Quasigroups and Related Systems 22 (2014), 295 — 300

Endotypes of equivalence relations

Yurii V. Zhuchok

Abstract. We classify all equivalence relations according to their type of an endomorphism (i.e.,
endotype).

1. Introduction

Semigroups of endomorphisms of relational systems have been studied by numer-
ous authors. The main problems that have been investigated recently are the
definability of relational systems by their semigroups of endomorphisms, the de-
scription of abstract characteristics and representations (see, [1], [2], [11]), the
investigation of algebraic and combinatorial properties of monoids of endomor-
phisms [6], [7]. The basic concept which is studied in this paper is the notion of
an endotype of a relational system. The notion of an endotype for a symmetric
binary relation was introduced in [3] by means of interrelations between sets of
six types of endomorphisms. Later, the notion of an endotype was defined for
relations of any arity [8]. Using this concept all relations from a given class can
be classified according to their type of an endomorphism. Thus, in [5] endotypes
of generalized polygons were found and in [4] all values of an endotype for graphs
of a complement of an arbitrary finite path were described. Endotypes of graphs
of N-prisms have been calculated in [9]. Endomorphisms of relations of an equiv-
alence have been described in [10]. Here we describe all endotypes of equivalence
relations.

The paper is organized as follows. In Section 2, we give definitions of six types
of endomorphisms of an arbitrary binary relation and their examples. In Section 3,
we present all possible values of an endotype of equivalence relations.

2. Types of endomorphisms

Let X be an arbitrary set and (X) be the symmetric semigroup on X.

Definition 2.1. The transformation f € I(X) is called an endomorphism of a
relation p C X x X if for all a,b € X the condition (a;b) € p implies (af;bf) € p.
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The set of all endomorphisms of p is a semigroup with respect to the ordi-
nary composition of transformations. This semigroup is called an endomorphism
semigroup of a relation p and is denoted by End(X, p).

Definition 2.2. The endomorphism f € End(X, p) is called a half-strong endo-
morphism if for all a,b € X the condition (af;bf) € p implies the existence of
preimages a’ € aff~* and b’ € bf f~! such that (a’;V') € p.

The set of all half-strong endomorphisms of p we denote by HEnd(X, p). It is
known [3] that HEnd(X, p) is not a semigroup in the general case.

Definition 2.3. The endomorphism f € End(X,p) is called a locally strong en-
domorphism if for all a,b € X the condition (af;bf) € p implies that for every
a’ € aff~! there exists b’ € bff~! such that (a’;b’) € p and analogously for all
preimages of bf.

We denote the set of all locally strong endomorphisms of p by LEnd(X,p).
Observe that generally LEnd(X, p) does not form a semigroup.

Definition 2.4. The endomorphism f € End(X, p) is called a quasi-strong endo-
morphism if for all a,b € X the condition (af;bf) € p implies that there exists
a’ € af f~* such that for every b’ € bf f~! we have (a’;b') € p and analogously for
a suitable preimage of bf.

By QEnd(X, p) we denote the set of all quasi-strong endomorphisms of p. Note
that QEnd(X, p) is not a semigroup in general.

Definition 2.5. The endomorphism f € End(X,p) is called a strong endomor-
phism if for all a,b € X the condition (af;bf) € p implies that (a;b) € p.

We denote the set of all strong endomorphisms of p by SEnd(X, p). It is not
hard to check that SEnd(X, p) is a subsemigroup of End(X, p).

Definition 2.6. The endomorphism f € End(X, p) is called an automorphism if
f is bijective and f~! is an endomorphism of p.

The set of all automorphisms of p we denote by Aut(X, p). Obviously, Aut(X, p)
is a subgroup of End(X, p) for any relation p C X x X.

Example 2.7. For the set X = {a,b, ¢, d, e}, let
n={(a;b), (b;a), (a; a), (b;0), (b;d), (d;€), (e;€)} and

o = {{a,b},{b,c}. {c,d},{d, a},{b,d}, {d}}.
Then

a b c d e
<a a0 d a b)EEnd(X,u)\HEnd(X,u),
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2) € HEnd(X, p)\LEnd(X, 1),

=
Q > o
®
Q Q QU Q.

