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On Li—Yorke chaotic transformation groups
modulo an ideal

Sobre grupos de transformacién cadticos Li-Yorke médulo un ideal

Mehrnaz Pourattar!?, Fatemah Ayatollah Zadeh Shirazi?®

Abstract. In the following text we introduce the notion of chaoticity modulo
an ideal in the sense of Li—Yorke in topological transformation semigroups and
bring some of its elementary properties. We continue our study by characteriz-
ing a class of abelian infinite Li—Yorke chaotic Fort transformation groups and
show all of the elements of the above class is co-decomposable to non—Li—Yorke
chaotic transformation groups.
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Resumen. En el siguiente texto definimos el concepto de caoticidad mdédulo
un ideal en el sentido de Li-Yorke en semigrupos de transformacién topolégicos
y presentamos algunas de sus propiedades. Continuamos nuestro estudio car-
acterizando una clase de grupos de transformacién de Fort cadticos Lie-Yorke
infinitos abelianos y mostrando que todos los elementos de esta clase dada
arriba es co-descomponible a grupos de transformacién no Li—Yorke
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1. Introduction

Different senses of chaos in dynamical systems like Devaney chaos [1, 4, 22], Li—
Yorke chaos [14], distributional chaos [13], w—chaos [12], e-chaos [18], ... for dy-
namical systems have been studied in several texts, the main emphasis in these
researches are on (compact) metric dynamical systems. Moreover, recently have
been done researches on chaos in transformation groups [21], maps on transfor-
mation groups [17] and uniform phase spaces [2]. On the other hand different
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compactifications (and amongst them one—point—compactification) have their
significant role in point set topology and topological dynamics [9, 11, 19]. In
this text we present a definition for Li—Yorke chaos in transformation semi-
groups (modulo an ideal) with infinite phase semigroup and study this concept
in the category of transformation groups with one—point—compactification of a
discrete space (i.e., a Fort space) as phase space.

2. Preliminaries

As it has been mentioned in Introduction in this text we deal with Li—Yorke
chaos in transformation semigroups with a uniform space as phase space, so we
need backgrounds on transformation semigroups, uniform spaces and Li—Yorke
chaos, also we bring backgrounds on Fort spaces too regarding our examples.

2.1. Background on uniform spaces
Suppose F is a collection of subsets of X x X such that:
o VaeF (Ax C a),

Va,f € F (anNpeF),

Vae FYBC XXX (a«CB=pBeF),
eVacF (aleF),
eVac FIBecF (BoBCa),

where Ax = {(z,7) : # € X} and a™! = {(y,2) : (x,9) € a} also a0 =
{(z,2) : Jy ((z,y) € BA(y,2) € a)} (for o, 8 C X x X), then we call F a
uniform structure on X, also we call the elements of F entourages on X. For
acFandzeXletax]={ye X:(z,y) €a},then {UC X :VyeU I3 €
F (Bly] CU)} is a topology on X, we call it uniform topology on X induced
by uniform structure F and call (X, F) or briefly X a uniform space. We call
the topological space Y uniformzable if there exists a uniform structure £ on
Y such that uniform topology induced by £ coincides with original topology
on Y, also in this case we say £ is a compatible uniform structure on Y.
Compact Hausdorff spaces are uniformzable and admit a unique compatible
uniform structure. In particular compact metric space in (X,d) {a C X X
X :3e >0 (O: C )} is unique compatible uniform structure on X (where
O; = {(z,w) € X x X : d(z,w) < e} for every € > 0). For more details on
uniform spaces see [5, 7].

2.2. Ideals and Fort spaces

Let’s recall that we say the nonempty collection Z of subsets of W is an ideal
on W if for all A,B € Z and C with C C A we have AU B,C € Z, in
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particular @ € Z. Although most of the authors in ideal Z on W have supposed
X ¢ T [10] we allow this condition too (so Z = P(W) is allowed in this text,
where P(W) = {A: A C W} is the collection of all subsets of W).

Suppose b € F and equip F with topology {U C F:b ¢ UV (F\U is
finite)}, then we say F is a Fort space with particular point b (it’s evident
that Fort space F' with particular point b is just one point compactification (or
Alexandroff compactification) of discrete space F'\ {b}) [20].

2.3. Background on Li—Yorke chaos in dynamical systems

By a dynamical system (X, f) we mean a topological space X and continuous
map f: X — X. In dynamical system (X, f) with compact metric phase space
(X,d) we say z,y € X are

1. proximal if liminf d(f™(z), f™*(y)) = 0,
n—oo
2. asymptotic if lim d(f"(x), f"(y)) =0,
n— 00

3. scrambled if lirginfd(f"(x), f™(y)) = 0 and limsup d(f™(x), f"(y)) > 0.
n o0 n—oo
We say the dynamical system (X, f) is Li—Yorke chaotic if it has an uncountable
subset like A such that every distinct xz,y € A are scrambled. So for unique
compatible uniform structure on X, F = {a C X x X : Je > 0 (O, C a)},
which is introduced in subsection 2.1, we may use the following definitions too,
we say x,y € X are

1’. proximal if there exist z € X and net {ny taer in N with

lim f**(z) = z = lim f**(y),

2. asymptotic if for every a € F the set {n € N : (f"(x), f"(y)) ¢ a} is
finite,

3'. scrambled if they are proximal and non—asymptotic.

