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Abstract

The subject of this paper is the variety (denoted by Mass)
of monoassociative groupoids, i.e. groupoids in which every cyclic
subgroupoid is a subsemigroup. A description of [ree objects in
Mass is given. Using a convenient definition of injective groupoids
in Mass, it is shown that a groupoid H is free in Mass iff H is
injective in Mass and the set of prime elements in 1 generates H.
(This property is named Bruck Theorem for Mass.) Neither of the
classes Massin (injective objects in Mass) and Massfr (free objects
in Mass) is hereditary. A characterization of free subgroupoids
of a groupoid H € Massfr is obtained. It is shown that every
groupoid H € Massfr with a two-clement basis has a subgroupoid
Q € Massfr with an infinite basis.

1. Preliminaries

A groupoid is a pair G = (G,+), where (7 is a nonempty set and ” - ”
is a mapping (z,y) — 2y, from G* into G. G is said to be injective iff:

Yo,y u,v € Glzy = uwv = (z,y) = (u,v)). (1:1)
An element a € G is prime! in G iff « ¢ GG, where

GG ={zy|x,y € G}. (1.2)

' The notions as subgroupoid, semigroup, varicty of groupoids ... have usual

meanings.
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The following statement is well known (for example; [1; L.1.5]).

Proposition 1.1(Bruck Theorem). A groupoid F = (F,-) is abso-
lutely free (i.c. free in the variety of groupoids) ifl the following conditions
hold:

a) F is injective.

b) The set B of primes in F is nonempty and generates [,

Below we assume that F is a given absolutely free groupoid with the
basis 3. The length |v|, the set P(v) of parts and the content cn(v) of an
element v € I, are defined as follows:

Bk, fal = it ¥ lole PUO) = {0}, PGu) = {tu)u P Pu);
cn(b) = {b}, en(tu) = en(t) U en(u), (1.3)

forany b€ B, t,ue I.

We will a]qo use an absolutely free groupmd E = (FE,-) with a one-
element basis {e}, assuming that ' F = (. Elements of E w1ll be denoted
by f,g,h,... and will be called (groupoid) powers. It should be noted that
(1.3) makes meaningful notions "the length | f|” and "the set P( f) of parts”
of an element f € F.

If G is a groupoid, then each f € F induces a transformation f& :
(G — (& defined by: :

S(z) = puf),

where ¢, : £ — ( is the homomorphism from FE into G such that
¢z(€) = . Therefore:

CQ(:F) =57 (fh)(_'( ; fC hG (@), (1.4)

for any f.h € E, x € G. (We will usually write f(2) instead of f&(z) when
we work with a fixed groupoid (.)

The following statement is clear.

Proposition 1.2. If G is a groupoid and a € (, then {f(a) | f € I}
is the subgroupid of & generated hy a.” O

In the following sections we will use a subset D of E defined as follows:

Dele® | ne N}, (1.5)
where N is the set of positive integers and
=¢, ! = efe : (1.6)
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The fact that F is injective implies that £’ has the following property:
(Vtbue F, mn e N)(i" = vl 2 t =4 & m = n). (1.7)
If G is a groupoid, and b € GG is such that
(Vee G,neN)n>2=b#c"), (1.8)

then we say that b is a base element (or, shortly: a base) in G.

2. Monoassociative groupoids

We say that a groupoid G = (G, -) is monoassociative iff, for any a € GG,
the subgroupoid @ of G generated by « is associative, i.e. a subsemigroup
of G. (The class of monoassociative groupoids will be usually denoted by
Mass.)

The proofs of the following statements are obvious corollaries from the
definition of Mass.

Proposition 2.1. G € Mass ifffor any f € F and 2 € G, the following
equation

f(z} = o\ (2.1)
holds in G. 0O
Proposition 2.2. If G € Mass, then

TP AT P (2.2)

forany z € G,m,ne N. O

Proposition 2.3. If G is a groupoid, then the following statements
are equivalent: '

(a) G € Mass.
(b) G is a union of subsemigroups of G.

