semigroups and groups, and

for m = 1,k > 1 they are the notions of n-
groupoids, n-semigroups and n-groups.



122

Irena Stojmenovska, Don¢o Dimovski

From now on and throughout the paper,
we assume that m > 2.

An (n,m)-groupoid (@, f) can be con-
sidered as an algebra with m n-ary opera-

tions fi, fo,.. ., fon ¢ Q™ — @, such that
f(x) = fi(x)fa(x) ... f(X).

tions fi, fo, ..., fm are called component op-

erations for the (n, m)-operation f. In gen-
eral, for an associative (n,m)-operation f,
the m n-aryoperations obtained from f, do
not have to be associative. Hence, there
is a big difference between studying (n, m)-
semigroups and n-semigroups. Vector valued
algebraic structures are a generalization of
(2,1) structures, and thus they are similar to
the binary structures on one hand, but on
the other hand they incorporate new ideas
and specific properties.

These opera-

The theory of vector valued structures de-
fined as above, has started to developed in
the 80’s of the last century. Leaded by
one of its founders, Gj. Cupona, a group
of macedonian algebraists in just a cou-
ple of years gave significant results within
this topic. The majority of them are fully
cited in the expository papers |2, 4] (though
some of them will be referenced separately
throughout the paper). Since then, various
investigations have been published and up-
grades have been made. (See for example
3, 6, 8,9, 10, 11, 12, 13, 14, 26, 27, 28, 29]).
However, some of the ideas given at the very
beginning are still looking to be seriously
considered and deeply investigated. We do
not intend (nor can) state all the results
on vector valued semigroups that have been
given so far (worldwide). Our aim is to ex-
pose the development of the combinatorial
theory of (n, m)-semigroups emphasizing the
major results on word problem solvability for
various classes of (n, m)-semigroups given by
their (n, m)-presentations.

The word problem for free vector val-
ued semigroups and groups is solved in |7,
9, 10, 11| by using good combinatorial de-
scriptions for free vector valued semigroups
and groups. There have also been made a
link between a special class of presentations
of (n, m)-semigroups, called vector presenta-
tions of (n,m)-semigroup and binary semi-
groups. They are induced one by another,
which will be exposed later in this paper.
The majority of the results in continuation
concern good combinatorial descriptions that
have been obtained for some classes of vector

presentations of (n,m)-semigroups. Explor-
ing the above, we have also obtained interest-
ing results for varieties of (n, m)-semigroups.
A couple of open problems and suggestions
for future investigations will be given at the
end.

PRELIMINARIES. PRESENTATIONS
OF (n,m)-SEMIGROUPS

The following basic notions were origi-
nally given in [2] and [4].

For a given set (), let

Qm™F = {x|x € QT, |x| = m + sk, s € N}.
If (Q, f) is an (n,m)-semigroup, because of
the associative law, the operation f can be
extended to an operation, denoted by the
same letter, f : Q™% — Q™, such that for
each xyz € Q™" andy € Q™*, f(xf(y)z) =
f(xyz). As mentioned above, an (n,m)-
groupoid (@, f) can be considered as an al-
gebra with m n-ary operations, f; : Q" — @,
j € N,,. These operations can be extended
to an infinite family of operations f;
Q™% — Q for s € N, where for a given s,
there are more than one operation f; ;. When
(@, f) is an (n, m)-semigroup, for each s € N,
there is only one operation f; 5 : Q™"* — Q
whose union is a map f; : Q™ — Q.
This leads to the following slightly more gen-
eral notions. A map g : Q™* — QM is
called a poly-(n, m)-operation and the struc-
ture @ = (Q,g) is called a poly-(n,m)-
groupoid. A poly-(n, m)-groupoid @ =
(@, g) is called a poly-(n, m)-semigroup if for
each xyz € Q™* and y € Q™F, g(xg(y)z) =
g(xyz). There is no essential difference be-
tween studying (n,m)-semigroups or poly-
(n, m)-semigroups because of the General
Associative Law (see [2]). Similarly as above,
a poly-(n, m)-groupoid (Q, g) can be consid-
ered as an algebra with m poly-n-ary op-
erations, g1, ¢2,...9m : Q™" — Q where
9(x) = g1(x) g2 (x) . .. gm(x). Tt is easy to see
that the usual notions of universal algebra
(i.e. free algebras, varieties) can be extended
to (n, m)-semigroups.