‘) € LEWaX0)\QEnd(X. ),

b d
(i i o d 2) € QEnd(X,0)\SEnd(X, o),
a b c
<c b c ) € SEnd(X,0)\Aut(X, o),
c d e

3. Endotypes of equivalence relations

A relation p C X x X is called trivial if p = ix = {(x;2)|z € X} or p = wx =
X x X.

Let Eq(X) be the set of all equivalence relations on X and a € Eq(X). We
denote the quotient set of X relative to « by X/« and the equivalence class which
contains « € X by 7.

Lemma 3.1. The endomorphism f of an equivalence relation oo € Eq(X) is a
quasi-strong endomorphism if and only if f € SEnd(X, «).

Proof. Assume that f € QEnd(X, «) and (af; bf) € a for some a,b € X. Since f
is quasi strong, then there exists a’ € aff~! which is adjacent to every element of
bf f~! and analogously for a suitable preimage b’ € bf f~!. From here bff~* C o/
and af f~1 C ¥/, in addition (a’;b') € a. Therefore, @ =b and so f € SEnd(X, o).

The converse statement is obvious. O

For an arbitrary binary relation p on a set X the following inclusions of sets of
endomorphisms hold:

End(X, p) 2 HEnd(X, p) 2 LEnd(X, p) 2QEnd(X, p) 2 SEnd(X, p) 2 Aut(X, p).

With this sequence we associate the sequence of number (si,s9, s3, $4, S5),
where s; € {0,1},7 € {1,...,5}. Here 1 stands # and 0 stands = at the respective
position in the above sequence for endomorphisms. For example, so = 0 indicates
that HEnd(X, p) = LEnd(X, p), and s5 = 1 means that SEnd(X, p) # Aut(X, p).

The integer °_, 5;2°~ is called the endotype (or the endomorphism type) of
p and is denoted by Endotype(X, p).

The main result of the paper is the following theorem:
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Theorem 3.2. For any equivalence o on a set X, we have

0, |X| =1,

4, 2<|X| < o0, a=iy,
Endotype(X, a) = < 16, 2 <X, a =wx,

20, | X| =00, @ =ix,

23, aFix,a# wx.

Proof. 1) For a singleton set X, the set Eq(X) consists of the trivial equivalence
a = ix = wy, in addition, obviously End(X,«) = Aut(X,«) and therefore,
Endotype(X, o) = 25:1 027t =0.

2) Let X be a finite set such that |X| > 2 and o = ix. Assume that £ €
SEnd(X,«) and a§ = b for some a,b € X. Then the condition (a&;bf) € «
implies (a;b) € «, so a = b. Since X is finite, then ¢ is a bijection. Therefore,
SEnd(X,a) = Aut(X, a).

Define a transformation f of X as follows: X f = {a}, a € X. A direct verifi-
cation shows that f € LEnd(X, «). In addition, f ¢ QFEnd(X, «) since there is no
x € X such that (z;y) € a for all y € X. Thus, LEnd(X, a) # QEnd(X, o).

It is clear that End(X, ) = LEnd(X, a) and so,

Endotype(X,a) = 2% = 4.

3) Let a = wx, |X| > 2. In this case we have End(X,«) = SEnd(X,a) =
$(X) and Aut(X, ) = S(X), where S(X) is the symmetric group on X. Thus,
SEnd(X,a) # Aut(X, a) and we obtain

Endotype(X,a) = 2* = 16.

4) Let X be an infinite set and o = ix. In contrast to item 2) the equality
SEnd(X,a) = Aut(X, a) does not hold. An example of a suitable endomorphism
from SEnd(X,a)\Aut(X,«) is any injection g € ¥(X) which is not a surjection.
In this case, we have

End(X,a) =HEnd(X,a) =LEnd(X, o) DQEnd(X, o) =SEnd(X, o) D Aut(X, o),

therefore
Endotype(X,a) = 22 + 2% = 20.

