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THE RELATIVE REGIONALLY REGULAR RELATION

JUuNG OK YU* AND SE SOON SHIN**

ABSTRACT. In this paper the relative regionally regular relation is
defined and it will be given the necessary and sufficient conditions
for the relation to be an equivalence relation.

1. Introduction

The proximal relation P and the regionally proximal relation @ of a
transformation group (X,7") were first defined by Ellis and Gottschalk
([6]), and syndetically proximal relation L and the syndetically region-
ally proximal relation M were introduced and studied intensively by
Clay([3]). The author ([9]) introduced the regular relation, regionally
regular relation and syndetically regionally regular relation as the gen-
eralizations of those of Ellis, Gottschalk and Clay.

A homomorphism 7 : X — Y determines a closed invariant equiva-
lence relation R, = {(z,2') € X x X | n(z) = 7w(2)} on X. Conversely,
a closed invariant equivalence relation R on X determines an epimor-
phism 7 : X — X R. Given 7 : X — Y, Shoenfeld ([8]) introduced
the relative proximal relation on X to be the intersection of R, with the
proximal relation on X. He also defined the relative regionally proximal
relation on X.

In this paper, we will define the relative regionally regular relation
and the relative syndetically regionally regular relation.

2. Preliminaries

Throughout this paper, (X,T') will denote the transformation group
with compact Hausdorff phase space X. A closed nonempty subset A of
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X is called a minimal subset if for every x € A, the orbit T is a dense
subset of A. A point whose orbit closure is a minimal set is called an
almost periodic point. If X is itself minimal, we say that it is a minimal
transformation group or a minimal set.

The compact Hausdorff space X carries a natural uniformity whose
indicies are the neighborhoods of the diagonal in X x X. Two points
x and y are called proximal provided that for each index « of X, there
exists a ¢ € T such that (zt,yt) € a. The set of all proximal pairs is
called the proximal relation and is denoted by P(X), or simply P. If x
and y are not proximal, x and y are said to be distal. If P(X) = A, the
digonal of X x X, then (X, T) is called the distal transformation group.

A continuous map 7 : (X,T) — (Y, T) with n(xt) = 7(z)t is called
a homomorphism. If Y is minimal, 7 is always onto. If 7 is onto, 7
is called an epimorphism A homomorphism of X into itself is called an
endomorphism. An isomorphism 7 : X — Y is called an automorphism
of X. We denote the group of automorphisms of X by A(X).

A minimal transformation group (X,T) is called regular if for every
almost periodic point (z,y) € (X x X, T), there exists an endomorphism
h of (X,T) such that h(z) =y

DEFINITION 2.1. ([8],[9]) (1) Two points z and y of (X,T') are said
to be regionally proximal if there exist nets (x,) and (y,) in X, a net
(tp) in T and a point z” € X such that lim z, = z, limy, = y and
limz,t,=lim y,t, = z”. The set of regionally proximal pairs of points
is called the regionally proximal relation and is denoted by Q(X) or Q.

(2) Let Q* denote the set of all (z,y) € X x X such that (h(z),y) € @
for some h € A(X). The set Q* is called the regionally regular relation.

DEFINITION 2.2. ([2],]9]) (1) Let M (X) or simply M denote the set
of all pairs (z,y) € X x X such that for every index o and for every
neighborhood U of x, every neighborhood V of y, there exist points
x1 € U and y; € V and a syndetic subset A of T such that (x1t,y1t) € «
forallt € A. The set M (X) is called the syndetically regionally proximal
relation.

(2) Let M* denote the set of all (z,y) € X x X such that (h(z),y) €
M for some h € A(X). The set M* is called syndetically regionally
regular relation.

Let m: X — Y be a homomorphism and let
Ry ={(z,2") e X x X | m(x) = n(2)}

Then R, is a closed invariant equivalence relation on X.
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DEFINITION 2.3. ([8],[2])(1) Let Q(m) denote the set of all pairs
(z,y) € Rp such that for every index « there are points z; € za,
y1 € ya and an element ¢ € T satisfying the condition (z1,y1) € Rx
and (z1t,y1t) € a. Equivalently, Q(w) is the set of all (z,2') € R,
such that there exist nets (x,) and (z),) in X, a net (¢,) in 7, and a
point 2’ € X satisfying the condition (z,,z),) € R, and limz, = z,
limz!, = 2’ and limz,t, = 2”, lima) t, = 2”. The set Q(7) is called the
relative regionally proximal relation.

(2) Let M(m) denote the set of all pairs (z,y) € R, such that for
every index « there exist points 1 € za, y1 € ya and a syndetic subset
A C T such that (z1,y1) € Ry and (z1t,y1t) € o for all t € A. The set
M (m) is called the relative syndetically regionally proximal relation.

REMARK 2.4. (1) If R = X x X, then Q(7) coincides with the
regionally proximal relation Q and M (7) coincides with the syndetically
regionally proximal relation M.