2.4. Background on transformation semigroup

By a transformation semigroup (resp. transformation group) (X, .S, ) or sim-
ply (X,S) we mean a compact Hausdorff space X, discrete topological semi-
group (resp. group) S with identity e and continuous map 7 : X x S — X such

(z,s)—axs
that for all x € X and s,t € S we have ze = z, z(st) = (zs)t [6]. In partic-
ular, every dynamical system (X, f) may be considered as the transformation
semigroup (X,NU {0}, 7y) where 7(z,n) = f"(z) (zr € X,n > 0).
We say (X, (Gqo; @ € T)) is a multi-transformation semigroup (resp. multi—
transformation group) if for each a € T, (X, G,,) is a transformation semigroup
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(resp. transformation group), moreover for each distinct aq,...,a, € I' and
z € X,81 € Goy,--.5n € G, we have

(- (zs1)s2) - )sn = (- (50(1))80(2)) -+ )So(m)

for each permutation o : {1,...,n} = {1,...,n}.

For transformation semigroup (resp. transformation group) (X,G), we
say the multi-transformation semigroup (resp. multi-transformation group)
(X,(Go;¢ € T)) is a co—decomposition of (X,G) if G,s are distinct sub-
semigroups (resp. subgroups) of G, and G is the semigroup (resp. group)
generated by U G, [15].

acl

Definition 2.1. In transformation semigroup (X, S) with uniform phase space
(X, F) suppose Z is an ideal on semigroup S. We say z,y € X are:

e proximal if there exists z € X and a net {gq }aer in S with [6]

lim zg, = z = lim yg, ,
acl ael

e asymptotic modulo Z if for every a € F we have {s € S : (zs,ys) ¢ a} €
z

)

e scrambled modulo 7 if they are proximal and non—asymptotic modulo Z,
o stab(z) :=={g € S :xg = x} is the stablizer of z.

We denote the collection of all proximal pairs of (X, S) with Proz(X,S). More-
over we have Prox(X,S) = N{aS™!: a € F} where for all « € F we have
aS7t={(z,w) € XxX :3s € S((zs,ws) € a)} [8]. Also we denote the collec-
tion of all asymptotic pairs (z,w) modulo ideal Z (i.e., z,w € X are asymptotic
modulo ideal 7) with Asymz(X,S).

Also we say D C X with at least two elements is an scrambled set modulo Z
if for all distinct z,w € D we have (z,w) € Proz(X,S)\ Asymz(X,S). We say
(X, 9) is Li-Yorke chaotic modulo Z if it contains an uncountable scrambled
subset modulo Z.

N

Definition 2.2. In transformation semigroup (X,S), Pan(S) :== {D C S :

D is finite} is an ideal on S, let
Asym(X, S) := Asymp, (5)(X,S) .

We say (X,S) is Li-Yorke chaotic if it is Li-Yorke chaotic modulo Pg,(5).
Also we say x,y € X are asymptotic (resp. scrambled) if they are asymptotic
modulo Pgy,(S) (resp. scrambled modulo Py (5)).

Note 1. Consider dynamical system (X, f) with compact metric phase space
X and transformation semigroup (X,N U {0}) with xn := f"(x) (for all z €
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X,n > 0), then (X, f) is a Li-Yorke chaotic dynamical system if and only if
(X,NU{0}) is a Li-Yorke chaotic transformation semigroup.

Note 2. For compact metric space X with compatible metric d, and infinite
countable semigroup S = {t1,t2,...} (with distinct ¢,s), in transformation
semigroup (X, S) the following statements are equivalent:

A. (X, S) is Li-Yorke chaotic (according to Definition 2.2),

B. There exists an uncountable subset A of X such that for any distinct
points x,y € A we have (z,y) € Proxz(X,S) (i.e. there exists a sequence
{sn}n>1 in S with lim,_,o d(xsn,ys,) = 0), and there exists (r,),>1 €

IT S\{t1,....tn} with lim d(ar,,yr,) > 0.

C. for any increasing sequence § = {F), },>1 of compact subsets of S there
exists an uncountable subset Az of X such that for any distinct points

z,y € Az we have (z,y) € Proz(X, S), and there exists (,,)n>1 € [[ S\
n>1

F,, with lim d(zr,,yr,) > 0 (i.e., (X,S) is Li-Yoke chaotic according
n—oo
to [3, Definition 1.2]).