(c) G is a union of cyclic subsemigroups of G. O

Proposition 2.4. Mass is a variety of groupoids and:

{f(z) =2V f € E} (2.3)

is an axiom system for this variety. O
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3. Free monoassociative groupoids

Assuming that B is a nonempty set, and £ an absolutely free groupoid
with the basis B, we are looking for a groupod R = (R, x) with the following
properties:

iy B e el

(i}t e B PRIC R;

(iii) tyu,tu € R = { + u = tu;

(iv) R is a free groupoid in Mass with the basis B.

Proposition 2.1 suggests the following set R as a candidate for the
carrier of the desired groupoid R:

R={te F|(¥fe E\D,z € F) f(z) ¢ P(1)}. (3.1)

The following properties of R are obvious corollaries of (3.1).
Proposition 3.1. (a) R satisfies (i) and (ii).

(byte F&m,neN, n>2=1"1" ¢ R.

(YteF & mose N mZ2,n>2=(")¢R.

(d){t,u) CR&tu¢ R=>(Fa e R,m>2 1,n>2)tu=aa" ' O

Now we will describe conditions under which t" € R.

Proposition 3.2. If 1 € I and n > 2, then:
e R < TeER&t isabidein .

Proof. Assume that { € R and ¢ is a base in £'. By Proposition 3.1

(d), t* € R. Assuming that t* € R, also by Proposition 3.1 (d), we obtain
ittt = ke f

Conversely, " € R, by Proposition 3.1 (a), (d), implies: ¢t € R and ¢ i
a base element in . O

Now we define an operation * on R, as follows. If t,u € R, then:

Tk tu € R,
i (3.2

o™t tu=ama®, mine N, n>2.
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Proposition 3.3. R = (R, *) is a groupod which satisfies the condi-
tions (iii) and (iv).

Proof. 1) By (3.2) and Proposition 3.2, R is a groupoid that B is the
set of primes in R, and the least generating subset of R, as well. Moreover,
we have:

[t +u| = |t| + |u| = |tu], (3.3)

en(t*u) = en(t) Ucn(u), (3.4)
for any t,u € R.
2)Ifte R, n e N, f e I then t], f.(t) are defined as follows:

ted B o (3.5)

ex(t) =t ([ifa)u(t) = (fru(t)) * (f2.(1)). (3.6)
By (3.2), (3.5), (3.6) and Proposition 3.2, we obtain that for any t € R
is a base in F, and any m,n € N, f € I/, the following equations hold:

Ber. =11, (3.7)
(‘tm):‘z 5 tmn’ f*(tm) 5 tm|f|‘ (‘}8)
Finally, from (3.7) and (3.8), by Proposition 2.1, we obtain that

R & Mass.

3) It remains to show that R is free in Mass with the basis B.
Let G € Mass, A : B — (i, and ¢ be the homomorphism from [ into
G, which extends A. Then, for any ¢, u € R, we have:

p(tu) = o(t)p(u), tu € R,
w(t*xu ):{

e(a™t™) = p(a)™p(a)* = p(t)e(u), tu=a™a", m,neN, n>2,

and this implies that the restriction ¥ = ¢|R of ¢ on R is a homomorphism
from R into G, which extends A. O

The following properties of R can be also easily shown.

Proposition 3.4. If t € R, then { is a base element in R iff t is a base
element in F. O

Propositon 3.5. If u € R, then there exists a unique pair
(t,k) € R x N such that ¢ is a base in R and u = t5(=t*). O

We say that  is the base, and k is the ezponent of u in R. In the case
k> 2, theequation u=v*wholdsin Rif v =", w=# andr+s=4%.
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Proposition 3.6. If u € R is a base element and « € R\ B, then
there is a unique pair (v,w) € R? such that u = v w(= vw) ; moreover, v
and w have different bases. 0O

Proposition 3.7. If t,u,v € R, then:
(a) t*u=wuxt iff t and u have the same base.

