TOPOLOGICALLY INSEPARABLE FUNCTIONS I:
FINITARY CASE

OSCAR CARTAGENA, RENATO A. LEWIN, AND OSVALDO RUBILAR

ABSTRACT. Given a finite set A and a distinguished function f :
A — A, we study the set of all functions ¢g : A — A that
are continuous for all topologies for which f is continuous. The
main result is a characterization of the functions f such that this
set is trivial, that is, contains only the constant functions and the
iterates of f.

INTRODUCTION
The Problem. Let A be aset and f: A — A be a fixed func-

tion. Associated with this function in a very natural way, we have the
(algebraic) semigroup Sy(A, f) generated by f

So(A, f) ={f" :n €N},
where f° is the identity function and for n € N, f"™' = fo f".

For any given topology 7 over A, we have another associated
semigroup, S(7), the semigroup of all 7—continuous functions on A .

Suppose now that our distinguished function f is 7—continuous.
Then any function in Sp(A, f), as well as all constant functions will
be 7—continuous, in some sense, very trivially so. Are there any other
functions that are also 7—continuous? A simple cardinality argument
shows that this is usually the case. What happens if we change to
another topology 7’ for which f is continuous? Then, the constant
functions and the members of Sy(A, f) will still be continuous but the
other continuous functions will in general be different. A very natural
question arises then:
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Are there any non—trivial functions that are continuous for every
topology for which f is continuous?

In other words, are there functions, other than the obvious ones
mentioned above, whose continuity is implied by the continuity of f7

For a very simple example, let f : {0,1,2} — {0,1,2} be the
cycle (0 12). Then there are only three iterations of f, namely, f°,
f' and f?. Nevertheless, it is easy to check that no matter what the
topology on {0,1,2} is, if f is continuous, then any function from
{0,1,2} into {0,1,2} is continuous. The reason for this is that if f
is continuous then the topology has to be either trivial or discrete. So
there are non—trivial functions that are forced to be continuous if f
is continuous.

We define
S(A,f) = {g:A— A: g is continuous for all topologies for

which f is continuous}
= ﬂ{S(T) : f is 7-continuous}.

S(A, f) is a semigroup that contains Sy(A, f). We call it the semi-
group of functions topologically inseparable from f. We let S(A, f)*
be the set of all non constant elements of S(A, f), and since con-
stant functions are always continuous, regardless of the function f,
we will usually work in the context of this set. We also let S (A, f) =
So(A, f) U {constant functions on A} .

This is the first of two papers in which we determine necessary and
sufficient conditions on f so that Sy (A, f) = S(A, f). In this first
one we restrict our attention to the case when A is a finite set. In
the second paper (see [1]) we study the infinite case. The techniques
used in the finite and the infinite cases are quite different, this is the
main reason why we divided this study into two separate articles. In
the second paper we also study the clone of all n—ary functions on A
that are topologically inseparable from f and we extend our results
to it.

Motivations. Even though the problem is quite natural and stands
on its own, it has universal-algebraic origins and motivations and is
inspired by [2].

Given a topological algebra A = (A; f;)icr, there are (at least)
two clones naturally associated to it. One is the clone Clo(A), of all
terms and the other is the clone Clo(A,T), where 7 is the underlying

topology, of all n—ary 7—continuous functions on A.
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We observe that since A is a topological algebra, any term defined
function g : A" — A, (e, g = 0 for some n-ary term o), is
continuous (in the appropriate product topology); the identity and the
constant functions are also continuous. Again, all these are trivially so.
So Clo(A) is isomorphically embedded in Clo(A, 7). Are these two
clones “the same”, that is, isomorphic?

The example above may be interpreted in this context as the case
of a mono—unary algebra ({0,1,2}; f). It amounts to the fact that
Clo1(A) is not the same as Cloy(A, 7).

The answer to the problem stated in these two papers may give us an
idea of how to solve the following question. Given a class of algebras,
is its clone of terms representable by the clone of continuous functions
of a certain topological space? We know for instance that the clone of
terms for Boolean algebras is represented by the clone of continuous
functions on {0,1} with the discrete topology.

1. PRELIMINARY RESULTS
We first recall that the relation on A defined by
x ~ y iff there exist n,m € N such that f"(z) = f™(y)

is an equivalence relation. The equivalence classes are called connected
components or orbits. The reader can easily figure out what the orbits
may look. Some examples appear in the following diagram.

-—- O—» O —» 0 —» O —» O —» O - = -

O OHOHO»@

Diagram 1

o

o

N

\o/°
N

o

NSNS NSNS

Since A is finite, for each z € A there exist n, m € N, n # m,
such that f"(z) = f™(x). The set of all points such that for some
neN, n£0, f"(z) =, is called the cycle of the orbit. The number

of points in the cycle is called its length. An orbit cannot have more
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than one cycle. The points that are not in the cycle are the branches
of the orbit.
On each orbit we can define the following relation

r=y iff f"(x)=y, forsome neN.