Proof. Let’s consider the following two claims for every z,y € X:
Claim 1. If (z,y) ¢ Asym(X,S), then for any increasing sequence {Fy, },>1

of finite subsets of S, there exists (r,)n>1 € [[ S\ Fyn with lim d(zr,,yr,) >
- nZl n—oo
0.

Proof of Claim 1. Suppose (z,y) ¢ Asym(X,S), then there exists § > 0
such that D := {s € S : d(zs,ys) > 0}(= {s € S : (ws,ys) ¢ Os}) is infinite.
Now consider increasing sequence {F,},>1 of finite subsets of S, for all n > 1
there exists p, € D \ F, also we may suppose p,s are paiwise distinct, thus
for all n > 1, d(xpn,ypn) > 0 which leads to € := linrr_ligf d(xpn, yprn) > 9, s0

{pn}n>1 has a subsequence {p,, }r>1 with ¢ = klim d(zpn,, ypn,) > 0, For all
- - —00

k > 1 we have ny > k and Fy, C F,,, hence p,, € S\ F,, € S\ Fx. Thus
(Pny)k>1 € I S\ F) which completes the proof of Claim 1.
E>1

Claim 2. If there exists (rn)n>1 € T1 S\{t1,...,t,} with ILm d(xry, yrs)
n>1 n— oo

> 0, then (z,y) ¢ Asym(X,S).
Proof of Claim 2. For all n > 1 there exists s, € S\ {t1,...,t,} with
e := lim d(zsp,ysn) > 0, so there exists N > 1 with d(zs,,ysn) > /2
n—oo

for all n > N which leads to {s, : n > N} C {s € S : d(xs,ys) > ¢/2}.
If {s, : n > N} is finite, then there exists M > 1 with {s, : n > N} C
{t1,...,tam} in particular sy € {t1,...,ta} which is in contradiction with
sn+m € S\ {t1,...,tn+m}, hence {s, : n > N} is infinte. Therefore {s €
S d(xs,ys) > e/2}(= {s € S : (x5,ys) ¢ O/2}) is infinite too and (z,y) ¢
Asym(X, S).

Now we are ready to prove the Note.
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“(A) = (C)” Use Claim 1 and the fact that the collection of finite subsets
of S is equal to the collection of compact subsets of S (since S is finite).

“(C) = (B)” It is obvious, since {{t1,...,ts}}n>1 is an incresing sequence
of compact subsets of S.
“(B) = (A)” Use Claim 2. O

3. Asymptoticity and Li—Yorke chaoticity
modulo an ideal

In this section we bring some elementary properties of Li—Yorke chaoticity mod-
ulo an ideals in transformation semigroups, in topics like products, quotient,
co—decomposition, ... in transformation semigroups.

Theorem 3.1. In transformation semigroup (X, S) suppose L and J are ideals
on S withZ C J. We have:

o Asymz(X,S) C Asymy (X, S),

e if D C X is an scrambled set modulo [J, then it is an scrambled set modulo
7,

e if (X,S) is Li-Yorke chaotic modulo J, then it is Li—Yorke chaotic modulo
Z.

Proof. Use the definition of asympoticity and Li—Yorke chaoticity modulo an
ideal. O

In the transformation semigroup (X, S) if T is a sub—semigroup of S, then
we may consider transformation semigroup (X,T) (with induced action of S
on X) in a natural way too, in the following Theorem we deal with this type
of transformation semigroups.

Theorem 3.2. In transformation semigroup (X, S) suppose T is a sub—semigroup
of S and T is an ideals on T, then:

L AsymI(Xv S) - AsymI(X7 T);

2. if D C X is an scrambled set modulo T in (X, T), then it is an scrambled
set modulo T in (X, S),

3. if (X, T) is Li-Yorke chaotic modulo Z, then (X,S) is Li—Yorke chaotic
modulo T,

4. if (X, S) is co-decomposable to Li-Yorke chaotic modulo T transformation
semigroups if and only if it is Li—-Yorke chaotic modulo T (so with phase
semigroups all of them containing |JT ).

Proof. First of all note that Z is an ideal on S. Consider compatible uniform
structure F on X.
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1) For z,y € X we have (use {s € T': (xs,ys) ¢ U} C{s € S: (zs,ys) ¢ U}):

(x,y) € Asymz(X,S) = (VU € F{s€ S: (zs,ys) ¢U} €I)
= WU eF{seT: (xs,ys) ¢ U} €I)
= (z,y) € Asymz(X,T) .

2) Use item (1) and Proz(X,T) C Proz(X, S).

3) Use item (2).