(b) (t*u)*v=1t*(u*v) iff t, u, and v have the same base. 0O

Proposition 3.8. If B = {b} is a one element set, then
R ={b"|n > 1}, and b™ x b™ = b™ " (Therefore, R is isomorphic with
the additive semigroup of positive integers.) O

4. Injective objects in the variety of monoassociative groupoids

»”

Looking for a convenient class of "injective groupoids” in a variety V of
groupoids we choose as axioms of such a class corresponding properties of
free objects in V' that are "near” the statement (1.1). In the case of Mass.
such statements are Proposition 3.5 and Proposition 3.6, and that is why
we give the following definition.

We say that a groupoid H € Mass is injective in Mass, i.e. it is in
Massin, iff it satisfies the following conditions:

(i) For any @ € IT there is a unique pair (b, k) € H x N such that a = b
and 0 is a base in H. (We say that b is the base and k is the exponent of a
in H, and write b = (a), k = ¢(a).)

k

(i1) Let @ € H be not prime in H.
(i.1) If b = f{a) and ¢(a) > 2, then

a=cd fle)=pBldiEd & cle) ¥eld) =£la).)

(ii.2) If ¢,d € II are such that g(c) # G(d), then 3(cd) = cd, and:
cd=ddl (e di e o)

As corollaries of the given definition and Propositions 3.5-3.7, we ob-
tain the following poperties of Massin.

Proposition 4.1. The class of free groupoids in Mass (shortly:
Massfr) is a subclass of Massin. O

Proposition 4.2. A groupoid H € Massin contains only one
base element iff /7 is isomorphic to the additive semigroup of positive inte-
gers.: O
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Proposition 4.3. Each H € Massin is infinite. O

Proposition 4.4. Lvery groupoid H € Massin coutains infinitely
many subgroupoids that are not injective.

Namely, if b is a base in H, then for any 2. Qi ={"[in>i}lisa
subgroupoid of # and @, ¢ Massin. O

Proposition 4.5. Massfr is a proper subclass of Massin.

Proof. Let A be an infinite set and let H = A x N. Instead of
(a,n) € H we will write a™, and moreover, a instead of a'. The fact that
A is infinite implies that A, H and

C={(amb")|a,be A, a#b mneN},)
have the same cardinality. Let ¢ : " — H be an injective mapping and
define a groupoid H = (H,e) as follows:

(Va,be A, a#b, mneN) amea" =a™", a™eb" = p(a™,b").

Then H € Massin.

Namely, a = B(a*), k = ¢(a*), for each a« € A, ¥ € N. And,
if ™, 0" € H,a # b, then a™ o b = p(a™,b") is a base that is not
prime in H. The injectiveness of ¢ implies that the condition (ii) of
the definition holds as well. Then, H \ ¢m(¢) is the set of primes in /.
Therefore, if ¢ is bijective, then the set of primes in H is empty, and then
I ¢ Massfr. O

Proposition 4.6. If Il € Massin is such that there exist at least two
distinct base elements in H. then the set of base elements in H is infinite.

Proof. Let 0,c be base elements in H and b # ¢. Then, {b¥c |k > 1}
is an infinite set of base elements in /. O

As a corollary we obtain the following.

Proposition 4.7. If I € Massin, then the following conditinons are
equivalent:

(a) H is commutative;

(b) H is associative;

(c) H is isomorphic to the additive semigroup of positive integers:
(d) There is only one base element in H;
(e)

e) H € Massfr with one-element basis. 0O

2036



1.2 Gorgi Cupona * Naum Celakoski **, Snezana Tli¢ ***

Below we assume that H € Massin, @ is a subgroupoid of H and the
following notation:

B(H) = {Bla) |a€ H}, C=QnB(H),

{beBH)\Q|(BaeQ)b=pla)},
min{k | b e Q}, where be D.

D

I

Il

Ty

Proposition 4.8. If D = (), then @ € Massin.

Proof. This is a consequence from the definition of Massin. O

Proposition 4.9. If D # (), then the following statements are true.
1) For every b € D, the clement ™ is prime in (.
2) If, for every b € D, b* €  implies 7y | 5, then @ € Massin.