Let B be a nonempty set and let BT
be the free semigroup with base B. Let
A C B* x B*. The pair (B;A) is a pre-
sentation of the semigroup B*/A where A
is the smallest congruence on B™ containing
A. We use the notation (B;A) = BY/A. A
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reduction for (B; A) is a map assigning a cho-
sen element of a congruence class in B* /A to
every element of the congruence class. In or-
der to extend this to (n, m)-semigroups there
have been defined a poly-(n, m)-groupoid,
F(B) = (F(B), f), with a base B which is
an analogy to the free semigroup B™ above.

Its existence follows from the fact that it is
an algebra of type Q = {wl|j € N,,,,r € N}

We recall its canonical form. (For more de-
tails see [7, 14, 34]).

By = B,
Byi1 = B, U (N, x BJWF),
F(B) = U B,.

p>0

By choosing different letters, if necessary, for
the elements of B, we will have that no ele-
ment of B is of the form (j,x). The poly-
(n,m)-operation f on F(B) is defined by
f(x) = (1,x)(2,%x)...(m,x). Hierarchy of
the elements of F'(B) is a map x : F(B) —
Ny defined by x(u) = min{p|u € B,}, u €
F(B). Clearly, x(u) =p < u € B,\Bp_1.

The norm on F(B)isamap || || : F(B) —
N defined by induction on y:

|lu|| = 1 for u € By,

16, @) = Jlunll + -+ skl
for (i,u"**) € B,y1\B,.
m-+sk

Thus, the norm ||(¢, u""*")]|| is the number of
m+sk).

appearances of elements from B in (7, u]

For x € F(B)" and x = 27, we define the
norm as ||x|| = [Jz¢|| + ... + ||z,

We note that the elements of F/(B) can be
also treated as special words over the alpha-
bet A = BUN,,U{(}U{, }U{)}. Hence, every
u € F'(B) can be considered as an element of
AT as well.

For a set A C F(B) x F(B), we say
that A is a set of (n,m)-defining relations
on B and the pair (B;A) is an (n,m)-
presentation of an (n,m)-semigroup. We
also say that (B;A) is an (n, m)-semigroup
presentation. The (n,m)-semigroup whose
presentation is (B;A) is the factor (n,m)-
semigroup F(B)/A where A is the smallest
congruence on F(B) such that A C A and
F(B)/A is an (n, m)-semigroup. We use the
notation (B; A) = F(B)/A. The explicit de-
scription of A and its properties are given in
[4]. Given an (n,m)-presentation (B;A) of
an (n, m)-semigroup, we are interested in the
structure of this (n, m)-semigroup. Analog-
ous to the binary case, a reduction for an

(n, m)-presentation (B;A) is a map assign-
ing a chosen element of a congruence class in
F(B)/A to every element of the congruence
class.

Proposition 2.1 [4] A map ¢ : F(B) —
F(B) is a reduction for the (n,m)-
presentation (B;A) if and only if the fol-
lowing properties are satisfied

(i) (u,0) € A= Y(u) =(v)
(i) G, X (1,y)(2y) ... (m,y)x") =
= Y(i, x'yx")

(i) ¥ (6 x"wx") = (i, X" (w)x")

(iv) w A (u)
for all u,v,w, (i,x'wx"),
(i, x'(1,y)(2,y) ... (m,y)x") € F(B). O

We say that ¢(u) is the reduced represent
(reduct) for u.

The axiom of choice implies that for any
(n, m)-presentation (B;A) there exist a re-
duction. If ¢ is a reduction for (B;A) such
that for any u € F(B) the reduced repre-
sent 1 (u) can be calculated in finitely many
steps, 1 is said to be a good (effective) reduc-
tion for (B;A) and it provides a good com-
binatorial description for the corresponding
(n, m)-semigroup (presented by) (B; A).