4) If (X, S) is Li-Yorke chaotic modulo Z, then (X, S) is a co-decomposition
of itself to Li—Yorke chaotic modulo Z transformation semigroups. On the
other hand if (X,(S, : @ € T')) is co-decomposition of (X,S) to Li—Yorke
chaotic modulo Z transformation semigroups such that for all a € T' we have
UZ C S,, then choose ag € T'. Since (X, S,,) is Li-Yorke chaotic modulo
Z, Sa, is a subsemigroup of S and Z is an ideal on Sy, too, then (X,S) is
Li—Yorke chaotic modulo Z by item (2). O

In transformation semigroup (X, S) we say nonempty subset Y of X is invariant
ifYS:={ys:yeY,s€ S} CY. IfY is a closed invariant subset of X then
we may consider transformation semigroup (Y, S) with induced action of S on
X.
Note 3. In transformation semigroup (X,.S) suppose Y is a closed invariant
subset of X and Z is an ideal on S, then

e Asymz(Y,S) C Asymz(X,S),

o if D C Y is an scrambled set modulo Z in (X, 5), then it is an scrambled
set modulo Z in (Y, 5),

In the following Theorem we deal; with product of transformation semi-
groups.

Theorem 3.3. Suppose {(Xn,S) : « € I'} is a nonempty set of transformation
semigroups and T is an ideal on S. In transformation semigroup ( [| Xa,S)

ael
with
(xa)aeI‘s = ($a8)ael“ ((xa)ael‘ S H Xa73 S S)
ael
we have:
1. Asymz( ] Xa,S) = {((za)aer, (Wa)aer) : Va € T (24, wa) €

ael
Asymz(Xa, S))},
2. if (2a)acr, (Wa)acr are scrambled modulo T (in transformation semi-

group ([ Xa,S)), then there exists B € T' such that zg,wg are scrambled
acl
modulo I (in transformation semigroup (Xg,S)),

3. for B €T suppose p,q € X3 and for each a € I' choose z, € X,, let

_Jp a=8, _Ja a=38,
x—{z a# B, y—{z a# 8,
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then (Zao)acr; (Ya)aecr are scrambled modulo T (in transformation semigroup

(II Xas II Sa)), if and only if p, q are scrambled modulo I (in transformation
ael’ ael’
semigroup (Xg, S)),

4. if there exists § € T' such that (Xg,S) is Li-Yorke chaotic modulo Z,

then ( [[ Xa,S) is Li-Yorke chaotic modulo Z,
ael’

Proof. 1) For compact Hausdorff topological space Y suppose Fy is the unique
compatible uniform structure on Y. For g € I' and U € Fx, let:

MB(U) = {((Za)aef‘v (wa)aef‘) € H KXo X H Xy (ZBawﬂ) S U}
acl acl’

Now suppose ((za)aer; (Wa)aecr) € Asymz( [] Xa,S), thus for each g € T
ael’
and U € Fx, (use Mg(U) € F 7 x,)) we have

{s €5 (285,wps) €U} ={s € S: ((2a8)aer; (Was)aer) ¢ Msg(U)} €T

which leads to (23, wg) € Asymz(Xg,S). Therefore:

AsymI(HXm S) C{((za)aers (Wa)aer) :Va € T((zq, wa) € Asymz(Xa, S))} -
acl

Now suppose for each a € T we have (pa,qa) € Asymz(X,,S) and A €
]-'1—[ x,- There exist a,...,an €T"and U; € -7:Xa17~~~,Un S fx% with

ael’

) Mo, (U) C A ()
1<i<n
For each i € {1,...,n} we have (pa,,qa;) € Asymz(X,,,S), thus {s € S :
(paisaqais) ¢ Uz} S I, SO:

U {s€S:(pa;5,Ga;s) UL €T (%)

1<i<n

thus:
{s € S: ((pas)aer; (qas)acr) ¢ A}

s €5 (Pas)acr (@ns)oct) ¢ () Mar(U1)}

1<i<n

= |J {5 €5 ((Pas)acr: (Gas)acr) & Mo, (U:)}

1<i<n

(%)
= U {3 €S: (paisﬂ(IOéis) ¢ Uz} SV

1<i<n
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which shows {s € S: ((pas)acr; (¢aS)acr) ¢ A} € T and ((paS)acr, (4as)acr)
€ Asymz( [] Xa,S). Therefore:

ael

Asymz([ [ Xa, ) 2{((za)aer: (Wa)aer) :Va € I((za, wa) € Asymz(Xa, 5))} -
ael

2) Use Prox( HFXO"S) C {((za)aer, (Wa)aer) : Ya € T ((zq,wa) €

(¢S
Prox(X,,S))} and item (1).
3) If p, g are scrambled modulo Z in transformation semigroup (Xg,S), then
by item (2), then (z4)aer, (Ya)aer are scrambled modulo Z in transformation

semigroup ( [[ Xa, [ Sa)-
aecl ael

Now suppose (Z4)aer; (Ya)acr are scrambled modulo Z in transformation

semigroup ( [ Xa, ][ Sa), then by item (2) there exists o« € T' such that
acll acl
T, Yo are scrambled modulo 7 in transformation semigroup (X, S). If a # 3,

then (o, Yo) = (Zas2a) € Ax, C Asymz(X,,S) which is a contradiction to
the fact that x4, y, are scrambled modulo Z and hence non—asymptotic modulo
Z, therefore o = 8 and p(= x3),q = (yg) are scrambled modulo Z.