(2) It is obvious that Q(7) and M (7) are invariant closed relations

and M(m) C Q(7) C R;.

THEOREM 2.5. ([2]) If (X,T) is a distal transformation group, then
M(m) = Q(m).

THEOREM 2.6. ([2])If (X, T) is a distal minimal transformation group,
then Q(m) is a closed invariant equivalence relation.

3. Relative regionally regular relation

Now, we introduce the relative regionally regular relation and rela-
tive syndetically regionally regular relation as the generalized notions
of the regionally regular relation and the syndetically regionally regular
relation.

DEFINITION 3.1. Let m: X — Y be a homomorphism and let R; =
{(z,2") | w(x) = w(2')}. The sets Q*(mw) and M*(w) are defined as
follows.

(1) (z,y) € Q*(m) if and only if (h(x),y) € Q(7) for some h € A(X).

(2) (z,y) € M*(n) if and only if (h(x),y) € M(7) for some h € A(X).

The sets Q*(m) and M*(7) are called the relative regionally regular
relation and the relative syndetically regionally regular relation on X,
respectively.

REMARK 3.2. (1) If Ry = X x X, then Q*(7) = Q* and M*(7) = M*

(2) @*(m) and M*(m) are invariant reflexive relations.
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THEOREM 3.3. (1) If M(7) = Q(~), then M*(m) = Q*(m).
(2) If (X, T) is a distal transformation group, then M*(m) = Q*(m).

Proof. (1) Suppose that M(w) = Q(w). It suffices to show that
M*(m) € Q*(w). Let (z,y) € Q*(w). Then (h(x),y) € Q(m) for some
h € A(X). Since M(mw) = Q(m), (h(x),y) € M(m). This shows that
(z,y) € M*(m).

(2) In a distal transformation group (X,T"), M(w) = Q(w) by Theo-
rem 2.5. Therefore, M*(w) = Q*(w) by (1). O

DEFINITION 3.4. An epimorphism 7w : X — Y is called an r-homomor-
phism if given h € A(X), there exists a k € A(Y') such that 7h = k.

THEOREM 3.5. Let (X,T') be minimal and let (Y,T') be regular min-
imal. Then w: X —'Y s an r-homomorphism.

Proof. Let h € A(X)andy € Y. Since Y is minimal, there exists v? =
v in E(Y') such that yv = y. There exists an almost periodic point z =
zu of X such that u? = v, #(u) =v and 7(z) = 7(zu) = 7(x)7(u) =
m(x)v =yv =y, where 7 : E(X) — E(Y) is the homomorphism induced
bym: X =Y.

Since (y,mwh(x)) = (yv,7h(zu)) = (yv,wh(x)v) = (y,7h(z))v, (y,
wh(x)) is an almost periodic point of Y x Y. Since Y is regular minimal,
there exists k € A(Y') such that k(y) = wh(x). that is, kn(z) = wh(z).
Since a homomorphism of minimal sets is determined by its value at one
point, it follows that k7w = mh, and therefore 7 is an r-homomorphism.

O

THEOREM 3.6. Let (X,T') and (Y,T) be minimal and let m: X — Y
be an r-homomorphism. If X is reqular, then so is Y.

Proof. Let X be regular minimal and let 7 : X — Y be an r-
homomorphism. We will show that for any almost periodic point (y,y’)
of (Y xY,T), there is an endomorphism k of (Y, T) such that k(y) = v/
Let (y,y’) be an almost periodic point of (Y x Y, T). Then there is an
almost periodic point (z,z') in (X x X,T) such that

m(z,2') = (w(2), 7(z")) = (v,9),
where homomorphism 7* : X x X — Y x Y is defined by 7*(z,2’) =
(m(x),m(2")). Since X is regular minimal and (z, z’) is an almost periodic
point of Y x Y, there exists an endomorphism h of X such that h(z) =
2. But, endomorphism £ is, in fact, an automorphism, because every
endomorphism in a regular minimal set is an automorphism. Since 7
is an r-homomorphism, given h € A(X), there exists a k € A(Y') such
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that mh = k.
Hence,
k(y) = kr(x) = mh(z) = m(a') = .
Therefore, Y is regular minimal. O

REMARK 3.7. Let 7w : X — Y be an r-homomorphism, and let (x,x') €
Q(m). Then (h(x),h(z")) € Q(x) for an automorphism h of X.