Proposition 2.2 [4] A reduction
F(B) — F(B) for an (n,m)-semigroup pre-
sentation (B;A) is a homomorphism from
F(B) to (4(F(B));g) where

W(F(B)) = {u e F(B)|¢(u) = u} and
gy = 0" o v = (i, u ), i € Ny,
Moreover, kervp = A and (B;A) =
(V(F(B)),9)- O

When A = (), then (B;0) is the presenta-
tion of the free (n, m)-semigroup generated
by B. In 1986, D. Dimovski constructed
a canonical form of a free (n, m)-semigroup
S(B) generated by B. This was a starting
point towards development of a combinato-
rial theory of vector valued semigroups. Due
to its importance, we recall here its construc-
tion. (For more details see |7, 14]). We define
a map o : F(B) — F(B), by induction on
the norm as follows:

(a) Yo(b) = b, b € B;

(b) Let u = (i,ul™*) € F(B) and as-
sume that 1y(v) € F(B) is already defined
and o(v) # v implies [[¢o(v)]| < [lv] for
all v € F(B), with |[v|| < [jul|. Then

IIpunosu, 049. npup. mam. buomes. nayku, MAHY, 41 (2), 121-129 (2020)
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vy = Po(uy) is well defined for all A € N, 4
and thus v = (i, v]"***) € F(B).

(b1) If there exists a A" € N,,, ;o such that
vy # uy then ||v|| < ||ul| and

Yo(u) = o(v).
(b2) If vy = wy for all A € N, and if

w = (i,u](1,%)...(m,x)u] % ) where x €

F(B)™* and j is the smallest such index,
then

o) = o (i, ulxul ik ).
(b3) If u satisfies neither (bl) nor (b2),
then ¥o(u) = u.

Proposition 2.3 |7, 14| The map ¢y is a
good reduction for (B;0). O

Proposition 2.2 together with Proposition 2.3
imply that (Yo(F(B)),g) = (S(B),g) is a
free (n,m)-semigroup generated by B. By
induction on the norm, we say that an el-
ement u = (i,u]""™*) € F(B) is reducible
if w; is reducible for some j, or if u =

(i,u(1,%x) ... (m, x)u;rf;,j]f;l) Otherwise we

say that u is irreducible. With this notion,
S(B) is the set of all the irreducible elements
in F(B).

The construction above opened new inves-
tigation possibilities: To obtain good combi-
natorial descriptions for various (B;A) and
to explore the circumstances under which it
might be possible. The common approach
is to manage to construct a good reduction
for (B; A) (if possible), a task that is usually
quite complicated to achieve. A couple of re-
sults on good combinatorial descriptions for
some particular (B;A) can be found in [4].
In [32]| there have been defined a sequence
of (n,m)-semigroup presentations (B;A,),
for which good reductions have been con-
structed and consequently, good combinato-
rial description for such (n,m)-semigroups
have been obtained. In [33] we have con-
structed good reductions for a class of (n, m)-
presentations of (n,m)-semigroups that in-
corporate binary relations within the corre-
sponding (n,m)-relations A, under certain
conditions. Namely, given a semigroup pre-
sentation (B;A) with a good reduction ¢
that satisfies a pair of conditions, we have de-
fined an associated (n,m)-semigroup presen-
tation (B;A) and derived a good reduction
¢ for (B;A). As a consequence, good com-
binatorial description of the corresponding
(n, m)-semigroup has been given. All this led
to a conclusion that valuable results might

be obtained by linking (n, m)-semigroup pre-
sentations and binary semigroups presenta-
tions. In [4], the authors have defined a spe-
cial class of (n, m)-semigroup presentations,
closely related to binary semigroups presen-
tations, called vector (n, m)-presentations of
(n, m)-semigroups, and thus made this idea
possible. A set of vector (n,m)-defining re-
lations induces also a set of binary relations,
i.e. a presentation of a binary semigroup. Un-
der certain conditions for this binary semi-
group presentation, there have been obtained
good combinatorial descriptions for various
classes of (n, m)-semigroups given by their
vector (n,m)-presentations. For some vec-
tor (n,m)-presentations, the obtained good
combinatorial descriptions imply word prob-
lem solvability. The aim of this paper is to
give an overview of these results.

