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ABSTRACT. We investigate some properties of the clopen type semigroup of an
action of a countable group on a compact, 0-dimensional, Hausdorff space X. We
discuss some characterizations of dynamical comparison (most of which were al-
ready known in the metrizable case) in this setting; and prove that for a Cantor
minimal action « of an amenable group the topological full group of # admits a
dense, locally finite subgroup iff the corresponding clopen type semigroup is un-
perforated. We also discuss some properties of clopen type semigroups of the
Stone-Cech compactifications and universal minimal flows of countable groups,
and derive some consequences on generic properties in the space of minimal ac-
tions of a given countable group on the Cantor space.

1. INTRODUCTION

Given an action a: I' ~ X of a countable group I' on a compact, Hausdorff,
0-dimensional space X, and two clopen subsets A, B of X, an interesting question
is whether one can equidecompose A into B, that is, when there exists a clopen par-
tition A = [ ' Ajand 7v1,...,vn € T such that | |, 7;A; C B.

The first such example, historically, where these questions were studied is the
case where X is the Stone-Cech compactification AT of T: the action T ~ BT really
is the action of I on the powerset of I' in disguise. Equidecomposability problems
in this setting have been studied since the beginning of the twentieth century, in
particular in connection with the Banach-Tarski paradox and paradoxical decom-
positions.

At the other extreme, the case where X is the Cantor space and I' = Z acts min-
imally on X is also well-studied, and connected to classification of such actions
up to flip-conjugacy and orbit equivalence as well as operator algebraic proper-
ties (see [GPS1] or the book [P2]). A key fact is that such actions have the dy-
namical comparison property introduced in[B] and [K2]: if a: Z ~ X is a minimal
action on the Cantor space, and A, B are clopen such that u(A) < u(B) for ev-
ery a-invariant Radon probability measure, then a result of Glasner and Weiss
[GW] asserts that one can equidecompose A into B. The dynamical comparison
property has been intensively studied in recent years following work of Kerr that
established its relevance to problems related to operator algebras. Downarow-
icz and Zhang [DZ] proved that every action of a locally subexonential group on
a compact 0-dimensional metrizable Hausdorff space has comparison; Kerr and
Narishkyn [KN] showed that every free action of an elementary amenable group
on a compact metrizable space has comparison.

Recall that the topological full group [[a]] of a: T ~ X is the subgroup of all g €
Homeo(X) such that there exist a clopen partition X = || A; and y1,..., 9 € T
with g(x) = a(7y;)(x) for all x € A;. In the case of a minimal Z-action « on the
Cantor space, [[«]] admits a natural dense, locally finite subgroup, made up of all
the elements of [[«]] which preserve the positive semi-orbit of some fixed element
xo; these dense locally finite subgroups play an important part in the Giordano-
Putnam-Skau classification of minimal Cantor Z-actions up to orbit equivalence
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(see [GPS1] and [GPS2] for the original approach, or [MR] and its references for
another point of view). Whether such a classification is valid for all countable
amenable groups is an open problem: it is not known if every minimal Cantor
action of a countable amenable group is orbit equivalent to a Z-action. A weaker
property is also not known to hold in general: given a minimal Cantor action «
of a countable amenable group, does there exist a Z-action which has the same
invariant Borel probability measures as a? If « has dynamical comparison then it
follows from a result of Ibarlucia and the author (see [IM], [M6]) that the answer
to this question is positive (see Section |5, where we reformulate this property as a
weaker version of dynamical comparison).

It was noted by Kerr in [K2] that dynamical comparison for an action a: I' ~ X
is related to a property of its clopen type semigroup; loosely speaking, this is the free
monoid generated by clopen subsets of X, quotiented by the relation Y} ; A; ~
Y\ B; if one can equidecompose | | A; x {i} and || B; x {j} using the action of
I' x &, on X x {1, e, n} (see the next section for more details). One then ob-
tains a refinement monoid which we denote T(«); for a,b € T(a) we writea < b
when there exists ¢ € T(«) such that b = a + c. Type semigroups were introduced
by Tarski to study equidecomposition problems, and the clopen version was first
considered in an article of Rgrdam and Sierakowski [RS|]; [TW] is a nice, modern
reference on type semigroups and [W] has a wealth of information on refinement
monoids. Kerr observed in [K2|] that a free minimal action « of a countable group
I' on a Cantor space X has dynamical comparison as soon as T(«) is almost unper-
forated, i.e. one has foralln € Nand all a,b € T(«) that (n+1)a < nb = a < b.
Later, Ma proved in [M2] that, for minimal actions on compact metrizable spaces
(even, not O-dimensional, using a more general definition of the type semigroup)
almost unperforation and dynamical comparison are equivalent; even for non-
minimal actions, Ma [M2] proved that, when the acting group is amenable, dy-
namical comparison is equivalent to a condition slightly weaker than almost un-
perforation. Recently, Ara, Bonicke, Bosa and Li established a similar result, valid
for second-countable ample groupoids, in [ABBL].

In this article, we note that this analysis can also be carried out when the ambi-
ent compact space is not metrizable (but is 0-dimensional), and give an elementary
proof of a characterization of dynamical comparison for such actions as a property
of the clopen type semigroup. This leads in particular to the following result (due
to Ma in the metrizable case, see [M1] and [M2]) .

Theorem (see Lemma Lemma and Proposition 2.17).

Assume that I ~ X is an action of a countable group T on a compact, O-dimensional,

Hausdorff space X.

o I[fthere are no a-invariant Radon probability measures on X, then a has dynamical
comparison iff « is minimal and a < b for every nonzero a,b € T ().

o If v is amenable, then a has dynamical comparison iff for every order unit b €
T(«a) and every a such that (n + 1)a < nb for some n € N, one hasa < b

o If a is minimal then « has dynamical comparison iff T («) is almost unperforated.

(one says that b is an order unit in T(«) iff for every a € T(a) there is some
k € N such that a < kb)

There is a significant literature on refinement monoids (see [W|] and references
therein), and some of it has interesting applications to our setting. In particular,
this can be used to give another equivalent formulation of dynamical comparison
when « is minimal, as well as conclude that if « is minimal, preserves some in-
variant Radon probability measure and has dynamical comparison then T(«) is
cancellative, i.e. whenever a +b = a + ¢ in T(a) one has b = c. Interestingly I do
not know any direct argument to prove this, nor do I know whether clopen type
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semigroups of minimal Cantor actions of countable amenable groups are always
cancellative. It is fairly easy to see that if [[«]] admits a dense locally finite sub-
group then T(a) is cancellative and unperforated, i.e. na < nb = a < b for every
n € N* and every a,b € T(«). Exploiting a connection between T(a) and the
coinvariants of w (see section 2.5 for details), it then follows from a result of Matui
[M3] that there exists a free, minimal action « of Z2 on the Cantor space such that
[[«]] does not have a dense locally finite subgroup. This stands in stark contrast to
the case of minimal Z-actions. Interestingly, the existence of a dense locally finite
subgroup of [[«]] is captured by algebraic properties of T(x).
Theorem (see Theorem [2.28).

Assume that a is an action of a countable group I on a compact, metrizable, 0-dimensional
space. Then [[a]] admits a dense locally finite subgroup iff T () is unperforated and can-
cellative.

When I is amenable and « is minimal, it follows that [[«]] has a dense locally
finite subgroup iff T(«) is unperforated.

The fact that our arguments work also in the non-metrizable setting makes it
easy to deduce the following fact from classical results.

Theorem (See Theorem 3.2).

Let T be a countable amenable group. Then the action I ~ BI' has dynamical com-
parison; this means that for any two subsets A, B of T, if u(A) < u(B) for every finitely
additive, I'-invariant probability measure y on I, then there exist Ay,..., Ay, C T and
Y1,--.,Yn € T such that | |y A; = A, |1 7iAi € B.

Using a standard trick of topological dynamics (the existence of a I'-equivariant
retraction from BI" onto the universal minimal flow uI" of I'), we obtain thatI' ~ uI’
also has dynamical comparison for every countable I. We then use this to glean
some insight into the generic properties of minimal actions of countable amenable
groups on the Cantor space. For this to make sense, note first that the space of ac-
tions A(T) on the Cantor space X can be seen as a closed subspace of Homeo(X)T,
hence a Polish space. The space of miimal actions Min(I') C A(T) is a G5 sub-
set, so it is also Polish with the induced topology; and the conjugation action
Homeo(X) ~ Min(T') is readily seen to be transitive. It follows that every Baire-
measurable subset of Min(I') is either meager or comeager. This applies in partic-
ular to conjugacy classes, and one is led to wonder when there exists a comeager
conjugacy class in Min(T'). This is known to hold for I' = Z by a result of Hochman
([H]; the generic element is the universal odometer) and seems to be an open prob-
lem for every other countable group I'. As a consequence of our work, we establish
the following fact.

Theorem (see Proposition 4.7).
Let T be an infinite countable group. A generic element « of Min(T') is such that:

o u s free.
o T(w) is unperforated (hence T () has dynamical comparison).
o The algebraic order on T («) is a partial ordering.

This can be used to give an alternative argument for the fact, due to Conley,
Kerr, Jackson, Marks, Seward and Tucker-Drob that a generic element of Min(T)
is almost finite [CJK ™.

The organization of the article is fairly straightforward: we begin by introduc-
ing the clopen type semigroup of an action and see how certain properties of an
action are visible in its clopen type semigroup. Then we discuss what this im-
plies for the Stone-Cech compactification and universal minimal flow of a given
countable group I', before deriving some consequences for generic properties in
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the space of minimal actions. After that we briefly discuss two weakenings of
dynamical comparison and a few open problems.

There are two appendices to the paper; in the first one, we note that some of
the ideas discussed here can be used to improve a result of [M6] about approxi-
mate divisibility of sets of invariant measures, and that m-comparison (in the sense
of Kerr [K2]) is equivalent to dynamical comparison for aperiodic actions on 0-
dimensional metrizable compact spaces. The second appendix is devoted to a
variation on an argument of Krieger which is used in our characterization of the
existence of a dense locally finite subgroup of [[«]] by algebraic properties of T («).

As we already mentioned above, the results in section [2| concerning dynami-
cal comparison were already known (and due to Ma, [M1] and [M2]) for metric
spaces; we still give complete arguments since one of the aims of this paper is to
gather some of the ideas used when studying refinement monoids and make them
accessible to an audience not used to this topic (which includes the author before
embarking on this project), as well as pointing out some of the relevant literature.
Our hope is that this article can serve as a starting point for a deeper study of these
connections.