4) Use (2). O

Corollary 3.4. Suppose {(Xq4,S4) : a € T'} is a nonempty set of transforma-
tion semigroupsand for each o € T, I, is an ideal on S,. In transformation
semigroup ( [] Xa, [] Sa) with

ael acl
(xa)aeF(Sa>a€F:::(xasa)aeF ((xa)aeF € II‘X@7(SQ)QEF € II Sa)
acl aecl
for each B € T and D € Iz let Hg(D) = {(Sa)acr € [[ Sa : sg € D} and
acl’
suppose T is an ideal on [[ S generated by {Ho(D) : « € T, D € Z,}. Also
ael
suppose R is an ideal on [] So. Then we have:
acl
1. Asymz( ][ Xa, I Sa) is the set
acl ael

{((za)aer, (Wa)aer) : Va € T ((2a, wa) € Asymz, (Xa, Sa))}

2. if (za)aer, (Wa)acr are scrambled modulo T (in transformation semigroup

(IT Xa, II Sa)), then there exists B € I' such that zg,wg are scrambled mod-
ael acl
ulo Iy (in transformation semigroup (Xg, Sg)),

3. with the same (o )aer, (Ya)acr as in item (3) of Theorem 3.3, (Xo)acr,

(Yo)aer are scrambled modulo T (in transformation semigroup ( [[ Xa, [1 Sa)),
acl ael
if and only if p, q are scrambled modulo Zg (in transformation semigroup (Xg, Sg)),

4. if there exists B € I such that (Xg, Sg) is Li-Yorke chaotic modulo g,
then ([ Xa, [ Sa) is Li-Yorke chaptic modulo Z,

acl’ acl’
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Proof. Use asimilar method described in Theorem 3.3 and Proz( [[ Xa, [[ Sa)
acl’ acl

= {((za)aer; (Wa)aer) : Va €T ((2a, wa) € Proz(Xa,Sq))}- O

Note 4. In transformation semigroups (X, S), (Y,S) suppose ¢ : (X,S) —
(Y, S) is a homomorphism and Z is an ideal of S, then for px@: X x X Y xY

(z,y)—=(o(2),0(v))
we have ¢ x o(Prox(X,S)) C Prox(Y,S) [6], and ¢ x ¢(Asymz(X,S)) C
Asymz(Y, S), suppose (z,y) € Asymz(X,S) and U is an entourage of Y, since
¢ : X — Y is continuous and X,Y compact Hausdorff spaces, ¢ : X — Y is
uniformly continuous too. Thus there exists entourage V' of X with ¢ x (V) C
U. Using (z,y) € Asymz(X,S) and p(zs) = ¢(2)s for all z € X,s € S, we
have:

{s€S5:(p(@)s,p(y)s) UL = {s € S:(p(zs),p(ys)) ¢ U}
C{seS:(zs,ys)¢V}eT,

therefore {s € S : (p(x)s,0(y)s) ¢ U} € T and (p(x), p(y)) € Asymz(Y,S).

In transformation semigroup (X, .S) suppose R is a closed invariant relation
on X, then one may consider transformation semigroup ( %, S) [6, 16]. Using
Note 3 and natural quotient homomorphism 7y : (X, S) — (3, S) we have the
following Corollary.

Corollary 3.5. In transformation semigroup (X,S) suppose R is a closed
invariant relation on X and T is an ideal on S, then mx X g (Asymz(X, S)) C
Asymz (5, 5).

Let’s recall that in transformation semigroup (X,S) with compatible uni-
form structure F on X for all @ € F let aS™! := {(z,w) € X x X : Is €
S (zs,ws) = (z,y)}, then Proz(X,S) = ({aS™!:a e F} [8].

Theorem 3.6. In transformation semigroup (X, S) with card(S) > 2 we have:
Prox(X,S) = U{Asymz(X,S) : T is an ideal on S with T # P(S)}.

Proof. For ideal Z on S with Z # P(S) suppose (z,y) € Asymz(X,S) and
F is the compatible uniform structure on X. For every a € F, we have
{s € S: (zs,ys) ¢ a} € Z, thus {s € S : (zs,ys) ¢ a} # S and there exists
s € S with (zs,ys) € a, so (z,y) € aS™L. Therefore (z,y) € U{aS ! : a €
F} = Prox(X,S).