VECTOR PRESENTATIONS OF
(n,m)-SEMIGROUPS. REDUCTIONS

The following definition was originally
given in [4] and improved in [34].
Definition 3.1 [34] For an (n,m)-
presentation (B;A) of an (n, m)-semigroup,
we say that it is a vector (n, m)-presentation
of an (n,m)-semigroup, in short vector
(n, m)-presentation, and that A is a set of
vector (n, m)-relations, if the following con-
ditions are satisfied:

(1) if (i,x) A (j,y), then ¢ =
X,y € Bm’k;

(2) if (i,x) A (4,y), then (j,x) A (j,y) for
every J € Np;

(3) if (i,x) A b for some b € B, then
x € B™" and there is b]" € B™, such that
bi = b and for each j € N,,, (j,x) A b;;

(4) if b A (i,x) for some b € B, then
x € B™* and there is bf* € B™, such that
b; = b and for each j € N,,, b; A (j,%); and

(5) AN B x B =0.

In other words, an (n, m)-presentation is a
vector (n, m)-presentation if only the (n,m)-
operation is used in the defining relations.
Example 3.1. [34| Let B = {a,b} and let A
be the following set:

A = {((1, aabb),a), ((2, aabb), b),

((1, aaabbb), b), ((2, aaabbd), a),

((17 aaa)) CL), ((27 aaa): a)}

The relation from A can be written in the
form: [aabb] = ab, [aaabbb] = ba and [aaa] =

7 and

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 41 (2), 121-129 (2020)
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aa, and they imply that: ba = [aaabbb] =
lalaabblb] = [aabb] = ab. Thus, in the
(3,2)-semigroup with the given presentation,
a and b have to be identified. The relation
laaa] = aa implies that the (3,2)-semigroup
whose presentation is (B; A) is (A, [ |) where
A = {a} and [aaa] = aa. Note that we
did not use the component operations of
the (3,2)-operation | | for the defining re-
lations. Various examples of vector (n,m)-
presentations can be found in [4, 31, 34].

Definition 3.2 [34] For a vector (n,m)-
presentation (B; A) we define a binary semi-
group presentation (B;A), where A = A’ U
ANUA/”, A C Bm,k % Bm,k7 A C Bm,k % Bm,
A" C B™ x B™* and A/, A", A" are defined
by:

(1) x A’y if and only if (1,x) A (1,y);

(2) x A” bp* if and only if (j,x) A b; for
each j € N,

(3) bi* A" x if and only if b; A (j,x) for
each j € N,,.
We say that A is induced by A, and (B;A)
is induced by (B; A).

The binary semigroup presentation in-
duced by the vector (3,2)-presentation in
Example 3.1 is (a,b;aabb = ab,aaabbb =
ba,aaa = aa). Note that the semigroup
with this presentation is not trivial, i.e. has
more than one element, while the (3,2)-
semigroup with the corresponding vector
(3,2)-presentation in Example 3.1 is trivial,
i.e. has only one element.

Proposition 3.1 (34| The class of vector
(n, m)-presentations is equivalent to the class
of semigroup presentations (B; A) where A C
B™k x Bm™k g Bmk x Bm U B™ x B™F e
there is a bijection between these two classes.

We note that the empty set is a set of vec-
tor (n, m)-relations, that induces a presenta-
tion of a free binary semigroup in which the
word problem is solvable. But by no means
this implies directly that the word problem
for free vector valued semigroups is solvable.
Establishing the 1 —1 correspondence above,

it seemed more achievable to focus on con-
structing good reductions for vector (n,m)-

presentations (B;A) and to explore the cir-
cumstances under which it might be possible.
A couple of investigations have been made in
[31]. Here we give some of the conclusions.
Let (B; A) be a vector (n, m)-presentation
of an (n, m)-semigroup. Providing that there

exists a good reduction ¢ for its induced bi-
nary presentation (B;A), a good reduction
¢ for (B; A) has been constructed in the fol-
lowing cases:

i) If none of the pairs in A has length m
i.e. if A C B™* x B™F;

i) If o(b7") = 07" for all b* € B™;

iii) If  reduces the length on B*.

It is easy to notice that i) and iii) are spe-

cial cases of ii), however we give them inde-
pendently, since i) was the first conclusion we
have obtained and then realized that analog-
ical construction works for wider classes sat-
isfying ii). These results have their improved
versions and will be stated as theorems in the
next section. Regarding the condition iii),
we have proved that the existence of a re-
duction ¢ for (B;A) that reduces the length
on BT, allows a construction of a reduction
Y for (B;A) that will reduce the norm on
F(B).
Theorem 3.2 [31] Let (B;A) be a vector
(n, m)-presentation of an (n,m)-semigroup
and let ¢ be a reduction for its induced bi-
nary presentation (B; \) satisfying

p(z) # z = |p(z)| < z|, € BT
Then there exists a good reduction 1 for
(B;A).