Acknowledgements. My interest in the clopen type semigroup in the non metriz-
able case stems from a suggestion of Andreas Thom. This work also benefited
from conversations with Andy Zucker as well as Nicolds Matte Bon, who made
me aware of some of the literature related to this topic; Mikael Rerdam helpfully
provided a reference that helped me see how one can prove Proposition [2.10}

Simon Robert should have a special mention here, for our many discussions
regarding this paper; Simon eventually elected not to be a co-author of this article
but those conversations were important in it coming to fruition.

2. PROPERTIES OF THE CLOPEN TYPE SEMIGROUP

2.1. Vocabulary and preliminary observations. Throughout this section we fix a
0-dimensional compact Hausdorff space X, a countable discrete group I', and an
action a: I' ~ X. Since « is fixed for now, we suppress it from our notation and
simply write yx for a(7y)(x).

We consider the space Y = X x N, endowed with the product topology, and
say that a A € Clopen(Y) is bounded if AN (X x {n}) = @ for any large enough
n. We denote I' = T x &, where & is the permutation group of N, and let I act
diagonally on Y.

Definition 2.1. Let A, B be two bounded clopen subsets of Y.

We say that A and B are equidecomposable if there exist A; € Clopen(Y), ¥; €
such that A = || | A;, B= 1", ¥iA:.

We denote by [A] the set of all bounded clopen subsets of Y which are equide-
composable with A, and set T(a) = {[A]: A bounded and clopen in Y}.

=

Definition 2.2. Given two bounded clopen A,B C Y we let [A] + [B] = [AU B],
where A and B are any two bounded clopen subsets of Y such that [A] = [A],
[B]=B,and ANB = .

It is straightforward to check that this definition indeed makes sense ([A U B]
does not depend on the choice of A € [A], B € [B] as long as they are disjoint) and
that (T(«), +) is a commutative monoid with neutral element 0 = [?)].

We endow T(a) with the algebraic pre-ordering, i.e. set 2 < b whenever there
exists ¢ € T(a) such that a + ¢ = b. The structure (T(a),+, <) is the clopen type
semigroup with which we will be working throughout this paper. This construc-
tion is analogous to Tarski’s well-known approach to paradoxicality questions,
see [TW]; the clopen version discussed here first came up in [RS].
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We briefly discuss an interesting alternative construction of T(«) mentioned by
Kerr [K2] : given f € C(X,N) and y € T, let 7y - f be the function mapping x € X
to f(7~!x). Then, for any f, g € C(X,N) say that f ~ g if there exist ; € C(X,N)
and 7; € T'such that ' 1 h; = fand Y, 79;-h; = g. This is an equivalence
relation. The addition on C(X,N) induces a well-defined, associative, commuta-
tive operation on C(X,N)/~; and the monoid we just described is isomorphic to
(T(«), +) via the (quotient of) the map f € C(X,N) — Ui {x: f(x) > i} x {i}.

Definition 2.3. A commutative monoid T is

e conical if forany u,v € Tonehasu +v=0=u =v = 0.

o simple if for any y, any x # 0 there exists n such that y < nx (every element
is an order unit).

e a refinement monoid if whenever Y ;a; = Z}-":l bj, there exist (c;;) such
that for all i one has Z;-”:l cij = a;,and for all j one has };__; ¢;; = b;.

Clearly, T(«) is a conical refinement monoid; and T'(«) is simple iff « is minimal,
i.e. if there is no nontrivial closed a-invariant set (equivalently, every orbit of « is
dense in X).

Definition 2.4. A state on (T(«),+) is a morphism from (T(«),+) to [0, +-o0],
where as usual x 4+ c0 = 400 for every x € [0, +00|. A normalized state is a state y
such that y([X]) = 1 (note that then y only takes finite values).

We denote by Mo, («) the set of states on T(«), and by M (a) the set of normal-
ized states.

Note that normalized states correspond to I'-invariant finitely additive proba-
bility measures (f.a.p.m) on Clopen(X) : given a state # one obtains a I-invariant
f.a.p.m v by setting v(A) = u([A]); conversely any T-invariant f.a.p.m v induces
a state by setting v([A]) = u(A) and extending to T(«) (this is straightforward to
prove, see e.g. [TW] for the classical case, and [RS] for the clopen case we consider
here). In turn, since X is 0-dimensional, any T'-invariant f.a.p.m on Clopen(X)
uniquely determines a positive linear functional on C(X) mapping 1to 1, i.e.aT-
invariant Radon probability measure on X (when X is metrizable every Borel prob-
ability measure is Radon so we are simply dealing with Borel probability measures
in that case); and a I'-invariant Radon probability measure restricts to a I'-invariant
f.a.p.m. We will use the same notation for all these objects, making the obvious
identifications whenever convenient. One should however beware that elements
in Me(a) do not necessarily come from a Radon measure (a trivial example be-
ing the state mapping every non-zero element to 4-occ; in the non-metrizable case
there are other complications, such as the fact that Clopen(X) does not in general
generate the Borel c-algebra).

Lemma 2.5. Assume that ' is amenable. Then b € T(«) is an order unit iff yu(b) > 0 for
every p € M(w).

Proof. Assume first that b is an order unit. Then there exists n such that [X] < nb,
whence np(b) > u(X) = 1 for every p € M(a).

Conversely, assume that b is not an order unit; let B = | | B; x {i} be a represen-
tative of b and let A = |J B;. Then A is clopen and I'A C X since otherwise a finite
union of translates of the B; would cover X, which would imply that [X] < nb for
some 1. Thus X \ I'A is a nonempty closed subset of X, and since I is amenable
there exists a I'-invariant Radon probability measure y on X which is supported
on X \ A, hence y(B;) = 0 for all i. Viewing y as an element of M («), we have
u(b) =0. O
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Definition 2.6. We say that an element b € T(«) is directly finite if for all a one has
a+b="0= a=0. The semigroup T(«) is said to be stably finite if every element
of T(w) is directly finite.

Definition 2.7. The semigroup T («) is cancellative if for any a,b,c € T(x) we have
(a+b=a+c)=b=c.

Clearly cancellativity implies stable finiteness; we will shortly see that, in the
minimal case, stable finiteness is equivalent to the existence of a normalized state
on T(«). Our understanding of cancellativity is currently lacking, even in the Can-
tor minimal case ; namely, I do not know if there exists a Cantor minimal action of
an amenable group whose clopen type semigroup is not cancellative, though that
seems unlikely (see sectionfor a more detailed discussion).

The next result follows immediately from Tarski’s famous theorem [T]. See
[TW] for a detailed discussion of this and related results.

Theorem 2.8 (Tarski, see [TW, Theorem 11.1]). Let b € T(«). There exists u €
Moo () such that u(b) = 1 iff for any n one does not have (n +1)b < nb.

Proposition 2.9. Assume that « is minimal. Then M () is nonempty iff T («) is stably
finite.
Proof. If there exists u € M (a), then for every nonzero element a € T(«x) we have
u(a) > 0 (because for some n one has [X]| < na since a is an order unit). From
a+b = bweobtain u(a) + p(b) = u(b), whence p(a) = 0 since u(b) is finite; and
we noted that this is only possible if 2 = 0.

Conversely, Tarski’s theorem asserts that the nonexistence of a state on T(«)
such that u(X) = 1 implies that there exists n such that (n +1)[X] < n[X], i.e.
there exists u such that n[X] + [X] + u = n[X], whence nX is not directly finite. [

Below (see section[2.3) we give an example of a uniquely ergodic Z-action « on
the Cantor space X such that (T(a),+) is not stably finite. Note that if T(a) is
stably finite (in particular, if « is a minimal action of an amenable group) then < is
a partial order on T(«); in general < may only be a pre-order, i.e. it could happen
that u < vand v < u but u # v. For instance, ift follows from the homology
computation in the last section of [M5] that for the natural action of a nonabelian
free group on its boundary one has a < b for allnonzero a,b € T(«), yet there exist
nonempty clopen sets which are not equidecomposable.

We now note the following fact, which (in our context) is the same as Proposi-
tion 2.1 of [OPR]. This proposition is also used by Ara—Bonicke-Bosa-Li [ABBL],
Kerr [K2] and Ma [M2], among others. The proof given in [OPR] appeals to re-
sults of Goodearl-Handelman [GH] which are stated for partially ordered abelian
groups, and it was not immediately clear to the author how to fill out all the details.
M. Rerdam was kind enough to point to Proposition 2.8 of [BR] for an alternative
argument to plug in to the proof; for the reader’s convenience, here is a detailed
argument.

Proposition 2.10. Forany a,b € T(a), the following are equivalent:
(1) There exists n € N such that (n +1)a < nb.
(2) There exists n such that a < nb, and for every y € Mo () such that u(b) = 1
one has p(a) < u(b).

Proof. One implication is immediate. For the converse, fix a,b € T(«a) such that
u(a) < u(b) for every p € Moo (w) satisfying pu(b) = 1.

We let U}, denote the subsemigroup of T(«) made up of all x such that x < nb
for some n. Every state on T(«) restricts to a state on U, and every state on U,
extends to a state on T(a) by assigning the value co for every element not in Uj,.
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Since T(a) may fail to be stably finite, we then form the maximal quasi-ordered
quotient V}, of Uy, declaring that u ~ v iff u < v < u. To each state on U, corre-
sponds a unique state on V}, and states on V}, extends to states on U,

Next, consider the Grothendieck group G(V},) of Vj,, i.e the group obtained from
Vp by adding a formal inverse —u for every u € Vj; the natural map ¢: V,, —
G(V}) may not be injective, since one has ¢(u) = ¢(v) iff there exists w € V}, such
that u + w = v 4+ w and we do not assume T («) to be cancellative.

The group G(V},) becomes a partially ordered abelian group when declaring its
positive cone to be equal to {u —v: u,v € V,, v < u}. To avoid confusion we
denote by < the corresponding ordering, and note that for any u,v € V}, we have
¢(u) = ¢(v) if, and only if, there exists w such that u + w < v + w.

Every normalized state on G(V;) (i.e. such that u(b) = 1) restricts to a nor-
malized state on V}; and every normalized state on V}, uniquely extends to a nor-
malized state on G(V}). So our assumption on 4, b amounts to the statement that
u(p(a)) < u(e(b)) for every normalized state on G(V},). Applying [G, Theorem
4.12] it follows that ¢(b) — ¢(a) is an order-unit in G(V}); in particular, there exists
some integer m such that ¢(a) < m(¢(b) — ¢(a)).