Proof. Let (z,2') € Q(m) and let h be an automorphism of X. There
are nets (z,),(z),) in X, a net (¢,) in T, and a point 2”7 € X such that
each (zp,2),) € Ry and

limz,, = z, limx

Put v, = h(zy), v,

X and it follow that
limy,, = limh(x,) = h(z), limy!, = limh(z),) = h(2’)

/
n

= h(x],) for each n. Then (y,), (y),) are nets in

=2/ and limz,t, = 2", limz) ¢, = 2”.

and

limy,t, = limh(aﬁn) n = limh(x,t,) = h(z”)

limy) t,, = limh(z))t,, = limh(z),t,) = h(z")
Since 7 is an r-homomorphism, given h € A(X) there exists a k € A(Y)
such that mh = km. Hence we obtain

7 () = wh(wn) = kr(en) = k() = wh(z)) = ().
that is, each (yn,y,,) € Rr and therefore, (h(z), h(z')) € Q(r). O

THEOREM 3.8. Let w: X — Y be an r-homomorphism. If the relative
regionally proximal relation Q(7) is an equivalence relation, then so is
the relative regionally reqular relation Q*(r).

Proof. Suppose that Q(m) is an equivalence relation. It is obvious
that Q*(m) is reflexive. Let (x,y) € Q*(7). Then (h(z),y) € Q(m)
for some h € A(X). Since Q(w) is symmetric, (y,h(x)) € Q(7). We
also have (h~(y), h=th(z)) = (h"1(y),z) € Q(7) by Lemma 3.7. This
implies that (y,x) € Q*(w). Therefore, Q*(m) is symmetric. Next we
show that Q*(m) is transitive. (z,y) € Q*(m) and (y,2) € Q*(m). Then
(h(z),y) € Q(n) and (k(y),z) € Q(x) for some h, k in A(X). We also
have (kh(z),k(y)) € Q(w) by Lemma 3.7. Since Q(m) is transitive,
(kh(z),z) € Q(m). This shows that (z,z) € Q*(m). Therefore, Q*() is
transitive. O

By Theorem 2.6, the relative rigionally proximal relation Q(7) in a
distal minimal transformation group (X,7T') is an invariant equivalence
relation. Consequently, we have the following corollary.
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COROLLARY 3.9. Let m : X — Y be an r-homomorphism and let
(X,T) be a distal minimal transformation group. Then Q*(7) is an
equivalence relation.

For a fixed h € A(X), we denote Q} (7) to be the set of all (x,y) € Ry
satisfying the condition (h(z),y) € Q(m).

It is obvious that Q*(7) = U{Qj (7) | h € A(X)} and Q(7) = Q7 (7),
where 1 is the identity automorphism of X.

THEOREM 3.10. Let 7 : X — Y be a homomorphism. Then Q; ()
is a closed subset of X x X for all h € A(X).

Proof. Let ((xn,yn)) be a set in Qj () such that ((xy,yn)) converges
to (z,y). Then (h(xy,),yn) € Q(n) for all n, and (h(zy,),y,) converges to
(h(z),y). Since Q(m) is closed, (h(z),y) € Q(w), and therefore (z,y) €
Q5 (m). This shows that @} (m) is closed in X x X. O

The following corollary is immedinte from the fact that Q(w) =
Q7 (m).

COROLLARY 3.11. Let m : X — Y be a homomorphism. Then the
relative regionally proximal relation Q(m) is closed in X x X.

The following theorem is an analogue of Theorem 3.15(]9]).

THEOREM 3.12. Let w: X — Y be an r-homomorphism. Then

(1) Q(m) is an equivalence relation if and only if QF (7)o Qi(m) =
Qj () for all h,k in A(X).

(2) Q*(m) is an equivalence relation if and only if Q; (7)o Qi(m) C
Q*(m) for all h,k in A(X).

Proof. The proof is similar to that of Theorem 3.15([9]), and therefore
will be omitted. O

References

[1] J. Auslander, Regular minimal sets I, Trans. Amer. Math. Soc. 123 (1966),
469-479.

[2] L. U. Bronstein, Eztension of minimal transformation groups, Sijthoff and Nord-
hoff Inter. Publ., Nehterlands, 1979.

[3] J. P. Clay, Prozimity relations in transformation groups, Trans. Amer. Math.
Soc. 108 (1963), 88-96.

[4] R. Ellis, Lectures on topological dynamics, W. A. Benjamin, New York, 1969.

[5] R. Ellis, A semigroup associated with a transformation group, Trans. Amer.
Math. Soc. 94 (1960), 272-281.



The relative regionally regular relation 501

[6] R. Ellis and W. H. Gottschalk, Hompmorphisms of transformation groups,
Trans. Amer. Math., Soc. 94 (1960), 258-271.

[7] H. B. Keynes, On the prozimal relation being closed, Proc. Amer. Math. Soc.
18 (1967), 518-522.

[8] P. S. Shoenfeld, Regular homomorphisms of minimal sets, Doctoral Disserta-
tion, Univ. of Maryland, 1974.

[9] J.O.Yu, The regionally regular relation, J. Chung Chung Math. Soc. 19 (2006),
365-373.

*

Department of Mathematics
Hannam University

Daejeon 306-791, Republic of Korea
E-mail: joyuGhannam.ac.kr

k%

Department of Mathematics
Hannam University

Daejeon 306-791, Republic of Korea
E-mail: sss1780@paran.com