On the other hand suppose (x,y) € Proz(X,S), thus (z,y) € ({aS™! :
a € F} and for every a € F, there exists s € S with (zs,ys) € a so J, =
{teS:(zt,yt) ¢ a} #S5. Let T:={AC S:3ae F(ACJ,)} For each
o, € F we have anNfB € F and J, U Jg = Jyng, thus Z is an ideal on S and
(x,y) € Asymz(X,S). Moreover for all « € F we have J, # S thus S ¢ 7 and
T #P(S). O
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Note 5. In transformation semigroup (X,S) suppose Z is an ideal on S,
being asymptotic modulo Z is an equivalence relation on X, since if =,y are
asymptotic modulo Z and y, z are asymptotic modulo Z, then for each o € Fx
there exists 8 € Fx with fo 3 C a and we have {t € S : (zt,yt) ¢ 5}, {t €
S:(yt,zt) ¢ B € Tthus {t € S: (at,2t) ¢ a} C{t € S: (at,yt) ¢ BU{t €
S : (yt,zt) ¢ B} € T which leads to {t € S : (xt,2t) ¢ a} € Z. Hence z, z are
asymptotic modulo Z too.

4. Li—Yorke chaotic Fort transformation groups
In this section suppose F' is an infinite Fort space with particular point b. For
each D C F let:
ap:=((F\D)x (F\D)U{(z,2): 2z€ D},
then
K :={U C F x F : there exists finite subset D C F'\ {b} with ap C U}
is the unique compatible uniform structure of F.

Lemma 4.1. In infinite Fort transformation group (F,G) we have:
1) {(b,z) : G is infinite} U {(z, ) : =G is infinite} C Prox(F,G).
2) For
P:={(z,z):xz € F}U
{(b,x) : G isinfinite} U {(x, ) : G is infinite }U
{(z,y) : G and yG are infinite}

we have Proxz(F,G) C P.
3) Moreover if G is abelian too, then Prox(F,G) = P.

Proof. First note that in the transformation group (F,G) we have bG = {b}
and for all z € X:

2G U {b} «G isinfinite,
also for x #b, b ¢ 2G. 1) For x € F we have:

20 — { G x( is finite,

(x,b) € Prox(F,G) < Hgataer CG lig% TGo = ligl; bga = b

s beaxG
< b€ 2G V (zG is infinite)
< ¢ € bG V (zG is infinite)
< x = bV (zG is infinite)
Thus if G is infinite then (z,b) € Proxz(F,G) which completes the proof of

(1).

2) Suppose (z,y) € Prox(F,G) we have the following cases:
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e Case A. x = bVy = b. Without any loss of generality we may suppose y =

b and (z,y) = (x,b). Using the proof of item (1), and (x,b) € Prox(F,G)
we have “z = bV (G is infinite)” which leads to (x,y) = (z,b) € P.

Case B. G and yG are infinite. In this case it is clear that (z,y) € P.

Case C. 2 £ bAy # bA (G is finite or yG is finite). In this case we may

suppose = # b and zG is finite. Since (v,y) € Proz(F,G), there exists a

net {ga }aer in G such that linll TGo = lin% Ygo =: zthus z € G =2G F b
ae ac

so z # b and {z} is an open neighbourhood of z (since b is the unique
limit point of F') and there exists « € T with 2g, = 2z = yg, which shows
x =y and (z,y) = (z,2) € P

Using the above items we have (z,y) € P and Proz(F,G) C P.

3) Using (1) and (2) we have:

{(b,z) : G isinfinite} U {(x,b) : zG is infinite} C Proxz(F,G) C

{(z,2) :x € F} U{(b,z) : G is infinite} U {(z,b) : G is infinite} U {(x,y) :

G and y@G are infinite} = P

Suppose G is abelian, in order to prove Prox(F,G) = P we should prove for
x,y € F with infinite G, yG we have (z,y) € Prox(F,G). So consider z,y € F’
with infinte G, yG. We have the following cases:

o Case I. There exists sequence {gn}n>1 in G such that both sequences

{zgn}n>1 and {ygn}n>1 are one-to-one. In this case If U is an open

neighbourhood of b, then F'\ U is finite and there exists N > 1 such that

for all n > N we have xg,,yg, € U. Thus ligl1 rg, = b= ligl1 Y9, and
n> n>

(z,y) € Prox(F,G).

Case II. For each sequence {gn}n>1 in G at least one of the sequences
{Zgn}n>1 or {ygn}n>1 is not one—to—one. In this case using infiniteness
of G there exists sequence {g,},>1 in G with infinite and one—to—one
{zgn}tn>1- If {ygn : n > 1} is infinite, then there exists a subsequence
{gn, }i>1 with one-to-one {ygn, };>1, therefore both sequences {z gy, }i>1
and {ygn, }i>1 are one-to-one which is in contradiction with our assump-
tion. Thus {yg, : n > 1} is finite, therefore {yg,}n>1 has a constant
subsequence {ygn, }i>1. Let km = gn,,gn (m > 1). Then for all p,q > 1
we have:

xky = vky = xgnpg;11 = :L'gnqggll
= xgnpgrtllgm = mgnqg;119n1
= TGn, = TYn,
= n, = ng (since {xgn }n>1 is a one — to — one sequence)

=pP=4q
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moreover since {ygn,};>1 is a constant sequence, we have ygn, = Ygn,
thus ¥ = Ygn, 90" = Y9n, 90, = ykp.