If we restrict the relation to points outside the cycle, then it is a
partial order which we call the partial order induced by f on the orbit.

IfYX CP(A), 7(f,%) is the minimal topology that contains ¥ and
for which f is continuous. It is the topology whose base is the set

B = {f_"l(ul)ﬂ' . ﬂf_nka/[k) : /{:,ni - N, L{l - 2, for all Z}U{@,A}
We will write 7(f,U) instead of 7(f,{U}).

Sketch of the proof of the Main Theorem: We proceed by proving
two main cases.

(1) All orbits of f consist of a cycle with no branch attached to
it. (Section 2.)
We first study the case when there is a single cycle. We prove
a decomposition theorem, and then reduce the general case to
the single cycle case.
(2) Some or all the orbits contain branches. (Section 3.)
We prove that except for a special case, the problem depends
on the structure of the cycles and not on the branches, so it is
essentially reduced to the previous case.

Even though the proofs are somewhat complicated, there is a general
pattern. Given a function g € S(A, f) and two points, a and b, we
build an appropriate topology 7 such that these two points belong
to the same basic open sets, in which case we say that a and b are
T—inseparable. Then, knowing what the value of g(a) is, we prove that
the inseparability of the two points forces ¢(b) to take some desired
value.

Lemma 1. Let g € S(A, f)*. Then for all = € A, there exists an
n € N such that g(z) = f"(x).

Proof. Let g: A — A, ©z € A and consider U = {g(x)}. Since g
is 7(f,U)—continuous, = € g~ (U) and g is not constant, g~ (U) #

0, A, thus
veg )= () £,
jeJ keF;
where J C N and for all j € J, Fj; is finite. That is, for some
jed, zef™UN---Nnf"U),ie f'(x)elU = {g(x)} for
n € {ny,...,nm}, thus g(z) = f"(z) for some integer n. O
4



Lemma 2. If g € S(A, f)*, then © and g(x) belong to the same
orbit.

Proof. By Lemma 1, x and g¢(z) are in the same orbit. O

Remark 1.

(1) Observe that if T is a topology over one of the orbits, then
TU{A} is a topology over A. Moreover, if f restricted to that
orbit is T—continuous, by Lemma 2, f is TU{A}—continuous.
That is, if g € S(A, f), then g must be TU {A}-continuous.
This allows us to study each orbit separately and then glue them
together. Of course, studying one orbit at a time is equivalent
to studying a function f that consists of a single orbit.

(2) If the length of the cycle of O s I, then f"(x) = f""*(x),
for any x wn the cycle and any k € N.

(3) Moreover, if g is such that for all z € O, g(zx) is in the cycle
(in particular if the orbit has no branch) and if g(x) = f"(z),
then g(x) = " (x).

2. CYCLES WITHOUT BRANCHES

In this section we will study the simplest case, f is a cycle or the
union of several cycles. We will represent a cycle as an orbit O =
{1,2,...,1}, with

fli)=i+1,
where addition is modulo the length [ of the cycle.

Definition 1. If f: A — A is a single cycle O = {1,2,...,1} of
length | and n # 1 is a divisor of |, fori=1,... n, define

[
U={i+k—:k=1,... ,n},
n

where addition s modulo . The % (disjoint) sets U; are called
n—complexes, and the topology they generate is called the n—-complex
topology on A and will be denoted ,.

We can depict the points of O evenly distributed on a circle, labeled
1 through [ and f acting counterclockwise on them. Each n—complex
is a regular n—gon. The following is an immediate consequence of the
definition.

Lemma 3. The set of n—complexes forms a base for the n—complex
topology. Fach point in A belongs to a single n—complex.
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Theorem 4. Let f: A — A be a single cycle O = {1,2,...,l} of
length 1. Then the only non—trivial topologies for which f is contin-
uous are the n—complex topologies, where n # 1 divides [ .

Proof. If n is a divisor of [ and U; is an n—complex, then
FHU) =U;,

where ¢ — 1 is substraction modulo % . This shows that f is continuous
for any n—complex topology.

Let 7 be a topology that is not an n—complex topology, for which
f is continuous. Let U = {ki,ko,...,k.} be a non—empty open set
of minimal cardinality, where k1 < ko < --- < k.. If U is not an
n—complex, for some ¢, we have that k;, k;11 and k; o are such that
kiv1 —k; < kizo — kivq or kiy — ki > kjxo — ki1 . Since both cases
can be treated similarly, we can assume that the first of these occurs.
Then

ki € Unf*ak g but
ki1 ¢ Z/{mf*(kz'ﬂ*ki)(u).

So UN f_(ki“_ki)(u ) is a non-empty open set whose cardinality is
strictly less than that of U, a contradiction.

A similar argument can be used if ¢ has only two elements.