Thus, there exists u € U, and an integer m such that (m + 1)a +u < mb+ u.
Using commutativity and associativity of 4+, we obtain r(m +1)a +u < rmb+u
for any integer r; since u € U, we have some integer p such that u < pb, leading to
the inequality r(m +1)a < (rm + p)b. Choose an integer ¥ > p and setn = rm + p.
Then (n+1)a <r(m+1)a < (rm+ p)b = nb. O

2.2. Almost unperforation and dynamical comparison.
Definition 2.11. Say that T («) is almost unperforated if for any a,b € T(«) one has
(n+1)a<nb)= (a<Dh)
Lemma 2.12. T(«) is almost unperforated iff for any a,b € T(«) one has
(Fka < kband (Vi € Meo(a) u(b) =1=p(a) <1)) = (a <b)

Proof. Assume T(«) is almost unperforated and a,b € T(a) are such thata < kb
for some k, and p(a) < 1 for every y € Mo (a) satisfying p(b) = 1. Then by
Proposition there exists n such that (n + 1)a < nb, whence a < b by almost
unperforation.

The converse is immediate. O

If « is minimal the first condition on 4, b in Lemma is redundant, since it
is satisfied for every order unit b and every nonzero element is an order unit; and
(still for minimal «) the second condition amounts to the fact that p(a) < u(b) for
every u € M(w).

The property above is called the stable dynamical comparison property in [ABBL],
and generalized dynamical comparison in [M2]]; we reserve “dynamical comparison”
for another condition which we introduce now, since it seems to be commonly
accepted terminology.

Definition 2.13 (Buck [B], Kerr [K2[]). We say that a has the dynamical comparison
property if for any two nonempty clopen A, B C X such that u(A) < pu(B) for all
i € M(a) one has [A] < [B].

We ask that B be nonempty above to rule out trivial counterexamples, for in-
stance without that requirement no action & with M (a) = @ could have dynam-
ical comparison, although this case leads to interesting questions. We will see
shortly that, when M («) = @, dynamical comparison is only possible if « is min-
imal.
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We note the following fact, which shows that dynamical comparison is a prop-
erty of T(«). The proof of Proposition 2.10 in [ABBL] directly gives this; that ar-
gument is actually in large part the same as the one used to show Lemma 3.2 in
[DZ]. We briefly describe the proof for the reader’s convenience (the same idea
will come up later, see Proposition and Lemma [A.I).

Proposition 2.14. The action « has dynamical comparison if, and only if, for any nonzero
a,b € T(a) such that u(a) < u(b) forall y € M(w) one has a < b.

Proof. The implication from right to left is immediate.

For the converse, fix an action a with dynamical comparison; let a,b be such
that p(a) < p(b) for all p € M(a) then find some p such that a, b < p[X], and
choose representatives A, B of a, b contained in X x {1,...,p} =

The group I' =T’ x &, acts on X via the action &: (7,0) - (x, ) (’yx,(f(i)). We
may, and do, identify T(&) and T («).

For every y € M(a) = M(a) we have u(A) < pu(B), so by compactness of
M () there exists ¢ € ]0,1[ such that u(A) + & < u(B) for every u € M(a).

Enumerate I' = {,: i € N} then define Ay = AN %, (B), By = %(B) and, for
n>1, Ay = (A\UZg A) N7, (BA\UZg 7i4)-

The key step of the proof is the fact that, for large enough n, u(A\ Uiy Ai) < 5

for all u € M(a). Grant this for the moment. Using the fact that « has dynamical
comparison and (A \ Uiy A;) < 1forall u € /\/l( ), we see that there exists a
clopen subset Ao of X such that [As] = [A\ UL, Ail.

Next, let C = B\ | ], ¥;A;. By definition of ¢, ;4( ) > eforall p € M(a); also,
there exists D € Clopen(X) such that [D] = [C], D = U!_, D; x {i} € Clopen(X)
and D;;; C D;foralli < p—1. In particular u(D;) > @ > U(As) for all
i € M(w), so by dynamical comparison [A«] < [D;]. We conclude by noting that

n n n
a=Y [A]+[A] gz + [D1] gz <b
i=1 =1
To finish the proof, we go back to our claim that y(A \ULpAi) < % for all

i € M(w) as soon as n is large enough. To see this, begin by fixing an ergodic
measure v € M(a). If v(A\ U2, A;i) # 0, then by ergodicity there exists j such
that (A '\ U2y Ai) N ~_1 (B\US 7iAi) # @, a contradiction.

Thus (A \ Uiz, Z) = O forall u € M(a). Hence the maps p — pu(A\ ULy Ai)
form a decreasing sequence of continuous maps from the compact space M («) to
[0, 1] which converges pointwise to 0. Applying Dini’s theorem we obtain that the
convergence is uniform, which gives the desired result. O

The following fact is also worth noting; for metrizable X an equivalent state-
ment appears as Corollary 3.12 of [M2]]. Actually Ma’s statement is proved for
a more general definition of the type semigroup and applies also when X is not
0-dimensional (but metrizable).

Lemma 2.15. Assume I is amenable. Then the following are equivalent:

o The action « has dynamical comparison.
e For every order unit b € T(«), and every a and n such that (n + 1)a < nb, one
hasa < b.

Proof. Assume that a has dynamical comparison, and a,b € T(«) are such that b is
an order unit and (n 4 1)a < nb fr some n. Then p(b) > 0 forall p € M(a) since b
is an order unit, whence p(a) < u(b) for all p € M(«). So dynamical comparison
gives, as desired, that a < b.
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Conversely, assume that the second condition holds, and that a,b € T(«) are
such that p(a) < u(b) for all p € M(a). Then Lemma 2.5 implies that b is an
order unit, so a < nb for some n and u(a) < u(b) for every y € Moo (a) such that
#(b) = 1. Proposition then implies that (n + 1)a < nb for some 1, whence
a < b and « has dynamical comparison. O

Lemma 2.16. Assume that M(x) = @. Then a has dynamical comparison iff « is
minimal and a < b for every nonzero a,b € T(x).

Proof. The implication from right to left is immediate; if « has dynamical compar-
ison and M(a) = @ then Proposition implies that 4 < b for any nonzero
a,be T(a).

For the converse implication, assume that M(a) = @ and « has dynamical
comparison; then a < b for all a,b € T(«). Fix a nonempty clopen U; we must
have [X] < [U], whence X is covered by translates of U. This proves that a is
minimal. O

In the case where M(a) = @, or I is amenable and « is free, and X is the
Cantor space, the following result appears in [M1]; in the second-countable case
this is in [ABBL] (for ample groupoids). This statement also has a precursor in
[K2, Lemma 13.1].

Proposition 2.17. Assume that a is minimal. Then « has dynamical comparison if, and
only if, T(a) is almost unperforated.

Proof. Assume first that M(«) # @. By minimality, if 4 € M () is such that
p(b) = 1 for some b then also y(X) < o0; so Lemma 2.12|combined with Proposi-
tion[2.14 give the desired result.

Now, assume that M (a) = @. If « has dynamical comparison then a < b for
any nonzero a4,b € T(«) by Lemma hence T(«) is almost unperforated. To
prove the converse, assume that T(a) is almost unperforated. Since « is minimal
and M(a) = @, by Tarski’s theorem for every nonzero a there exists n such that
(n+1)a < na. Using associativity, we obtain (n + 1)2a = 2(n + 1)a < na. Weak
unperforation then gives 2a < a, whence na < g for any n € N*. Since « is
minimal, 4 is an order unitin T(«) so b < a for any b € T(«). This proves that the
action has dynamical comparison. O

In the minimal case, one can provide yet another characterization of dynamical
comparison.

Definition 2.18. Assume that « is minimal; we say that T(«) has the weak compa-
rability property if

Va#03keN*"Vb kb<[X]=b<a

Note that our formulation above only applies to the case where T («) is simple
(i.e. « is minimal). One can formulate weak comparability in non-simple semi-
groups but the definition is more involved; here we only use for minimal « so we
give the simpler reformulation above. One could add the condition that a = [A]
for some A € Clopen(X) and obtain an equivalent definition (for a more gen-
eral formulation of weak comparability, a detailed discussion and references, see
section 1.6 of [W]).

Proposition 2.19. Assume that a is minimal. Then:

(1) T(«) satisfies weak comparability if, and only if, it is almost unperforated.
(2) If T(w) is stably finite (i.e. if M(a) # @) then these conditions imply that T («)
is cancellative.
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This follows from Proposition 1.6.8 of [W], which contains a wealth of infor-
mation on refinement monoids (the first statement follows from Theorem 4.1 of
[AGPT]; the second one is a particular case of Theorem 1.7 in |AP]).

Recall that Downarowicz and Zhang [DZ] proved recently that every Cantor
action of a group of subexponential growth has the dynamical comparison prop-
erty; Ker and Naryshkin [KN|] even more recently showed the same result for free
actions of elementary amenable groups. It follows that free minimal Cantor ac-
tions of such amenable groups are all such that T(«) is cancellative. Interestingly,
I do not know of a direct argument to prove cancellativity for these actions, and it
seems to be an open problem whether clopen type semigroups of minimal Cantor
actions of amenable groups are always cancellative.

2.3. A few words about cancellativity. Let us give a simple example of a uniquely
ergodic, free Cantor Z-action such that T(a) is not stably finite (hence not cancella-
tive either). Note that this action has the dynamical comparison property since the
acting group is Z.

Let Y = Z U {oo} be the one-point compactification of Z, with Z acting on itself
by translation and fixing co. Form the product X = Y x 2%, with Z acting on the
second coordinate via (say) the dyadic odometer. Then X is a Cantor space, on
which Z acts freely; further, there is a unique Z-invariant Borel probability mea-
sure, supported on {co} x 2¢. Let A = (Y '\ {0}) x 2¢; the map

(n+1,x) ifn>0
(n,x) ifn <0

T: (n,x) — {

witnesses that [X] < [A], so the action is not stably finite.

Also note that B = {0} x 2% is clopen, has measure 0 for every invariant mea-
sure, yet one does not have (n + 1)[B] < n[B] for any n.

In section[8|we will see that the clopen type semigroup of the universal minimal
flow of any amenable group is cancellative.