Further improvements of these results and
also new once have been obtained thanks to
the suggestion of one of the anonymous ref-
erees of the paper [34]: to switch the inves-
tigations to the language of abstract rewrit-
ing systems, instead in the language of re-
ductions only. Straightforward and clearer
proofs have been provided through conflu-
ent rewriting systems, instead of using good
reductions only. Moreover, additional re-
sults and important conclusions have been
obtained.

ABSTRACT REWRITING SYSTEMS -
IMPROVED RESULTS

An abstract rewriting system (ARS) is
the most general notion about specifying a
set of objects and rules that can be applied
to transform them. An ARS is a set A, whose
elements are usually called objects, together
with a binary relation on A, traditionally de-
noted by —, and called the reduction rela-
tion or rewrite relation (rule). Detailed def-
initions and properties of (abstract) rewrit-
ing systems can be found, for example, in
[18, 19]. We note that, if a reduction is ob-
tained from a confluent, terminating abstract

IIpunosu, 0J49. npup. mam. buomes. nayxu, MAHY, 41 (2), 121-129 (2020)
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rewriting system (ARS), then it is a good re-
duction, and moreover the reduced represent
for u is the unique normal form (UNF) for w.
(For more details see [18, 19, 34]).

In the construction of a canonical form of
a free (n,m)-semigroup (originally given in
|7] and introduced above), the good reduc-
tion vy for (B;() was explicitly defined by
induction on the norm. In terms of ARS, the
reduction rule corresponding to the map v,
is given by:

(U, x(1,¥)(2,y) ... (m,y)z) — (j, xyz)
With this reduction (or rewrite) rule for
F(B), the proof in [7], adjusted to the lan-
guage of ARS, shows that the ARS obtained
by the above rule is confluent and terminat-
ing. Hence, it is canonical (also called "com-
plete" or "uniquely terminating"), and the
UNF for any u € F(B) is ¢o(u). Here we
give the results obtained in [34], by the lan-
guage of ARS.

Theorem 4.1 (34, 31| Let (B; A) be a vec-
tor (n,m)-presentation and let (B;A) be ils
induced semigroup presentation.

(a) If there is a reduction ¢ for (B; A\) sat-
wsfying the condition
(4.1) e(b7) = b for all b7 € B™,
then there is a reduction ¢ for (B;A) and

(Y(F(B)), g) where

g(uy) = (L uf)p(2,uy) ... (m, uy),
is the (n,m)-semigroup F(B)/A.
Moreover, if the reduction ¢ for (B;A) is
good, then the reduction ¢ for (B;A) is good
and the word problem for (B; A) is solvable.

(b) If there is a canonical ARS C for
(B; A), such that the UNF of by* is by" for
every b' € B™, then there is a canonical
ARS D for (B;A), and the word problem
for (B; A) is solvable. O

Remark. The canonical ARS D for (B; A)
in the proof of Theorem 4.1 is obtained by the
rewriting rules of C and the rewriting rules
of an ARS A we have constructed, that is
terminating and (locally) confluent (Church
Rosser), and thus canonical (by Newman
Lemma). But all this modulo the UNF for x
obtained by C, since in the rewriting rules,
UNF for x is a black box. (For more details
see |34, 18, 21]).

The next result, although a corollary of
Theorem 4.1 is stated as a Theorem, because:
it can be proven independently of Theorem
4.1, by using a simpler ARS; it was the first
step toward the proof of Theorem 4.1; and

it is easier to check if it can be applied to a
given vector (n, m)-presentation.

Theorem 4.2 [34, 31| Let (B;A) be a vec-
tor (n,m)-presentation and (B;A) its in-
duced semigroup presentation. If A C B™F x
B™*  then any reduction ¢ for (B;\), gen-
erates a reduction ¢ for the vector (n,m)-
presentation (B; A) and (Y(F(B)),g) where

g(ut) = P(L,uf) (2, uy) ... p(m, uf),
is the (n, m)-semigroup F(B)/A.
Moreover:
a) if there is a good reduction ¢ for (B; \),
then there is a good reduction ¢ for (B;A)
and the word problem for (B; A) is solvable;

b) if there is a canonical ARS for (B;A),
then there is a canonical ARS for (B; A) and
the word problem for (B; A) is solvable. [

The following theorem is an improvement
of Theorem 4.1.