So the open sets of minimal cardinality of 7 must be such that
the points they label are evenly distributed on the circle, so they are
n—complexes for some divisor n of [. This implies that 7 contains
the n—complex topology.

Let U be an open set of minimal cardinality that is not a union of
n—complexes. Then

u=vulJu,
keF
where the U, are n—complexes, F' may be empty, V' does not contain
an n-complex and V N U, cp Ui = 0.
For = € V, let U, be the n—complex that contains z and let

W=uni, = (| Ju) nth;) U (VN Uy).
keF
Then

(1) W is an open set.
(2) Since z € W, it is not empty.

(3) (Ukep uk) ﬂux - @
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(4) Since V contains no n—complexes, neither does V NU,.
B)vnu, S V.
These show that W is a non—-empty open set that contains no n-—
complex and its cardinality is strictly smaller than that of U, a con-
tradiction.

So there cannot exist an open set that is not a union of n—complexes.
O

The preceding theorem implies that in order to prove that ¢ €
S(A, f) we just have to check the n—complex topologies, for all divisors
of I. The next theorem implies that it is enough to check the n—
complex topologies when n is a power of a prime.

Theorem 5. Let n be a divisor of 1.
Assume that n = pq, with p and q relatively prime. Then

Tn = Tp N Ty

Proof. 1t is straightforward that if k|n, then 7, C 74, since n—
complexes are unions of k—complexes. So

Tn © T N Ty

Since 7, N7, is a non-trivial topology for which f is continuous, by
the previous theorem, it is an m-—complex topology for some divisor
m of [.

Let U, :{x::p:z’%—k%, 0 <k <m} be a basic open set in 7,,.

Since U; € T,
u = Jv,
J

where the V;’s are p-complexes. Now since i € U; , ¢ € V; for some 7,
and since V; C U;, i + é € U; and there exists k such that

[ [
it =ik
P m
so p|lm.
Similarly ¢g|m, so n = p g|m, and thus 7, C 7,. O

Lemma 6. Let g € S(O, f)* and n be a divisor of . Then n-
complexes are mapped by g into n—complexes. FEquivalently, if i = j
(mod L), then g¢(i) = g(j) (mod ).

Proof. The idea of this proof is that points that belong to the same

n—complex cannot be separated. Consider the n—complex topology on
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O. Given i, let V be the n—complex that contains it and let U be
the n—complex that contains ¢(7). Then

ieg ' U) =] U
keF

SoV C g '(U) and thus ¢g(V) CU.

Observe that i = j (mod %) if and only if ¢ and j belong to the
same n—complex. So this implies that ¢(i) and g(j) belong to the
same n—complex, so g(i) = g(j) (mod ). O

Theorem 7. Let f: O — O be a cycle, O = {1,2,...,1} of length
[ =p", where p is prime. Then

1S(O, F)l ="
Proof. The only condition for ¢g € S(O, f) is that g must be 71—
continuous for the p-complex topology, for each i < n. If

O:{1727"'ap7p+17"'7p27"'apn}7

and

then
j=k (modp’)
for a unique k&, such that 1 <k < p’. By lemma 6,

9(j) = g(k)  (mod p'),

in other words, ¢(j) and g¢(k) belong to the same p"‘*~complex, so
once we have determined g(k), there are only p"~* possible values
for 9(j).

For each of the first p points, there are p™ possible values of ¢.
For each of those, if i > 0, for the p*t!' — p’ points between p
and p'*!, there are p"~* possible values of ¢g. So the total number
of combinations is

n—1
(p")? - H(p(n—i))(p”l—pi) — pnp-ﬂ-Z?:_ll(n—i)(p”l—pi)'
i=1

Finally,

as stated. O



Lemma 8. Let O; and Oy be two orbits without branches of a
function f: A — A such that the length 11 > 1 of the cycle of O,
divides the length ly of the cycle of Oy. Let g € S(A, f)*, then there
exists an n € N such that , g [ Oy = f".

Proof. We let I, =k [;.

Assume y € Oy is such that g¢(y) = f"(y) and let z € O;.
We will define a topology for which this point y and any given point
x € O1 both belong to the same (unique) basic open set. So let

U={f"@)FU{f W), @), ), .. D))

Observe that the part of U that belongs to Oy is a k-complex in
that orbit.

Then 7(f,U) has exactly [; disjoint basic open sets. Also, it is
easy to check that for any V € 7(f,U), = € V if and only if y € V.
Thus, since y € g7 (U), z € g (U), so g(x) = f"(z).

Finally, since x was arbitrary, g [ O; = f".

O

In the preceding lemma we showed that if there are two cycles one
dividing the other, the values of g on the larger orbit totally determine
the behavior of g on the smaller one. In the next lemma we study the
effects of the smaller cycle on the larger one. We will state it only in a
special case. The proof is similar to that of Theorem 7.