So {xky, }n>1 is a one-to—one sequence and for all n > 1 we have yk,, = v.
Similarly there exists a sequence {t,}n>1 in G such that {yt,},>1 is a
one-to—one sequence and xt, =z (n > 1).

For all n > 1 we have zk,t, = zt, k, = zk, and yk,t, = yt,, therefore
both sequences:

{zkntn}nzl(: {xkn}nzl) and {xkntn}nzl(: {ytn}nzl)

are one-to—one and infinite sequences which is in contradiction with our
assumption on z,y, hence this case would have not been occured.

Using the above discussion for abelian G we have (x,y) € Proxz(F,G) which
completes the proof of (3). O

Lemma 4.2. In infinite Fort transformation group (F,G) for z,y € F and
ideal T on G, the following statements are equivalent:

1. (xvy) € AsymI(F7G)7
2. for all finite subset D of F'\ {b}, we have {g € G : (zg,yg9) ¢ ap} € Z,
3. for all z € F'\ {b} we have {g € G : (xg,y9) & a1} €.

Proof. “(1)<(2)” Use definition.
“(2)<(3)” Use the fact that for all nonempty finite subset D of F'\ {b} we
have ap = [ ay.y. O

zeD

Theorem 4.3. In infinite Fort transformation group (F,G) with ideal T on G
we have:

Asymz(F,G) ={(z,z) : x € F}U
(

{
{(z,y) e Fx F:Yh e G stab(xz)h U stab(y)h € T}U
{(z,b) e Fx F:Yhe G stab(x)h € T}U

{(byy) e Fx F:Yhe G stab(y)h € I}.

Proof. First note that:

(®) forwe F\{b} and z € F\wG wehave {g€ G:wg=2} =0 €T
also b ¢ wG.
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For z,y € F\ {b} with = # y we have:

(Vze F\{b} {9 € G: (zg,bg) ¢ a2y} € 1))
(Vz€ F\{b} ({g € G:(29,0) ¢ sy} € T))
(Vze F\{b} {geG:a2g9g=2} €I))

(VzexzG({geG:zg=2}€1))

< (Vhe G({ge G:zg==xh} €1))

& (Vhe G ({geG:gh™! € stab(x)} € 1))
< (VYh € G (stab(x)h € 7))

(z,b) € Asymz(F,G) &

54
4

—~
=

®
=

Also:
(m7y) S AsymI(F7 G)

& (V2 e F\{b} ({9 € G : (v9,99) ¢ ajy} €T)
S VzeF\{b} {geG:ag=2Nyg# 2} U{geG:axg#2Nyg=2} €I))
S Vze F\{b} {geG:azg=2}U{ge G:yg==z}€T))

S Vze F\{b}({geG:zg=2} €IN{geG:yg=2} €I))

S ((Vze F\{b}{9eG:axg=2} €cI)ANNVze€ F\{b} {9 € G:yg =z} €1))

g((VszG{gGG:mg:z}GI)/\(‘V’zeyG{geG:yg:z}GI))

< (VheG{geG:zg=ah} e I)NVhe G{g € G:yg=yh} €I))
< ((Vh € G stab(x)h € T) A (Vh € G stab(y)h € 1))
< (Vh € G stab(xz)h U stab(y)h € T)

(2

O

In semigroup S we say ideal Z on S is S—invariant, if for all A € 7 and
s € S we have As € Z. So in semigroup S, Pyin(S) is an S—invariant ideal
on S (however for nontrivial S with identity e, ideal {{e}, @} on S is not
S—invariant).

Corollary 4.4. In infinite Fort transformation group (F, G) with G—invariant
ideal T on G. Then
Asymz(F,G) = {(z,z) : x € F}U{(x,y) € F x F : stab(x) U stab(y) € T}U

{(z,b) € F x F : stab(x) € I} U{(b,y) € F x F : stab(y) € I} .

And:
Asym(F,G) ={(z,z) : x € F}U
{(z,y) € F x F: stab(x) U stab(y) is finite }U
{(z,b) € F x F : stab(z) is finite }U
{(b,y) € F x F : stab(y) is finite} .
Proof. Use Theorem 4.3, O
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Theorem 4.5. In infinite Fort transformation group (F,G) suppose I is an
ideal on S, then:
Prox(F,G) \ Asymz(F,G)

C{(x,b) € F x F : G is infinite and exists h € G with stab(z)h ¢ Z}U
{(b,z) € F x F : @ is infinite and exists h € G with stab(x)h ¢ T}U
{(z,y) € F x F : 2G,yG are infinite and exists h € G with stab(x)h U stab(y)h ¢ L} .