Another reason why cancellativity would be useful: it would be nice to rule
out the existence of a minimal amenable Cantor action « and two clopen A, B such
that [A] = [B] in T(«) yet there does not exist any y € [[«]] such that YA = B. If
[A\ B] = [B\ A] then there is an involution ¢ € [[a]] such that c(A\ B) = B\ A
and o fixes all the other elements, so that c A = B; but without cancellation it is not
clear whether [A] = [B] implies [A \ B] = [B\ A] in T(a). Actually, it would be
enough to know that [A] = [B] = [X \ A] = [X\ B] to conclude that the clopens
equidecomposable with some fixed clopen A consist of all the translates of A by
elements of [[«]].

2.4. Tameness and dense locally finite groups. In this section we assume that
X is metrizable. We recall that the group Homeo(X) is endowed with a natural
Polish group topology, which comes from viewing homeomorphisms of X as au-
tomorphisms of the Boolean algebra Clopen(X). A basis of neighborhoods of 1 for
this topology is given by subgroups of the form

{g € Homeo(X): VA€ AgA = A}

where A ranges over all clopen partitions of X.
What we really care about in this section is the case of minimal Cantor actions
of countable amenable groups. We recall some terminology.

Definition 2.20 (Krieger [K3]]). Given an algebra A of clopen subsets of X and G
a subgroup of Homeo(X), we let [G, A] be the smallest subgroup of Homeo(X)
containing G and such that, for any partition Ag,..., A, of X with A; € A, and



CLOPEN TYPE SEMIGROUPS OF ACTIONS ON 0-DIMENSIONAL COMPACT SPACES 11

g1,---,8n € G, if the mapping h: x € A; — gij(x) is an homeomorphism, then
he |G, A
We say that G is a full group if G = [G, Clopen(X)].

Definition 2.21 (Krieger [K3]). Given ¢ € Homeo(X) and a subalgebra A C By
which is g-invariant, we denote by g 4 the automorphism of .4 induced by g, and
by G4 = {g4: § € G}. We say that (A, G) is a unit system if:

e A is a subalgebra of Clopen(X);

e G is a countable, locally finite subgroup of Homeo(X) which leaves A in-

variant and G = [G, A[;

e The mapping g — | 4 is an isomorphism;

e Foreachg € G, {x: g(x) =x} € A
An ample group is a subgroup G C Homeo(X) such that (Clopen(X), G) is a unit
system (in particular, G is a countable, locally finite full group).

Definition 2.22. The topological full group [[«]] of an action a: I ~ X is the smallest
full group which contains «(y) for every y € T.

Whenever « is a minimal Z-action on a Cantor space X, there exists an ample
group A which is dense in [[«]] (equivalently, A and a have the same orbits on
clopen sets). Any two such ample groups are conjugated, and they play an impor-
tant role in the Giordano-Putnam-Skau classification of minimal Z-actions up to
orbit equivalence (see [GPS1] or [MR] and the references given therein).

Interestingly, the existence of such an ample subgroup is connected to the fol-
lowing property of T(«); this, along with an example of Matui [M3], implies that
even for minimal free Z?-actions there does not always exist a dense locally finite
subgroup in [[a]] (see Theorem 2.32below).

Definition 2.23. T(«) is unperforated if for every a,b € T(«) and every n one has
na <nb=a<b.

Definition 2.24 (Ara—Goodearl [AG]). A refinement monoid is fame if it is an in-
ductive limit of finitely generated refinement monoids.

Stably finite, tame conical monoids have been characterized as follows by Ara
and Goodearl.

Theorem 2.25 ([AG| Theorem 3.14]). A stably finite, conical monoid is tame iff it is
unperforated and cancellative.

Lemma 2.26. Assume that « is an action on a compact, O-dimensional metrizable space
X such that [[a]] has a dense, locally finite subgroup. Then T(«) is unperforated and
cancellative (hence also stably finite).

Proof. Leta,b € T(a) and n € N be such that na < nb.

Writea = Y 1[Ai], b = ;”:1 [Bj] where A;, B; are clopen subsets of X. The
assumption on [[«]] implies that there exists a finite subgroup A of [[«]] and a
finite A-invariant clopen partition A such that the relation na < nb is witnessed
using elements of A and A. Letting Z denote the finite set of atoms of .4, the type
semigroup of the action A ~ Z is unperforated (by a simple matching argument,
see e.g. [TW, Theorem 10.20]) and from this we see that 2 < b is witnessed by
elements of A and A.

The proof of cancellativity is similar, since the type semigroup of an action of a
finite group A on a finite set Z is cancellative by a simple counting argument: a = b
means that, for each orbit O of the action A ~ Z, there are as many elements of (a
representative of) a2 equivalent to some element of O as there are such elements in
b. O
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Proposition 2.27. Let « be an action on a compact 0-dimensional metrizable space X.
Assume that T(a) is tame and stably finite. Then [[«]] has a dense ample subgroup.

Proof. We first build inductively a sequence of finite Boolean subalgebras A, of
Clopen(X), and finite groups A, ~ Ay, such that:

e Each (A, Ay) is a unit system.

e For all n A, is a subalgebra of A, 11, Ay is a subgroup of A,y and the
action of every A € A, on A, 41 extends its action on Ay

e For every A € Clopen(X) and g € [[a]], there exists n such that A € A,
and A € A, such that AA = gA.

e For every n, every A € A, and every A € A, there exists ¢ € [[¢]] such
that AA = gA.

To see why this construction can be carried out, fix a finite Boolean algebra A
and a finite A such that (A, A) is a unit system such that for each A € A and each
A € A there exists g € [[o]] with gA = AA. Fix also B € Clopen(X) and g € [[«]].
Find a finite algebra B refining A, B, and ¢B, then consider the submonoid U of
T(«) generated by the types of atoms of B. By Ara-Goodearl [AG, Theorem 3.6]
there exists a finitely generated refinement submonoid U’ of T(x) which contains
U. Take a generating system xq, ..., x; of U’ with minimal cardinality.

Assume that we have a nontrivial relation of the form Z?zl nix; = Z?zl miX;
with coefficients in N. Using stable finiteness we can reduce to the case where for
all i either n; = 0 or m; = 0. Hence we have two disjoint, nonempty subsets I, |
of {1,...,d} and integer coefficients such that Y ;c;n;x; = ¥jcym;x;. Unfolding
this as a sum where each x; appears n; times and each x; appears m; times, then
applying refinement, we obtain (using stable finiteness, conicality and the mini-
mality of d) a refinement matrix such that each line can only contain one nonzero
term (equal to some x;, i € I) and each column contains one nonzero term (equal
to some x;, j € J). We conclude that x; = x; for some i € I and j € ], contradicting
the minimality of 4.

Thus every element of U’ can be written uniquely as a sum 2?21 n;x; with in-
teger coefficients. Write [X] = 2?21 n;x;; we may find realizations (U;;);=1,..., of
u; which form a clopen partition of X refining the partition induced by B. Let C
be the corresponding Boolean algebra, and A’ the unit subsystem of Aut(C) gen-
erated by the transpositions U;; — U;; (and identity elsewhere). Uniqueness of
the decomposition on x,...,x; inside U’ enables us to extend elements of A to
elements of A’ (respecting the group operation on A).

This shows that one can inductively perform the construction described at the
beginning of the proof; then A = |JA; is an ample group such that, for every
A, B € Clopen(X),

(30 € AMA =B) & (3g € [[a]] A = B)

We have not yet ensured that A C [[a]]; however, a variation on a construction
of Krieger [K3] (we postpone the proof to appendix |B} since it is a mostly routine
modification of Krieger’s proof) implies that there exists ¢ € Homeo(X) such that
g[[a]]g”t = [[#]] and gAg™! C [[«]]. Then gAg~! is the desired dense ample
subgroup of [[«]]. O

The following theorem is a direct consequence of the previous facts.

Theorem 2.28. Assume that a is an action of a countable group T on a compact, metriz-
able, 0-dimensional space. Then [[«]] admits a dense locally finite subgroup (even, a dense
ample subgroup) iff T («) is unperforated and cancellative.
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If T is amenable and « is minimal, we already mentioned that by a result of
Ara and Pardo T(a) is cancellative as soon as it is stably finite and almost unper-
forated (since it then has the weak comparability property), so the assumption of
cancellativity is redundant in that case.

Proof. The existence of a dense locally finite subgroup in [[«]] gives us unperfora-
tion and cancellativity by Lemma Conversely, [AG| Theorem 3.14] gives us
that unperforation, cancellativity and conicality imply tameness (as well as stable
finiteness, of course) and Proposition 2.27]gives the desired implication. a

2.5. Coinvariants and saturation. Given a group action « ~ X, X a compact, 0-
dimensional space, the group of coinvariants (see e.g. Matui [M3]) is the group

H(a) = C(X,Z)/{{f — foa(y): vy € )}
We denote by (f) the equivalence class of f for this quotient map. Since « is fixed
we again suppress if from our notation below and simply write -y - f for the map
x s fla(y) 1x).
Recall that, as mentioned in the last section of [K2|], we can view T(«a) as the
quotient C(X,N)/~, where f ~ g iff there exist h; € C(X,N) and 1; € T such that
f=Y!hiand g =Y ;- h;. Inparticular, if [f] = [¢] then we have

f=8+i(hi—%"hi)

so that [f] = [g] = (f) = (8)-

Thus we have a natural surjection 7t: T(a) — H(a)*, where H(a)™" is the posi-
tive cone of H(w), i.e. the image of C(X, N) under the quotient map. If we assume
that T(«) is cancellative then T («) is the positive cone of the partially ordered in-
terpolation group G(a), and 7 induces a surjection from G(«) onto H(«). In the
case of minimal Z-actions on the Cantor space, H(«) is well-understood, since it
is equal to Ko(C(X,Z) x4 Z). Actually in that case we have T(a) = H(a)™", as we
will explain below. It would be interesting and useful to gain a better understand-
ing of the kernel of 7; for saturated actions, which we define now, this kernel is
trivial.

Definition 2.29. Say that « is saturated if « has dynamical comparison and, for any
clopen A, B we have

(V€ M(a) u(A) = u(B)) = [A] = [B]

We could replace [A] = [B] in the statement above by the (formally stronger)
existence of ¢ € [[a]] such that gA = B without changing the definition. One can
see saturation as a property of T(«), as the next proposition shows.

Proposition 2.30. The following conditions are equivalent:

(1) wa is saturated.
(2) & has dynamical comparison and for any a,b € T(«) such that u(a) = u(b) for
all y € M(w), one has a = b.

Proof. One implication is immediate from the definition.