Lemma 9. Let f: A — A be a function with two cycles, O1 of
length p™ and Oy of length p"™, with m <n. Then

S(A )l =p" T
2.1. Decomposition of a single cycle. In this section we devise a
method that will allow us to decompose a cycle of arbitrary length [
into an equivalent function that has several cycles whose lengths are
the powers of a prime that divides [. The study of these decomposed
cycles is much simpler than that of the original function.

Definition 2. Let f: O — O be a cycle O = {1,2,...,l} of length
[ =mny-ng---n,,, where the ny’s are pairwise relatively prime. For
k=1,2,....m, let f,: O — Ok be cycles Op = {1,2,...,n4}, of
length ny . Define

m: O — O
it —— the residue of i modulo ny.

Remark 2. Observe thati = j (mod ng) if and only if (i) = m(J) -
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Lemma 10. Assume the notation of Definition 2.
(1) If 7 is the r—complex topology on Oy, for some divisor r of
ng, then
F={m YU):UecT}
s a topology over QO . Also, for each r—complex U € T,
m Y(U)  is an fl—:fcamplex in  O. Moreover it is a union
of r—complexes in O .

(2) If T s the r—complex topology on O, for some divisor r of
ng , then

e ={mU):U €T}

is the r—complex topology over Oy .

Proof. (1) We know that 7 is a topology on O. Let U € 7 be an
r—complex in O . Then if d = 2t | for some u < d,

U={uvu+du+2d,...,u+(r—1)d}.
So

l
o (U) = {utjd+ing: 0<j<r, ogz’<n—k}

l
= {utid: 0<i< )
where addition is modulo I, so 7 '(U) is a L-complex as stated.
Moreover

l
et

[
-1 _ . 0 <
. (U) U{u+gd+zr 0<i<r}
7=0
and for each 7, these latter are r—complexes in O, so 7rk_1(Z/{) is a
union of r—complexes in O.

(2) Let r | ng. Observe that this implies that r{n;, for j # k since
the ny’s are relatively prime. Let U be an r—complex in O. Then
fori, j €U, i=j (mod L) so m(i) = m(j) (mod 2&).

Also, if 7 (i) = m(j), then i = j (mod ny) , so

o )

i—j=sng=s —,

-
for s < ng, 8 <r,so sr =58 mny -+ np_1, g1, -+ Ny, that is,
r|s’, which is impossible, so 7 (i) has r elements that are congruent
modulo “& and thus it is an r—complex in O . 0
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Lemma 11. Let f and f, be asin Definition 2 and let g € S(A, f)*.
Then for k = 1,2,...,m there exists a unique function g, such that
the following diagram commutes.

o %
Wkl 1
Oy 25 O

Moreover, g, € S(Oy, f}) -
Proof. First observe that if j € Oy, then j € O, so define

gk(7) = m(9(7))-
We must first check that the g, are well defined. Let j € Of. Then

1. o . l
Tk l(j)z{j—’—lnkllzl,..., }7
g

that is, 7z~ '(j) is an ng—complex. Note that j € 7,7 *(j).
Now by Lemma 6, g(m,"'(j)) is also an nj,—complex, so by remark

2,
m(g(me (7)) = {s},

for some s € Oy, so the g, are well defined.

Let 7 be a topology on Oy such that f, is 7-continuous, thus
T is generated by r—complexes, for some divisor r of ny.

Let U € 7. Then by Lemma 10 (1) 7, '(i) is a union of r—
complexes in 0. Now since g € S(O, f)*, ¢ ' (7, *(U)) is a union
of r—complexes in O too, so

gr ' U) = {z:g(x) €U}
= {z: for any y € 7, (), m(g(y)) € U}
= {m(y):y € g (m, " U))}
= m(g~ (mp ' (U))),
and applying Lemma 10 (2) g¢; ' (i) is a union of r—complexes in Oy,

SO g is T—continuous. 0

Lemma 12. With the notation we have been using, fork =1,2,...,m,
let r, € Op. Then there exists a unique s € O such that for all k

Tr(s) = rg.

Proof. We use the Chinese Remainder Theorem to find s < [ such that
for all k
s=r;  (mod ng).
11



Definition 3. Let hy : O — Oy, for k=1,2,...,m. Define
hi*hg*---%xhy,:O0— O
where hy x ho* % h,,(x) is the unique y such that fork =1,2,....m
m(y) = hu(mi ().
Lemma 13. With the same notation as in the previous definitions.

(1) If g: 0 — O, then g1 *xga* -+ % gy, = g.
(2) If fork=1,2,...,m, hy, : Op — Oy, then (hyxhg*---%hy,), =
hy..

Proof. Straightforward. O

Lemma 14. Let f and f, be as in Definition 2 and fork =1,2,...,m,
let gr: Op — Ok bein S(Ok, fi)*. Then gi*ga*---*xgm € S(O, f)*.

Proof. Let 7 be a p"—complex topology on O, where p is prime.
Since the ny’s are pairwise relatively prime and p" divides [, then p"
divides a unique n,. We may assume that this k£ = 1.