Theorem 4.3 [34] Let (B;A) be a wvec-
tor (n, m)-presentation and let v be a reduc-
tion for the induced semigroup presentation
(B; \) such that its restriction to B™ is in-
jective. Then, the reduction ¢ for (B;\),
generates a reduction ¥ for the vector (n,m)-

presentation (B; A) and (Y(F(B)),g) where

g(ut) = (1, ut)(2,uy) .. ib(mv uy),
is the (n,m)-semigroup F(B)/A.
Moreover, if B s finite and the reduction
© for (B;A) is good, then the reduction 1)
for (B; A) is good and the word problem for
(B; A) is solvable. O

In the following result we have improved
Theorem 4.1 - for finite generating sets, ob-
taining that when B is finite, no extra condi-
tions on the good reduction ¢ are required.

Theorem 4.4 [34] Let (B;A) be a vector
(n, m)-presentation and let B be a finite set.
Then, the existence of a good reduction for
the induced semigroup presentation (B;N\)
implies existence of a good reduction for the
vector (n, m)-presentation (B;A), and the
word problem for (B; A) is solvable. O

OPEN PROBLEMS

. We stil] do not have answers to the fol-
lowing questions.

1) Does the existence of good reduction for
the induced semigroup presentation (B;A)
whose restriction to B™ is injective imply
existence of a good reduction for (B; A)?
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The answer is YES for B finite (Theorem
4.3), but we expect that the answer is NO
when the set B is not finite. However, future
investigations can be made for finding some
special classes of vector (n, m)-presentations
(B; A) where B is not finite, but Theorem
4.3 still holds.

2) Does the existence of a canonical
ARS for the induced semigroup presentation
(B;A) such that the unique normal forms

of different elements from B™ are differ-
ent, imply existence of a canonical ARS for
(B;A)?

We expect that the answer is NO in this
case, even when B is finite. This conclu-
sions shall be proved and also, some special

cases that fulfill YES as an answer might be
searched.

3) The question if the construction in The-
orem 4.1 (or some modified version) is possi-
ble for vector (n,m)-presentations of (n, m)-
semigroups (B;A) not satisfying the condi-
tion (4.1), remains open. Some of the prob-
lems that arise here are that some elements
from B have to be identified in the (n,m)-
semigroup, although they are different in the
semigroup (B;A), or some elements of the
form (i,x) and (j,y) for ¢ # j have to be
identified.

The discussion above leads to the following
question.

4) Is construction of a good reduction (or
canonical ARS) possible in general case, i.e.
for vector (m,m)-presentations (B;A) per-
mitting the corresponding set of induced bi-
nary relations A to contain pairs with length
m?

The general answer is most probably NO
(some counter examples might be found).
Perhaps further classifications on A i.e. A
shall be made, which would lead to appro-
priate conclusions and/or guides for future
investigations.

Summing up, the existence of a good com-
binatorial description (or a canonical ARS)
for (B; A) not necessarily implies existence of
a good combinatorial description for (B;A).
Theorem 4.4 indicates that the above is true
when B is finite. However,

5) Does the solution of the word problem
for (B; A) imply solution to the word prob-
lem for (B;A)?

At this moment we do not have an answer
to this question, although we have some in-

dication that, in general, the answer is NO
for B infinite and is YES for B finite.

APPLICATIONS IN VARIETIES OF
(n,m)-SEMIGROUPS;
GENERALIZATIONS THAT
INCORPORATE NEW IDEAS

The introduction of vector (n,m)-
presentations of (n,m)-semigroups has led
to noticeable results for varieties of (n,m)-
semigroups. The definition of a variety of
(n, m)-semigroups was originally given in [2].
Vector varieties of (n,m)-semigroups and
vector (n, m)-presentations in such varieties
were introduced in [4]. Recent investigations
were made in [35, 36, 37|. In [35] a direct
description of the complete system of (n, m)-
identities for a variety of (n, m)-semigroups
is obtained. In [36] a characterization of vec-
tor varieties of (n, m)-semigroups is made. 1t

is shown that the class of vector varieties of
(n, m)-semigroups is a proper subset of the

class of varieties of (n, m)-semigroups (when
m > 2), and necessary and sufficient condi-
tions for a variety of (n, m)-semigroups to be
a vector variety are provided. In [37] a di-
rect proof of Birkhoff’s HSP theorem for va-
rieties of (n,m)-semigroups is given. More-
over, a corresponding analog of this theo-
rem for vector varieties of (n, m)-semigroups
(when m > 2) is obtained.