If M(x) = @ then dynamical comparison gives that for any a € T(«) there
exists A € Clopen(X) such that a = [A], whence the converse implication is trivial
in that case.

Assume that M (x) # @ and « is saturated. An argument similar to the proof
of gives the desired implication: first use an exhaustion argument to reduce
to the case where u(a) = u(b) < 1 forall u € M(a), then conclude by noting that
(thanks to dynamical comparison) in that case there exists A, B € Clopen(X) such
thata = [A], b = [B]. O
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It is now immediate that, for a saturated w and f, ¢ € C(X,N), onehas (f) = (g)
iff [f] = [g]: indeed (f) = (g) implies that u(f) = u(g) for every y € M(a),
whence [f] = [g] by saturation.

Assuming minimality and dynamical comparison, saturation can be reformu-
lated using only the ordering, in the form of the following condition:

Va,be T(a) (Ve((c<a=c<b)A(c<b=c<a)))=a=0D

Note that if a: I' ~ X and f: A ~ X are two actions of countable groups
on the same 0-dimensional compact Hausdorff space X such that for any A, B €
Clopen(X) there exists v € I such that a(y)A = B iff there exists A € A such
that B(A)A = B, then T(a) = T(p) and H(«) = H(p). The following result is an
immediate consequence.

Proposition 2.31. Assume that « is a minimal action of an amenable group on the Cantor
space X such that T(a) is unperforated. Then, for any two f,¢ € C(X,N) we have

[f] = [g] iff (f) = (g). In particular H(a)™ = T(a) is unperforated.

Proof. If T(«) is unperforated then by Theorem there exists a dense ample
subgroup A of [[¢]]; considering the (minimal) action f: A ~ X we have both
T(a) = T(B) and H(x) = H(B). But for a minimal action  of an ample group it is
easy to see that T(B) = H(B) (for a more general argument, valid for groupoids,
see [M4, Theorem 6.12]; for groups one only needs to use the existence of a se-
quence of compatible unit systems as in [K3] to obtain the desired result). O

When « is a minimal Cantor Z-action, it is well-known that [[«]] admits a dense
ample subgroup (the stabilizer of a positive semiorbit), hence the assumption of
the previous proposition is satisfied and H(a)" = T(«a).

Matui [M3] gave examples of free minimal Cantor Z?-actions for which the tor-
sion part of H(a) is nontrivial (this contradicts a result of Forrest-Hunton [FH1]|
whose proof had a gap); given the previous result this implies that T(«) is perfo-
rated, and this yields the following corollary.

Theorem 2.32. There exists a free minimal Cantor action « of Z*> on the Cantor space
such that [[«]] does not have any dense, locally finite subgroup.

3. DYNAMICAL COMPARISON IN THE STONE-CECH COMPACTIFICATION AND IN
THE UNIVERSAL MINIMAL FLOW

We again let T be a countable discrete group, and denote by BT its Stone-Cech
compactification; it is a compact, Hausdorff, 0-dimensional space (and very much
non-metrizable unless I’ is finite).

The clopen subsets of BI' correspond to subsets of I' (identifying pI' with the
set of all ultrafilters on I, clopen subsets of I are of the form {U/: A € U} for
A C T). Thus the action of I on SI' corresponds to the well-studied action of T’
on its subsets via translation 7 - A = {yx: x € A}, and equidecomposability of
clopen subsets in BI is the same as classical equidecomposability of subsets in I'.

One should note here that, for instance, T(Z ~ BZ) is not stably finite, since
[{0}] + [BZ] = [BZ] (as witnessed by the map sending each n > 0 to n + 1, and
eachn < 0ton, whoseimageis Z \ {0}). Actually, an inequality of the form 2a < g,
with a nonzero, is possible in T(I' ~ T') even for a countable amenable I'. Indeed,
there exists such an g iff I is not supramenable; and there exist some countable,
solvable, not supramenable groups. This kind of example is not restricted to non-
metrizable spaces: using arguments similar to those in the proof of Proposition
B.4below, it follows that there exist free topologically transitive Cantor actions of
some solvable groups with a nonempty clopen set A such that 2[A] < [A].
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Still, classical results show that type semigroups of Stone-Cech compactifica-
tions are rather well-behaved.

Theorem 3.1 ([TW, Theorems 3.6 and 10.20]). The semigroup T (BT ~ BI') is unper-
forated and < is a partial order on T(T ~ BI).

Since clopen sets in I correspond to subsets of I, states on T(I' ~ BI') corre-
spond to finitely additive I'-invariant probability measures on I'. The following
result is an immediate consequence of this, along with our earlier observations.

Theorem 3.2. Let I' be a countable amenable group, and A, B be two subsets of T such
that u(A) < u(B) for any T-invariant f.a.p.m on I. Then there exist Aq,..., Ay, C T
and y1,...,vn € ' such that A = || A;, | ]viA; C B.

Proof. We know that T(I' ~ BI') is unperforated, whence it has dynamical com-
parison since I' is amenable. This is precisely the content of the previous state-
ment since invariant finitely additive probability measures on I' correspond to I'-
invariant Radon measures on fI'. O

The previous result can also be seen as a consequence of the finitileability the-
orem of Downarowicz, Huczek and Zhang [DHZ] via a standard compactness
argument. The proof presented here is much more elementary.

It seems worth noting that, as explained to the author by B. Weiss, there exists
A C Z such that u(A) = 1 for every uy € M(Z ~ BZ), yet Aand Z \ A are not
equidecomposable. To see this, write Z as a disjoint union of arithmetic sequences,
e.g.

Z={2n:neZ}U{4n—1:neZ}U{8n+3:necZ}...
Then let A consist of every element from each of these sequences, i.e.
A={4n:neZiu{8n—1:necZyu{lén+3:ne€Z}...

Clearly for every u € M(Z ~ BZ) we have u(A) > 1+ §+ 1z +... = 3; the
same holds for B = N\ A and it follows that j(B) = u(A) = 1 for every invariant
. Yet one can check that infinitely many shifts are needed to map A into B, so A
and B are not equidecomposable.

Next, we consider the universal minimal flow of I, which we denote I' ~ uI'.
We recall that uI' is a compact, Hausdorff, 0-dimensional space and that I' ~ uI’
is free. Further, any minimal subset for the action I' ~ I is isomorphic to uI’;
we identify uI" with some fixed minimal subset of I, and choose a I'-equivariant
retraction r: BI' — uI'. We refer the reader to [P1] and its bibliography for more
details on this part of topological dynamics.

The retraction r induces a homomorphism

¢: (T(T~ul'),+) = (T(T ~ BI), +)

defined by setting ¢([A]) = [r~!(A)] for A € Clopen(uT'), and then extending to
T(T ~ ul).

In the other direction, one can define ¢: T(I' ~ I') — T(I' ~ uI') by setting
P(A) = [ANul] for A € Clopen(BI'), and extending to T(I' ~ BI') (here it is
crucial that uI' is I'-invariant for this to make sense).

Since r is a retraction we have ¥(¢(a)) = a foralla € T(I' ~ uI'). Hence
T(I ~ uT’) is isomorphic to a subsemigroup of T(I' ~ BT).

The following result is an immediate consequence of this and Theorem [3.2}

Proposition 3.3. T(T' ~ ul') is unperforated, and < is a partial order on T(T ~ uT).

It follows that T(I' ~ uI') has the dynamical comparison property. If I' is not
amenable, this (along with < being a partial ordering) implies that a = b for every



16 JULIEN MELLERAY

nonzero a,b € T(uI'). In particular any two nonempty clopen subsets of uI' are
equidecomposable.

In the amenable case, dynamical comparison implies that T(I' ~ uI’) is can-
cellative. Amusingly, we seem to have found a new condition to add to the long
list of characterizations of amenability for countable groups: I' is amenable iff
T(T ~ uT) is stably finite iff T(I' ~ uI') is cancellative.

The following proposition is a routine consequence of the aforementioned prop-
erties of .

Proposition 3.4. Any minimal Cantor action of T is a factor of a free, minimal Cantor
action whose clopen type semigroup is unperforated and partially ordered (in particular,
this action has the dynamical comparison property and if I' is amenable its clopen type
semigroup is cancellative).

Proof. Given a minimal Cantor action a: I' ~ X, find a factor map 7r: uI' — X.

Let A = 7~ !(Clopen(X)), which is a countable, T-invariant Boolean subalge-
bra of Clopen(uT’).

Given a I'-invariant Boolean subalgebra B of Clopen(uI'), we denote by T(T' ~
uT') the semigroup of types obtained by considering only decompositions with
pieces in B (still with I' as the acting group), and <p the corresponding partial
ordering. We also denote equality of types for this relation by =p.

We build a sequence of countable atomless subalgebras (\A;), of Clopen(X) as
follows. First, we let Ay be any countable, I'-invariant, atomless Boolean subalge-
bra of Clopen(uI') containing A and such that, for any v € T'\ {1}, there exists
a clopen partition (U;);c; of uI" whose elements belong to Ay and are such that
yU;NU; = @ for all i € I (if necessary, see the proof ofbelow for an explana-
tion of why such clopen partitions exist).

Next, assume that A, has been built; for any u,v € T4, (I' ~ uI') and any
n € N* such that nu <4, v, find clopen sets forming decompositions of u, v wit-
nessing that # = vin TT ~ (uT'); and similarly if u <4, v Av < 4, u find clopen
decompositions witnessing that # = v. Take any I'-invariant, countable, atomless
Boolean subalgebra A, 1 that contains A, and all these new clopen sets; we have

e Forany u,v € Ty, (I ~ul'),andany n € N*, nu <4, nv = u <A, 0

e Forany u,v € Ty (T ~ul), (u <pg,vAv <y, u) = U=4,, 0

Then B = |J,, A, is countable, atomless, I'-invariant, contains A, and satisfies
the following conditions:

e Forany u,v € Tg(I' ~ ul'),and any n € N*, nu <g nv = u <g v.

e Foranyu,v € Tg(T ~ull), (u <gpvAv<pu)=u=pgo.

e For any v € I'\ {1}, there exists a clopen partition (U;);c; of uI' whose
elements belong to B and are such that yU; N U; = @ foralli € I.

Denote by Y the quotient of uI" associated with B (i.e. induced by the closed sub-
algebra of C(BT') whose {0, 1}-valued functions are the indicator functions of ele-
ments of ).