Let U € 7. Then

(grogax--xgm) U) = o grrgs-xgm) = u}

uel
= U{x: for all k, m(u) = gp(me(z))}
= U N ™ o {me(w)}
uel k=1
= U= o {me(w)}
k=1uel
= (7w g (U{mew)})
= ()m ' o 'm@)
k=1

By Lemma 10 (2), m(U)) is a p"—complex in O; so g; ' (m(U))
is a union of p"—complexes in O;, since ¢; is continuous, and thus by
10 (1), 7, (g7 (i (U))) is also a union of p’—complexes in O.

Now for k > 1,if V is any p"—complex in 7 and A C O,

12



vamla)=Uvnmite)

acA
is not empty, there exists = € VN, ({a}) for some a € A, that is
to say

r=a (mod nyg).

So since for any y € V, y = = (mod #) and # is a multiple of ny,
y € m, ' ({a}), that is, V C 7' ({a}).

This proves that if V' is any p"—complex in 7, (x) is either empty
or equals V. Moreover, if V is a union of p"—complexes, then (x)
is empty or a union of p"—complexes in O . Similarly,

VNm (A Nag(As)n--- N H(AR)

is either empty or a union of p"—complexes, for A, C Oy, k > 2.
Now letting

Vo= m g (mU)))
Ay = gl (m(U))

for £ > 1, we get that

(g1 % go - % gm)  (U)

is a union of p"-complexes in O and thus ¢y * g2 * -+ % gy, is
T—continuous.

The two lemmas above provide a proof of the following theorem.

Theorem 15. Let f : O — O be a single cycle of length | =
Ny Ny, where the ng’s are pairwise relatively prime. For k =
1,...,m, let i @ Op — O be cycles of length ny, respectively.
Then

g€ SO, f) ifand only if gr € S(Ok, i)
fork=1...,m.

2.2. Gluing cycles. As a special case of what we have proved so far,
the study of a single cycle f of length [ = pll’“ -o-pFmwhere the p; ’s
are different prime numbers, is equivalent to the study of m cycles f,
of length pfi . In the next lemmas and theorems we study a function

f that is the union of several cycles of different lengths.
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Lemma 16. Let f: A — A consist of m orbits Oy such that for
k=1,2....m f|Op:0O— O are cycles Op, = {1,2,...,nx} of
length ny, where the ny’s are pairwise relatively prime.

For any non—empty open set U in a topology T on A

u=\Ju,
ieF
where F C {1,...,m} is a non—empty set of indices for which U; C
O; and U; # 0. Define

j=1
where
ui ’ ij = i?
Vi=< 0; Lifj#i, j€F
0 , otherwise.
Then
(1) g = nieFui'
(2) i € T.
Proof. (1) is straightforward.
To prove (2), let us fix ¢ and let n = max{n,---,ny}. Then

r=1 r=1 \jeF
Y (U f”“(%))
JeEF \r=1

We observe that since n; is the length of the cycle f | O;, by

remark 1, for j =1,

U =u.
r=1
Let j € F, j#i. Choose = € U; # (). Then the n; points
Fi(z), £ (z), ..., ™ (x) belong to O; and are all different, or else
for some 0 < r, s < nj,

rn; = sn;  (mod n;),

SO

r=s (mod n;),
14



which is impossible, so
UF ™) =0
r=1

This proves that
U=Jrmuer
r=1
0

Theorem 17. Let f: A — A consist of m orbits O such that
for k=1,2,....m, fO:0Or— O are cycles Op ={1,2,... ny}

of length pf, where the p;’s are not necessarily distinct primes. Then
GES(AF) ifandonlyif g1 Oy € S(Oh f | O)).
Proof. Assume ¢ | O € S(Oy, f | Or) and let 7 be a topology on

A such that f is 7-continuous. Let U € 7, U # (.
By Lemma 16, (1)
U= ﬂb_{w

i€F

where F'is a non—empty set of indices for which U, = U N O; is a
non—empty open set in the relativized topology. So by Lemma 16, (1)
and (2), to check the continuity of g it is enough to find ¢~'(14;), for
each i € F.

So let us fix . Since U; € - 7,and f is 7-continuous, T contains
7(f,U;) . Now any W € 7(f,U;) is either empty, equals A or is of the
form

j=1

w=UN @) =UJw,

where
U'r ﬂs f_nm(ui> ) lf] =1,
W, =14 O fj#i jEF
, otherwise,

where W; could be empty, that is,

wo= UM w)
W= U 10 (Wh)

15




It is clear that f | O; is continuous for 7(f,U;) relativized to O;.
In fact,

T(f,U) N0 =1(f | O, U).
So we note that since g | O; € S(O;, f | O;),

(91 0) ) e7(f 1 O lhs),

(91007 @) = JN\F T o)™ @) =7 @)
(91 0)~HUs) € 7(f,Us).
Finally
gt =g V) = (gT0) W) er(f.th) Cr

and thus g is 7—continuous.