3) If there are b € D and s € N such that r, does not devide s and
b* € Q. and if s is the least integer with this property, then b° is prime in
¢ and Q¢ Massin.

Proof. 1) If b" (r = ;) werc not prime in ¢, then we would have
b" = bibJ for some b, b/ € Q, i+ j = r, and this contradicts the choice of r.

2) Suppose that a € @Q is such that b = f(a) € D. By 1), 0" (r = r}) is
the base of @ in @ and the exponent of a in ¢ is e(a)|r. Thus @ € Massin.

3) Let s =min{k € N | b¥ €  and 7 does not devided k}. Then b° is
prime in Q. (Namely, if b* were not prime, then we would have b = b0’
for some b7 € Q, (i+j=r). By 1), 7| ¢ and r | j, which implies r | s, a
contradiction with the choice of s.) Thus the elements 6", b® are prime in
Q. Sinee (b7)° = b™ts = (b*)", we have that bt has two distinct bases in
@, and thus Q ¢ Massin. O

As a corollary of Propositions 4.8-4.9, we obtain.

Proposition 4.10. ) ¢ Massin iff there is b € 3(H) and r,s € N
such that 2 < r < s and b7, b* are prime in . O

5. Bruck Theorem for the variety of monoassociative groupoids

Below we show the following proposition, analogous to Proposition 1.1,
that we call Bruck Theorem for the variety of monoassociative groupoids

([4])-
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Proposition 5.1. A groupoid H € Mass is free in Mass iff the fol-
lowing two conditions are satisfied:

(a) H € Massin.
(b) The set B of primes in H generates H.

Proof. If H € Massfr then, by Proposition 4.5, H € Massin, and, by
Proposition 3.3, the set B of primes generates Zik
Let H € Massin and the set B of primes generates H .

If B = {b}, then H = {" | n > 1}, and b is the unique base element
in H and, by Proposition 4.2, H is free in Mass with the basis {b}.

It remains the case when B contains at least two distinct elements. As
in §4 we denote by 3(H) the set of bases in H. Clearly, each prime in H
belongs to B(H), and thus B = By C A(H). By (ii) of the definition of
injectiveness, we also have By C (H ), where

By = {a™b" | a,b € By, a # b, m,n € N}.

Assume that: By, Bj....,Br are nonempty sets of bases such that
B;nNB; =0if i # j. Define Byyy by:

Bip1 = {c™d" | m,n €N, c#d, {c,d} C BoU...UBy, {c,d} N By # 0}.
By (ii) of the definition, we have By CA(H ), Bry1 #0 and Bry1 N B; =¥,
for each ¢ € {1,2,...,k}. Moreover, the fact that B(= Bg) generates i

implies that

B(H)=U{B, | s > 0}.

If
B = {a’ | € B:, s € N},

then 7 # j implies B 0 B} = and
#=Uu{Bl | i®ik

Let G € Mass and X : B — (. Define a sequence of mappings
@i+ BN — @ as follows:

be By, n>1=> Lp()(bs) = ()\(b))s,
¢™d® € By, n > 1= @i((¢™d")*) = ((po(e))™ (old)")";
e™d" € Biy, ¢ € Bi,d € Bj = pera((e™d)") = (9ile))" (wi(d)")":

Then, the union ¢ = U2 ¢ is @ homomorphism of H into G that extends
the given mapping A\: B— G. O



14 C}ol‘gi Cupoua *, Naum Celakoski **, Snezana Ili¢ ***

Below we assume that H = (H,-) € Massfr, () is a subgroupoid of Il
and B is the set of primes (i.e. B is the basis) of H. :

Using the fact that any groupoid H = (H,-) € Massfr with the basis
B is isomorphic with the groupoid R constructed in §3, and the statements
(3.3) and (3.1), we can state the following

Proposition 5.2. There exist a mapping @ — || of H into N, and a
mapping @ — cn(x) of H into the set Lpg of all finite nonempty subsets of
D, such that

1) [bl=1, l|eyl=l|z]+]yl,

2) cn(b) = {b}, cn(ay)=cn(a)Ucn(y),
forany bec B, 2 yc H. 0?2

Proposition 5.3. The set P of primes in ) is nonempty and gene-
rates Q. .