So if J is a G—invariant ideal on G, then:
Prox(F,G)\ Asyms(F, Q)

C{(z,b) € F x F : G is infinite and stab(x) ¢ J }U
{(b,z) € F x F: G is infinite and stab(z) ¢ J}U
{(z,y) € F x F : G, yG are infinite and stab(x) U stab(y) ¢ J} .

In particular:
Prox(F,G)\ Asym(F,QG)

C{(x,b) € F x F : @G, stab(x) are infinite}U
{(b,x) € F x F: 2G, stab(z) are infinite}U
{(z,y) € F x F: 2G,yG, stab(x) U stab(y) are infinite} .

If G is abelian too, we have equality in all of the above relations.

Proof. Use Lemmas 4.1, 4.3 and Corollary 4.4. O

Corollary 4.6. In infinite Fort transformation group (F,Q), for S C F we
have:
1. if S is an scrambled subset of F' module ideal T on G, then

S\ ({z € F : zG is infinite and there exists h € G with stab(x)h ¢ 7} U {b})

has at most one element.
2. if S is an scrambled subset of F modulo ideal J on G and J is G—invariant,
then

S\ ({z € F: zG is infinite and stab(x) ¢ 7} U {b})

has at most one element.
3. if S is an scrambled subset of F', then

S\ ({z € F : G, stab(x) are infinite } U {b})
has at most one element.

Proof. Use Lemma 4.5. O
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Theorem 4.7. Abelian infinite Fort transformation group (F,G) is

1. Li-Yorke chaotic modulo ideal T on G if and only if H := {xz € F : zG
is infinite and there exists h € G with stab(z)h ¢ T} is uncountable.

2. Li-Yorke chaotic modulo G—invariant ideal J on G if and only if H :=
{x € F : 2G is infinite and stab(x) ¢ J} is uncountable.

3. Li-Yorke chaotic if and only if H := {x € F : G, stab(x) are infinite}
s uncountable.

Proof. 1f (F,G) is Li-Yorke chaotic, then it has an uncountable scrambled
subset say S, by Corollary 4.6, S\ H is finite, so H is uncountable.

For infinite H and abelian GG, H is an scrambled subset of F' by Lemma 4.5.
So if H is uncountable, then (F,G) is Li-Yorke chaotic. O

Co—decompositions of (F,G) and Li—Yorke chaos

Now in our final notes in this section for infinite abelian group G, we pay
attention to co—decompasability of (F,G) to Li—Yorke chatic transformation
groups and co—decompasability of (F,G) to non-Li—Yorke chatic transforma-
tion groups.

Corollary 4.8. In infinite abelian Fort transformation group (F,G), is Li-
Yorke chaotic (modulo ideal T (on G)) if and only if it is co-decomposible to
Li—Yorke chaotic (modulo ideal T) transformation groups.

Proof. Use Theorem 4.7. O

Note 6. Every infinite abelian Fort transformation group (F,G), is co-
decomposible to non—Li—Yorke chaotic transformation groups.

Proof. Suppose (F,G) is an abelian Fort transformation group, then for {G,, :
ael}={{g":n€Z}:ge G} with distinct Gus, (F, (G, : a €T)) is a co—
decomposition of (F,G) to non-Li—Yorke chaotic transformation groups. [

Example 4.9. For uncountable G let Peoyunt(G) = {A C G : A is countable}.
Now for G = Z x R and Fort space F := R U {oo} with particular point
00, in transformation groug (F,G) with oo(n,r) := oo and z(n,r) == x +r
(x € R, (n,r) € Z x R we have:

1. 2G =R for all x € F'\ {o0},

2. stab(x) = Z x {0} for all z € F'\ {oo}.

So by Theorem 4.7, (F,G) is Li-Yorke chaotic (modulo Py;,(G)) however
it is not Li—Yorke chaotic modulo Peoynt(G).

As a matter of fact for transfinite cardinal numbers «, 3 if there exists
abelian group K with 8 < card(K) < a, in group G := K x R consider two
ideals Z := {A C G : card(4) < B} and J = {A C G : card(A) < a},
then Z C J. Consider Fort space F := R U {oo} with particular point oo,
in transformation group (F,G) with co(k,r) := oo and x(k,r) == x4+ r (x €
R, (k,7) € K x R we have
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e 2G =R for all z € F\ {0},
o stab(x) = K x {0} for all x € F\ {o0}.
So by Theorem 4.7, (F,G) is Li-Yorke chaotic (modulo Z) however it is not

Li—Yorke chaotic modulo J.
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