For the other implication, if 7 1is a topology on (; such that
f | Oy is 7—continuous, then 7U{A} is a topology over A and f is
7 U {A}—continuous, so for any U € T,

g9 ' (U) =g~ (U) € TU{A},
but obviously ¢;'(U) # A, so g; is T-continuous. O
Theorem 18. Let f: A — A consist of m orbits O such that
fork=1,2,....m, f | Ok:Or— O are cycles of length ny, where

the ni’s are powers of not necessarily distinct primes. For each prime
number p; let

Ori = U{Ok . the length of Oy is a power of p;}.
Then
ge S(A f)" ifand only if g | OP € S(OP, f | O).
Proof. The proof is similar to that of Theorem 17, we only need to

modify slightly Lemma 16.
If
u=\Ju,
i€F
where F' is a non—empty set of indices for which U; C O; and U; # ().
Let

W, = U{Uk .k € F and the length of Oy is a power of p;}
16



and define

JeEF
where
Wpi ’ lfj = i?
V= O; Jifj#£i4, jeF
0 , otherwise.

We can now copy the proof of Theorem 17 with Uf; replaced by
W . O

Theorem 19. Let f: A— A be a function with no branches. Then
S(A, f) = SE(A, f) if and only if for any prime p, if p* divides the
length of one cycle, it divides the length of another cycle.

Remark 3. One should note that the condition above implies that the
mazimal power of a prime must divide at least two cycles or none at
all. This is what will be used in the proof.

Proof. Let us first recall that by Lemma 14 and Theorem 15, we may
assume that the function f is composed of several cycles, each of
length a power of a prime. Cycles of length one, that is fixed points of
f are no problem as we can easily see.

Suppose that the condition on the cycles holds and let OP be the
union of all cycles of length a power of the prime p. So the maximal
power of p that divides one of the cycles of OF, divides two of them,
so by Lemma 8, for any g € S(A, f)*, there exists n € N such that
for any x € OP,

g(x) = ().
Let pi1,pa,...,p, be all the primes that divide a cycle of f and
ni,na,...,n, be the associated numbers found in the previous para-

graph. By the Chinese Remainder Theorem, we can find a single n
such that foralli =1,...,r

n=mn; (mod p"),

where k; is the maximal exponent of the prime p that divides a cycle
of f. By Remark 1 (2) this n is such that

g=f"

Suppose now that the condition is false. Then there exists a cycle
O; whose length is a power p* of a prime. By Lemma 9, there are
non—trivial functions in S(O;, f | O;), so by Theorem 15, there exist
functions g € S(A, f) that do not belong to g € Sy(A4, f), and the

theorem is proved.
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3. CYCLES AND BRANCHES

Let us now study the case of a function with a cycle of length [ and
several branches, as depicted in Diagram 2.

Diagram 2

We can define levels that will look like concentric circles.

Ly = {z:x=f'(z)} = points on the cycle.
Ll = {LE . f(&?) € Lo} — LO

Loy = {z: f(z) € L}

Lemma 20. If f: A— A has an orbit O containing a cycle and if
g€ S(A, f)*, then g maps levels of O into levels of O .

Proof. Tt is clear that for ¢ # j, L;,NL; = (§ and that f~™(L,) = Lpm ,
where L, y,, could be the empty set. So ¥ = {L; : i € N} is a base

for a topology 7 under which f is continuous.
18



Let L,, be the level of g¢g(z), for certain x € Li, then =z €
g (Lm)=U Ljso ke Jand g(Ly) C Ly,.
jed
O
An immediate consequence of this lemma is that we can simplify our
functions and study cycles with a single chain attached to each (some,
one) of its points, eliminating all the extra branching.

Lemma 21. If g € S(A, f)*, then g is increasing in the induced
order, i.e., for points x andy not in the cycle, x <y implies g(x) <
9(y) -

Proof. Consider the topology 7 whose base is the sets U, = |J L; .
=0
One should observe that if x <y and x € Uy, then y € U;.

Also, f"(U,) = Upim, so f is 71—continuous and if L,, is the
level of g(z), then

veg Un) = U =t
jeJ
for some k£ € N.
Soif z <y,

yEU, =g "(Un), so gly) €U, and g(z)=g(y).
O

Lemma 22. Let g € S(A, f)*. If there is a point mapped by g onto
a point not in the cycle of its orbit, then there exists an n € N such
that for any point = not in the same orbit, g(x) = f"(x).

Proof. Let a € O; be as in the hypothesis. Say g(a) = f"(a).
For any « ¢ Oy, define
U={f"(a), f(x)}.
Since a is in a branch, for any k, f"(U) only contains points that
are below f"(a) in that branch.

If we consider the topology 7(f,U), all these f*(U) ’s are disjoint
over 07 and a belongs only to f~"(U). Of course x also belongs to
f).