This Y is a Cantor space, and we have a free action I' ~ Y whose clopen type
semigroup is unperforated and partially ordered; since Clopen(ul') D B D A,
factors through a I'-equivariant map ¢: ¥ — X, and we are done. O

4. SPACES OF ACTIONS

We fix a Cantor space X, an infinite countable group I' and consider the space
A(T) of actions of T' on X, which we see as a closed subset of Homeo(X), hence a
Polish space.
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4.1. Some G; subsets of A(T'). The following is well-known.
Proposition 4.1. The space Min(T') of all minimal Cantor actions of T is a Gy subset of

A(T).
Proof. Anaction a is minimal iff for every nonempty clopen A there exist 1, ..., ¥x
such that J; a(;)A = X. For fixed A, this is an open condition on «. g

Hence Min(T') is a Polish space in its own right.
Proposition 4.2. The space Free(T') of all free actions is a Gz subset of A(T).

Proof. Assume that « is a free action, and fix v € T'\ {1}. Then for every x €
X there exists a clopen U containing x and such that a(y)UNU = @. Hence
one can find finitely many clopen subsets Ay, ..., A, such that [J; A; = X and
a(y)A;NA; =@ foralli

Conversely, any « satisfying the condition in the previous paragraph is free.
Thus

Free(I') = [ [ J{a: VA € Aua(y)ANA =0}
el A

(in the line above 4 runs over the set of all clopen partitions of X) O

Note that Proposition [3.4| shows in particular that for any I' there exists a free
minimal action of I' on the Cantor space, a well-known fact (see e.g. [HM])). We
are particularly interested in generic properties (in the sense of Baire category) in
Min(T).

Lemma 4.3. Assume that (a,) € A(T)N converge to some w € A(T), and p, € M(ay)
for all n. Let y be a cluster point of (yin)n. Then y € M ().

Proof. We might as well assume that (), converges to y. Fix A € Clopen(X) and
v € I. There exists N such that for any n > N one has a,(y)A = a(y)A. Hence

V>N pn(A) = pn(an(7)A) = pu(a(7)A)
Letting 1 go to oo, we obtain p(A) = p(a(y)A). O

Proposition 4.4. The set A*(T') of all actions which admit an invariant probability mea-
sure is closed in A(T).
The set A3 of all uniquely ergodic actions of T is a Gs subset of A(T').

Proof. The first fact is an immediate consequence of the previous lemma allied to
the compactness of the space of Borel probability measures on X.

To see why the second fact holds, fix a clopen A and & > 0. Then it follows from
the previous lemma that

Qpe = {a: Ju1, p2 € M(a) [p1(A) — p2(A)| = €}
is closed in A(T'). Hence

Za = {a: Y, 2 € M(a) i (A) = pa(A)}
is G in A(T). Considering the intersection of all X(A) as A ranges over clopen
subsets of X, we conclude. O

Proposition 4.5. The following subsets of A(T) are all G:

o Actions with the dynamical comparison property.
Actions such that T («) is almost unperforated.
Actions such that T () is unperforated.

Actions such that T(a) is cancellative.

Actions such that < is a partial order on T ().
Saturated actions.
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Proof. Letus only prove the first fact, the others being similar. Fix A, B € Clopen(X).
By Lemma[4.3)the set ©(A, B) = {a: Iu € M(a) u(A) > u(B)} is closed in A(T).
The set A(A,B) = {a: [A] < [B]in T(«)} is open in A(T'). The set of all actions of
I' with the dynamical comparison property is equal to

N (Z(A,B)UA(A,B))
A,BeClopen(X)

hence it is a G4 subset of A(T') (since the union of a closed and an open set is Gy,
and there are only countably many clopen subsets in X). O

4.2. Conjugacy classes in Min(I'). Below we will repeatedly make use of the
easily-verified fact that if &, 8 are two Cantor actions and « is a factor of j, then
« belongs to the closure of the conjugacy class of .

Proposition 4.6. There exist actions with dense conjugacy classes in A(T') and Min(T').

Proof. The case of A(T) is well known: let (a,), enumerate a dense subset of A(T),
then consider the product action «. It is again a Cantor action, and each «; is a
factor of . In particular each a, is contained in the closure of the conjugacy class
of «, which is thus dense in A(T).

The case of Min(I') is similar; again enumerate a dense subset («,) of Min(T),
with ag being free, and let « be any minimal component of the product action.
Then « is a free, minimal Cantor action which maps into every &, so by minimality
each w,, is a factor of «. O

The existence of dense conjugacy classes implies that every Baire-measurable,
conjugacy invariant subset of Min(T') is either meager or comeager (the so-called
0-1 topological law, see [K1]).

4.3. Genericity in Min(I'). For Z, there exists a generic conjugacy class (the uni-
versal odometer [HJ|). What about other groups? I do not know the answer to this
question even for Z2.

Proposition 3.4 immediately implies the following:

Proposition 4.7. A generic element « of Min(T') is such that:
(1) w is free.
(2) T(w) is unperforated (hence T («) has dynamical comparison).
(3) The algebraic order on T(w) is a partial ordering.

The fact that a generic minimal Cantor action of an amenable group has the dy-
namical comparison property also follows from [CJK "] and the relation between
almost finiteness and dynamical comparison (see Theorem 6.1 of [KS])). Conversely
using the previous proposition one recovers Theorem 4.2 of [CJK™] by applying
Theorem 6.1 of [KS].

5. WEAKENINGS OF DYNAMICAL COMPARISON

This work was in part motivated by the following question: given a minimal
action & of a countable amenable group on the Cantor space, does there exist a
minimal Z-action B such that M («) = M (B)? Of course, if « is orbit equivalent to
a Z-action then the previous question has an affirmative answer.

The criterion established in [M6]] shows that there exists such an action 8 as soon
as M (a) is such that, for any A, B € Clopen(X) such that y1(A) < u(B) for every
i € M(w), there exists C € Clopen(X) such that y(A) = u(C) for all p € M(a)
and C is contained in B. This is a weakening of dynamical comparison.
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Definition 5.1. Let # be a minimal action of I' on a Cantor space X. Denote by
K(a) the group {g € Homeo(X): Vu € M(«a) g«pt = p}.

We say that a has the measured comparison property if the action K(a) ~ X has
dynamical comparison.

Here we are departing from our earlier conventions, since K(«) is not count-
able, and we only defined comparison for countable groups (this played a part in
some arguments, when we are using an enumeration of I'). However, whenever
X is metrizable, Homeo(X) is separable, whence K(a) admits a countable dense
subgroup A. Then M (K(«)) = M(A ~ X) (= M(a)), T(K(x)) = T(A ~ X) so
all our earlier results apply equally well to any discrete group in that case.

The following is more or less immediate.

Lemma 5.2. Let a be a minimal action of an amenable group on the Cantor space X. Then
there exists a Z-action B such that M(a) = M(PB) iff « has measured comparison.

Proof. Implication from left to right is immediate, since Z-actions have dynamical
comparison.

Conversely, assume that « has measured comparison and let A, B € Clopen(X)
be such that y(A) < u(B) for all 4 € M(«). Since M (a) = M(K(a)), there exists
¢ € [[K(«)]] = K(«) such that gA C B, so the criterion of [M6] is satisfied. O

So the various characterizations obtained in section [2| have counterparts for
measured comparison. Unfortunately, this does not seem to lead to new exam-
ples of minimal actions with measured comparison, because it is difficult to say
anything meaningful about the group K(«).

Definition 5.3. Let a: I' ~ X be an action of a countable group I' on the Cantor
space. The full group of « is the group

[a] ={g € Homeo(X): Vx 3y € T g(x) = a(y)x}

Definition 5.4. The action « has orbital comparison if [a] ~ X has dynamical com-
parison.

Since M(«) = M([a]) = M(K(«a)), dynamical comparison implies orbital
comparison, which implies measured comparison. None of the converse impli-
cations is clear. If an action « is orbit equivalent to a Z-action, then it must satisfy
orbital comparison.

Question 5.5. Let a: I' ~ X be a minimal action on the Cantor space. Is the full
group [a]| dense in K(a) = {g € Homeo(X): Vu € M(a) gspt = pu}?

Note that, if M (a) is empty, one has K(«) = Homeo(X), and it seems unlikely
that emptiness of M (a) is enough to guarantee that [«] is dense in Homeo(X)
(there certainly are examples where [[a]] is not dense, like the action of a non-
abelian free group on its boundary).

By the same argument as in the proof of Lemma 3.5 in [GW], orbital compar-

ison does imply that [¢] = K(«). Even in the case where there are no invariant
measures, I do not know of any example where this equality does not hold (it fol-
lows from dynamical comparison, and I do not know examples where dynamical
comparison fails for minimal Cantor actions).

6. CONCLUDING REMARKS AND QUESTIONS

6.1. On the clopen type semigroup. I do not know of any minimal action of a
countable group on a Cantor space which fails to have dynamical comparison,
even when there are no invariant Borel probability measures. At the moment, it
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is possible that dynamical comparison always holds in this setting, though that
would perhaps be surprising.

In the case where a: I' ~ X is a minimal action of a countable amenable group
on the Cantor space, we know that T(«) is cancellative as soon as a has dynamical
comparison; the proof is rather indirect, as it goes through the fact that dynamical
comparison is equivalent to weak comparability in this context, and a simple, con-
ical, stably finite refinement monoid with weak comparability is cancellative by a
theorem of Ara and Pardo. Can one prove that (T(«), +) is always cancellative in
this case? By Corollary 1.9 of [AP] it would be enough to prove that T («) is strictly
cancellative,i.e. thata+b <a+c=b <c.

6.2. On the space of actions. We fix a countable group I' and denote again by
Min(T) the set of all minimal actions of T on the Cantor space X, with its usual
Polish topology. A basic problem, which we already mentioned above, is to de-
termine when there exist a generic conjugacy class in Min(T'). It seems that, in
order to make progress on this question, it would be useful to determine the clo-
sure of Min(T') inside the space of actions A(I'). When I' = Z this is understood:
by Theorem 5.9 of [BDK] the closure of the set of minimal homeomorphisms in
Homeo(X) is the set of all homeomorphisms g such that for any nontrivial clopen
set U both gU \ U and U \ gU are nonempty. Is a similar description available for
other groups?

In the case of Z we know that a generic minimal action is saturated; is that true
for other groups?

It would be very interesting to determine whether unique ergodicity is generic
in Min(T) for every countable amenable I'; we at least know that the set of all
uniquely ergodic actions is G5 and nonempty when I' is amenable. To see that it is
nonempty, one can use a generalization of the Jewett—Krieger theorem to amenable
groups, due to Rosenthal; or one can apply a more general theorem of Frej-Huczek
[FH2].