5) Let @« € Eq(X) be a nontrivial equivalence relation. Then | X| > 3,|X/«a| > 2
and there exists at least one class A € X/« such that |A] > 2. Assume ¢ € (X))
such that Ap = {a},a € A and for all B € X/a, B # A the restriction ¢|p is
the identity transformation of B. Obviously, ¢ is not a bijection. Besides, for all
xz,y € X we obtain (z;y) € « if and only if z¢,yp € B for suitable B € X/a.
This means that ¢ € SEnd(X, «), but ¢ ¢ Aut(X, @).
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Further, take different a,b € X such that (a;b) € « and define a transformation
¢ of X as follows: X1 = {a}. Similarly as in item 2) of this proof, it can be shown
that ¢ € LEnd(X, ) \ QEnd(X, a).

Now we consider a full transformation g of X such that

B {{a,b}, if 7 =g,

= {b} otherwise

for all T € X/a. It is not hard to check that g € HEnd(X,a). Since for every
b € bg~! \ @ there is no @’ € ag~! such that (a’;0') € «, then g ¢ LEnd(X,«).
From here HEnd(X,«) # LEnd(X, «).

Finally, define h € $(X) putting for all x € X:

xh:{a’ if x €a,

b otherwise.

It is clear that h € End(X, ). Moreover, for all z € ah™!,y € bh~! we have
(z;y) ¢ «, therefore h ¢ HEnd(X, «). From here End(X, ) # HEnd(X,«) and
then we obtain the following sequence of inclusions:

End(X,a) D> HEnd(X, o) D LEnd(X, o) DQEnd(X, o) = SEnd(X, o) D Aut(X, ).

Thus, Endotype(X,a) =1+2+ 4+ 16 = 23. O

References

[1] J. Araujo, J. Konieczny, Automorphisms of endomorphism monoids of relatively
free bands, Proc. Edinburgh Math. Soc. 50 (2007), 1 — 21.

[2] E. A. Bondar, Y. V. Zhuchok, Semigroups of strong endomorphisms of infinite
graphs and hypergraphs, Ukr. Math. J. 65 (2013), 823 — 834.

[3] M. Bottcher, U. Knauer, Endomorphism spectra of graphs, Discr. Math. 109
(1992), 45 — 57.

[4] H. Hou, X. Fan, Y. Luo, The endomorphism monoid of P,, European J. Com-
binatorics 29 (2008), 1173 — 1185.

[5] H. Hou, X. Fan, Y. Luo, Endomorphism types of generalized polygons, Southeast
Asian Bull. Math. 33 (2009), 433 — 441.

[6] A. Laradji, A. Umar, Combinatorial results for semigroups of order-preserving
full transformations, Semigroup Forum 72 (2006), 51 — 62.

[7] G. Mashevitzky, B. M. Schein, Automorphisms of the endomorphism semigroup
of a free monoid or a free semigroup, Proc. Amer. Math. Soc. 131 (2003), 1655 —
1660.

[8] A. V. Reshetnikov, On definitions of a homomorphism of hypergraphs, (Russian),
Proc. Xth Int. Sem. "Discr. Math. and Appl.", MGU (2010), 325 — 327.



300 Y. V. Zhuchok

[9] W. Wang, H. Hou, The endomorphism monoid of N-prism, Intern. Math. Forum
50 (2011), 2461 — 2471.

[10] Y. V. Zhuchok, Endomorphisms of equivalence relations, (Ukrainian), Bull. Taras
Schevchenko Nat. Univ. Kyiv, Ser.: Phys. and Math. 3 (2007), 22 — 26.

[11] Y. V. Zhuchok, The monoid of endomorphisms of disconnected hypergraphs, Alg.
Discr. Math. 16 (2013), 134 — 150.

Received March 16, 2014
Revised October 3, 2014
Kyiv Taras Schevchenko
National University
Volodymyrska 60
Kyiv, Ukraine
E-mail: zhuchok y@mail.ru