Now since g is 7(f,U)-continuous and a € g~ (i), by the com-
ments in the previous paragraph, z € g~ '(U), so g(x) € U and thus
g(x) = f"(x). O
Corollary 23. Let g € S(A, f)*. If there are two points in two
different orbits that are mapped by g onto points not in the cycle of

their respective orbits, then there exists an n € N such that g = f".
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Corollary 24. Let g € S(A, f)* and assume that there are two
branches of the same mazximal length attached to two different cycles.
Then either g maps all branches onto points in their respective cycle

n

or there exists an n € N such that g = f".

Proof. Let xzy and g, be the extreme points of the two branches of
maximal length, i.e., the points that have no predecessors. If g(zq) =
f"(xo) 1is a point in the branch of z,, then by Lemma 22, ¢(y) =
f"(yo), so it is in the branch of yg, so by Corollary 23, there exists an
n € N such that g = f".

If g(zp) is not in the branch of 1z, then since it is maximal, by
Lemma 22, no other point can be mapped into its branch. O

Before proving our main theorem we will study separately a very
special case, namely that of a function all of whose cycles are of length
1, that is, fixed points. These functions will be called length—1-cyclic.

Theorem 25. Let f be a length—1-cyclic function. Then S(A, f) =
Sc(A, f) = if and only if the lengths of the two longest branches that
belong to two different orbits differ at most by 1.

Observe that this includes the case when all branches belong to the
same orbit and have length 1.

Proof. Assume first that the two longest branches have length n + 1
and n and that they belong to orbits O; or s, respectively. Let
o and gy be the extreme points of each of these branches, ¢; and ¢y

the fixed points in their respective orbits, for r =1,...,n,
Ty = fT(xO)a

and forr=1,...,n—1,
yr = F (%)

Let g € S(A, f)* and let g(z9) = f"(x¢). We have three cases.
Case 1. r > n.

Then by Lemma 22 for any point x outside O; and by Lemma 21
for any point = in O, g(x) = f"(x),s0 g€ So(A, f).
Case 2. r < n.

Then by Lemma 22, ¢(yo) = f"(yo) = y» belongs to the branch of
orbit O, so by corollary 23, g = f" € So(A, f).
Case 3. r =n.

In this case, all points outside (O; are mapped by ¢ into their
respective fixed points.

Let U = {c1, 2}, and consider the topology 7(f,U). Observe that

Yo belongs to a basic open set f_k:(Z/{) if and only if £ > n. So since
20



Yo € g 1 (U) , for some k > n

FHU) c g W),

and thus forr=1,...,n, x, € g (U).
So

g(z1) = = g(x,) = g(c1) = a1,
That is, g = f" and thus belongs to Syo(A, f) .

Assume on the contrary that the longest branch is at least two points
longer than the next longest branch that belongs to a different orbit.
For notational convenience, we will let the lengths of the branches be
n + 1 and m + 1, respectively. Using the notation of the previous
paragraphs, this means that n+ 1 > m + 3. We will build a function
g that belongs to S(A, f)* but not to Sp(A, f).

Define
Tp—1 s if xis Loy L1yeee sy Tpp_m—2
g(r) =< Jif xS Ty, ..., T, C1
Ca 7ifxisy07"'7ym702
and all points in other orbits are mapped into their respective fixed
points.

Let 7 be a topology and U € 7.
The main observation is that for any orbit O different from O, if
c is its fixed point and r > m + 1,

. 0 Life¢lU
¥ (u)mo_{o ifeel.
but also,

_ 0 ifegU
1 _ )
g (L’)“O—{O ifeel.

Using these two facts, we can check that if ¢; ¢ U,
W) L ifz, ¢ U

gil<u) - U?:m+2 f—z(u) ) if Tp—1, Tn S U

Uim £ ) ifz, g €U and z, ¢ U.

i=m-+1
Ifeg e and x,_1 €U,

g U)NO=0=f"U)
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and by the remarks above,

g (U) = T U).
Next we observe that if ¢; € Y and z,_1 ¢ U, then

gil(u) nNo = {xnfmfla Tn—my - -y Tny Cl}a
and also,
-1 —_n . {Cl,l’n} s if Tp ceuU
unf—uUn---nf (U)ﬂ@—{{cl} it U
Using this fact one easily checks that if ¢; € Y and =z, 1 ¢ U,

. Fryn ey ifr, el
g U)= —(m+2) —(m+2) A e (mam) .
f untfg Un---nf u) ifz, el
So in any case, g~ (i) € 7,80 g is T—continuous. This proves that

g € S(A, f)*. Finally, since obviously ¢ ¢ So(A, f), the proof of the
theorem is complete. 0

Let O be an orbit of the function f and suppose {1,...,l} are
the points in its cycle. For ¢ = 1,... [ define

U ={z: f*(z) =i, for some k€ N},
that is, all points in the orbit whose distance to the point ¢ is a
multiple of [. These [ disjoint sets can be visualized as obtained by
wrapping the branches around the cycle. They also are a base for a
topology for which f is continuous.
Since
) = Uppy = Uiy,

where addition is modulo the length of the appropriate cycle, f induces
a function f, : A, — A,, where A, is the set of all elements U;
of this partition. f, will have the same number of cycles, of the same
length as f, only without the branching of f.