Proof. Assume that p € () is such that

|p| = min{|z] | z € Q}.

Then pis a prime in @), and thus the set I’ of primes in @ is nonempty.

Denote by T' the subgroupoid of () generated by P and assume that
for each a € @ such that |a| < k, we have @ € T. (In the case |a|] = 1, we
have a € P.) Then, if d € @ is such that |d| = k + 1, we have: d € T if
de P,and if d € @\ P, then there exist b,c € @ such that d = be. Then,
by Proposition 5.2.1), |b, |c| < k, and therefore b, ¢ € 1', which implies that
d e =

)

As a corollary of Propositions 4.8-4.9, Proposition 5.1. and Proposi-
tion 5.3, we obtain the following characterization of free subgroupoids of
groupoids in Massfr.

’Note that the existence of such mappings can be shown without using the
free groupoid R. Namely, the fact that (N.+) € Mass implies that there exists a
homomorphism | | : H — N such that |6] = | for each b € B. Also, the fact that
(Lp.,u) € Mass implies that there is a homomorphism ¢n : H — Lg, such that
cn(b) = {b} for cach b € B. ‘
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Proposition 5.4. If H € Massfr and @ is a subgroupoid of H, then
the following conditions are equivalent:

(a) Q € Massin;
(b) Q € Massfr;

(¢) There are no prime clemenents 0", 0% in (), where b is a base in H
and e p e g oo

A corollary of Proposition 4.2 is the following

Proposition 5.5. If H € Massfr is with one-element basis and @ is
a subgroupoid of H, then: @ € Massfr iff  is cyclic. O

Proposition 5.6. Let H € Massfr with the two-element basis
B = {a,b} and @ be the subgroupoid of H generated by

C = {a*b* | k € N}.

Then ¢ € Massfr with the infinite basis (.

Proof. The assumption a # b implies that each element ¢ € (' is a
base in H; moreover, a™b™ = a™b™ implies m = n, i.e. the set C' is infinite.

Note that, by (3.4), (Vt € Q)(en(t) = {a,b}), and thus oF, bF ¢
(). Therefore, every ¢ € (' is prime in ) and, by Proposition 5.4 (c),
Q € Massfr. 0O o
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3A MOHOACOLUMJATUBHUTE I'PYITIOUJIN

lopru Yynona*, Haywm Henakockn™*, Cuemana Wuk "

Peazmme

ITpemver Ha oBaa paboTa e MHOTyobGpa3sneto (o3maueno co Mass)
0/l MOHOACOIMjaTWBHA TPYHTOUIM, T.e. TPYIOUAN BO KOU CEKOj IHUK-
auyen nojarpynoui e nojayrpyna. /lanes e onmc Ha crnobomHUTE 00-
jektn Bo Mass. KopucTejku coonBeTHa HedMHMLM]a Ha IIOMMOT MH-
jeKkTMBeH Tpynous Bo Mass, ce IOKaKkyBa HeKa elen rpynomn H e
crobonen Bo Mass ako m camMo ako H e wmmjekTuBen Bo Mass m MHO-
AKeCTBOTO NPOCTH eneMenTr Bo H ro remepupa H. (OBa cBojerso e
napeueno Teopema na Dpak 3a Mass.) Huemna on wnacure Massin
(1.e. khaacaTa wHjekTUBHM 06Gjexktu Bo Mass) n Massfr (T.e. KiaacaTta
cioboman objexkrn Bo Mass) He e HacnenHa. llobueHa e KapakKTepu-
3amuja Ha cJI0DOIHWTe HOArpynouan ol ened rpynowa H € Massfr n
MOKaKaHo e JeKa cekoj rpymouna I € Mass co nBoeieMenTHa Oaza uMa
noarpynons @ € Massfr co beckoneuna 6a3sa.
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