The results exposed in this paper can
be applied for appropriate classes of vec-
tor varieties of (n,m)-semigroups. Conse-
quently, good reductions for vector (n,m)-
presentations in some classes of vector va-
rieties of (n,m)-semigroups might be con-

structed.  This would lead to an_exis-
tence of good descriptions for free objects

in such (n,m)-varieties. There are various
open questions concerning (vector) varieties
of (n,m)-semigroups and numerous investi-
gation possibilities within.

Vector valued semigroups provide a way
of obtaining new languages. If we think of
a binary operation as a process that from
two information produces one information,
then we can think of an (m+k, m)-operation
as a process that from m + k information,
produces m information. Several authors
(D. Dimovski, V. Manevska) have investi-
gated formal vector valued languages and
automata [15, 20]. The aim of our work,
in a way, is to obtain a better understand-
ing of these complicated languages. After-
wards, they might find possible application
in ICT security systems. Quantum comput-
ers would additionally support this idea, and
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hopefully open new opportunities for incor-
porating these formal languages within ICT
security systems. It is quite possible that
the development of the combinatorial theory
of (n,m)-semigroups has a bright future in
front.
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3A PEAYKIINN HA TIPETCTABYBAILA HA BEKTOPCKO BPE/ITHOCHU
ITIOJIVTPVYIIN: IIPETJVIEJ 1 OTBOPEHMU ITPOBJIEMUA

Npena Crojmenosckal oH40 JIuMOBCKI2
9

l'Vuusepsurer Amepuxan Konen, Ckonje, Penry6inka Maxkegouuja
2MaxeoncKa akajemuja Ha Haykure n ymernocrute, Ckomje, Peny6imka Makenonnja

Hoceemeno na wawuom cakxarn npogpecop I'opdu Yynona

Haoramero na kombunaropen onuc 3a (n,m)-uoayrpyna 3agaiesa co (n,m)-upercraBysamwe (B; A)
€ MPWJIMYHO TEIIKa 33Ja49a W KOMILIeKceH mpobieM. Iloromemuor 6poj mo0meHn pe3yaTaTh Ce OJHECYBAAT
Ha, CIIEIMjaJIHN KJIaCH TPETCTaByBamba Ha (1, m)-ToJIyTPyNN HAPEUYEeHN BEKTOPCKU (n,m)-TPeTCTaByBama Ha
(n, m)-nogyrpynu. VlcTure MHIAyIMPAAT COOJBETHU MPETCTABYBalba Ha OUHADHU IOJIYTPYIH, TOPAAU IITO
NPAITAKETO 33 MOCTOEHhEe Ha 100ap KOMOMHATOpeH ommc Ha (B; A) e TeCHO MOBP3aHO CO MPAITAKETO 3a TOo-
cToeme Ha mobap KOMOWHATODEH ONMC Ha COOJBETHATA WHAyIMpaHa OGuHapHa nonyrpymna (B;A). Ipasnve
npereJ; Ha OBHE Pe3yJITATH, IIPYU IITO I'M KJacHpUIEpaMe yCJIOBHTE IO/ KOM MOCTOCHETO Ha 106ap KOMOHHA-
TopeH onuc 3a (B;A) uMmmaunupa penumBoct Ha npobjeMor Ha 360posu Bo (B; A). Iledunupame HEKOJKY

OTBOpEeHU HPOdJIEMH, [IOCOYyBaMe [IPUMEHA Ha J0bueHuTe pesysiraru BO MHOIyobpasuja (n, m)-uoayrpynu u
JaBaMe HACOKHU 3a UJIHU HCTPaXKyBaba.

Kuyunu 36opoBu: (n, m)-nonyrpyna, (n, m)-lpeTcraByBame, peayKiuja, IpodieM Ha 300poBu
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