Lemma 26. Let g € S(A, f)*. Then g induces a function g, :
A, — A, such that g. € S(A., f,)*.

Proof. For any orbit O of f and 7 € O, define
g« An — A,
Ui — Uy
Observe that

g(U;) =U; if and only if ¢(i) € U;.
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Moreover, let 7 be the topology generated by the U; ’s. Since
g€ S(A, f)* and f is T-continuous, if ¢(i) € U, then i € g~ (U;),
so U; C g1 (U;), that is for any = € U;, g(z) € U; so

Usi" (i) = 57'h),
and in particular
Ui quy) = ).

Let 7 be a topology over A, such that f. is 7—continuous. Then
for any V € T,

') = | a'dquy)

U;ev

= Ut e A g.th) =}
U;ev

= UltheA iegWU)}
U;ev

= U {U; e A, 1 i € Uﬂf_mk(ua)}
U;ev Lok

= U lUNueA ie f‘””“(Uj)})
uev \ 1k

= J(UMieA  ue fI"”“({Uj})}>
uiev \ Ik

= Uﬂf;”lk({b@-}))
uiev \ Ik

= UN I U £y

Ik \Uev

= Unsrmm

which completes the proof of the continuity of g, .
O

We can now prove our main theorem. As we will see, if f has cycles
of length greater than one, only the cycles but not the branches have

an effect on the semigroup S(A, f)*.
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Theorem 27. Let f: A— A be a non—fized—point function. Then
S(A, f) = S£(A, £) if and only if for any prime p, if p* divides the
length of one cycle of f, it divides the length of another cycle.

Proof. One should observe that since f and f, have the same cycles,
the above condition is either verified by both of them or by none of
them.

Suppose the condition above holds for f. Then since it also holds
for f,, by Theorem 19, S(A,, f,)* = So(As, f.)

Now let g € S(A, f)*, by Lemma 26, g. = f. for some n, so this
implies that for all =z € A,

g(z) = fr M (),

where [; is the length of the cycle of the orbit of x.

If g maps all points in the branches of f to points in their respective
cycles, then choosing an appropriate multiple m of the least common
multiple of the [;’s, by remark 1,

g(z) = f"(x),
so g€ So(A, f).

If g does not map all branches into their respective cycles, let xq
be the extreme point of the longest branch. Assume this point belongs
to orbit O. Let g¢(zg) = f"(xo). By Lemma 22, g(zq) belongs to
the branch of O or else all points would be mapped by ¢ into their
cycles. Moreover, by Lemma 22, when restricted to points not in O,
g=17r".

Let x, = f"(xo) be the first element in the branch of =z, that is
mapped into the branch and such that g(z,) = """ (z,) # f"(x,),
where m # 0 is a multiple of the length of the cycle of O.

Let us consider the topology generated by

U= {an Tiyenn 7l’r+n} U {f”H’l(C)}’
where ¢ belongs to a cycle of length greater than 1 not in orbit O.

Observe that such an orbit must exist by hypothesis.
For z; in the branch of g,

;€ f7U) ifand only if 0<i<r+n—m.
Now since

r, ¢ g ' U) and z,_, € g HU),

£ C g7,
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but then ¢ € g7 (i) which contradicts the fact that g(c) = f"(c) #

fn+1 (C) )
This implies that for any point x in the branch of xy that is mapped
into that branch, g(x) = f"(x).

Let us assume now that the condition on the cycles is not satis-
fied. Then by Theorem 19, there exists a function g € S(A,, f,)* —
SO (A*7 f*)

Let g(U;) =U;. Then j = f" (i), for some n;. As a matter of fact,
if K is a multiple of the length of the cycle of the orbit that contains
U;, then j = (i), We can choose K large enough so that it is
a multiple of the lengths of all the cycles of f and bigger than the
length of all branches in f.

Define

g:A— A

as follows. For = € U;, g(x) = " (x). It is immediate that
9= G-

Let f be 7-continuous and V € 7. Let V. be the set of points in
) that belong to the cycles of f. Then

gV = gy =g

1€V

— YUty

1€Ve

= a0
= Ui,
where V, = {U; i € V.}.

By hypothesis, g is 7(f,, Vi)—continuous, so
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v = YUlUnrmw

= UJiyun U FomE({us))

- UNU (U )
Ik i€V

= Uﬂ U R i)

= U )
Ik

— U ﬂ f—nlk-l—K(V)
Ik

so g is T-continuous. O
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