When I' is not amenable, I do not know if there always exists a strictly ergodic
action on the Cantor space; Elek [E] recently proved that every countable group
admits a free, minimal action on the Cantor space which preserves a Borel proba-
bility measure.

APPENDIX A. APPROXIMATE DIVISIBILITY OF SETS OF INVARIANT MEASURES
FOR APERIODIC ACTIONS

In this section a: I' ~ X is an action of a countable group I' on a compact, 0-
dimensional metrizable space X. We denote by M (X) the set of Borel probability
measures on X, endowed with its usual compact topology and let M (a) C M(X)
denote the set of a-invariant measures.

Lemma A.1. Let F bea closed subset of X, and € > 0. Let K be a compact subset of M (X)
and g: K — R be a continuous function such that u(F) < g(u) + € for all y € K. Then
there exists a clopen U which contains F and is such that y(U) < g(u) forall p € K.

In particular, if u(F) = 0 for all u € K, then F is contained in a clopen set U with
u(U) < eforany u € K.

Proof. Write F = (), Uun, where each U, is clopen. Given y € K, set
fu(u) = max(p(Un), g (u))

The sequence (fu)n is a decreasing sequence of continuous functions, which con-
verges pointwise to the continuous function y +— g(j), since for each fixed u the
sequence (u(Uy))n converges to j(F) < g(u). By Dini’s theorem, the convergence
is uniform on K, so for n large enough we have f, () < g(u) +eforallp € K. O
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Lemma A.2. Assume that A € Clopen(X) is such that |Tx| > N° for all x € U, for
some fixed integer N > 2. Then for any u € M () we have

4 ({x € A: [Txn A| < N}) g%

In particular, if « is aperiodic then pu(({x € A: TxNA| < +oo}) = 0forall u €
M(a).

Proof. WeletF = {x € A: [TxN A| < N} and note that F is closed. Since |Tx| > N
for all x € X, we can find disjoint clopens (U;);—1,_, such that F C JU; and
elements 71, ...,7v, € I' such that y;x ¢ F foreach x € U; N F.

Consider the map ¢1: x € U;NF ~ 7;x. Forany y € ¢1(F), ¢; ' (F) is com-
posed of elements of F which belong to the same T-orbit, so [¢;'(y)| < N. It

follows that p(¢1(F)) > % for every p € M(a).
For any x € F, at most 2N elements of I'x can be contained in F U ¢;(F), and
we assumed that [Tx| > N3. Thus we can repeat this construction to define ¢, (F),

disjoint from F U ¢1(F) and such that (¢, (F)) > @ forall p € M(w). Iterating
N? — 1 times, we conclude that N2 x % <u(X)=1forall y € M(w). O

Proposition A.3. Let A € Clopen(X), p € N* and e > 0. Assume that « is aperiodic.
One can write [A] = p[B] + [C] where B,C € Clopen(X) and u(C) < ¢ for every
ie M)

In the language of [M6], this proves that the set of invariant Borel probability
measures associated to an aperiodic action is approximately divisible, which im-
proves [M6, Theorem 2.1]. Note that this result is best possible, since as soon as
there exists an orbit of cardinality N any sufficiently small neighborhood of this or-
bit cannot be divided in N + 1 pieces which approximately have the same measure
for every u € M(u).

Proof. We may of course assume that A is nonempty. Fix N € N such that § <.

Since « is aperiodic, F = {x € A: [Tx N A| < N} has measure 0 for all y €
M) by Lemma hence it is contained in a clopen U C A such that u(U) < ¢
for all u € M(a) by Lemmal[A.1]

For any x € V = A\ U, there exists a clopen V, such that x € V, C A and
71(x),...,¥n(x) € T such that 7;(x)Vy are pairwise disjoint clopen subsets of A.
Using the cutting and stacking argument of [M6], and compactness of V, we obtain
that there exist disjoint clopen subsets (A; ;)ic1,1<j<n; such that :

e |[N;| > Nforalli eI
e Foralliandall ji,jo € {1,...,N;} there exists 7 € I such that v4;; =
Ai,j2~
[ ] V g Ui,j Ai,j'
For each i, we write N; = pm; +qwith0 < g < p—1, and set Bf = Ui<k<m; Aijvkp
forl € {1,...,p}. Then define B' = | J;c; Bl and D = UBi; \ UB.

By construction [B/] = [B] for every j, k. Also, since u(UA;;) < 4 for all
i € M(a) (this set has more than N disjoint translates by elements of [[I']]) we
obtain than y(D) < £ forall € M(a).

Set C = A\UB' C DUU; we have u(C) < e+ & < 2eforall y € M(a), and
[A] = p[B'] +[C].

(]

It follows from the above result that, if « is aperiodic and X is metrizable, then
for every u € T(a) there exists a,b € T(«) such that u = 2a + 3b.
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We briefly note a consequence of Proposition combined with Lemma 3.4 of
[DZ].

Definition A.4 (Kerr [K2]). The action « is said to satisfy m-comparison if when-
ever A, B are nonempty clopen subsets such that u(A) < pu(B) for all u € M(a),
one can write [A] = Y )[A;] with [A;] < [B] foralli € {0,...,m}.

Kerr defines m-comparison in a more general setting; Proposition 3.4 of [K2]
asserts that, for 0-dimensional metrizable X, this general definition is equivalent
to the one given above.

It follows from Theorem 6.1 of [KS] that dynamical comparison (that is, 0-
comparison in this language) and m-comparison are equivalent for free actions
of amenable groups. We observe that one can relax the assumption of freeness to
aperiodicity.

Proposition A.5. Let a be an aperiodic action of I on a compact, O-dimensional, metriz-
able space X.

Assume that there exists m € N such that whenever A, B are nonempty clopen and
#(A) < u(B) forall u € M(a) one has [A] < (m + 1)[B]. Then « satisfies dynamical
comparison.

Note that the assumption on « above is formally weaker than m-comparison.

Proof. We first deal with the case when M («) is nonempty. Assume that a has
the property above and fix A, B nonempty clopen with y(A) < -17u(B) for all
e M)

Since a is aperiodic, we can apply Proposition[A.3]to write B = (m +1)[C] + [D]
where B, C are clopen and p(A) < u(C) for all 4 € M(a). Our assumption on «
yields that [A] < (m +1)[C] < [B].

So as soon as (A) < 7 iqu(B) for any u € M(x) we have [A] < [B], and this
is enough to guarantee dynamical comparison by Lemma 3.4 of [DZ].

Next, assume that M (a) = @. Whenever A is nonempty clopen the assumption
on a yields [X] < (m + 1)[A], so « is minimal and X is a Cantor space. Let A, B be
nonempty clopen. By minimality of «, we can find a clopen C C B and elements
Y0,---,Ym of I such that | [, ;,C C B, in particular (m + 1)[C] < [B]. We then
have [A] < (m +1)[C] < [B], whence « satisfies dynamical comparison. O

APPENDIX B. A VARIATION ON AN ARGUMENT OF KRIEGER

We now describe an argument that completes the proof of We fix a metris-
able 0-dimensional compact space X; see section [2.4| for some of the terminology
used in this appendix.

Definition B.1. We say that a unit system (A, I') is compatible with a full group G
if forany A € A and any v € I there exists ¢ € G such that YA = gA.

The main tool for our construction is an adaptation to our context of Lemma
3.4 of [K3]], and the proof is essentially the same as Krieger’s; we describe the
argument for the reader’s convenience (our formulation here is quite close to the
one used for another variation on Krieger’s theorem given in [MR]).

Lemma B.2. Fix a full group G C Homeo(X). Assume that we are given finite unit
systems (A, A), (C, A) compatible with G, along with an isomorphism ®: A — C with
the following properties:

(1) Forall A € A, there exists ¢ € G such that ®(A) = g(A).

2) Ajg = @ADL
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Then, for every G-compatible finite unit system (A’, A") refining (A, A), there exists a
G-compatible finite unit system (C', A") and an isomorphism ¥: A" — C’ that extends
® and such that the conditions above are still satisfied.

Proof. For every orbit p of the action of A on atoms of A we choose a representative

Ap. Forevery A € p, A # A,, we denote by 6(p, A) the element of A that induces

on the atoms of A the transposition exchanging A and A,; we define similarly

A(p, A) the element of A inducing the transposition that maps ®(A) to ®(A,).
For each p, we can write

q)(Ap) - |_| B/ 7
Beatoms(A’): BCA,

with B’ in the G-orbit of B, for each atom B of A’.

We then define a finite Boolean algebra C’ by setting as its atoms all B’ for B an
atom of A’ contained in an A,, as well as all A(p, A)(B’) for A € A,. Then we
obtain the desired ¥: A" — (' as follows: first, we set ¥(B) = B’ for all atoms B of
A’ contained in an Ay; and whenever A is an atom of .4 belonging some p, A # A,
and B is an atom of A’ contained in A, we set ¥(B) = A(p, A)¥é(p, A)(B).

We now need to describe the group A’. In the remainder of this proof, the letter
o will always stand for an orbit of the action of A on the atoms of .A’, and the letter
¢ for an orbit of the action of A’ on the atoms of .A’. By definition, for all ¢ there
exists a unique ¢ such that o C ¢.

We begin by picking, for each ¢, an atom E, of A’ contained in ¢. Then for each
orbit ¢ we pick some ¢(¢) such that o(¢) C ¢.

We can find for all o,  such that ¢ C ¢ some g(¢,0) € G which maps ¥ (Ey(g))
onto Y(E,) and is the identity elsewhere. For all E € ¢, E # E, we denote by
A(c, E) the element of A which induces on the atoms of C the transposition that
maps ¥(E;) onto ¥(E). Then our desired group A’ is the group generated by
{g(¢,0): 0 CEYU{A(0,E): E€ 0,E # E,}.

By construction (C’,A’) is a unit system, and the action of A’ on the atoms
of C’ coincides with that of all permutations of the atoms of ¢’ which stabilize
all ¥(¢). Thus ¥ carries A’-orbits onto A’-orbits and we have as desired AT o=

YA L O

Now, we fix a full group H, and an ample group A such that, for any U,V €
Clopen(X), one has

(BreHMI=V)& (3A e AAU=V)

This condition amounts to stating that H = A.; equivalently, H is A-compatible
and A is H-compatible.

Proposition B.3. There exists ¢ € Homeo(X) such that:

o For every clopen U, there exists h € H such that gU = hU (equivalently,
gHg ™' =H)
e hAR™1 C G

Applying this result to H = [[a]] completes the proof of Theorem

Proof. We begin by fixing a refining sequence of finite unit systems (.A;, A,) such
that |J A, = Clopen(X) and J A, = A (see [K3] or [MR]).

Applying lemma (with the role of the full group G being played by H at
even steps, and by A at odd steps), we can build by induction sequences of finite
unit systems (Cy, Ay) and (D, £, ), along with isomorphisms ®,,: C, — D, with
the following properties:
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(1) Foralln (C,41,An41) refines (Cy, Ay) and (D), 11, %,41) refines (Dy, Xy);
(2) Foralln A, C A and (Cpp, App) refines (A, Ay);
(3) Foralln %, C H and D, 1 refines A;;

(4) Forall n, forall A € C, there exists h € H such that ®(A) = hA;

(5) Forall n, Anp, = Pulnic, Py

This construction produces an automorphism ® = [J P, of Clopen(X), and by
Stone duality there exists ¢ € Homeo(X) such that gA = ®(A) for every clopen
A. In particular g is H-compatible, so gHh ! = H.

We also built an ample subgroup %~ = |J X, which is contained in H, and such
that gAg~! = %. The proof is complete. O

REFERENCES

[ABBL] P. Ara, C. Bonicke, J. Bosa, and K. Li, The type semigroup, comparison and almost finiteness for
ample groupoids, arXiv (March 2020), available at https://arxiv.org/abs/2001.00376.
[AG] P. Ara and K. R. Goodearl, Tame and wild refinement monoids, Semigroup Forum 91 (2015), no. 1,
1-27. MR3369375
[AGPT] P. Ara, K. R. Goodearl, E. Pardo, and D. V. Tyukavkin, K-theoretically simple von Neumann reg-
ular rings, J. Algebra 174 (1995), no. 2, 659-677. MR1334230
[AP] P. Ara and E. Pardo, Refinement monoids with weak comparability and applications to regular rings
and $C*$-algebras, Proceedings of the American Mathematical Society 124 (1996), no. 3, 715-
720.
[B] J. Buck, Smallness and Comparison Properties for Minimal Dynamical Systems, arXiv (June 2013),
available at https://arxiv.org/abs/1306.6681,
[BDK] S. Bezuglyi, A. H. Dooley, and J. Kwiatkowski, Topologies on the group of Borel automorphisms of
a standard Borel space, Topol. Methods Nonlinear Anal. 27 (2006), no. 2, 333-385.
[BR] B. Blackadar and M. Rerdam, Extending states on preordered semigroups and the existence of qua-
sitraces on Cy-algebras, Journal of Algebra 152 (October 1992), no. 1, 240-247.
[CJK*] C. T. Conley, S. C. Jackson, D. Kerr, A. S. Marks, B. Seward, and R. D. Tucker-Drob, Folner
tilings for actions of amenable groups, Mathematische Annalen 371 (June 2018), no. 1-2, 663-683.
[DHZ] T. Downarowicz, D. Huczek, and G. Zhang, Tilings of amenable groups, J. Reine Angew. Math.
747 (2019), 277-298.
[DZ] T. Downarowicz and G. Zhang, The comparison property of amenable groups, arXiv (September
2020), available at https://arxiv.org/abs/1712.05129,
[E] G. Elek, Free minimal actions of countable groups with invariant probability measures, Ergodic The-
ory Dynam. Systems 41 (2021), no. 5, 1369-1389.
[FH1] A. Forrest and J. Hunton, The cohomology and $K$-theory of commuting homeomorphisms of the
Cantor set, Ergodic Theory and Dynamical Systems 19 (June 1999), no. 3, 611-625.
[FH2] B. Frej and D. Huczek, Faces of simplices of invariant measures for actions of amenable groups,
Monatshefte fiir Mathematik 185 (January 2018), no. 1, 61-80.
[G] K. Goodearl, Partially Ordered Abelian Groups with Interpolation, Mathematical Surveys and
Monographs, vol. 20, American Mathematical Society, Providence, Rhode Island, 2010.
[GH] K. R. Goodearl and D. Handelman, Rank functions and KO of regular rings, Journal of Pure and
Applied Algebra 7 (March 1976), no. 2, 195-216.
[GPS1] T. Giordano, L. F. Putnam, and C. E. Skau, Topological orbit equivalence and C*-crossed products, J.
Reine Angew. Math. 469 (1995), 51-111.
[GPS2] , Full groups of Cantor minimal systems, Israel J. Math. 111 (1999), 285-320.
[GW] E. Glasner and B. Weiss, Weak orbit equivalence of Cantor minimal systems, Internat. J. Math. 6
(1995), no. 4, 559-579.
[H] M. Hochman, Genericity in topological dynamics, Ergodic Theory Dynam. Systems 28 (2008),
no. 1, 125-165.
[HM] G. Hjorth and M. Molberg, Free continuous actions on zero-dimensional spaces, Topology and its
Applications 153 (January 2006), no. 7, 1116-1131.
[IM] T. Ibarlucifa and J. Melleray, Dynamical simplices and minimal homeomorphisms, Proc. Amer.
Math. Soc. 145 (2017), no. 11, 4981-4994. MR3692011
[K1] A.S.Kechris, Classical descriptive set theory, Graduate Texts in Mathematics, vol. 156, Springer-
Verlag, New York, 1995.
[K2] D. Kerr, Dimension, comparison, and almost finiteness, Journal of the European Mathematical
Society 22 (August 2020), no. 11, 3697-3745.
[K3] W. Krieger, On a dimension for a class of homeomorphism groups, Mathematische Annalen 252
(June 1980), no. 2, 87-95.



https://arxiv.org/abs/2001.00376
https://arxiv.org/abs/1306.6681
https://arxiv.org/abs/1712.05129

CLOPEN TYPE SEMIGROUPS OF ACTIONS ON 0-DIMENSIONAL COMPACT SPACES 25

[KN] D. Kerr and P. Naryshkin, Elementary amenability and almost finiteness, arXiv (July 2021), avail-
able athttps://arxiv.org/abs/2107.05273|
[KS] D. Kerr and G. Szabd, Almost finiteness and the small boundary property, Communications in
Mathematical Physics 374 (February 2020), no. 1, 1-31.

[M1] X. Ma, Comparison and pure infiniteness of crossed products, Transactions of the American Math-
ematical Society 372 (August 2019), no. 10, 7497-7520.

, A generalized type semigroup and dynamical comparison, Ergodic Theory and Dynamical
Systems 41 (July 2021), no. 7, 2148-2165.

[M3] H. Matui, Torsion in coinvariants of certain Cantor minimal Z2-systems, Trans. Amer. Math. Soc.
360 (2008), no. 9, 4913-4928.

, Homology and topological full groups of étale groupoids on totally disconnected spaces, Proc.

Lond. Math. Soc. (3) 104 (2012), no. 1, 27-56. MR2876963

, Topological full groups of one-sided shifts of finite type, Journal fiir die reine und ange-

wandte Mathematik (Crelles Journal) 2015 (January 2015), no. 705.

[M6] J. Melleray, Dynamical simplices and Fraissé theory, Ergodic Theory Dynam. Systems 39 (2019),
no. 11, 3111-3126.

[MR] J. Melleray and S. Robert, From invariant measures to orbit equivalence, via locally finite groups:
A new proof of a theorem of Giordano, Putnam, and Skau, arXiv (September 2021), available at
https://arxiv.org/abs/2109.04701,

[OPR] E. Ortega, F. Perera, and M. Rerdam, The Corona Factorization Property, Stability, and the Cuntz

Semigroup of a C*-algebra, International Mathematics Research Notices 2012 (2012), no. 1, 34-66.

[P1] V. Pestov, Dynamics of infinite-dimensional groups, University Lecture Series, vol. 40, American
Mathematical Society, Providence, RI, 2006. The Ramsey-Dvoretzky-Milman phenomenon,
Revised edition of 1t Dynamics of infinite-dimensional groups and Ramsey-type phenomena
[Inst. Mat. Pura. Apl. IMPA), Rio de Janeiro, 2005; MR2164572].

[P2] 1. F. Putnam, Cantor minimal systems, University Lecture Series, vol. 70, American Mathemati-
cal Society, Providence, RI, 2018.

[RS] M. Rerdam and A. Sierakowski, Purely infinite C "-algebras arising from crossed products, Ergodic
Theory and Dynamical Systems 32 (February 2012), no. 1, 273-293.

[T] A.Tarski, Algebraische Fassung des Mafiproblems, Fundamenta Mathematicae 31 (1938), 47-66.

[TW] G. Tomkowicz and S. Wagon, The Banach-Tarski paradox: Grzegorz Tomkowicz, Centrum Edukacji
G2, Bytom, Poland, Stan Wagon, Macalester College, St. Paul, Minnesota, Second edition, Ency-
clopedia of Mathematics and Its Applications, Cambridge University Press, New York, NY,
2016.

[W] E. Wehrung, Refinement Monoids, Equidecomposability Types, and Boolean Inverse Semigroups, Lec-
ture Notes in Mathematics, vol. 2188, Springer International Publishing, Cham, 2017.

(M2]

[M4]

[M5]

UNIVERSITE CLAUDE BERNARD — LYON 1, INSTITUT CAMILLE JORDAN, CNRS UMR 5208, 43
BOULEVARD DU 11 NOVEMBRE 1918, 69622 VILLEURBANNE CEDEX, FRANCE


https://arxiv.org/abs/2107.05273
https://arxiv.org/abs/2109.04701

	1. Introduction
	2. Properties of the clopen type semigroup
	2.1. Vocabulary and preliminary observations
	2.2. Almost unperforation and dynamical comparison
	2.3. A few words about cancellativity
	2.4. Tameness and dense locally finite groups
	2.5. Coinvariants and saturation

	3. Dynamical Comparison in the Stone-Čech compactification and in the universal minimal flow
	4. Spaces of actions
	4.1. Some Gdelta subsets of A(Gamma)
	4.2. Conjugacy classes in Min(Gamma)
	4.3. Genericity in Min(Gamma)

	5. Weakenings of dynamical comparison
	6. Concluding remarks and questions
	6.1. On the clopen type semigroup
	6.2. On the space of actions

	Appendix A. Approximate divisibility of sets of invariant measures for aperiodic actions
	Appendix B. A variation on an argument of Krieger
	References

